
DESIGN AND IMPLEMENTATION OF A RELATIONAL DATABASE SYSTEM
Introduction to Web and Database Concepts



TASK 1: IMPLEMENTATION GUIDE:


SCENARIO ANALYSIS – MEDILINK PHARMACY DATABASE



1-MAIN ENTITIES





1.MEDICINE 

This entity stores information about all medicines available in the pharmacy.



Attributes:

Medicine ID (Primary Key)
Medicine Name
Category
Unit Price
Stock Quantity
Expiry Date
Supplier ID (Foreign Key)




Description:

Each medicine in the pharmacy inventory is recorded with details such as name, price, stock level, and expiry date. Medicines are supplied by suppliers.



2.SUPPLIER
This entity stores information about medicine suppliers.

Attributes:
Supplier ID (Primary Key)
Supplier Name
Phone Number 
Email
Address


Description:
Suppliers provide medicines to the pharmacy. Each supplier may supply multiple medicines.


3.CUSTOMER
This entity stores information about pharmacy customers.

Attributes:
Customer ID
First Name
Last Name
Phone Number 
Address
Date of Birth 


Description: 
Customers purchase medicines from the pharmacy and may also bring prescriptions issued by doctors.


4.PRESCRIPTION
This entity records prescription details for customers.


Attributes:
Prescription ID (Primary Key)
Customer ID (Foreign Key)
Doctor Name
Prescription Date


Description:
A prescription is issued for a customer and may contain one or more medicines.


5.PRESCRIPTION DETAILS
This entity stores detailed information about the medicines included in each prescription.


Attributes:
Details ID
Prescription ID
Medicine ID
Quantity




Description:
The Prescription Details entity records the medicines that are included in a specific prescription. Each record links a prescription to a medicine and includes details such as dosage, quantity, and usage instructions.


6.SALES
This entity records medicine sales.


Attributes:
Sale Detail ID
Sale ID
Medicine ID
Quantity
Unit Price


Description:
This table records every sale made by the pharmacy including the medicine sold, quantity and total price.








Summary of the Database Structure

The MediLink Pharmacy database will consist of the following main entities.
Medicine 
Supplier
Customer
Prescription 
Prescription Details
Sales
These entities are connected through relationships that allow the system to track medicine inventory, suppliers, prescriptions and customer purchases efficiently.


MediLink Pharmacy ERD (Entity Relationship Diagram) s
(Customer - Prescription - Prescription Details – Medicine – Supplier – Sales)


· Suppliers provide medicines → 1: N
· Customers have prescriptions → 1: N
· Prescriptions include medicines → M: N (via Prescription Details)
· Sales include medicines → 1: N (via SaleDetails)
· Medicines can appear in multiple sales → 1: N 






ENTITY – RELATIONSHIP DIAGRAM (ERD) 

The Entity – Relationship Diagram (ERD) represents the structure of the MediLink Pharmacy database and illustrates how the main entities interact with one another. The diagram identifies the primary keys (PK), foreign keys (FK) and the relationship between entities, including their cardinality.

The ERD demonstrates how MediLink Pharmacy’s database integrates customer information, medicine inventory, supplier data, prescriptions and sales records. By structuring the data in this way, the system enables efficient tracking of medicine stock, accurate recording of prescriptions and improved monitoring of sales activities.
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RELATIONSHIPS

Supplier  Medicines (One-to-Many)
Each supplier can provide multiple medicines, but each medicine is supplied by only one supplier.

Customer  Prescriptions (One-to-Many) 
Each customer can have multiple prescriptions over time, but each prescription belongs to only one customer.


Prescription  Medicines (Many-to-Many, resolved via Prescription Details)
A prescription can include multiple medicines, and a medicine can appear in multiple prescriptions.


Sale  Sale Details (One-to-Many)
Each sale can include multiple medicines, recorded as sale details, but each sale detail belongs to only one sale.


Medicine  Sale Details (One-to-Many)
Each medicine can appear in multiple sale transactions, but each sale detail record corresponds to only one medicine. 





