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[bookmark: _Toc223879909]Scenario Analysis
MediLink Pharmacy currently manages its daily operations using a manual paper‑based record system. The pharmacy records customer information, medicine inventory, supplier details, and daily sales transactions manually. This approach creates several operational problems, including inaccurate stock tracking, difficulty retrieving historical records, data duplication, and time‑consuming reporting processes.
To improve efficiency, the pharmacy plans to implement a relational database using Microsoft Access. A database management system will allow the organisation to store, manage, and retrieve information efficiently while maintaining high levels of data accuracy and integrity.
A well-designed database system improves operational efficiency, data accuracy, and reporting reliability in organisations. Database management systems (DBMS) provide structured mechanisms for efficiently storing and retrieving data [1]. MediLink Pharmacy requires a centralised Microsoft Access database to manage medicines, suppliers, prescriptions, customers, and sales transactions.
Based on the business requirements, four main entities were identified: Customer, Supplier, Medicine, and Sales.
Modern database design principles emphasise normalisation and referential integrity to minimise redundancy and ensure consistency [2].
The goal of this task is to create and implement a well-organised relational database system that effectively oversees the pharmacy's activities. The database will systematically maintain comprehensive data about clients, pharmaceuticals, vendors, and sales transactions. 
It seeks to enhance inventory tracking and stock monitoring, reduce errors and superfluous data duplication, and enable automated report preparation to help management make decisions and analyse performance.

The main operational goals of the system are:
· Maintain accurate records of customers, medicines, suppliers, and sales 
· Improve inventory management and stock monitoring
· Reduce human error and data duplication 
· Support efficient sales tracking and reporting

Identifying the primary entities involved in pharmacy operations is essential for achieving this objective. The attributes of each entity that determine what data to store must be clearly defined. To ensure data integrity, eliminate redundancy, and develop an organised, efficient, and reliable relational database system, appropriate relationships between these entities must be established.
Assuming the pharmacy operates from a single branch, the primary entities involved in the business's activities must first be identified. The properties of each entity that determine what data to store should be precisely defined. To ensure data integrity, minimise redundancy, and establish an organized, efficient, and reliable relational database system, appropriate relationships between these entities must then be established.






[bookmark: _Toc223879910][bookmark: _Hlk170769605]Entity Relationship Diagram (ERD)
1. [bookmark: _Toc223879911]List of attributes and their descriptions

Customer ID Entity
This entity stores information regarding customers who purchase medications from the pharmacy. Accurate customer records allow the pharmacy to track purchase histories, analyse buying patterns, facilitate prescription management, and enhance customer service through improved record-keeping and data-driven decision-making.
· [image: ]Customer ID (Primary Key)
· FirstName
· LastName
· DateOfBirth
· PhoneNumber
· Email
· Address


Supplier ID Entity
[image: ]This organisation maintains thorough records of the businesses that supply the pharmacy with medications. Keeping accurate supplier records supports effective inventory management, ensures timely reordering, strengthens supplier accountability, and helps the pharmacy comply with regulatory and pharmaceutical standards. 
· SupplierID (Primary Key)
· SupplierName
· PhoneNumber
· Address



Medicine ID Entity
[image: ]For every medication available at the pharmacy, this entity maintains detailed stock data, including prices, on-hand quantities, and reorder levels. Keeping accurate and up-to-date records facilitates efficient inventory control, prevents stock shortages or overstocking, enables prompt reordering, and ensures seamless daily pharmacy operations.
· MedicineID (Primary Key)
· UnitPrice
· QuantityInStock
· ExpiryDate
· SupplierID (Foreign Key)







Sales ID Entity
[image: ]The organisation maintains comprehensive records of all customer sales transactions, including the sale date, products purchased, quantities, and payment methods. Accurate transaction records support the pharmacy's business growth by enabling efficient revenue tracking, sales performance monitoring, financial reporting, and informed decision-making.
· SaleID (Primary Key – AutoNumber)
· SaleDate
· CustomerID (Foreign Key)
· MedicineID (Foreign Key)
· QuantitySold
· UnitPrice
· 

2. [bookmark: _Toc223879912]List of relationships and their meaning. 
This section describes the relationships established among entities within the MediLink Pharmacy database system. These relationships specify how tables are logically connected through primary and foreign keys, which ensures efficient and accurate data storage. Identifying the type of relationship, such as one-to-many or many to many, and clarifying its business significance, enhances understanding of the database structure and its alignment with real-world pharmacy operations.
These entities reflect standard business transaction modelling practices described in database system literature [3].


