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[bookmark: _Toc225226897]Introduction
The MediLink Pharmacy System is a relational database designed to modernize the management of medical records, inventory, and prescriptions. In a professional pharmacy, accuracy is critical; this system replaces manual tracking with a digital structure to ensure data integrity and operational efficiency.
Project Purpose and Objectives
The primary goal is to create a centralized platform where medicines, customers, and prescriptions are logically linked. The key objectives are:
Efficient Inventory Tracking: Monitoring stock levels and prices in real-time.
Relational Connectivity: Linking patients to their specific doctors and prescriptions.
Advanced Data Retrieval: Using SQL queries (AND/OR logic) to extract meaningful business insights, such as identifying low-stock or high-value items.
[bookmark: _Toc225226898]1. Scenario Analysis
MediLink pharmacy currently performs all data entry and stock calculations manually, leading to errors, slowdowns, time losses, and financial losses. The CEO of the company, who contacted us, aims to solve these problems by creating a database using MS Access. This will facilitate data usage, stock counting, invoice generation, customer information recording, and tracking legal processes more quickly and easily[1].

To achieve this, we first need to create a database designed not just for a small pharmacy, but for a future-oriented one. Therefore, we can consider the main assets as customers, stock(medicines), suppliers, prescriptions, billing, and legal processes.
The medicines in stock are related to suppliers, prescriptions are related to customers, invoices are related to legal processes, and in this way we can create an analysis and relationships.




[bookmark: _Toc225226899]2. Entity-Relationship Diagram (ERD)
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[bookmark: _Toc225226900]1. ERD Diagram from Drawio.
The ERD for the MediLink Pharmacy management system provides a visual representation of the database's logical structure. It is designed to manage customers, their prescriptions, inventory (medicines), and the suppliers who provide them. The model uses a relational approach to ensure data consistency and to support the requirements of a pharmacy environment[2]. 
Entity and Attribute Breakdown
Customers (Entity): 
Customer ID (PK): A unique identifier for every customer to avoid identity conflicts. 
Attributes: Includes Customer Name, Customer Phone, Customer Email, and Customer Address to maintain comprehensive contact records. 
Medicines (Entity): 
Medicine ID (PK): The primary key used to track individual medical products. 
Attributes: Stores Medicine Name, Medicine Type (e.g., tablet, syrup), Medicine Price, and Medicine Stock to manage inventory effectively. 
Supplier ID (FK): Links the medicine to its source supplier. 
Suppliers (Entity): 
Suppliers ID (PK): A unique key for each wholesale provider. 
Attributes: Contains Supplier Name, Supplier Address, Supplier Phone, and Supplier Email for supply chain communication. 
Prescriptions (Entity): 
Prescription ID (PK): The unique number assigned to each patient's prescription order. 
Attributes: Captures the Prescription Date and the Prescription Write Doctor to comply with medical regulations. 
Customer ID (FK): Identifies which customer the prescription belongs to. 
Prescription Details (Junction Entity): 
Detail ID (PK): A unique identifier for each row/item within a prescription. 
Prescription ID (FK) & Medicine ID (FK): These foreign keys link the specific prescription to the specific medicines ordered. 
Quantity: Records the amount of medicine dispensed for that specific entry. 
Relationship Descriptions
1. Customer - Prescription (1:N): One customer can receive multiple prescriptions over time, but each prescription record is uniquely tied to one customer via the Customer ID (FK). 
2. Supplier - Medicine (1:N): A supplier can provide many medicines to the pharmacy, established through the Supplier ID (FK) in the Medicines table. 
3. Prescription - Medicine (M:N Resolved via Junction Table): 
Since a single prescription can contain many medicines, and a specific medicine can appear on many prescriptions, a direct connection would violate normalization rules. 
The Prescription Details entity resolves this by acting as a bridge, allowing for a flexible and 3NF-compliant structure that tracks which medicine (Medicine ID) was sold in what amount (Quantity) under which order (Prescription ID). 
[bookmark: _Toc225226901]3. Data structure Development
In this section, the conceptual design illustrated in the Entity-Relationship Diagram (ERD) is transformed into a functional relational database within Microsoft Access. The primary objective of this phase is to establish a rigorous data structure that ensures data integrity, minimizes redundancy, and supports the operational requirements of the MediLink Pharmacy[3][4].
Table Design and Data Types
Each entity identified in the design phase has been created as a separate table. Careful consideration was given to selecting the most appropriate data types for each field:
Primary Keys (PK): Every table is assigned a unique identifier (typically using the AutoNumber type) to ensure that each record, whether it is a customer or a specific medicine, can be uniquely retrieved without ambiguity.
Foreign Keys (FK): To link the tables, foreign keys were set to the Number (Long Integer) data type, matching the technical specifications of the primary keys they reference.
Attributes: * Short Text: Used for names, addresses, and contact details to optimize storage.
Currency: Applied to the Medicine Price field to ensure financial precision and prevent rounding errors during transactions.
Date/Time: Used for the Prescription Date to allow for accurate chronological tracking and reporting.
Number: Used for StockLevel and Quantity to facilitate mathematical calculations within queries.
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[bookmark: _Toc225226902]2. Table Design screenshot 1
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[bookmark: _Toc225226903]3. Table Design screenshot 2