DATA STRUCTURE DEVELOPMENT 
The database structure for MediLink Pharmacy was developed based on the Entity-Relationship Diagram (ERD). Each entity was transformed into a relational table with primary keys defined to uniquely identify records and foreign keys used to establish relationships between tables. Appropriate constraints were applied to maintain data integrity and ensure consistency across the system.


Table Definitions and Constraints 

Customer Table
The Customer table stores personal information about individuals using the pharmacy services.
· Primary Key: Customer ID
· Constraints: 
Customer ID is set as AutoNumber to ensure uniqueness
First Name and Last Name are required fields



Supplier Table
The Supplier table maintains records of companies supplying medicines.
· Primary Key: Supplier ID
· Constraints: 
Supplier ID is unique and auto-generated
Supplier Name is required 





Medicine Table 
The Medicine table holds details of all medicines in stock.
· Primary Key: Medicine ID
· Foreign Key: Supplier ID > Supplier
· Constraints:
Price must be greater than zero
Stock Quantity cannot be negative
Expire Date must be a valid future date
Referential integrity enforced with Supplier table 


 
Prescription Table
This table records prescriptions issued to customers.
· Primary Key: Prescription ID
· Foreign Key: Customer ID > Customer
· Constraints:
Prescription Date cannot be null
Each prescription must be linked to a valid customer



 
Prescription Details Table
This associative table links prescriptions with medicines.
· Primary Key: Prescription Detail ID 
· Foreign Keys:
Prescription ID > Prescription 
Medicine ID > Medicine
· Constraints:
Quantity must be greater than zero
Each record must be referencing valid prescription and medicine entries 
Prevent duplicate entries for the same prescription – medicine combination





Sales Transaction Table
This table records all sales transactions.

· Primary Key: Sale ID
· Foreign Keys: 
Customer ID > Customer
Medicine ID > Medicine
· Constraints:
Quantity must be greater than zero 
Total price must be calculated and greater than zero
Sale date must be a valid date





Relationship Constraints: 
To maintain consistency and accuracy, referential integrity rules were applied between related tables:

· A record in Medicine cannot exist without a valid Supplier
· A Prescription must be linked to an existing Customer
· Prescription Details must reference valid Prescription and Medicine records
· Sales Transaction must reference valid Customer and Medicine records

Additionally, cascade update options can be enabled to automatically update related records, while cascade delete is restricted to prevent accidental data loss.






Data Integrity Considerations
Several validation rules were implemented to ensure data accuracy: 

· Mandatory fields prevent incomplete records
· Data types are carefully selected (e.g., Currency, Date|Time)
· Validation rules enforce logical values (e.g., positive stock and price)
· Relationships prevent orphan records 



Conclusion
The database structure ensures efficient data organization while maintaining integrity using keys, constraints, and enforced relationships. This design supports accurate stock management, prescription tracking, and sales monitoring for MediLink Pharmacy.


NORMALIZATION COMPLIANCE (3NF)

Normalization is the process of organizing data in a database to reduce redundancy and improve data integrity. The MediLink Pharmacy database has been structured to comply with Third Normal Form (3NF), ensuring that data is logically stored and dependencies are properly managed.


First Normal Form (1NF)
To satisfy 1NF, all tables were designed to ensure that:
· Each field contains atomic (indivisible) values
· There are no repeating groups or multi-valued attributes
· Each record can be uniquely identified using a primary key
Example:
Instead of storing multiple medicines in one field in the Prescription table, a separate Prescription Details table was created.


Second Normal Form (2NF)
To achieve 2NF, the design ensures that:
· The database is already in 1NF
· All non-key attributes are fully dependent on the primary key
Example:
In the Prescription Details table, attributes such as Quantity and Dosage depend on the entire record (Prescription ID + Medicine ID), not just part of it.



Third Normal Form (3NF)
For 3NF compliance, the database ensures that:
· The database is in 2NF
· There are no transitive dependencies (non-key attributes depending on other non-key attributes)
Example:
Supplier details (e.g., Supplier Name, Contact Info) are stored in the Supplier table instead of the Medicine table.
This prevents storing supplier information repeatedly for every medicine.



Benefits of Normalization
The normalization process provides several advantages:
· Reduces data duplication
· Improves data consistency
· Simplifies data maintenance
· Enhances query performance

Conclusion 
The MediLink Pharmacy database design adheres to Third Normal Form (3NF) by eliminating redundant data and ensuring that all attributes depend only on their respective primary keys. This results in a well-structured and efficient database system.