Supplier ID - Medicine ID Relationship
The relationship between Supplier ID and Medicine ID demonstrates the system's approach to sourcing medications. This relationship is governed by a one to many (1:M) cardinality, meaning the pharmacy may receive multiple medications from a single supplier, while each medication is linked to only one supplier. In MediLink Pharmacy, this structure ensures accurate supplier tracking, accountability, and effective inventory and procurement management.

Relationship: A supplier supplies medicines.
Cardinality: One to Many (1: M)
· One Supplier can supply many Medicines.
· Each Medicine is supplied by one Supplier.Medicine

Supply by

	M	1Supplier








Participation Constraints:
Medicine participation: Every Medicine must be linked to one Supplier.
Supplier participation: A Supplier may exist without supplying any Medicine yet.
Participation constraints specify the dependencies between entities. To ensure traceability and regulatory compliance, each medication record must be linked to a single supplier. This is known as total (required) medicine participation. Partial (optional) supplier involvement allows a supplier to be in the system even if they have not yet provided any medications.

Customer ID - Sales ID Relationship
Relationship: A customer purchases medicines (each sale record represents one medicine purchased).
Cardinality: One-to-Many (1: M)
· One Customer can have many Sales records.
· Each Sale record belongs to one Customer.


	1	MSales
Customer




Participation Constraints:
Sales participation: Every Sale must be linked to one Customer.
Customer participation: A Customer may exist without making any purchases.


Medicine ID – Sales ID Relationship
Relationship: A medicine is sold in sales transactions.
Cardinality: One-to-Many (1: M)
· One Medicine can appear in many Sales records.
· Each Sale record refers to one Medicine.
Include

	1	MMedicine
Sales





Participation Constraints:
Sales participation: Every Sale must reference one Medicine.
Medicine participation: A Medicine may exist in stock but may not have been sold yet.

Summary Table of Relationships

	
Relationship
	
Cardinality
	
Participation 1
	
Participation 2

	Supplier ID – Medicine ID
	1: M
	Supplier
	Medicine

	Customer ID – Sales ID
	1: M
	Customer
	Sales

	Medicine ID - Sales ID
	1: M
	Medicine
	Sales




3. [bookmark: _Toc223879913]ER diagram:  
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The system includes multiple foreign keys (FKs) that define relationships between entities by referencing their respective primary keys (PKs). Each foreign key references a specific primary key in another table, thereby maintaining data integrity and enforcing relational constraints. 
The primary key constraints prevented duplicate records, and the foreign key constraints prevented duplicate references between tables [4].
The following is a comprehensive list of all foreign keys in the system and the primary keys they reference, illustrating the interconnections among the entities.

Medicine Entity
The Medicine entity includes a foreign key, SupplierID, which references the primary key SupplierID in the Supplier entity. This relationship ensures that each medicine record in the database is associated with a specific supplier. As a result, the database maintains referential integrity and enables the pharmacy to identify the supplier for each medicine, supporting effective stock control and reordering processes.
Explanation:
Each Medicine must be supplied by one Supplier. Therefore, Medicine, SupplierID references 
Supplier. SupplierID.





Sales Entity
The Sales entity contains two foreign keys: CustomerID and MedicineID. The CustomerID attribute references Customer. CustomerID, thereby linking each sale transaction to a specific customer. Likewise, the MedicineID attribute references the Medicine entity. MedicineID, ensuring that each sale record specifies the medicine sold.
	Foreign Key
	Refers To (Primary Key)
	Referenced Entity

	CustomerID
	CustomerID (PK)
	Customer


	MedicineID
	MedicineID (PK)
	Medicine



Explanation:
Each Sale must be linked to one Customer. Each Sale must reference one Medicine.
Therefore:
Sales. CustomerID references Customer. CustomerID
Sales. MedicineID references Medicine. MedicineID


Summary of All Foreign Key Relationships
	Foreign Key
	Located In Entity
	References
	Relationship Type


	SupplierID
	Medicine
	Supplier. SupplierID
	1: M


	CustomerID
	Sales	
	Customer. CustomerID
	1: M


	MedicineID
	Sales
	Medicine. MedicineID
	1: M




Total Foreign Keys in the Database
Medicine table: 1 Foreign Key
Sales table: 2 Foreign Keys
Customer table: 0 Foreign Keys
Supplier table: 0 Foreign Keys


[bookmark: _Toc223879914]Normalisation 
Normalisation of the ERD – MediLink Pharmacy Database
The normalisation process, based on the Chen Notation Entity Relationship Diagram (ERD), follows a systematic sequence to transform the conceptual model into an optimized relational schema. Initially, the ERD is converted into a relational schema using standard ER-to-relational reduction rules, ensuring that all entities, relationships, and attributes are accurately mapped to tables and columns. 
The schema is then examined and restructured to satisfy First Normal Form (1NF) by eliminating repeating groups and ensuring attribute atomicity. Subsequently, the schema is refined to meet the requirements of Second Normal Form (2NF), addressing partial dependencies on composite keys. 
Third Normal Form (3NF) is then applied to eliminate transitive dependencies, resulting in a fully normalised structure. The final normalised tables demonstrate an efficient and well-structured relational database design.

