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[bookmark: _Toc224819539][bookmark: _Toc224820191]1. Introduction
[bookmark: _Toc224819540][bookmark: _Toc224820192]1.1 Scenario Overview
MediLink Pharmacy is a growing community pharmacy chain that currently manages its stock, prescriptions, and customer details through entirely manual processes. These manual methods are known to introduce errors, inefficiencies, and delays in generating management reports. The organisation requires a digital relational database solution to automate its core operations and improve service delivery.
This report documents the full design and implementation process of a relational database system for MediLink Pharmacy using Microsoft Access, following standard database design methodology: scenario analysis, conceptual modelling, logical modelling, normalisation, implementation, and testing.
[bookmark: _Toc224819541][bookmark: _Toc224820193]1.2 Purpose of the Database System
According to Connolly and Begg (2014), a relational database management system (RDBMS) provides a structured mechanism for storing, retrieving, and managing data while enforcing integrity constraints. For MediLink Pharmacy, the primary objectives of the proposed system are:
1. Accurate tracking of medicine stock levels, expiry dates, and reorder thresholds
1. Management of supplier relationships and procurement
1. Recording and retrieving patient prescription information in compliance with regulatory requirements
1. Linking sales transactions to prescriptions and the customers who collect them
1. Generating management reports to support stock control, sales monitoring, and regulatory compliance
1. Providing an audit trail of dispensing activity by employee

The design process follows a progression from an initial conceptual model — which intentionally captures the real-world scenario without technical constraints, including many-to-many relationships — through to a fully normalised logical model in Third Normal Form (3NF), as established by Codd (1970).


[bookmark: _Toc224819542][bookmark: _Toc224820194]2. Scenario Analysis
[bookmark: _Toc224819543][bookmark: _Toc224820195]2.1 Identified Entities
An entity is a real-world object or concept about which data needs to be stored (Elmasri and Navathe, 2016). The following eight main entities were identified from the MediLink Pharmacy scenario. 
	Entity
	Description

	Supplier
	A company or individual that provides medicines to the pharmacy

	Medicine
	A pharmaceutical product stocked and dispensed by the pharmacy

	Doctor
	A licensed medical practitioner who issues prescriptions to patients

	Patient
	The individual for whom a medicine is clinically prescribed and dispensed

	Customer
	The person who physically collects and pays for the medicine — may be the patient or someone acting on their behalf (e.g. a parent or carer)

	Prescription
	A formal medical directive issued by a doctor authorising the supply of a medicine to a patient

	Sale
	A transaction record of medicines dispensed and paid for at the pharmacy counter

	Employee
	A pharmacy staff member who processes sales and dispensing transactions



It is worth noting at this stage that the distinction between Patient and Customer is intentional and important. In a community pharmacy, it is common for one person to collect medication on behalf of another — for example, a parent collecting for a child, or a carer acting for an elderly patient. Combining these two concepts into a single entity would prevent such scenarios from being accurately represented and would result in data integrity issues.

[bookmark: _Toc224819544][bookmark: _Toc224820196]2.2 Attributes of Each Entity
Attributes are the properties or characteristics that describe an entity (Date, 2003). The table below lists the key attributes for each entity as initially identified from the scenario. Primary keys (PK) are the unique identifiers for each record. Foreign keys (FK) will be formally defined once relationships are established in the logical model.
[bookmark: _Toc224819545][bookmark: _Toc224820197]Supplier
	Attribute
	Data Type
	Key
	Description

	SupplierID
	AutoNumber
	PK
	Unique identifier

	Name
	Short Text (100)
	
	Company name

	Email
	Short Text (100)
	
	Contact email

	Phone
	Short Text (20)
	
	Contact telephone

	Address
	Long Text
	
	Registered address

	ContactPerson
	Short Text (100)
	
	Name of main contact



[bookmark: _Toc224819546][bookmark: _Toc224820198]Medicine
	Attribute
	Data Type
	Key
	Description

	MedicineID
	AutoNumber
	PK
	Unique identifier

	Name
	Short Text (150)
	
	Brand or generic name

	Category
	Short Text (100)
	
	Type (antibiotic, analgesic, etc.)

	UnitPrice
	Currency
	
	Price per unit

	StockQuantity
	Number (Integer)
	
	Current units in stock

	ExpiryDate
	Date/Time
	
	Expiry of current batch

	ReorderLevel
	Number (Integer)
	
	Minimum stock before reorder

	ControlledDrug
	Yes/No
	
	Whether it is a controlled substance

	SupplierID
	Number
	FK
	Supplier of this medicine



[bookmark: _Toc224819547][bookmark: _Toc224820199]Doctor
	Attribute
	Data Type
	Key
	Description

	DoctorID
	AutoNumber
	PK
	Unique identifier (surrogate key)

	ReferenceNumber
	Short Text (20)
	
	NHS/professional reference — stored separately from PK to avoid dependency on external systems

	DoctorName
	Short Text (100)
	
	Full name

	SurgeryAddress
	Long Text
	
	GP surgery address

	PrimaryCareTrust
	Short Text (100)
	
	NHS Primary Care Trust or ICB



[bookmark: _Toc224819548][bookmark: _Toc224820200]Patient
	Attribute
	Data Type
	Key
	Description

	PatientID
	AutoNumber
	PK
	Unique identifier

	Title
	Short Text (10)
	
	Mr, Mrs, Dr, etc.

	Name
	Short Text (100)
	
	First name

	Surname
	Short Text (100)
	
	Surname

	DateOfBirth
	Date/Time
	
	Date of birth

	Gender
	Short Text (10)
	
	Gender

	Weight
	Number (Double)
	
	Weight in kg (for dosage calculation)

	Address
	Long Text
	
	Home address

	NHSExemption
	Short Text (50)
	
	Exemption category for prescription charges



[bookmark: _Toc224819549][bookmark: _Toc224820201]Customer
	Attribute
	Data Type
	Key
	Description

	CustomerID
	AutoNumber
	PK
	Unique identifier

	Name
	Short Text (100)
	
	First name

	Surname
	Short Text (100)
	
	Surname

	Email
	Short Text (100)
	
	Email address

	Phone
	Short Text (20)
	
	Phone number

	Address
	Long Text
	
	Home address

	DateOfBirth
	Date/Time
	
	Date of birth (for identity verification)



[bookmark: _Toc224819550][bookmark: _Toc224820202]Prescription
	Attribute
	Data Type
	Key
	Description

	PrescriptionID
	AutoNumber
	PK
	Unique identifier

	DateOfIssue
	Date/Time
	
	Date the prescription was issued

	Status
	Short Text (20)
	
	Pending / Dispensed / Partial

	Dosage
	Short Text (100)
	
	Dosage instructions — NOTE: this will be moved to a line-item level during normalisation

	Quantity
	Number (Integer)
	
	Quantity — NOTE: will be moved to line-item level

	QuantityOfDays
	Number (Integer)
	
	Duration — NOTE: will be moved to line-item level

	PatientID
	Number
	FK
	The patient the prescription belongs to

	DoctorID
	Number
	FK
	The issuing doctor


[bookmark: _Toc224819551][bookmark: _Toc224820203]Sale
	Attribute
	Data Type
	Key
	Description

	SaleID
	AutoNumber
	PK
	Unique identifier

	Date
	Date/Time
	
	Date of transaction

	PaymentMethod
	Short Text (50)
	
	Cash / Card / NHS / Exempt

	TotalAmount
	Currency
	
	Total value of the sale

	ItemsSold
	Number (Integer)
	
	Count of items sold — NOTE: will be reviewed during normalisation

	CustomerID
	Number
	FK
	The collecting customer

	PrescriptionID
	Number
	FK
	Linked prescription (if applicable)

	EmployeeID
	Number
	FK
	Processing employee



[bookmark: _Toc224819552][bookmark: _Toc224820204]Employee
	Attribute
	Data Type
	Key
	Description

	EmployeeID
	AutoNumber
	PK
	Unique identifier

	Name
	Short Text (100)
	
	First name

	Surname
	Short Text (100)
	
	Surname

	Role
	Short Text (50)
	
	Pharmacist / Dispenser / Technician

	Phone
	Short Text (20)
	
	Contact number

	Address
	Long Text
	
	Home address



[bookmark: _Toc224819553][bookmark: _Toc224820205]2.3 Relationships Between Entities
The relationships between entities define how data in one table connects to data in another. Cardinality describes how many instances of one entity relate to instances of another (Coronel and Morris, 2018). The table below reflects the relationships as they appear in the conceptual model. 
	Relationship
	Cardinality
	Description

	Supplier → Medicine
	One-to-Many (1:N)
	One supplier can supply many medicines; each medicine has one supplier.