1NF  >  Each field contains a single, atomic value
2NF  >  All attributes are fully dependent on the primary key
3NF >  No unnecessary or transitive dependencies exist 



SAMPLE DATA POPULATION

To demonstrate the functionality of the MediLink Pharmacy database, sample data was inserted into each table. The data reflects realistic pharmacy operations, including customers, medicines, prescriptions, and sales transactions.
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The sample data was carefully designed to maintain referential integrity, ensuring that all foreign key values correspond to valid primary key records.

QUERY DEVELOPMENT

To demonstrate the functionality of the MediLink Pharmacy database, a set of practical queries was developed. These queries allow users to retrieve meaningful information for decision-making, stock control, and customer service.


Query 1: Medicines Low in Stock 
Purpose: Identify medicines that need restocking.
SELECT Medicine Name, Stock Quantity
FROM Medicine
WHERE Stock Quantity < 50;

Explanation:
This query helps the pharmacy monitor inventory levels and reorder medicines before they run out.


Query 2: Expiring Medicines
Purpose: Find medicines that are close to expiry.
SELECT Medicine Name, Expiry Date
FROM Medicine
WHERE Expiry Date <= Date() + 30;

Explanation:
This query identifies medicines that will expire within the next 30 days, helping reduce waste and ensure safety.


Query 3: Customer Purchase History
Purpose: View all purchases made by a specific customer.
SELECT Customer First Name, Customer Last Name, Medicine Name, Sales Transaction Quantity, Sales Transaction Sale Date
FROM (Customer
INNER JOIN Sales Transaction ON Customer ID = Sales Transaction Customer ID)
INNER JOIN Medicine ON Sales Transaction Medicine ID = Medicine ID
WHERE Customer ID = 1;

Explanation:
This query allows staff to track a customer’s purchase history for better service and record-keeping.


Query 4: Most Sold Medicines
Purpose: Identify the most frequently sold medicines.
SELECT Medicine Name, SUM(Sales Transaction Quantity) AS Total Sold
FROM Medicine
INNER JOIN Sales Transaction ON Medicine ID = Sales Transaction Medicine ID
GROUP BY Medicine Name
ORDER BY Total Sold DESC;

Explanation:
This helps management understand which medicines are in high demand.


Query 5: Prescriptions with Medicines
Purpose: Display prescriptions along with their medicines.
SELECT Prescription ID, Medicine Name, Prescription Details Quantity, Prescription Details Dosage
FROM (Prescription
INNER JOIN Prescription Details ON Prescription ID = Prescription Details Prescription ID)
INNER JOIN Medicine ON Prescription Details Medicine ID = Medicine ID;

Explanation:
This query provides a detailed view of prescriptions and the medicines included in them.


Query 6: Total Sales per Day
Purpose: Monitor daily sales performance.
SELECT Sale Date, SUM(Total Price) AS Daily Sales
FROM Sales Transaction
GROUP BY Sale Date;

Explanation:
This helps track revenue trends and supports financial reporting.


These queries demonstrate how the database supports real-world pharmacy operations, including inventory management, prescription tracking, and sales analysis.

VALIDATION AND TESTING
The developed Microsoft Access database for MediLink Pharmacy was systematically evaluated to ensure that it satisfies the defined functional requirements and supports the operational needs of the pharmacy. The validation process focused on verifying data accuracy, system reliability, and usability from an end-user perspective.



1.Validation Approach
To confirm that the system performs as expected, multiple validation techniques were applied. Firstly, input validation rules were implemented within tables and forms to prevent incorrect or incomplete data entry. For example, mandatory fields such as medicine name, prescription ID, and customer details were enforced, while data types and formats (e.g., date fields, numeric quantities) were restricted to acceptable values.
Additionally, referential integrity was maintained between related tables such as Medicines, Suppliers, Customers, Prescriptions, and Sales. This ensured that relationships between records remained consistent, preventing issues such as orphan records or invalid references.