Step 1: ER to Relational Schema Conversion
From the ER diagram, we have four strong entities and three 1:M relationships.

Entity Relations Created
CUSTOMER: CustomerID, FirstName, LastName, DateOfBirth, PhoneNumber, Email, Address
SUPPLIER: SupplierID, SupplierName, PhoneNumber, Address
MEDICINE: MedicineID, UnitPrice, QuantityInStock, ExpiryDate, SupplierID
Foreign Key: SupplierID → Supplier.SupplierID

SALES
Sales: SaleID, SaleDate, CustomerID, MedicineID, QuantitySold, UnitPrice
Foreign Keys: CustomerID → Customer.CustomerID
MedicineID → Medicine.MedicineID)


Step 2: First Normal Form (1NF)
The First Normal Form (1NF) defines essential rules for structuring relational databases, ensuring data is organised consistently. Under 1NF, tables must not include repeating groups, all attribute values must be atomic, and each table must possess a unique primary key for record identification. 
Compliance with these criteria is verified through systematic examination of each table. All attributes are confirmed to be atomic, no multivalued attributes exist, and each table has a clearly defined primary key. Therefore, all tables in the system are fully compliant with 1NF.




Step 3: Second Normal Form (2NF)
Rule of 2NF:
Must be in 1NF. No partial dependency (only applies if composite key exists)
Check for composite keys:
CUSTOMER → Single attribute PK
SUPPLIER → Single attribute PK
MEDICINE → Single attribute PK
SALES → Single attribute PK (SaleID)
Because none of the tables use a composite primary key, the schema has no partial dependencies. Consequently, all tables inherently meet the requirements of Second Normal Form (2NF).

Step 4: Third Normal Form (3NF)
The Third Normal Form (3NF) extends the principles of Second Normal Form (2NF) by eliminating transitive dependencies within database tables. In 3NF, every non-key attribute must depend exclusively and directly on the primary key, thereby removing any indirect relationships among attributes.
Check each table:
CUSTOMER
· All attributes depend only on CustomerID
· No transitive dependency
SUPPLIER
· All attributes depend only on SupplierID
·  No transitive dependency
MEDICINE
All attributes depend on MedicineID
· SupplierID is a foreign key, not a derived attribute
· No transitive dependency
SALES
All attributes depend on SaleID
· CustomerID and MedicineID are foreign keys
· No transitive dependency
· Therefore, all tables satisfy 3NF.





Final Normalised Tables (3NF)

CUSTOMER
	Attribute

	Key Type

	CustomerID
	Primary Key

	FirstName
	

	LastName	
	

	DateOfBirth	
	

	PhoneNumber	
	

	Email	
	

	Address
	


	
SUPPLIER
	Attribute
	Key Type

	SupplierID
	Primary Key

	SupplierName
	

	PhoneNumber
	

	Address
	



MEDICINE
	Attribute
	Key Type

	MedicineID
	Primary Key

	UnitPrice	
	

	QuantityInStock
	

	ExpiryDate	
	

	SupplierID
	Foreign Key



SALES
	Attribute
	Key Type

	SaleID	
	Primary Key

	SaleDate
	

	CustomerID
	Foreign Key

	MedicineID
	Foreign Key

	QuantitySold	
	

	UnitPrice
	









Conclusion
Following the ER to Relational Schema conversion and systematic normalisation to First, Second, and Third Normal Forms (1NF, 2NF, and 3NF), the database structure is fully normalised to 3NF. 
This robust design eliminates redundancy, mitigates anomalies arising from updates, insertions, and deletions, and consistently maintains referential integrity across all tables, thereby enhancing the efficiency and reliability of the relational database.
Database normalization is a fundamental aspect of relational database design. It ensures data is stored logically and efficiently, reducing redundancy and improving manageability [5].