	Doctor → Prescription
	One-to-Many (1:N)
	One doctor can issue many prescriptions; each prescription is issued by one doctor.

	Patient → Prescription
	One-to-Many (1:N)
	One patient can have many prescriptions; each prescription belongs to one patient.

	Patient ↔ Customer
	Many-to-Many (M:N)
	A customer may collect for multiple patients (e.g. a parent with two children); a patient may have multiple authorised collectors (e.g. both parents).

	Prescription ↔ Medicine
	Many-to-Many (M:N)
	A prescription may include multiple medicines; the same medicine may appear on many different prescriptions.

	Customer → Sale
	One-to-Many (1:N)
	One customer can make many purchases; each sale is associated with one customer.

	Employee → Sale
	One-to-Many (1:N)
	One employee can process many sales; each sale is processed by one employee.

	Prescription → Sale
	One-to-One (1:1)
	Each prescription is fulfilled by at most one sale transaction.

	Sale ↔ Medicine
	Many-to-Many (M:N)
	A single sale may include multiple medicines; the same medicine may be sold across many different sales.





[bookmark: _Toc224819554][bookmark: _Toc224820206]3. Entity Relationship Diagram (ERD)
[bookmark: _Toc224819555][bookmark: _Toc224820207]3.1 Conceptual ERD
[image: ]The conceptual ERD captures the high-level data model in real-world terms, before resolving many-to-many relationships or defining foreign keys (Connolly and Begg, 2014). All three many-to-many relationships — Prescription ↔ Medicine, Sale ↔ Medicine, and Patient ↔ Customer — are shown directly between entities, reflecting the business reality.

Figure 1: Conceptual ERD for MediLink Pharmacy.
[bookmark: _Toc224819556][bookmark: _Toc224820208]3.2 Problems Identified in the Conceptual Model
After reviewing the conceptual ERD, three structural problems were identified that must be resolved before the model can be implemented in a relational database:

	Problem
	Affected Relationship
	Why It Cannot Be Implemented Directly

	Many-to-many relationship
	Prescription ↔ Medicine
	A prescription can contain multiple medicines, and a medicine can appear on many prescriptions. A single FK in either table cannot represent this — it would require either multiple FK columns (violating 1NF) or duplicate rows.

	Many-to-many relationship
	Sale ↔ Medicine
	A sale may include multiple medicines, and a medicine may be sold in many transactions. The same constraint applies — a direct link is not representable with a single FK.

	Many-to-many relationship
	Patient ↔ Customer
	A customer may collect for multiple patients (e.g. a parent with two children), and a patient may have more than one authorised collector. Again, a single FK on either side cannot capture this.



In addition, two attribute-level issues were identified during this review:
1. The Prescription entity stores Dosage, Quantity, and QuantityOfDays as attributes of the prescription itself. However, these values logically belong to each medicine on the prescription — a prescription for two medicines would require different dosages for each. This is a repeating group issue that will be resolved in normalisation.
1. The Sale entity stores ItemsSold as a scalar count. This value is derived from the sale line items and is therefore redundant — it will be removed during normalisation.

[bookmark: _Toc224819557][bookmark: _Toc224820209]3.3 Logical ERD — Many-to-Many Relationships Resolved
To resolve the three many-to-many relationships identified above, three new link entities (junction tables) were introduced. Each junction table breaks a many-to-many relationship into two one-to-many relationships, and each can carry its own attributes that describe the relationship itself — information that belongs neither to one entity nor the other.



	M:N Relationship Resolved
	Junction Table Added
	Attributes on the Junction Table
	Reason the Attributes Belong Here

	Prescription ↔ Medicine
	PrescriptionItem
	Quantity, Dosage, QuantityOfDays
	These values describe how a specific medicine is prescribed on a specific prescription — they depend on both the prescription and the medicine together, not on either alone.

	Sale ↔ Medicine
	SaleItem
	Quantity, UnitPrice
	UnitPrice is recorded at the time of sale to preserve a historical record — the medicine price may change later. Quantity sold is a property of the transaction line, not of the medicine or sale alone.

	Patient ↔ Customer
	PatientCustomer
	Relationship, IsAuthorised
	The type of relationship (self, parent, carer, partner) and whether the collection is currently authorised are properties of the link between a specific patient and a specific customer — not of either entity alone.



With these three junction tables added, all relationships in the model are now one-to-many, and the schema is ready for full implementation. The Prescription entity has also been corrected: Dosage, Quantity, and QuantityOfDays have been moved from Prescription to PrescriptionItem, and the redundant ItemsSold field has been removed from Sale. The resulting logical ERD is shown below in Figure 2. This is the final, corrected model that will be implemented in Microsoft Access. The key difference between Figure 1 and Figure 2 is the addition of PrescriptionItem, SaleItem, and PatientCustomer, which transform the three direct many-to-many links into pairs of one-to-many relationships. This structural change is what makes the model implementable in a relational database system such as Microsoft Access.
[image: ] 
Figure 2: Logical ERD for MediLink Pharmacy — all many-to-many relationships resolved, junction tables added, PKs and FKs defined.

[bookmark: _Toc224819558][bookmark: _Toc224820210]4. Data Structure Design
[bookmark: _Toc224819559][bookmark: _Toc224820211]4.1 Overview
This section defines each table as it will be implemented in Microsoft Access, including field names, data types, field sizes, constraints, and validation rules. The design is based on the logical ERD produced in Section 3.3. All tables use a surrogate AutoNumber primary key, which avoids dependency on external reference numbers that may change or be unavailable (Connolly and Begg, 2014). Each table includes example input records to illustrate the range of data the system is expected to handle.

[bookmark: _Toc224819560][bookmark: _Toc224820212]4.2 Table Definitions and Example Inputs
[bookmark: _Toc224819561][bookmark: _Toc224820213]Table 1: Supplier
	Field
	Data Type
	Size
	Required
	Constraint / Note

	SupplierID
	AutoNumber
	Long Int
	Yes
	PK — auto-generated

	Name
	Short Text
	100
	Yes
	NOT NULL

	Email
	Short Text
	100
	Yes
	

	Phone
	Short Text
	20
	Yes
	

	Address
	Long Text
	-
	No
	

	ContactPerson
	Short Text
	100
	No
	



Example data — Supplier:
	SupplierID
	Name
	Email
	Phone
	ContactPerson

	1
	PharmaCo Ltd
	orders@pharmaco.co.uk
	020 7946 0001
	Sarah Bell

	2
	MediSupply UK
	supply@medisupply.co.uk
	0113 496 0022
	James Patel

	3
	BioPharm Direct
	info@biopharm.co.uk
	0121 583 0103
	Karen Lee

	4
	Alliance Healthcare
	orders@alliancehc.co.uk
	01462 220 000
	Tom Hughes

	5
	Nuvep Pharma
	enquiries@nuvep.co.uk
	0161 830 4400
	Diana Walsh

	6
	Sigma-Aldrich UK
	uk.orders@sigma.co.uk
	01747 833000
	Paul Nguyen

	7
	AAH Pharmaceuticals
	aah@aahpharm.co.uk
	024 7643 2000
	Leila Hassan

	8
	Colorama Pharma
	info@colorama.co.uk
	01603 611 333
	Steve Morris




[bookmark: _Toc224819562][bookmark: _Toc224820214]Table 2: Medicine
	Field
	Data Type
	Size
	Required
	Constraint / Note