Relational Integrity and Enforcement
The core strength of the MediLink database lies in its relationships. By using the Relationships Window in Access, the following connections were established:
1. One-to-Many (1:N) between Customers and Prescriptions.
2. One-to-Many (1:N) between Suppliers and Medicines.
3. One-to-Many (1:N) connections from both Prescriptions and Medicines to the Prescription_Details junction table.
A critical step in this implementation was the activation of "Enforce Referential Integrity." This rule ensures that the database remains consistent; for instance, a user cannot accidentally delete a customer who has active prescriptions, nor can they add a prescription detail for a medicine that does not exist in the inventory.
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[bookmark: _Toc225226904]4. Relationship Screenshot

Sample Data and System Validation
To verify the functionality of the structure, a set of 5 sample records was entered into each table. This testing phase confirmed that the relationships are working correctly and that the junction table (Prescription_Details) effectively manages the many-to-many relationship between medicines and medical orders.
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[bookmark: _Toc225226905]5. Datasheet view Screenshot 1
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[bookmark: _Toc225226906]6. Datasheet view Screenshot 2


[bookmark: _Toc225226907]4. Normalization Compliance
Normalization was applied to the MediLink Pharmacy database to ensure that the data is organized logically, redundancy is eliminated, and the risk of data anomalies (errors during insertion, update, or deletion) is minimized. The design was evolved through three main stages to reach the Third Normal Form (3NF)[5][6].

Step-by-Step Normalization Breakdown
Step 1: Achieving First Normal Form (1NF)
What was done: I ensured that every table has a unique Primary Key and that all attributes contain atomic values.
Technical Detail: In the Customers and Suppliers tables, I avoided "repeating groups." For example, instead of putting multiple phone numbers in a single cell, each customer has a distinct record. Every intersection of a row and a column contains only one value. This provides the foundation for a relational structure.
Step 2: Achieving Second Normal Form (2NF)
What was done: I eliminated "Partial Dependencies." This means every non-key column must depend on the entire Primary Key.
Technical Detail: In my initial thoughts, I could have put supplier details directly into the Medicines table. However, this would mean supplier info depends on the MedicineID. To fix this and reach 2NF, I moved supplier information to its own Suppliers table. Now, Supplier Name depends only on SupplierID, not on which medicine is being sold.
Step 3: Achieving Third Normal Form (3NF)
What was done: I removed "Transitive Dependencies." A non-key attribute should not depend on another non-key attribute; it must depend only on the Primary Key.
Technical Detail (The Junction Table): This is the most critical part of my design. In a pharmacy, one prescription can have many medicines, and one medicine can be in many prescriptions (Many-to-Many).
If I had put MedicinePrice or Quantity directly into the Prescriptions table, it would have created a transitive dependency because those values change based on the medicine, not the prescription record itself.
The Solution: I created the Prescription_Details table. This "Junction Table" holds the MedicineID and PrescriptionID together along with the Quantity. By doing this, I ensured that:
1. Medicine Price stays in the Medicines table (no redundancy).
2. Prescription Date stays in the Prescriptions table.
3. The specific transaction details stay in the Prescription_Details table.
This successfully satisfies the 3NF rule: "All attributes are dependent on the key, the whole key, and nothing but the key."
Practical Benefits for MediLink Pharmacy
No Update Anomalies: If a supplier changes their phone number, I only update it once in the Suppliers table, and it is automatically correct for all 100 medicines they provide.
No Deletion Anomalies: If I delete a specific prescription, I don't accidentally lose the customer's contact information or the medicine's price history because they are stored in separate, normalized tables.
Database Efficiency: The database size remains small and performance remains high because text-based data (like names and addresses) is never duplicated.