2. Testing Methodology
The system was tested using a combination of unit testing and scenario-based testing. Individual components, including forms, queries, and reports, were tested independently before evaluating the system.
· Form Testing: Each form was tested to ensure accurate data entry, proper navigation, and correct interaction with underlying tables.
· Query Testing: Queries were executed with sample data to verify that they returned correct and expected results, especially for stock levels, sales summaries, and prescription tracking.
· Report Testing: Reports were generated to ensure that they displayed accurate, well-formatted, and meaningful information for management decision-making.



3. Test Scenarios and Results
Several realistic scenarios were created to simulate daily pharmacy operations:
· Adding new medicines and linking them to suppliers
· Recording customer prescriptions and verifying medicine availability
· Processing sales transactions and updating stock levels automatically
· Generating reports for low stock alerts and sales performance
The results showed that the system consistently handled these operations without errors. Stock quantities were updated correctly after each sale, and reports accurately reflected real-time data.


4. Issues Identified and Improvements
During testing, minor issues were identified, such as incorrect data entry attempts and navigation inconsistencies within forms. These were resolved by refining validation rules, improving form design, and adding user-friendly error messages.



5. Conclusion
Overall, the testing process demonstrated that the MediLink Pharmacy database meets the specified functional requirements. The system provides accurate data handling, efficient transaction processing, and reliable reporting capabilities. As a result, it is suitable for supporting pharmacy operations and improving overall efficiency.




TASK 2: COURSE WORK WRITTEN ELEMENTS
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1. Introduction
This report presents the development of a database system for MediLink Pharmacy using Microsoft Access. The purpose of the system is to replace manual record-keeping processes with a structured and efficient digital solution. The report outlines the system design, implementation process, and evaluation of its effectiveness.


2. Scenario Overview
MediLink Pharmacy is a growing community pharmacy chain that currently relies on manual methods to manage its stock, prescriptions, and customer records. This approach has led to inefficiencies, data inconsistencies, and difficulties in producing accurate reports.
The aim of this project is to design and implement a database system that automates these processes. The system enables better organisation of data, reduces human error, and supports decision-making through reliable reporting. Although simplified for academic purposes, the scenario reflects key challenges found in real-world pharmacy operations.

3. Database Implementation Evidence
This section provides visual evidence of the database created in Microsoft Access. Each component is presented with labelled screenshots and a brief explanation.



3.1 Tables
Figure 1: Medicines Table Design
This table stores details of medicines, including name, category, price, and stock quantity. It serves as a central component of the system.

3.2 Forms
Figure 2: Customer Entry Form
The form was designed to allow users to input customer details efficiently. Validation rules were applied to ensure accurate and complete data entry.

3.3 Queries
Figure 3: Sales Query Results
This query retrieves information about sales transactions, allowing the user to analyse performance and monitor trends.

3.4 Reports
Figure 4: Stock Report Output
The report provides a summary of current stock levels, helping management identify low-stock items and plan restocking.





4. Design Decisions and Reflection
The database was designed using a relational model to ensure data consistency and minimise redundancy. Separate tables were created for medicines, suppliers, customers, prescriptions, and sales, with relationships defined through primary and foreign keys.
Forms were implemented to simplify user interaction and reduce the likelihood of data entry errors. Queries were developed to extract meaningful information, while reports were designed to support managerial decision-making.
One of the main challenges encountered during development was establishing correct relationships between tables. Initial errors in linking tables resulted in incomplete or inaccurate query outputs. These issues were resolved by refining the database structure and enforcing referential integrity.
In future improvements, the system could include automated alerts for low stock levels and a more advanced user interface. Additionally, integrating the database with other systems could enhance its functionality and scalability.



5. Validation and Testing
The system was tested to ensure that it meets the required functionality and performs reliably. Data validation rules were applied to prevent incorrect inputs, and relationships between tables were checked to maintain consistency.
Test scenarios included adding new medicines, processing sales transactions, and generating reports. The results confirmed that the system operates correctly and provides accurate outputs.





6. Conclusion
In conclusion, the MediLink Pharmacy database successfully replaces manual processes with a structured digital system. It improves data accuracy, enhances efficiency, and provides valuable insights through reporting. The system meets the objectives of the assignment and demonstrates the practical application of database design principles.
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