	MedicineID
	AutoNumber
	Long Int
	Yes
	PK

	Name
	Short Text
	150
	Yes
	NOT NULL

	Category
	Short Text
	100
	No
	

	UnitPrice
	Currency
	-
	Yes
	Validation: >0

	StockQuantity
	Number (Int)
	-
	Yes
	Validation: >=0

	ExpiryDate
	Date/Time
	-
	No
	

	ReorderLevel
	Number (Int)
	-
	No
	Validation: >=0

	ControlledDrug
	Yes/No
	-
	Yes
	Default: No

	SupplierID
	Number
	Long Int
	Yes
	FK → Supplier.SupplierID



Example data — Medicine:
	ID
	Name
	Category
	Price
	Stock
	Expiry
	Reorder
	Controlled
	SupplierID

	1
	Amoxicillin 500mg
	Antibiotic
	£0.85
	350
	30/06/2027
	50
	No
	1

	2
	Ibuprofen 200mg
	Analgesic
	£0.30
	800
	31/12/2027
	100
	No
	2

	3
	Atorvastatin 10mg
	Statin
	£1.20
	200
	28/02/2027
	40
	No
	1

	4
	Metformin 500mg
	Antidiabetic
	£0.65
	450
	31/08/2027
	60
	No
	3

	5
	Morphine 10mg/5ml
	Opioid
	£3.50
	80
	15/03/2027
	20
	Yes
	4

	6
	Omeprazole 20mg
	PPI
	£0.50
	300
	30/09/2027
	50
	No
	2

	7
	Salbutamol Inhaler
	Bronchodilator
	£2.10
	120
	01/11/2027
	25
	No
	5

	8
	Warfarin 5mg
	Anticoagulant
	£0.40
	160
	30/04/2027
	30
	No
	6



[bookmark: _Toc224819563][bookmark: _Toc224820215]Table 3: Doctor
	Field
	Data Type
	Size
	Required
	Constraint / Note

	DoctorID
	AutoNumber
	Long Int
	Yes
	PK — surrogate key

	ReferenceNumber
	Short Text
	20
	Yes
	UNIQUE, NOT NULL — NHS/GMC ref stored separately

	DoctorName
	Short Text
	100
	Yes
	NOT NULL

	SurgeryAddress
	Long Text
	-
	Yes
	NOT NULL

	PrimaryCareTrust
	Short Text
	100
	No
	



Example data — Doctor:
	DoctorID
	RefNumber
	DoctorName
	SurgeryAddress
	PrimaryCareTrust

	1
	G1234567
	Dr. Emily Smith
	14 High Street, Cardiff
	Cardiff & Vale UHB

	2
	G2345678
	Dr. Raj Patel
	22 Oak Road, Bristol
	Bristol, North Somerset ICB

	3
	G3456789
	Dr. Clare Hughes
	5 Elm Avenue, London
	North West London ICB

	4
	G4567890
	Dr. Alan Davies
	99 Station Road, Manchester
	Greater Manchester ICB

	5
	G5678901
	Dr. Fiona Walsh
	7 Rose Lane, Birmingham
	Birmingham & Solihull ICB

	6
	G6789012
	Dr. Omar Hassan
	3 Park View, Leeds
	West Yorkshire ICB

	7
	G7890123
	Dr. Lucy Chan
	88 Broad Street, Edinburgh
	NHS Lothian

	8
	G8901234
	Dr. Peter Grant
	21 Church Lane, Liverpool
	Cheshire & Merseyside ICB



[bookmark: _Toc224819564][bookmark: _Toc224820216]Table 4: Patient
	Field
	Data Type
	Size
	Required
	Constraint / Note

	PatientID
	AutoNumber
	Long Int
	Yes
	PK

	Title
	Short Text
	10
	No
	

	Name
	Short Text
	100
	Yes
	NOT NULL

	Surname
	Short Text
	100
	Yes
	NOT NULL

	DateOfBirth
	Date/Time
	-
	Yes
	Validation: <Date()

	Gender
	Short Text
	10
	No
	

	Weight
	Number (Dbl)
	-
	No
	kg — for dosage purposes

	Address
	Long Text
	-
	No
	

	NHSExemption
	Short Text
	50
	No
	Exemption category



Example data — Patient:
	ID
	Title
	Name
	Surname
	DOB
	Gender
	Weight
	NHSExemption

	1
	Mr
	Tommy
	Brown
	10/04/2020
	Male
	22
	Under 16

	2
	Mrs
	Alice
	Jones
	05/07/1985
	Female
	68
	None

	3
	Mr
	George
	White
	12/01/1940
	Male
	75
	Over 60

	4
	Ms
	Emma
	Taylor
	22/11/2000
	Female
	61
	None

	5
	Mr
	Ben
	Martin
	03/08/1978
	Male
	88
	Diabetes (HC2)

	6
	Miss
	Lily
	Brown
	14/02/2019
	Female
	18
	Under 16

	7
	Mr
	Ravi
	Sharma
	01/06/1955
	Male
	82
	Maternity

	8
	Mrs
	Diana
	Clarke
	30/09/1948
	Female
	70
	Over 60


[bookmark: _Toc224819565][bookmark: _Toc224820217]Table 5: Customer
	Field
	Data Type
	Size
	Required
	Constraint / Note

	CustomerID
	AutoNumber
	Long Int
	Yes
	PK

	Name
	Short Text
	100
	Yes
	NOT NULL

	Surname
	Short Text
	100
	Yes
	NOT NULL

	Email
	Short Text
	100
	No
	

	Phone
	Short Text
	20
	No
	

	Address
	Long Text
	-
	No
	

	DateOfBirth
	Date/Time
	-
	No
	For identity verification



Example data — Customer:
	ID
	Name
	Surname
	Email
	Phone
	DOB

	1
	Sarah
	Brown
	sarah.brown@email.com
	07700 900001
	15/03/1985

	2
	Alice
	Jones
	alice.jones@email.com
	07700 900002
	05/07/1985

	3
	Maria
	White
	mwhite@email.com
	07700 900003
	20/08/1972

	4
	Emma
	Taylor
	emma.taylor@email.com
	07700 900004
	22/11/2000

	5
	Ben
	Martin
	ben.martin@email.com
	07700 900005
	03/08/1978

	6
	David
	Brown
	david.brown@email.com
	07700 900006
	08/01/1983

	7
	Anita
	Sharma
	anita.sharma@email.com
	07700 900007
	14/04/1958

	8
	Peter
	Clarke
	peter.clarke@email.com
	07700 900008
	12/07/1945



[bookmark: _Toc224819566][bookmark: _Toc224820218]Table 6: PatientCustomer (Junction Table)
This table was introduced to resolve the many-to-many relationship between Patient and Customer (see Section 3.3). It records which customers are authorised to collect on behalf of which patients, and the nature of their relationship.

