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1. Introduction and Scenario Overview
MediLink Pharmacy is an expanding chain of community pharmacies that is presently using purely manual procedures to oversee its operation statistics. Paper-based files and spreadsheet are used to store information such as medicine stock levels, supplier details, customer records, prescriptions as well as the sale transactions. Such a strategy is associated with high business risks: data duplication, faulty reporting of the stock, overlooked prescription renewals, and major challenges in producing regulatory compliance reports.

The Chief Executive Officer (CEO) has ordered a strong relational database system that has been installed in the Microsoft Access 2016 database to substitute such manual systems. The solution should assist in automation of records of medicines, suppliers, customers, prescription as well as sales transactions and aid management reporting to control stock, monitor sales and adhere to regulations.

The database project lifecycle is well documented in this report and includes scenario analysis, entity identification, entity-relationship modelling, normalisation to the Third Normal Form (3NF), physical implementation in the Microsoft Access 2016 environment, sample data population in the database, query and form design, report generation, and extensive validation testing.

Assignment Note: The database scope is based on 8 entities, namely Medicines, Suppliers, Stock, Customers, Prescriptions, Prescription Items, Sales and Sale Items. It has been simplified in implementation to be used as an assignment and is not a complete clinical grade system.


[bookmark: _Toc225214467]2. Scenario Analysis
[bookmark: _Toc225214468]2.1 Entity Identification
An ordered examination of the MediLink Pharmacy situation revealed the presence of eight central entities. Each entity is a specific concept in the real-life world that needs to be constantly stored and managed in the database system. Each entity, primary key and key attributes are described in table 1 below.

	Entity
	Description
	Primary Key
	Key Attributes

	Supplier
	Companies that supply medicines to the pharmacy
	SupplierID
	SupplierName, ContactName, Phone, Email, Address

	Medicine
	Individual pharmaceutical products stocked
	MedicineID
	MedicineName, Category, UnitPrice, ReorderLevel, SupplierID (FK)

	Stock
	Current inventory levels and expiry dates
	StockID
	MedicineID (FK), QuantityInStock, ExpiryDate, LastUpdated

	Customer
	Patients registered with the pharmacy
	CustomerID
	FirstName, LastName, Phone, Email, Address, DateOfBirth

	Prescription
	Doctor-issued prescriptions per patient
	PrescriptionID
	CustomerID (FK), DoctorName, IssueDate, ExpiryDate

	PrescriptionItem
	Individual medicine lines on a prescription
	PrescItemID
	PrescriptionID (FK), MedicineID (FK), Quantity, Instructions

	Sale
	Sale transactions processed at the till
	SaleID
	CustomerID (FK), SaleDate, TotalAmount, PaymentMethod

	SaleItem
	Individual medicine lines within a sale
	SaleItemID
	SaleID (FK), MedicineID (FK), Quantity, UnitPrice, Subtotal


Table 1: Identified Entities with Primary Keys and Key Attributes
[bookmark: _Toc225214469]2.2 Entity Relationships
The eight entities were found to be related as follows:
	Relationship
	Type
	Cardinality
	Business Rule

	Supplier → Medicine
	One-to-Many
	1:M
	One supplier provides many medicines; each medicine has one supplier

	Medicine → Stock
	One-to-One
	1:1
	Each medicine has exactly one stock record for inventory control

	Customer → Prescription
	One-to-Many
	1:M
	One customer may have many prescriptions over time

	Prescription → PrescriptionItem
	One-to-Many
	1:M
	One prescription can contain many medicine lines

	Medicine → PrescriptionItem
	One-to-Many
	1:M
	One medicine can appear on many prescriptions

	Customer → Sale
	One-to-Many
	1:M
	One customer can make many purchases

	Sale → SaleItem
	One-to-Many
	1:M
	One sale can contain many medicine lines

	Medicine → SaleItem
	One-to-Many
	1:M
	One medicine can be sold in many transactions


Table 2: Entity Relationships and Cardinality


[bookmark: _Toc225214470]3. Entity-Relationship Diagram (ERD)
[bookmark: _Toc225214471]3.1 ERD Overview
The following Entity-Relationship Diagram was created in the Relationship View of the Microsoft Access 2016 using the Crow’s foot notation. Primary keys (PK) are all highlighted with yellow and foreign keys (FK) are highlighted with green. Lines of relationships depict cardinality and crows foot notation on the many ends. Figure 1 shows the full ERD including the eight tables and eight relationships that are enforced.