[bookmark: _Toc223879915]Sample Data Population 	
	Customer Details

	Customer ID
	FirstName
	LastName
	DateOfBirth
	PhoneNumber
	Email
	Address

	1
	Luke
	Williams
	23/05/1984
	7898123321
	luke@williams.com
	25, High Street, Coventry

	2
	Daniel
	Ashbrook
	12/06/1988
	7712345678
	dan@ashbrook.com
	11a, Coventry Road, Birmingham

	3
	Will
	Sedgwick
	11/11/1986
	7789456123
	will@sedgwick.com
	65, Becky close, Halesowen

	4
	Georgina
	Giles
	01/02/1990
	7782147963
	georgina@giles.com
	55, High Street, Smallheath

	5
	Kelly
	Rosemary
	25/07/1982
	7789456123
	kelly@rosemary.com
	123/5, Mount close, Birmingham


	
[image: ]
Figure 1Customer Details Table
	Supplier Details

	Supplier ID
	SupplierName
	PhoneNumber
	Address

	1
	MedisupLtd
	1222456987
	Medisup Ltd, Harrow Road, London

	2
	HomeMedLtd
	1898456123
	Homemed ltd, Coventry Road, Birmingham

	3
	PharmacryLtd
	789863524
	Pharmacy Ltd, Castle Road, Edinburgh

	4
	HomeNeedLtd
	654658648
	Home needs Ltd, Brierley hill, Dudley

	5
	MidhillPharmacy
	589632147
	35, Garden Road, Walsall






[image: ]
Figure 2 Supplier Id Table















	Medicine Details

	Medicine ID
	MedicineName
	UnitPrice
	Quantity
	ExpieryDate
	Supplier ID

	1
	Paracetamol
	£1.99
	150
	21/03/2030
	3

	2
	Asprin
	£2.49
	300
	30/12/2029
	1

	3
	Metformin
	£12.49
	75
	05/10/2031
	4

	4
	Gabapentin
	£14.99
	100
	18/12/2028
	2

	5
	Amlodipine
	£7.29
	200
	16/11/2026
	2

	6
	Ibuprofen
	£3.55
	125
	28/04/2028
	1

	7
	Cetrizine
	£4.99
	65
	23/06/2029
	5

	8
	Antacids
	£4.59
	100
	26/12/2030
	3

	9
	Loratadine
	£6.59
	124
	05/05/2028
	5

	10
	Omeprazole
	£17.25
	25
	08/04/2029
	3





[image: ]
Figure 3 Medicine ID Table


	Sales Details

	Sales ID
	Date
	CstomerID
	MedicineID
	QuantitySold
	UnitPrice
	Total

	1
	25/02/2026
	1
	2
	2
	£2.49
	£4.98

	2
	23/02/2026
	2
	3
	1
	£12.49
	£12.49

	3
	23/02/2026
	5
	6
	1
	£3.55
	£3.55

	4
	24/02/2026
	1
	1
	10
	£1.99
	£19.99

	5
	25/02/2026
	3
	4
	3
	£14.99
	£44.97

	6
	26/02/2026
	4
	5
	2
	£7.29
	£14.58

	7
	27/02/2026
	2
	6
	5
	£3.55
	£17.75

	8
	24/02/2026
	5
	3
	2
	£12.49
	£24.98

	9
	23/02/2026
	4
	1
	1
	£14,399.00
	£14.99

	10
	20/02/2026
	3
	5
	1
	£7.29
	£7.29



[image: ]
Figure 4 Sales ID Table


[image: ]
Figure 5 Creating a relationship in Access

[bookmark: _Toc223879916]Query Development
Query 1: Finding Sales details on a particular Date
This query retrieves sales records by using a specific SaleDate, making it easy to access detailed transaction information. With these two fields, users can find and check individual transactions. 
This method keeps records accurate and helps track sales activity. In testing, SalesID and SaleDate were used to query the Sales table and retrieve the correct records. 
The results showed that the system correctly identified the transaction data and displayed the matching sales entries as expected.

[image: ]
Figure 6 Query 1 to find Sales on a Particular Date

[image: ]
Figure 7Query 1 result




Query 2: finding customer details from Customer ID
The purpose of this query is to allow pharmacy employees to efficiently retrieve customer data by entering a unique CustomerID.
This functionality provides access to essential information, including the customer's first and last name and phone number. 
During testing, a valid CustomerID was entered to obtain customer data, and the returned information was compared with the original records in the Customer table to verify accuracy. 
[image: ]










Figure 8 Query 2 to find customer details from the Customer ID



[image: ]
Figure 9 Query 2 Results

Query 3: Retrieve Medicine Details Using MedicineID
The objective of this query is to allow pharmacy staff to quickly retrieve medicine details by entering a specific MedicineID. This helps staff easily check important information, such as the medicine name, available stock quantity, and expiry date. 
During testing, a valid MedicineID was entered into the query parameter, and the query was executed to retrieve the medicine details. The returned information was verified to ensure that the medicine name, available quantity, and expiry date matched the records stored in the Medicine table. 
The outcome showed that the system consistently displayed accurate medicine information, confirming that the query functions correctly and reliably
[image: ]
Figure 10 Query 3 to find product details from the Medicine ID

[image: ]
Figure 11Query 3 results.