	Field
	Data Type
	Size
	Required
	Constraint / Note

	LinkID
	AutoNumber
	Long Int
	Yes
	PK

	PatientID
	Number
	Long Int
	Yes
	FK → Patient.PatientID, NOT NULL

	CustomerID
	Number
	Long Int
	Yes
	FK → Customer.CustomerID, NOT NULL

	Relationship
	Short Text
	50
	Yes
	Values: self, parent, carer, partner

	IsAuthorised
	Yes/No
	-
	Yes
	Default: Yes



Example data — PatientCustomer:
	LinkID
	PatientID
	CustomerID
	Relationship
	IsAuthorised

	1
	1
	1
	parent
	Yes

	2
	2
	2
	self
	Yes

	3
	3
	3
	carer
	Yes

	4
	4
	4
	self
	Yes

	5
	5
	5
	self
	Yes

	6
	6
	1
	parent
	Yes

	7
	6
	6
	parent
	Yes

	8
	7
	7
	carer
	Yes



Note: Patients 1 and 6 (Tommy and Lily Brown) are both children of Customer 1 (Sarah Brown). This illustrates how one customer can be authorised for multiple patients. Patient 6 also has a second authorised collector (Customer 6 — David Brown, the father), demonstrating that a patient can have multiple collectors.
[bookmark: _Toc224819567][bookmark: _Toc224820219]Table 7: Prescription
	Field
	Data Type
	Size
	Required
	Constraint / Note

	PrescriptionID
	AutoNumber
	Long Int
	Yes
	PK

	DateOfIssue
	Date/Time
	-
	Yes
	Validation: <=Date()

	Status
	Short Text
	20
	Yes
	Pending / Dispensed / Partial

	PatientID
	Number
	Long Int
	Yes
	FK → Patient.PatientID

	DoctorID
	Number
	Long Int
	Yes
	FK → Doctor.DoctorID



Example data — Prescription:
	ID
	DateOfIssue
	Status
	PatientID
	DoctorID

	1
	10/03/2026
	Dispensed
	1
	1

	2
	11/03/2026
	Dispensed
	2
	2

	3
	12/03/2026
	Pending
	3
	3

	4
	13/03/2026
	Dispensed
	4
	4

	5
	14/03/2026
	Partial
	5
	5

	6
	15/03/2026
	Pending
	6
	1

	7
	16/03/2026
	Dispensed
	7
	6

	8
	17/03/2026
	Dispensed
	8
	7


[bookmark: _Toc224819568][bookmark: _Toc224820220]Table 8: PrescriptionItem (Junction Table)
Introduced to resolve the many-to-many relationship between Prescription and Medicine. Each row represents one medicine line on a prescription, with its own dosage and quantity, attributes that belong to the prescription-medicine relationship, not to either entity alone.
	Field
	Data Type
	Size
	Required
	Constraint / Note

	PrescriptionItemID
	AutoNumber
	Long Int
	Yes
	PK

	PrescriptionID
	Number
	Long Int
	Yes
	FK → Prescription.PrescriptionID

	MedicineID
	Number
	Long Int
	Yes
	FK → Medicine.MedicineID

	Quantity
	Number (Int)
	-
	Yes
	Validation: >0

	Dosage
	Short Text
	100
	Yes
	e.g. 500mg three times daily

	QuantityOfDays
	Number (Int)
	-
	No
	Duration of course in days



Example data — PrescriptionItem:
	ID
	PrescriptionID
	MedicineID
	Quantity
	Dosage
	Days

	1
	1
	1
	21
	250mg three times daily
	7

	2
	1
	2
	14
	200mg twice daily with food
	7

	3
	2
	3
	28
	10mg once daily at night
	28

	4
	3
	5
	20
	10mg every 4 hours as needed
	10

	5
	4
	4
	60
	500mg twice daily with meals
	30

	6
	5
	6
	28
	20mg once daily before breakfast
	28

	7
	6
	7
	1
	2 puffs as needed (max 8/day)
	

	8
	7
	8
	28
	5mg once daily
	28



[bookmark: _Toc224819569][bookmark: _Toc224820221]Table 9: Sale
	Field
	Data Type
	Size
	Required
	Constraint / Note

	SaleID
	AutoNumber
	Long Int
	Yes
	PK

	Date
	Date/Time
	-
	Yes
	Default: Date()

	PaymentMethod
	Short Text
	50
	No
	Cash / Card / NHS / Exempt

	TotalAmount
	Currency
	-
	Yes
	Validation: >=0

	CustomerID
	Number
	Long Int
	Yes
	FK → Customer.CustomerID

	PrescriptionID
	Number
	Long Int
	No
	FK → Prescription (nullable — OTC sales have no prescription)

	EmployeeID
	Number
	Long Int
	Yes
	FK → Employee.EmployeeID



Example data — Sale:
	ID
	Date
	PaymentMethod
	Total
	CustomerID
	PrescriptionID
	EmployeeID

	1
	10/03/2026
	NHS
	£0.00
	1
	1
	1

	2
	11/03/2026
	Card
	£33.60
	2
	2
	2

	3
	12/03/2026
	Cash
	£5.40
	3
	
	1

	4
	13/03/2026
	NHS Exempt
	£0.00
	4
	4
	3

	5
	14/03/2026
	Cash
	£14.00
	5
	5
	2

	6
	15/03/2026
	Card
	£12.80
	6
	
	1

	7
	16/03/2026
	NHS
	£0.00
	7
	7
	4

	8
	17/03/2026
	NHS
	£0.00
	8
	8
	3



[bookmark: _Toc224819570][bookmark: _Toc224820222]Table 10: SaleItem (Junction Table)
Introduced to resolve the many-to-many relationship between Sale and Medicine. Each row represents one medicine sold in a transaction. UnitPrice is recorded at the time of sale to preserve a historical record as the medicine price may be updated in the Medicine table at a later date. 
	Field
	Data Type
	Size
	Required
	Constraint / Note

	SaleItemID
	AutoNumber
	Long Int
	Yes
	PK

	SaleID
	Number
	Long Int
	Yes
	FK → Sale.SaleID

	MedicineID
	Number
	Long Int
	Yes
	FK → Medicine.MedicineID

	Quantity
	Number (Int)
	-
	Yes
	Validation: >0

	UnitPrice
	Currency
	-
	Yes
	Price at time of sale — historical record



Example data — SaleItem:
	ID
	SaleID
	MedicineID
	Quantity
	UnitPrice

	1
	1
	1
	21
	£0.85

	2
	1
	2
	14
	£0.30

	3
	2
	3
	28
	£1.20

	4
	4
	4
	60
	£0.65

	5
	5
	6
	28
	£0.50

	6
	6
	2
	18
	£0.30

	7
	7
	7
	2
	£2.10

	8
	8
	8
	28
	£0.40



[bookmark: _Toc224819571][bookmark: _Toc224820223]Table 11: Employee
	Field
	Data Type
	Size
	Required
	Constraint / Note

	EmployeeID
	AutoNumber
	Long Int
	Yes
	PK

	Name
	Short Text
	100
	Yes
	NOT NULL

	Surname
	Short Text
	100
	Yes
	NOT NULL

	Role
	Short Text
	50
	Yes
	Pharmacist / Dispenser / Technician

	Phone
	Short Text
	20
	No
	

	Address
	Long Text
	-
	No
	



Example data — Employee:
	ID
	Name
	Surname
	Role
	Phone

	1
	James
	Clarke
	Pharmacist
	07800 100001

	2
	Priya
	Sharma
	Dispenser
	07800 100002

	3
	Luke
	Evans
	Pharmacy Technician
	07800 100003

	4
	Nina
	Obasi
	Pharmacist
	07800 100004

	5
	Dan
	Carr
	Dispenser
	07800 100005

	6
	Yuki
	Tanaka
	Pharmacist
	07800 100006

	7
	Amara
	Diallo
	Pharmacy Technician
	07800 100007

	8
	Sean
	Murphy
	Dispenser
	07800 100008



[bookmark: _Toc224819572][bookmark: _Toc224820224]4.3 Relationships and Referential Integrity in Microsoft Access
All foreign key relationships are enforced in the Access Relationships window with referential integrity enabled. This prevents orphaned records, for example, a PrescriptionItem cannot reference a Prescription that does not exist. Cascade delete is deliberately not enabled: the deletion of a patient or prescription must not automatically remove historical medical records, which may be required for regulatory audit purposes.

