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[bookmark: _Toc223954579]Scenario Analysis
The "MediLink Pharmacy" system is built upon five primary entities that allow the CEO to automate stock, prescriptions, and sales. These entities are structured to ensure data integrity and facilitate management reporting.
"MediLink Pharmacy" is a community-based pharmacy chain undergoing a period of rapid growth. Currently, the organization relies on manual systems to track inventory, dispense prescriptions, and manage customer records. This manual approach has led to significant operational inefficiencies, including data entry errors and a lack of real-time visibility into stock levels. The CEO’s primary objective is to automate these critical processes to enhance accuracy, ensure better service delivery, and facilitate data-driven decision-making.

Entity descriptions and attributes:
Customer: Represents the patients of the pharmacy.
· Attributes: CustomerID (Primary Key), FirstName, LastName, DateOfBirth, Address, PhoneNumber.
Medicine: Represents the inventory held by the pharmacy.
· Attributes: MedicineID (Primary Key), MedicineName, Category, UnitPrice, StockQuantity, ExpiryDate, SupplierID (Foreign Key).
Supplier: Represents the organizations providing medical stock.
· Attributes: SupplierID (Primary Key), SupplierName, ContactPerson, Phone, Email.
Sale: Represents a high-level transaction record.
· Attributes: SaleID (Primary Key), CustomerID (Foreign Key), SaleDate.
SaleDetails: An associative entity created to satisfy 3NF by handling multiple medicines per sale.
· Attributes: SaleDetailID (Primary Key), SaleID (Foreign Key), MedicineID (Foreign Key), QuantitySold, UnitPrice (Price at time of sale).
Prescription: Represents the medical authorization for dispensing drugs.
· Attributes: PrescriptionID (Primary Key), CustomerID (Foreign Key), MedicineID (Foreign Key), DateIssued, DosageInstructions, DoctorName.


[bookmark: _Toc223954580]Entity Relationship Diagram (ERD)
[bookmark: _Hlk170769605]
1. [bookmark: _Toc223954581]List of attributes and their descriptions
Supplier Entity
	Attribute
	Type
	Description

	SupplierID (PK)
	AutoNumber
	Unique identifier for each supplier

	SupplierName
	Short Text
	Official name of the supplier company

	ContactNumber
	Short Text
	Supplier phone number

	Email
	Short Text
	Supplier email address

	Address
	Short Text
	Business address of the supplier 



Medicine Entity
	Attribute 
	Type
	Description

	MedicineID (PK)
	AutoNumber
	Unique identifier for each medicine

	MedicineName
	Short Text
	Name of medicine

	Category
	Short Text
	Classification

	UnitPrice
	Currency
	Selling price per unit

	StockQuantity
	Number
	Current stock level 

	ExpiryDate
	Date/Time
	Expiry date of the medicine

	SupplierID (FK)
	Number
	Links medicine to its supplier



Customer Entity
	Attribute
	Type 
	Description

	CustomerID (PK)
	Autonumber
	Unique customer identifier

	FirstName
	Short Text
	Customer’s first name

	LastName
	Short Text
	Customer’s last name

	DateOfBirth
	Date/Time
	Used for age verification

	PhoneNumber
	Short Text
	Customer contact number 

	Adress
	Short Text
	Residential address



Prescription Entity
	Attribute
	Type
	Description

	PrescriptionID (PK)
	AutoNumber
	Unique prescription ID

	CustomerID (FK)
	Number
	Links prescription to customer

	DoctorName
	Short Text
	Name of prescribing doctor

	PrescriptionDate
	Date/Time
	Date issued



Prescription Details Entity
	Attribute
	Type
	Description

	PrescDetailID (PK)
	AutoNumber
	Unique detail ID

	PrescriptionID (FK)
	Number
	Links to prescription

	MedicineID (FK)
	Number
	Links to medicine

	Quantity
	Number
	Quantity prescribed



Sale Entity
	Attribute
	Type
	Description

	SaleID (PK)
	AutoNumber
	Unique sale identifier

	CustomerID (FK)
	Number
	Links sale to customer

	SaleDate
	Date/Time
	Date of transaction



Sale Details Entity
	Attribute
	Type
	Description

	SaleDetailID (PK)
	AutoNumber
	Uniqe ID

	SaleID (FK)
	Number
	Links to sale

	MedicineID (FK)
	Number
	Links to medicine

	QuantitySold
	Number
	Quantity purchased

	UnitPrice
	Currency
	Price at time of sale

	TotalPrice
	Currency
	Calculated: Quantity x UnitPrice
















2. [bookmark: _Toc223954582]List of relationships and their meaning. 