[bookmark: _Toc225226908]5. Sample Data Population
After the database structure and relationships were finalized in Microsoft Access, the system was populated with sample data to verify its operational integrity. This phase is crucial for ensuring that the database can handle real-world pharmacy scenarios, such as processing prescriptions, managing medicine stock, and maintaining supplier records.
Data Consistency and Integrity Testing
To ensure the system is robust, at least five records were entered into each of the five tables: Customers, Suppliers, Medicines, Prescriptions, and Prescription_Details. The data was entered following the logical hierarchy of the database:
1. Independent Entities: First, Customers and Suppliers were populated.
2. Dependent Entities: Then, Medicines and Prescriptions were linked to the primary records using Foreign Keys.
3. Junction Table: Finally, the Prescription_Details table was filled to link specific medicines to specific orders.
During this process, "Referential Integrity" was tested. For example, the system successfully blocked an attempt to enter a prescription for a non-existent Customer ID, proving that the relationship constraints are functioning correctly.
Sample Data Records (Screenshots)
The following screenshots provide evidence of the successful data entry into the MediLink Pharmacy management system:
Customers Table: Displays 5 unique pharmacy clients with complete contact information.
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[bookmark: _Toc225226909]7. Customer table Screenshot from MS Access
Suppliers Table: Lists 5 wholesale providers responsible for medicine distribution.
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[bookmark: _Toc225226910]8. Supplier table Screenshot from MS Access
Medicines Table: Shows 5 pharmaceutical products with their respective prices, stock levels, and supplier links.
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Prescriptions Table: Records 5 medical orders, identifying the patient, the date, and the prescribing physician.
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[bookmark: _Toc225226912]10. Prescription table Screenshot from MS Access
Prescription Details Table: Demonstrates the many-to-many relationship resolution, showing which medicines (and in what quantities) were dispensed for each prescription ID.
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AI-generated content may be incorrect.]11. Prescription Detail table Screenshot from MS Access
[bookmark: _Toc225226914]6. Query Development
The primary goal of a relational database is not only to store data securely but also to allow users to retrieve and analyze that data effectively. In this section, a series of SQL (Structured Query Language) queries were developed to demonstrate how the MediLink Pharmacy system transforms raw data into actionable business intelligence.
These queries range from basic data retrieval to more complex filtering using logical operators such as AND and OR. By applying specific criteria, the pharmacy management can automate stock alerts, monitor high-value inventory, and track customer history, ensuring efficient daily operations[7].
Query 1: Full Inventory Overview (Basic Data Retrieval)
Purpose: To retrieve and display every record currently stored in the Medicines table. This provides a comprehensive list of the pharmacy's entire stock, including names, prices, and quantities.
Logic: This is a foundational query using the asterisk (*) wildcard, which instructs the database to return all columns and all rows without any filtering or restrictions.
SQL Statement: 
SELECT * FROM Medicines;
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[bookmark: _Toc225226916]13. Query From All Screenshot from MS Access 2

Query 2: High-Value Available Stock (AND Logic)
Purpose: To identify medicines that are currently in stock (available for sale) and have a unit price higher than 10. This helps management focus on high-value inventory that is ready for distribution.
Logic: This query utilizes the AND operator to create a restrictive filter. For a record to be displayed in the results, it must satisfy both conditions simultaneously: the stock count must be greater than 1 AND the price must be greater than 10.
SQL Statement:
SELECT [Medicine Name], [Medicine Stock], [Medicine Price] 
FROM Medicines 
WHERE [Medicine Stock] > 1 AND [Medicine Price] > 10;
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[bookmark: _Toc225226917]14. Query And Screenshot from MS Access 1
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[bookmark: _Toc225226918]15. Query And Screenshot from MS Access 2



Query 3: Specific Brand Search (OR Logic)
Purpose: To quickly retrieve all details for specific pharmaceutical brands simultaneously. This is particularly useful for a pharmacist who needs to compare the stock levels or pricing of two or more competing or related products.
Logic: This query demonstrates the OR operator, which creates an inclusive search. Unlike the AND operator, a record will be displayed if it satisfies at least one of the conditions. In this case, if the medicine name is "Aspirin" OR the medicine name is "Paracetamol," the system will fetch the data.
SQL Statement:
SELECT *
FROM [Medicines]
WHERE ([Medicine Name] = 'Aspirin') OR ([Medicine Name] = 'Paracetamol');
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[bookmark: _Toc225226919]16. Query Or Screenshot from MS Access 1
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[bookmark: _Toc225226920]17. Query Or Screenshot from MS Access 2