[image: ]Figure 3: Microsoft Access Relationships window — referential integrity enforced on all FK relationships.


[bookmark: _Toc224819573][bookmark: _Toc224820225]5. Normalisation
Normalisation is the process of structuring a relational database to reduce data redundancy and improve data integrity (Connolly and Begg, 2014). It is applied through a series of progressive stages — Normal Forms — each of which corrects a specific class of design problem. This section demonstrates the normalisation of the MediLink Pharmacy data from an unnormalised flat structure through to Third Normal Form (3NF), documenting each error found and explaining why it was corrected.

[bookmark: _Toc224819574][bookmark: _Toc224820226]5.1 Unnormalised Form (UNF)
The starting point is a flat data structure as it might appear in MediLink's current manual records — a paper prescription docket. This represents the data before any database design principles have been applied:
	PrescNo
	IssueDate
	DoctorName
	Surgery
	PatientName
	PatientDOB
	Med1
	Dose1
	Qty1
	Med2
	Dose2
	Qty2

	1001
	10/03/26
	Dr. Smith
	14 High St, Cardiff
	Tommy Brown
	10/04/20
	Amoxicillin 500mg
	250mg x3/day
	21
	Ibuprofen 200mg
	200mg x2/day
	14

	1002
	11/03/26
	Dr. Smith
	14 High St, Cardiff
	Alice Jones
	05/07/85
	Atorvastatin 10mg
	10mg x1/day
	28
	
	
	

	1003
	12/03/26
	Dr. Patel
	22 Oak Rd, Bristol
	Ben Martin
	03/08/78
	Metformin 500mg
	500mg x2/day
	60
	Omeprazole 20mg
	20mg x1/day
	28




Problems identified in UNF:
1. Repeating groups — Medicine, Dosage, and Quantity are repeated as Med1/Dose1/Qty1, Med2/Dose2/Qty2, etc. If a prescription contained three medicines, three more columns would be needed. This violates the principle of atomic values.
1. Data redundancy — DoctorName and Surgery are repeated on every row for Dr. Smith. If the surgery address changes, it must be updated in every row, creating an update anomaly.
1. Multiple values per cell — in a real docket, all medicines might be listed in a single cell, making it impossible to query individual medicines.
1. No clear primary key — PrescNo alone does not uniquely identify a row when medicines are in separate columns.

[bookmark: _Toc224819575][bookmark: _Toc224820227]5.2 First Normal Form (1NF)
First Normal Form (1NF) requires that: (1) each column contains only atomic (indivisible) values, (2) there are no repeating groups, and (3) each row is uniquely identifiable (Codd, 1970).

Corrections applied to reach 1NF:
1. Repeating medicine columns (Med1, Med2...) removed — instead, each medicine gets its own row, creating a composite key of {PrescriptionID, MedicineID}.
1. Each cell now contains a single atomic value.

	PrescNo
	IssueDate
	DoctorName
	Surgery
	PatientName
	PatientDOB
	MedicineName
	Dosage
	Quantity

	1001
	10/03/26
	Dr. Smith
	14 High St, Cardiff
	Tommy Brown
	10/04/20
	Amoxicillin 500mg
	250mg x3/day
	21

	1001
	10/03/26
	Dr. Smith
	14 High St, Cardiff
	Tommy Brown
	10/04/20
	Ibuprofen 200mg
	200mg x2/day
	14

	1002
	11/03/26
	Dr. Smith
	14 High St, Cardiff
	Alice Jones
	05/07/85
	Atorvastatin 10mg
	10mg x1/day
	28

	1003
	12/03/26
	Dr. Patel
	22 Oak Rd, Bristol
	Ben Martin
	03/08/78
	Metformin 500mg
	500mg x2/day
	60

	1003
	12/03/26
	Dr. Patel
	22 Oak Rd, Bristol
	Ben Martin
	03/08/78
	Omeprazole 20mg
	20mg x1/day
	28



Problems remaining after 1NF:
1. DoctorName and Surgery still repeat on every row — they depend only on the doctor, not on the full composite key {PrescriptionID, MedicineID}. This is a partial dependency.
1. PatientName and PatientDOB still repeat on every row — they depend only on the patient. Also a partial dependency.
1. Dosage and Quantity depend on the combination of PrescriptionID and MedicineID — these are correctly placed. However, MedicineName depends only on MedicineID, not on the full key. Another partial dependency.




[bookmark: _Toc224819576][bookmark: _Toc224820228]5.3 Second Normal Form (2NF)
Second Normal Form (2NF) requires that the table is in 1NF and that all non-key attributes are fully functionally dependent on the entire primary key — there are no partial dependencies (Date, 2003). Partial dependencies occur when an attribute depends on only part of a composite key.
Corrections applied to reach 2NF:
1. Doctor data (DoctorName, Surgery, PrimaryCareTrust) moved to a separate Doctor table, keyed on DoctorID. The Prescription table retains only DoctorID as a foreign key.
1. Patient data (PatientName, PatientDOB, Address, etc.) moved to a separate Patient table, keyed on PatientID. Prescription retains PatientID as FK.
1. Medicine name and category moved to a separate Medicine table, keyed on MedicineID. Dosage and Quantity — which genuinely depend on the combination of Prescription and Medicine — are kept in a junction table (PrescriptionItem).

After applying 2NF, the structure becomes:
1. Doctor(DoctorID, ReferenceNumber, DoctorName, SurgeryAddress, PrimaryCareTrust)
1. Patient(PatientID, Title, Name, Surname, DateOfBirth, Gender, Weight, Address, NHSExemption)
1. Medicine(MedicineID, Name, Category, UnitPrice, StockQuantity, ExpiryDate, ReorderLevel, ControlledDrug, SupplierID)
1. Prescription(PrescriptionID, DateOfIssue, Status, PatientID, DoctorID)
1. PrescriptionItem(PrescriptionItemID, PrescriptionID, MedicineID, Quantity, Dosage, QuantityOfDays)

A similar analysis was applied to the Sale entity, which contained ItemsSold — a value that can be calculated from SaleItem rows and therefore represents a transitive/derived dependency. ItemsSold was removed from the Sale table.

Problems remaining after 2NF:
1. In the Medicine table, SupplierID is a foreign key. If supplier contact details (Name, Phone, Address) were stored directly in Medicine, they would depend on SupplierID — not on MedicineID. This is a transitive dependency.
1. Although this was already addressed by having a Supplier table, it is important to document it explicitly as the trigger for 3NF.
[bookmark: _Toc224819577][bookmark: _Toc224820229]5.4 Third Normal Form (3NF)
Third Normal Form (3NF) requires that the table is in 2NF and that there are no transitive dependencies — no non-key attribute depends on another non-key attribute (Codd, 1970). In other words: every non-key attribute must depend on the key, the whole key, and nothing but the key.

Transitive dependencies identified and corrections applied:

	Table
	Transitive Dependency Found
	Correction Applied
	Why

	Medicine (initial draft)
	SupplierName, SupplierPhone → SupplierID → MedicineID
	Supplier data moved to a separate Supplier table; Medicine retains only SupplierID as FK
	SupplierName depends on SupplierID, not MedicineID. Storing it in Medicine would cause update anomalies — a supplier name change would require updating every Medicine row.

	Prescription (initial draft)
	Dosage, Quantity, QuantityOfDays → MedicineID — not on PrescriptionID alone
	These attributes moved to PrescriptionItem junction table
	A prescription for two medicines requires different dosages for each. Storing dosage on the prescription itself makes it impossible to record per-medicine instructions.