Type: One-to-Many (1:M)
Meaning:
One supplier can provide many medicines.
Each medicine is supplied by only one supplier.
Participation:
Medicine = Mandatory
Supplier = Optional

Type: One-to-Many (1:M)

Meaning:
A customer can have multiple prescriptions.
Each prescription belongs to exactly one customer.

Participation:
Prescription = Mandatory
Customer = Optional

Type: Many-to-Many (M:N)

Resolved by: PrescriptionDetails table.

Meaning:
One prescription may contain multiple medicines.
One medicine may appear in multiple prescriptions.

Type: One-to-Many (1:M)

Meaning:
A customer can make multiple purchases.
Each sale is linked to one customer.

Type: Many-to-Many (M:N)

Resolved by: SaleDetails table.

Meaning:
One sale may contain multiple medicines.
One medicine may appear in multiple sales.

3. [bookmark: _Toc223954583]ER diagram:  
These are the entities:
Supplier
Medicine
Customer
Prescription
PrescriptionDetails
Sale
SaleDetails



Figure 1: Entity Relationship Diagram for MediLink Pharmacy Database

[image: ]
Participation constraints define whether an entity must participate in a relationship. In the MediLink Pharmacy database, some relationships require mandatory participation to ensure data integrity. For example, every sale must contain at least one sale detail, meaning both Sale and SaleDetails have mandatory participation. However, entities such as Customer or Medicine may exist without being immediately involved in transactions, making their participation optional in certain relationships.

[bookmark: _Toc223954584]Normalization 
A table is in First Normal Form when:
· Each field contains atomic values (no multiple values in one column)
· Each record is unique
· There are no repeating groups

Example Before 1NF (Unnormalized Table)
	SaleID
	CustomerName
	Medicines
	Quantities
	Doctor

	101
	John Smith
	Paracetamol, Ibuprofen
	2,1
	Dr Brown

	102
	Sarah Lee
	Amoxicillin
	1
	Dr White


Problems
· Multiple medicines stored in one column
· Quantities stored in one column
· Difficult to query or update data

After applying 1NF Each medicine is stored in separate rows.
	SaleID
	CustomerName
	MedicineName
	Quantity
	Doctor

	101
	John Smith
	Paracetamol
	2
	Dr Brown

	101
	John Smith
	Ibuprofen
	1
	Dr Brown

	102
	Sarah Lee
	Amoxicillin
	1
	Dr White


Improvements
· No repeating groups
· Each column contains a single value
· Data is easier to query
However, there is still redundant data.

[image: ]

Provide the normalized table for the ER diagram you have made. 
[image: ]




Entity Relationship Diagram for a Pharmacy Management System
The Entity Relationship Diagram (ERD) represents the structure of a pharmacy management database system. It illustrates the entities involved in the system, their attributes, and the relationships between them. The main purpose of this database is to manage customers, medicines, suppliers, prescriptions, and sales transactions.
Normalisation is a database design technique used to organise data efficiently by reducing redundancy and improving data integrity. It involves structuring tables and relationships according to a set of rules known as normal forms. In this database design, the MediLink Pharmacy system has been structured to comply with the Third Normal Form (3NF).

[bookmark: _Toc223954585]Sample Data Population 
To validate the relational integrity of the MediLink Pharmacy system, a representative dataset was populated across all seven core tables. This data serves as a "logical test environment" to ensure that both direct relationships (like Supplier to Medicine) and associative relationships (like Sales to SaleDetails) generate accurate management insights.

Following professional standards, data was entered in a specific sequence to respect Referential Integrity constraints.


Step 1: 
Parent Tables: Data was first entered into the Customer, Supplier, and Medicine tables. These are independent entities.