Query 4: Retrieve Supplier Details Using SupplierID
The query enables employees to enter a SupplierID and efficiently retrieve supplier details for medications currently in stock. 
Testing with a valid SupplierID produced accurate information, including SupplierName, PhoneNumber, and Address, which matched the stored data. 
These findings demonstrate the query’s reliability and accuracy.

[image: ]
Figure 12 Query 4 to find supplier details.

[image: ]
Figure 13 Query 4 results.






Query 5: Testing with invalid details

The query retrieves sales records by specifying a particular SalesID and SaleDate to access transaction details. When an incorrect or non-existent SaleDate is provided, the query returns no results; however, no errors are generated. 
This outcome demonstrates that the system effectively manages invalid inputs while preserving stability and data integrity.


[image: ]
Figure 14 Entering invalid details for testing


[image: ]
Figure 15 Results for invalid details
Query 6: Find Customer details from sales details by adding 2 tables
To retrieve customer details from sales records, the Customer and Sales tables are joined using the common CustomerID field. By linking these tables, it is possible to extract important customer information, such as first name, last name, and email, based on transactions recorded in the Sales table. 
A filter can be applied to a specific sale date, such as a randomly chosen test date, to return only customers who made purchases on that day. This approach ensures accurate cross-referencing between sales and customer data, enabling pharmacy staff to quickly identify and contact customers associated with specific sales transactions.

[image: ]
Figure 16 Find customer details from two tables

[image: ]
Figure 17 Results of the query
[bookmark: _Toc223879917]Testing and Validation
I've tested all queries with both valid and invalid inputs to verify the system’s functional requirements. When I used valid CustomerIDs, the system returned the correct phone number, last name, and first name. 
For MedicineID, valid entries showed the medication name, available quantity, and expiration date, while invalid ones were handled properly. 
SupplierID queries gave accurate supplier details for valid inputs, and no results for invalid ones. The system kept the correct links between the Customer, Medicine, Sales, and Supplier tables. 
Sales queries by date or SalesID returned the right transaction records. We confirmed the accuracy and consistency of these results by comparing them with the database.
All queries have been tested with invalid details, and no results have been shown, which indicates the testing is successful. Validation emphasizes the development of quality in software systems, rather than solely the detection of errors. This process encompasses both functional and structural approaches to unit testing [7].

[bookmark: _Toc223879918]Design Decisions and Future Work

1. [bookmark: _Toc223879919]Design Decisions: 

The system is designed to enable pharmacy employees to efficiently query and access essential data related to clients, medications, suppliers, and sales. Each query retrieves only relevant fields, including customer contact details, medication stock levels and expiration dates, supplier information, and sales records, to promote clarity and optimize performance. 

Relationships among the Customer, Medicine, Supplier, and Sales tables are established to maintain data integrity and facilitate accurate cross-referencing.

Key challenges included managing invalid or non-existent IDs to prevent errors, maintaining data consistency across multiple related tables, and optimizing queries to efficiently retrieve large datasets. Neglecting the database often causes significant issues, especially when established design principles are ignored. It is essential to analyze, test, and summarize the database design [6].

Further difficulties arose in addressing edge cases, such as customers without contact information or medicines supplied by multiple suppliers, while ensuring that query outputs remained clear and accessible. Nevertheless, the system consistently delivers reliable access to essential pharmacy information.


2. [bookmark: _Toc223879920]Future Work: 

Future enhancements to the system may include additional features designed to improve usability and efficiency. For instance, implementing search and filter options would enable staff to locate records using multiple criteria, such as date ranges, medicine categories, or customer segments. 

Automated alerts for low stock or approaching medicine expiry dates would improve inventory management. The system could also be expanded to incorporate prescription details and doctor information, thereby linking each sale to the prescribing physician for more comprehensive tracking. 

Furthermore, integrating reporting and analytics tools with a user-friendly dashboard would provide actionable insights into sales trends, customer behaviour, and supplier performance, thereby supporting more proactive, efficient operations.
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