	Sale (initial draft)
	ItemsSold is derived from COUNT(SaleItem rows)
	ItemsSold removed from Sale table
	Derived attributes create update anomalies — if a sale item is added or removed, ItemsSold must be manually updated or it becomes incorrect. The correct value is always obtainable via a query on SaleItem.

	Doctor
	ReferenceNumber was initially the PK
	Replaced with surrogate DoctorID; ReferenceNumber stored as a unique non-key field
	An NHS reference number is an externally assigned value that could change or be unavailable. Using it as a PK creates a dependency on an external system (Date, 2003).



After applying all three normal forms, the final schema — as presented in Section 4 — satisfies 3NF across all eleven tables. Every non-key attribute depends on the key, the whole key, and nothing but the key. The schema is now ready for implementation in Microsoft Access.


[bookmark: _Toc224819578][bookmark: _Toc224820230]6. Sample Data
The following sample data has been entered into the Microsoft Access database to simulate realistic pharmacy operations. Each table contains records covering a range of scenarios including standard sales, prescription dispensing, over-the-counter purchases, controlled drug transactions, and multi-patient customer relationships.
[image: ]
Figure 4: Supplier table — 10 sample records.

	SupplierID
	Name
	Phone
	ContactPerson

	1
	PharmaCo Ltd
	020 7946 0001
	Sarah Bell

	2
	MediSupply UK
	0113 496 0022
	James Patel

	3
	BioPharm Direct
	0121 583 0103
	Karen Lee

	4
	Alliance Healthcare
	01462 220 000
	Tom Hughes

	5
	Nuvep Pharma
	0161 830 4400
	Diana Walsh

	6
	Sigma-Aldrich UK
	01747 833000
	Paul Nguyen

	7
	AAH Pharmaceuticals
	024 7643 2000
	Leila Hassan

	8
	Colorama Pharma
	01603 611 333
	Steve Morris

	9
	Chemist Direct
	0800 069 9035
	Amy Ford

	10
	UniChem Ltd
	01675 466900
	Robert Grant



	MedicineID
	Name
	Category
	UnitPrice
	Stock
	Expiry
	Controlled
	SupplierID

	1
	Amoxicillin 500mg
	Antibiotic
	£0.85
	350
	30/06/2027
	No
	1

	2
	Ibuprofen 200mg
	Analgesic
	£0.30
	800
	31/12/2027
	No
	2

	3
	Atorvastatin 10mg
	Statin
	£1.20
	200
	28/02/2027
	No
	1

	4
	Metformin 500mg
	Antidiabetic
	£0.65
	450
	31/08/2027
	No
	3

	5
	Morphine 10mg/5ml
	Opioid
	£3.50
	80
	15/03/2027
	Yes
	4

	6
	Omeprazole 20mg
	PPI
	£0.50
	300
	30/09/2027
	No
	2

	7
	Salbutamol Inhaler
	Bronchodilator
	£2.10
	120
	01/11/2027
	No
	5

	8
	Warfarin 5mg
	Anticoagulant
	£0.40
	160
	30/04/2027
	No
	6

	9
	Paracetamol 500mg
	Analgesic
	£0.15
	1200
	30/06/2028
	No
	2

	10
	Diazepam 5mg
	Benzodiazepine
	£1.80
	60
	31/01/2027
	Yes
	4



	DoctorID
	RefNumber
	DoctorName
	SurgeryAddress
	PrimaryCareTrust

	1
	G1234567
	Dr. Emily Smith
	14 High Street, Cardiff
	Cardiff & Vale UHB

	2
	G2345678
	Dr. Raj Patel
	22 Oak Road, Bristol
	Bristol, North Somerset ICB

	3
	G3456789
	Dr. Clare Hughes
	5 Elm Avenue, London
	North West London ICB

	4
	G4567890
	Dr. Alan Davies
	99 Station Road, Manchester
	Greater Manchester ICB

	5
	G5678901
	Dr. Fiona Walsh
	7 Rose Lane, Birmingham
	Birmingham & Solihull ICB

	6
	G6789012
	Dr. Omar Hassan
	3 Park View, Leeds
	West Yorkshire ICB

	7
	G7890123
	Dr. Lucy Chan
	88 Broad Street, Edinburgh
	NHS Lothian

	8
	G8901234
	Dr. Peter Grant
	21 Church Lane, Liverpool
	Cheshire & Merseyside ICB

	9
	G9012345
	Dr. Nadia Rahman
	60 Queens Drive, Swansea
	Swansea Bay UHB

	10
	G0123456
	Dr. Chris Moore
	12 Victoria Road, Sheffield
	South Yorkshire ICB



	PatientID
	Name
	Surname
	DOB
	Gender
	NHSExemption

	1
	Tommy
	Brown
	10/04/2020
	Male
	Under 16

	2
	Alice
	Jones
	05/07/1985
	Female
	None

	3
	George
	White
	12/01/1940
	Male
	Over 60

	4
	Emma
	Taylor
	22/11/2000
	Female
	None

	5
	Ben
	Martin
	03/08/1978
	Male
	Diabetes (HC2)

	6
	Lily
	Brown
	14/02/2019
	Female
	Under 16

	7
	Ravi
	Sharma
	01/06/1955
	Male
	Maternity

	8
	Diana
	Clarke
	30/09/1948
	Female
	Over 60

	9
	Sophie
	Evans
	17/05/1992
	Female
	None

	10
	Michael
	Ford
	28/12/1935
	Male
	Over 60



	CustomerID
	Name
	Surname
	Email
	Phone

	1
	Sarah
	Brown
	sarah.brown@email.com
	07700 900001

	2
	Alice
	Jones
	alice.jones@email.com
	07700 900002

	3
	Maria
	White
	mwhite@email.com
	07700 900003

	4
	Emma
	Taylor
	emma.taylor@email.com
	07700 900004

	5
	Ben
	Martin
	ben.martin@email.com
	07700 900005

	6
	David
	Brown
	david.brown@email.com
	07700 900006

	7
	Anita
	Sharma
	anita.sharma@email.com
	07700 900007

	8
	Peter
	Clarke
	peter.clarke@email.com
	07700 900008

	9
	Sophie
	Evans
	s.evans@email.com
	07700 900009

	10
	Janet
	Ford
	j.ford@email.com
	07700 900010



	LinkID
	PatientID
	CustomerID
	Relationship
	IsAuthorised

	1
	1
	1
	parent
	Yes

	2
	2
	2
	self
	Yes

	3
	3
	3
	carer
	Yes

	4
	4
	4
	self
	Yes

	5
	5
	5
	self
	Yes

	6
	6
	1
	parent
	Yes

	7
	6
	6
	parent
	Yes

	8
	7
	7
	carer
	Yes

	9
	8
	8
	partner
	Yes

	10
	9
	9
	self
	Yes



	PrescriptionID
	DateOfIssue
	Status
	PatientID
	DoctorID

	1
	10/03/2026
	Dispensed
	1
	1

	2
	11/03/2026
	Dispensed
	2
	2

	3
	12/03/2026
	Pending
	3
	3

	4
	13/03/2026
	Dispensed
	4
	4

	5
	14/03/2026
	Partial
	5
	5

	6
	15/03/2026
	Pending
	6
	1

	7
	16/03/2026
	Dispensed
	7
	6

	8
	17/03/2026
	Dispensed
	8
	7

	9
	18/03/2026
	Pending
	9
	8

	10
	19/03/2026
	Dispensed
	10
	9



	ItemID
	PrescriptionID
	MedicineID
	Quantity
	Dosage
	Days

	1
	1
	1
	21
	250mg three times daily
	7

	2
	1
	2
	14
	200mg twice daily with food
	7

	3
	2
	3
	28
	10mg once daily at night
	28

	4
	3
	5
	20
	10mg every 4 hours as needed
	10

	5
	4
	4
	60
	500mg twice daily with meals
	30

	6
	5
	6
	28
	20mg once daily before breakfast
	28

	7
	6
	7
	1
	2 puffs as needed
	30

	8
	7
	8
	28
	5mg once daily
	28

	9
	8
	9
	60
	500mg up to 4 times daily
	15

	10
	10
	10
	14
	5mg twice daily
	7



	SaleID
	Date
	PaymentMethod
	TotalAmount
	CustomerID
	PrescriptionID
	EmployeeID

	1
	10/03/2026
	NHS
	£0.00
	1
	1
	1

	2
	11/03/2026
	Card
	£33.60
	2
	2
	2

	3
	12/03/2026
	Cash
	£5.40
	3
	
	1

	4
	13/03/2026
	NHS Exempt
	£0.00
	4
	4
	3

	5
	14/03/2026
	Cash
	£14.00
	5
	5
	2

	6
	15/03/2026
	Card
	£12.80
	6
	
	1

	7
	16/03/2026
	NHS
	£0.00
	7
	7
	4

	8
	17/03/2026
	NHS
	£0.00
	8
	8
	3

	9
	18/03/2026
	Cash
	£7.20
	9
	
	5

	10
	19/03/2026
	NHS
	£0.00
	10
	10
	2




	SaleItemID
	SaleID
	MedicineID
	Quantity
	UnitPrice

	1
	1
	1
	21
	£0.85

	2
	1
	2
	14
	£0.30

	3
	2
	3
	28
	£1.20

	4
	4
	4
	60
	£0.65

	5
	5
	6
	28
	£0.50

	6
	6
	2
	18
	£0.30

	7
	7
	7
	2
	£2.10

	8
	8
	8
	28
	£0.40

	9
	9
	9
	48
	£0.15

	10
	10
	10
	14
	£1.80



	EmployeeID
	Name
	Surname
	Role
	Phone

	1
	James
	Clarke
	Pharmacist
	07800 100001

	2
	Priya
	Sharma
	Dispenser
	07800 100002

	3
	Luke
	Evans
	Pharmacy Technician
	07800 100003

	4
	Nina
	Obasi
	Pharmacist
	07800 100004

	5
	Dan
	Carr
	Dispenser
	07800 100005

	6
	Yuki
	Tanaka
	Pharmacist
	07800 100006

	7
	Amara
	Diallo
	Pharmacy Technician
	07800 100007

	8
	Sean
	Murphy
	Dispenser
	07800 100008

	9
	Fatima
	Al-Amin
	Pharmacist
	07800 100009

	10
	Callum
	Reid
	Dispenser
	07800 100010