Step 2: 
Core Transactions: Data was then added to Sale and Prescription, linking customers to specific events.

Step 3: 
Associative/Detail Tables: Finally, the "child" tables—SaleDetails and PrescriptionDetails—were populated. This allowed for multiple line items per transaction, satisfying the requirements for a normalized relational model.
	Table Name
	Entity Type
	Role in System

	Customer
	Parent
	Stores patient information for prescription tracking.

	Medicine
	Parent
	The master inventory list with stock levels and base prices.

	Supplier
	Parent
	Contact data for reordering pharmaceutical stock.

	Prescription
	Transaction
	Main header for doctor-authorized medication.

	PrescriptionDetails
	Child
	Specific Doctor and quantity info for each prescription.

	Sale
	Transaction
	Header record for customer purchases and dates.

	SaleDetails
	Child
	Itemized records linking sales to specific medicines and prices.



During the population of these 7 tables, the following outcomes were verified:
Multi-Table Integrity: By populating PrescriptionDetails after Prescription, I verified that the system correctly maintains the link between the doctor's authorization and the specific medicine dispensed.

Referential Constraints: I attempted to enter a SaleDetail for a MedicineID that did not exist; the system successfully blocked this, proving the Foreign Key constraints are active and secure.

Complex Query Performance: The presence of data across all 7 tables allowed for the successful execution of qrySalesSummaryReport and qryCustomerPrescriptions, proving that the "joins" between tables are correctly established.


[bookmark: _Toc223954586]Query Development
qryCustomerPurchaseHistory (Sales Monitoring)
· Logical Purpose: Designed to provide a comprehensive audit trail of all customer transactions to improve "service delivery."
· Technical Implementation: This query uses String Concatenation (FullName: [FirstName] & " " & [LastName]) to improve readability and a Calculated Field (TotalSale: [SaleDetails].[QuantitySold] * [SaleDetails].[UnitPrice]) to automate revenue tracking.
· Management Insight: Allows the pharmacy to identify high-value customers and track historical spending patterns.
[image: ]
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qrySalesSummaryReport (Sale Reports)
· Logical Purpose: To provide a high-level summary of revenue generated per product category.
· Technical Implementation: Utilizes the Totals ($\Sigma$) function to aggregate data. Fields are set to Group By (MedicineName) and Sum (QuantitySold and TotalRevenue) to condense thousands of potential records into a strategic summary.
· Management Insight: Enables the CEO to monitor product performance and optimize stock procurement based on sales volume.
[image: ]
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qryCustomerPrescriptions (Regulatory Compliance)
· Logical Purpose: To facilitate the rapid retrieval of patient medical records.
· Technical Implementation: This is a Parameter Query. By using the criteria [Enter Customer Last Name], the system allows for dynamic searching without requiring the user to navigate raw tables.
· Management Insight: Ensures "better service delivery" and strict adherence to health regulations by providing an instant history of dispensed medication.
[image: ]
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qryLowStockQuantity (Inventory Control)
· Logical Purpose: To prevent service interruptions by identifying medicines that require reordering.
· Technical Implementation: Uses a simple Criteria filter (e.g., < 100) on the StockQuantity field within the Medicine table.
· Management Insight: Automates "stock control," ensuring the pharmacy never runs out of critical life-saving medication without being notified by the system.
[image: ]
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[bookmark: _Toc223954587]Testing and Validation
The testing phase was an iterative process designed to ensure the MediLink Pharmacy system met all "functional requirements" while maintaining "data integrity." By documenting "testing outcomes," the development process demonstrates a systematic approach to quality assurance.
Test Case 1: Ambiguous Field Reference
· Problem: When running the Purchase History query, an error stated: "The specified field '[UnitPrice]' could refer to more than one table."
· Diagnosis: Because the database is normalized to 3rd Normal Form (3NF), the field UnitPrice exists in both the Medicine (master price) and SaleDetails (transactional price) tables.
· Resolution: The query was updated to use qualified field names: SaleDetails.UnitPrice. This ensured the system pulled the correct price at the time of sale.
[image: Screenshot of a database table displaying customer purchase history with columns for full name, first name, last name, sale date, quantity sold, medicine name, unit price, and total sale. The table highlights a purchase by John Smith on 20/01/2025 of 2 Paracetamol units priced at £0.00 each, with other entries showing various medicines and quantities sold on different dates.