Query 4: Mid-Range Inventory Audit (AND Range Logic)
Purpose: To filter medicines that have a moderate stock level, specifically between 20 and 100 units. This is essential for inventory management to identify products that are neither critically low nor overstocked.
Logic: This query demonstrates an AND condition applied to the same field ([Medicine Stock]). It creates a "boundary" or range. A record is only retrieved if the stock count is greater than or equal to 20 AND less than or equal to 100. This is a classic example of a restrictive search to pinpoint specific data segments.
SQL Statement:
SELECT [Medicine Name], [Medicine Stock] 
FROM Medicines 
WHERE [Medicine Stock] >= 20 AND [Medicine Stock] <= 100;
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[bookmark: _Toc225226921]18. Query And Range Screenshot from MS Access 1
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[bookmark: _Toc225226922]19. Query And Range Screenshot from MS Access 2

Query 5: Filtered Customer Prescription Search (Relational Join & AND Logic)
Purpose: To identify specific customers living in a certain city (London) who have been issued prescriptions by a particular doctor (Dr. Watson). This is a high-level management query used to track patient-doctor relationships and regional health data.
Logic: This is a complex query that demonstrates two advanced database concepts:
INNER JOIN: It links the Customers table with the Prescriptions table using the common [Customer ID] field.
Double AND Filter: It strictly limits the results to records where the address is exactly 'London' AND the doctor's name is exactly 'Dr. Watson'. Only records meeting both criteria from the joined tables will be retrieved.
SQL Statement:
SELECT Customers.[Customer Name], Customers.[Customer Address], Prescriptions.[Doctor Name]
FROM Customers 
INNER JOIN Prescriptions ON Customers.[Customer ID] = Prescriptions.[Customer ID]
WHERE Customers.[Customer Address] = 'London' AND Prescriptions.[Doctor Name] = 'Dr. Watson';
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[bookmark: _Toc225226924]21. Query Inner Join Screenshot from MS Access 2

Query 6: Critical Management Alert (OR Logic)
Purpose: To flag medicines that require immediate attention based on two different financial and operational risks: high-cost items (Value > 20) OR items that are almost out of stock (Quantity < 10). This allows the pharmacist to prioritize high-value security or urgent reordering.
Logic: This query utilizes the OR operator to widen the search criteria. Unlike the AND operator, a record will be included in the results if either the price condition is met OR the low-stock condition is met. It ensures that no critical item is overlooked, regardless of which specific threshold it triggers.
SQL Statement:
SELECT [Medicine Name], [Medicine Price], [Medicine Stock] 
FROM Medicines 
WHERE [Medicine Price] > 20 OR [Medicine Stock] < 10;
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[bookmark: _Toc225226925]22. Query Or 2 Screenshot from MS Access 1
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[bookmark: _Toc225226926]23. Query Or 2 Screenshot from MS Access 2



[bookmark: _Toc225226927]7. Validation and Testing
System Evaluation Against Functional Requirements
The primary objective of the testing phase was to ensure that the MediLink Pharmacy System operates as a reliable decision-support tool. Each functional requirement, from inventory management to patient-doctor tracking, was evaluated to confirm that the database meets the specific needs of a modern pharmacy.
The system was validated by simulating real-world scenarios. For instance, the requirement for Inventory Control was tested by running automated queries to identify low-stock items. The outcome confirmed that the database accurately monitors every unit, providing the pharmacist with an immediate "To-Order" list. This prevents stock-outs and ensures that life-saving medications are always available for patients.
Data Integrity and Relationship Testing
A critical part of the validation process involved testing the Referential Integrity between tables. In a pharmacy environment, a prescription cannot exist without a valid customer or a specific medicine.
To test this, we attempted to enter "dummy data"—such as a prescription assigned to a non-existent Customer ID. The system successfully blocked these entries, proving that the relational links between the Customers, Medicines, and Prescriptions tables are secure. This prevents "orphaned records" and ensures that the pharmacy's legal documentation remains 100% accurate and audit-ready.
Query Logic and Search Accuracy
The sophisticated AND and OR queries developed in Section 6 were subjected to rigorous logic testing. The goal was to ensure that the "Restrictive" (AND) and "Inclusive" (OR) filters yielded the correct data sets:
· AND Logic Validation: We verified that queries for high-value stock correctly excluded cheap items and out-of-stock items simultaneously.
· OR Logic Validation: We confirmed that the system could successfully flag either "expensive" or "low-stock" items in a single report, ensuring no critical management alerts were missed.
Final Testing Outcome
Through this comprehensive testing process, the MediLink system has proven to be robust and functional. The transition from raw data entry to complex information retrieval is seamless. The outcomes demonstrate that the database structure is not only technically sound but also practically optimized for the fast-paced, high-accuracy environment of a professional pharmacy.
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