[bookmark: _Toc224819579][bookmark: _Toc224820231]7. Query Development
Queries are the primary mechanism through which users extract meaningful information from a relational database (Coronel and Morris, 2018). Six queries have been designed to address the operational and management reporting needs of MediLink Pharmacy. Each query is justified in terms of its specific business value, and the SQL is written for use in Microsoft Access Query Design / SQL View.

[bookmark: _Toc224819580][bookmark: _Toc224820232]Query 1 — Controlled Medicines in Stock
Business purpose: Lists all medicines flagged as controlled drugs that are currently held in stock. Under the Misuse of Drugs Regulations 2001, pharmacies are legally required to maintain accurate records of all controlled substances on the premises. This query is run at the start of each day as part of the mandatory controlled drug stock check, providing the dispensing team with an up-to-date register of controlled medicines, their quantities, and pricing for audit purposes.
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Figure 5, 6 and7: Query 1

[bookmark: _Toc224819581][bookmark: _Toc224820233]Query 2 — Medicines Expiring Within 3 Months
Business purpose: Identifies all medicines whose expiry date falls within the next three months. Dispensing expired medication is a serious regulatory breach. This query is used by the pharmacy manager on a weekly basis to identify stock that requires rotation, prioritised dispensing, or disposal in line with clinical waste procedures. Sorting by expiry date ascending ensures the most urgent items appear at the top of the list.
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Figure 8, 9 and 10: Query 2 

[bookmark: _Toc224819582][bookmark: _Toc224820234]Query 3 — Medicines to Reorder
Business purpose: Returns all medicines where the current stock quantity has fallen to or below the defined reorder level. Running out of essential medicines could directly harm patient care. This query is reviewed each morning by the purchasing team, who use it to generate supplier orders. The results include supplier contact details so that orders can be placed immediately without needing to look up supplier information separately.
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Figure 11, 12, 13: Query 3 

[bookmark: _Toc224819583][bookmark: _Toc224820235]Query 4 — Today's Prescriptions
Business purpose: Displays all prescriptions issued on the current date, along with their status. This is the primary operational view used by dispensing staff at the start of each shift to identify which prescriptions have come in and whether they have already been dispensed or are still pending. Filtering by today's date keeps the view focused and manageable, avoiding the need to scroll through historical records.
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Figure 14, 15 and 16: Query 4 



[bookmark: _Toc224819584][bookmark: _Toc224820236]Query 5 — Top 5 Medicines in Revenue
Business purpose: Ranks the five best-performing medicines by total sales revenue generated, combining quantity sold with unit price across all transactions. This query supports procurement planning and commercial decision-making, helping management identify which products generate the most income. It is also useful for supplier negotiations, as high-revenue lines may justify requests for improved pricing or priority allocation. The results are ordered by total revenue descending so the highest earners appear first.
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Figure 14, 15 and 16: Query 5 

[bookmark: _Toc224819585][bookmark: _Toc224820237]Query 6 — Total Sale per Employee
Business purpose: Summarises the number of sales transactions processed and the total revenue generated by each employee during the current calendar month. This query supports both workload monitoring and performance review, giving management a clear view of how sales activity is distributed across the team. Using a LEFT JOIN ensures that employees who have not yet processed any sales in the current month still appear in the results with a count of zero, rather than being excluded entirely.
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Figure 10: Query 6 — Top 10 Best-Selling Medicines.




[bookmark: _Toc224819590][bookmark: _Toc224820242]8. Forms and Reports
[bookmark: _Toc224819591][bookmark: _Toc224820243]8.1 Forms
Forms in Microsoft Access provide a structured user interface for data entry, reducing the risk of input errors compared to direct table editing (Microsoft, 2024). The following forms were created:

	Form Name
	Based On
	Purpose

	frmPatient
	Patient table
	Add and edit patient records including NHS exemption status

	frmCustomer
	Customer table
	Register new customers and manage contact details

	frmPrescription
	Prescription + PrescriptionItem
	Enter new prescriptions; subform allows multiple medicine lines to be added

	frmSale
	Sale + SaleItem
	Process a sale transaction; subform records individual medicines sold

	frmMedicine
	Medicine table
	Manage stock: add new medicines, update quantities on delivery



The frmPrescription and frmSale forms use a main form / subform layout, which is the standard Access pattern for one-to-many data entry. This allows a pharmacist to create the parent record (prescription or sale) and add multiple line items in a single screen without navigating between tables.
[bookmark: _Toc224819592][bookmark: _Toc224820244]8.2 Reports
	Report Name
	Based On
	Calculation Included
	Purpose

	rptStockAlert
	Query 1
	Flags items with 0 stock as critical
	Weekly stock reorder report for purchasing manager

	rptDailySales
	Query 3
	Daily subtotals and running grand total
	Daily revenue summary for finance team

	rptExpiryAlert
	Query 4
	Calculates days remaining to expiry
	Medicines nearing expiry for compliance officer

	rptControlledDrugs
	Query 5
	None — audit trail format
	Controlled drug register for regulatory inspection

	rptTopMedicines
	Query 6
	Revenue per medicine calculated
	Sales analysis report for procurement decisions

	rptOutstandingRx
	Query 10
	Days waiting calculated
	Chasing report for uncollected prescriptions




[bookmark: _Toc224819593][bookmark: _Toc224820245]8.3 Navigation Menu
A main navigation form (frmMainMenu) can be created as a switchboard that launches automatically when the database opens, configured via Access Options > Current Database > Display Form. The menu should be organised into three sections:
1. Data Entry — links to frmPatient, frmCustomer, frmPrescription, frmSale
1. Stock Management — links to frmMedicine, frmSupplier
1. Reports — links to all six reports listed above



[bookmark: _Toc224819594][bookmark: _Toc224820246]9. Validation and Testing
[bookmark: _Toc224819595][bookmark: _Toc224820247]9.1 Validation Rules
	Table
	Field
	Validation Rule
	Validation Text (shown to user)

	Medicine
	UnitPrice
	>0
	Unit price must be greater than zero.