[image: ]
Figure 1: Entity-Relationship Diagram — MediLink Pharmacy (MS Access 2016 Relationship View, Crow's Foot Notation)
[bookmark: _Toc225214472]3.2 Relationship Annotations
Table 3 has annotations of each relationship in the ERD by cardinality, modality, and the business rule that it implies.

	Relationship
	Cardinality
	Modality
	Annotation

	Supplier → Medicine
	1:M
	Mandatory–Optional
	A supplier must exist before any medicine references it. A medicine must have exactly one supplier (SupplierID NOT NULL).

	Medicine → Stock
	1:1
	Mandatory–Mandatory
	Each medicine has exactly one stock record. The UNIQUE constraint on Stock.MedicineID enforces this.

	Customer → Prescription
	1:M
	Mandatory–Optional
	A customer may have zero or many prescriptions. Each prescription is linked to exactly one customer.

	Prescription → PrescriptionItem
	1:M
	Mandatory–Mandatory
	A prescription must contain at least one item. PrescriptionID is NOT NULL in PrescriptionItem.

	Medicine → PrescriptionItem
	1:M
	Mandatory–Optional
	A medicine may appear on many prescriptions. Each item references exactly one medicine.

	Customer → Sale
	1:M
	Mandatory–Optional
	A customer may make zero or many purchases. Each sale is linked to one customer.

	Sale → SaleItem
	1:M
	Mandatory–Mandatory
	A sale must contain at least one item. SaleID is NOT NULL in SaleItem.

	Medicine → SaleItem
	1:M
	Mandatory–Optional
	A medicine can be sold many times. Each sale line references one medicine.


Table 3: ERD Relationship Annotations
[bookmark: _Toc225214473]4. Data Structure Development
[bookmark: _Toc225214474]4.1 Physical Table Design in MS Access 2016
All these objects were imported to Microsoft access 2016 as physical relational tables. Fields were allocated suitable data type, mandatory constraints, validation, and default values. The Design View of the Medicine table (Figure 2) illustrates the field definitions and the property settings. The entire Relationships window and all the eight tables are connected with referential integrity enforced as illustrated in Figure 3.

[image: ]
Figure 2: Microsoft Access 2016 — Medicine Table in Design View (field names, data types, and field properties pane)

[image: ]
Figure 3: Microsoft Access 2016 — Relationships Window showing all 8 tables with enforced referential integrity, cascade update and cascade delete

[bookmark: _Toc225214475]4.1.1 Table Structure Summary
	Table
	Field
	Data Type
	Constraints & Notes

	Supplier
	SupplierID
	AutoNumber
	PK — auto-increment, NOT NULL

	
	SupplierName
	Short Text(100)
	NOT NULL — required

	
	ContactName / Phone / Email
	Short Text
	Phone: NOT NULL; others optional

	Medicine
	MedicineID
	AutoNumber
	PK — auto-increment

	
	MedicineName
	Short Text(150)
	NOT NULL

	
	Category
	Short Text(80)
	NOT NULL

	
	UnitPrice
	Currency
	NOT NULL; Validation Rule: >=0

	
	ReorderLevel
	Integer
	NOT NULL; Default=100; Validation: >=0

	
	SupplierID
	Long Integer
	FK → Supplier; NOT NULL

	Stock
	StockID
	AutoNumber
	PK

	
	MedicineID
	Long Integer
	FK → Medicine; NOT NULL; UNIQUE

	
	QuantityInStock
	Integer
	NOT NULL; Default=0; Validation: >=0

	
	ExpiryDate
	Date/Time
	NOT NULL

	Customer
	CustomerID
	AutoNumber
	PK

	
	FirstName / LastName
	Short Text(80)
	Both NOT NULL

	
	Phone
	Short Text(20)
	NOT NULL

	Prescription
	PrescriptionID
	AutoNumber
	PK

	
	CustomerID
	Long Integer
	FK → Customer; NOT NULL

	
	DoctorName
	Short Text(150)
	NOT NULL

	
	IssueDate / ExpiryDate
	Date/Time
	Both NOT NULL

	PrescriptionItem
	PrescItemID
	AutoNumber
	PK

	
	PrescriptionID
	Long Integer
	FK → Prescription; NOT NULL

	
	MedicineID
	Long Integer
	FK → Medicine; NOT NULL

	
	Quantity
	Integer
	NOT NULL; Default=1; Validation: >0

	Sale
	SaleID
	AutoNumber
	PK

	
	CustomerID
	Long Integer
	FK → Customer; NOT NULL

	
	SaleDate
	Date/Time
	NOT NULL; Default=Now()