AI-generated content may be incorrect.]
Figure 1This was after an error of me not setting both UnitPrices values so Access couldn’t understand what was going on so it showed the result as 0.
[image: ]
Figure 2 Here I have rectified that error by using qualified field names that the database could identify.

Test Case 2: Aggregate Function Error
· Problem: The Sales Summary report failed with the error: "Your query does not include the specified expression as part of an aggregate function."
· Diagnosis: When using the Totals ($\Sigma/$) feature, Access requires every field to be either "Grouped" or "Aggregated." The TotalRevenue calculation was trying to use raw data instead of grouped data.
· Resolution: The formula was adjusted to Sum([QuantitySold] * [UnitPrice]) and the Total row was set to Expression. This successfully generated the total revenue per medicine.
[image: ]
Figure 3 Here is where I hadn’t specified what I wanted access to calculate and it was showing me an error message


[image: ]
Figure 4 This is where I managed to adjust the formula and change the total row to Expression and then the system was able to successfully give the total revenue for each medicine

Validation of Output
Finally, the results of the qryCustomerPurchaseHistory were manually compared against the raw data in the SaleDetails table.
· Calculation Verification: For a sale of 2 units of Paracetamol at £2.50, the query correctly calculated a TotalSale of £5.00.
· User Interface Validation: The String Concatenation for FullName was verified to ensure no spacing errors occurred (e.g., "JohnSmith" vs "John Smith").



[bookmark: _Toc223954588]Design Decisions and Future Work

Summary of the Built System

The implemented MediLink Pharmacy database is a robust relational system consisting of seven core tables: Customer, Medicine, Supplier, Sale, SaleDetails, Prescription, and PrescriptionDetails. This architecture was designed to automate the pharmacy’s manual record-keeping, ensuring that patient history, inventory levels, and financial transactions are centralized. To provide management with actionable insights, I developed four purposeful queries, including a Parameter Query for prescription searches and an Aggregate Query for sales reporting.

Key Design Decisions

The primary design driver was the adherence to Third Normal Form (3NF). A critical decision was the implementation of the SaleDetails and PrescriptionDetails tables as associative entities. This resolved the many-to-many relationship between transactions and products, ensuring that the system could record multiple line items per sale without data redundancy. Furthermore, I chose to store UnitPrice within SaleDetails rather than relying solely on the Medicine table. This decision ensures historical data integrity; if a medicine’s price is updated in the future, the revenue records for past sales remain accurate and unchanged.

Reflection on Challenges Faced

The development process presented significant technical hurdles that required an analytical approach to resolve. One major challenge was an ambiguous field error during query construction. Because UnitPrice existed in two tables, Microsoft Access could not identify the correct source. I resolved this by using qualified field names (e.g., SaleDetails.UnitPrice), which reinforced my understanding of relational paths.
Additionally, implementing the Sum function in the Sales Summary triggered an aggregate function error. I overcame this by meticulously adjusting the "Total" row in the design grid to distinguish between grouped categories and mathematical expressions. These challenges provided a valuable learning curve in troubleshooting relational logic and validated the importance of a testing phase.


[bookmark: _Toc223954589]Conclusion and Professional Reflection
The development of the MediLink Pharmacy database has successfully transitioned the organization from a manual, error-prone system to a structured relational environment. By strictly adhering to the methodology of database design, the system now ensures data integrity and regulatory compliance, particularly regarding prescription history and inventory management.

Reflecting on the project, the most significant insight gained was the practical application of Third Normal Form (3NF). Initially, the concept of splitting data across seven tables seemed complex; however, during the "Testing and Validation" phase, it became clear that this separation is what prevents "Update Anomalies."

The challenges faced—specifically the aggregate function and ambiguous field errors—highlighted the necessity of precision in SQL logic and query design. Moving forward, the system is well-positioned for future scalability, such as integrating an automated "Reorder Point" for stock or a patient-facing web interface, further enhancing the pharmacy’s service delivery.
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