	Medicine
	StockQuantity
	>=0
	Stock quantity cannot be negative.

	Medicine
	ReorderLevel
	>=0
	Reorder level cannot be negative.

	Patient
	DateOfBirth
	<Date()
	Date of birth must be in the past.

	Prescription
	DateOfIssue
	<=Date()
	Issue date cannot be in the future.

	PrescriptionItem
	Quantity
	>0
	Prescribed quantity must be at least 1.

	SaleItem
	Quantity
	>0
	Quantity sold must be at least 1.

	Sale
	TotalAmount
	>=0
	Total amount cannot be negative.



[bookmark: _Toc224819596][bookmark: _Toc224820248]9.2 Test Cases and Results
	Test ID
	Description
	Input / Action
	Expected
	Actual
	Pass/Fail

	T01
	Add valid medicine
	Paracetamol, Price £0.25, Stock 100
	Record saved
	Record saved
	Pass

	T02
	Negative unit price
	UnitPrice = -1.00
	Validation error
	Error shown
	Pass

	T03
	Future date of birth
	DOB = 01/01/2030
	Validation error
	Error shown
	Pass

	T04
	Future prescription date
	DateOfIssue = 01/01/2027
	Validation error
	Error shown
	Pass

	T05
	Valid prescription + items
	PatientID=2, DoctorID=1, 2 items
	Saved with FK links
	Saved correctly
	Pass

	T06
	Prescription item: no medicine
	MedicineID left blank
	Required field error
	Error shown
	Pass

	T07
	Delete supplier with medicines
	Delete SupplierID = 1
	Referential integrity error
	Error shown
	Pass

	T08
	Delete patient with prescriptions
	Delete PatientID = 1
	Referential integrity error
	Error shown
	Pass

	T09
	Query 1 — stock alert
	Run query
	Medicines at/below reorder
	Correct results
	Pass

	T10
	Query 5 — controlled drugs
	Run query
	Only ControlledDrug=Yes rows
	Correct results
	Pass





[bookmark: _Toc224819597][bookmark: _Toc224820249]10. Reflection
[bookmark: _Toc224819598][bookmark: _Toc224820250]10.1 Design Decisions
The most significant design decision in this project was separating Patient and Customer into two distinct entities. In the original conceptual model, it was tempting to treat the patient and the customer as the same person — particularly for adult patients collecting their own medication. However, careful analysis of real-world pharmacy scenarios revealed that a parent collecting for a child, or a carer acting on behalf of an elderly patient, is a common and important case that a single combined entity cannot represent.
The introduction of the PatientCustomer junction table not only resolves the technical many-to-many relationship, but also adds meaningful data: the Relationship field documents why a customer is collecting for a patient, and the IsAuthorised flag allows the pharmacy to record and enforce collection restrictions — for example, a safeguarding order preventing a specific person from collecting a child's medication.
The decision to use surrogate AutoNumber primary keys throughout — including for the Doctor table, where the NHS ReferenceNumber was initially considered as the PK — follows best practice from Connolly and Begg (2014), who note that natural keys create dependencies on external systems that may change. By storing ReferenceNumber as a separate indexed field, the database can still uniquely identify a doctor by their NHS reference number while maintaining a stable internal key.
Recording UnitPrice in the SaleItem table at the time of sale, rather than deriving it from the Medicine table at query time, was another deliberate decision. Medicine prices may be revised — a query that joins to Medicine.UnitPrice at query time would produce incorrect historical totals for past sales. The SaleItem snapshot approach preserves accuracy regardless of future price changes.

[bookmark: _Toc224819599][bookmark: _Toc224820251]10.2 Challenges Faced
The most conceptually challenging aspect was recognising the need for junction tables. The initial conceptual ERD showed three direct many-to-many relationships (Prescription ↔ Medicine, Sale ↔ Medicine, Patient ↔ Customer), which accurately reflect the real world. However, Microsoft Access cannot implement a many-to-many relationship directly — the Relationships window only supports one-to-many links. Understanding that each junction table is not merely a technical workaround but actually a meaningful entity in its own right — carrying attributes that belong to the relationship itself — was the key insight that made the design decisions feel natural rather than imposed.
Populating the sample data in the correct order also required careful planning. Parent records (Supplier, Doctor, Patient, Customer) had to be entered before child records (Medicine, Prescription, Sale) could reference them. Attempting to insert a PrescriptionItem before its parent Prescription existed, for example, was rejected by the referential integrity constraints — confirming that the constraints were working correctly, but requiring a systematic data entry sequence.

[bookmark: _Toc224819600][bookmark: _Toc224820252]10.3 Potential Future Improvements
1. Integration with the NHS Electronic Prescription Service (EPS) would allow prescriptions to be received digitally, eliminating manual transcription errors and providing real-time validation against a patient's NHS record.
1. A dedicated Dispensing table — separate from Sale — would provide a more granular record of when each individual medicine was physically dispensed and by whom, improving the controlled drug audit trail beyond what the current Sale-based model supports.
1. A Patient Allergy table would allow the system to flag potential contraindications between a patient's recorded allergies and the medicines being prescribed, supporting pharmacist clinical checks.
1. User-level security, restricting access to the controlled drug tables to qualified pharmacists only, would improve data security and regulatory compliance.
1. A stock order management module — linking Supplier and Medicine to generate and track purchase orders — would close the loop between the stock alert queries and actual procurement activity.
1. More information about the employees can be added to facilitate the integration with other departments, such as Human Resourses, Finance and Information Tecnology.


[bookmark: _Toc224819601][bookmark: _Toc224820253]11. Conclusion
This report has documented the complete design and implementation of a relational database system for MediLink Pharmacy using Microsoft Access. The work followed a structured database design methodology, progressing from an initial conceptual model — which deliberately captured real-world many-to-many relationships without yet applying implementation constraints — through to a fully normalised logical model in Third Normal Form.
The conceptual ERD identified eight core business entities and nine relationships, including three many-to-many relationships: Prescription ↔ Medicine, Sale ↔ Medicine, and Patient ↔ Customer. These were intentionally preserved at the conceptual stage to accurately reflect the business domain. During the logical design phase, each was resolved through the introduction of a dedicated junction table (PrescriptionItem, SaleItem, and PatientCustomer respectively), transforming all relationships into implementable one-to-many links.
The normalisation process identified and corrected several structural issues in the initial design: repeating medicine columns in the prescription structure (resolved in 1NF), partial dependencies of doctor and patient data on the composite key (resolved in 2NF), and transitive dependencies including supplier data embedded in the Medicine table, dosage attributes stored at the wrong level, and a redundant derived field (ItemsSold) in the Sale table (all resolved in 3NF).
Ten practical queries were developed to support the pharmacy's operational and management reporting needs, covering stock control, prescription management, revenue reporting, controlled drug compliance, and employee performance monitoring. Validation rules and referential integrity constraints were implemented and verified through a structured testing process.
The resulting system provides MediLink Pharmacy with an accurate, maintainable, and compliant database that addresses the inefficiencies of manual record-keeping and supports evidence-based decision-making across all levels of the organisation.
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