	
	TotalAmount
	Currency
	NOT NULL; Default=0

	
	PaymentMethod
	Short Text(50)
	Validation: Cash, Card, or Insurance

	SaleItem
	SaleItemID
	AutoNumber
	PK

	
	SaleID
	Long Integer
	FK → Sale; NOT NULL

	
	MedicineID
	Long Integer
	FK → Medicine; NOT NULL

	
	Quantity
	Integer
	NOT NULL; Validation: >0

	
	UnitPrice
	Currency
	NOT NULL; Validation: >=0

	
	Subtotal
	Currency
	Computed: Quantity × UnitPrice


Table 4: Complete Physical Table Design — All 8 Tables
[bookmark: _Toc225214476]5. Normalisation to Third Normal Form (3NF)
[bookmark: _Toc225214477]5.1 Normalisation Process
Normalisation is the logical and logical effort of shaping out a relational database to decrease redundancy of information, and eradicate update, insertion and deletion inconsistencies (Coronel and Morris, 2018). MediLink database was gradually normalised using three normal forms.

[bookmark: _Toc225214478]5.1.1 First Normal Form (1NF)
A relation is in 1NF in case the domains have atomic (single-valued, indivisible) values and no repeated groups or multivalued properties (Connolly and Begg, 2014). The unnormalised design that was hypothetically implemented in the first design presented repeating groups of medicine information in one row of a hypothetical table called SaleRecord. To become 1NF, these repeating groups were broken down into a separate table, SaleItem, where each row represents one line of medicine. In line with this, a prescription line-item table (Prescriptionitem) was developed. The final design has the primary key assigned to every table and atomic values of all attributes.

[bookmark: _Toc225214479]5.1.2 Second Normal Form (2NF)
A relation is in 2NF when in 1NF and the entire primary key is fully functional dependency of every non-key attribute of that relation that is, there are no partial types of dependencies (Date, 2003). It only applies to tables having composite primary keys. The prescription item table had initially attributes like MedicineName and UnitPrice with the compound key (PrescriptionID, MedicineID). Because MedicineName is dependent on MedicineID (a partial dependency), these attributes were eliminated in Prescriptionitem and were represented in the Medicine table only, with a foreign key. This process was done to SaleItem and all the partial dependencies were resolved.

[bookmark: _Toc225214480]5.1.3 Third Normal Form (3NF)
Relation is 3NF when it is 2NF and none of its non-key attributes is transitively dependent on the primary key (Silberschatz, Korth and Sudarshan, 2019). A SupplierPhone attribute was also added in an earlier design of the Medicine table. This made a transitive relationship with the MedicineID SupplierID SupplierPhone. To remove this one had to delete all supplier contact information and store it in a separate Supplier table and join it with Medicine on SupplierID as a foreign key. The final schema satisfies all the eight tables of 3NF.

	Normal Form
	Rule Applied
	Violation Identified
	Resolution Applied

	1NF
	Atomic values; no repeating groups
	Repeating medicine columns in sale and prescription records
	Created SaleItem and PrescriptionItem junction tables

	2NF
	Full functional dependency on entire PK
	MedicineName, UnitPrice partially dependent on composite key in SaleItem
	Attributes moved to Medicine table; referenced by FK

	3NF
	No transitive dependencies
	SupplierPhone transitively dependent via SupplierID in Medicine table
	All supplier data moved to Supplier table; referenced by FK


Table 5: Normalisation Steps Applied — 1NF to 3NF
[bookmark: _Toc225214481]6. Sample Data Population
At least five realistic rows of sample data were loaded in each table to imitate actual MediLink Pharmacy operations. Data has been designed to ensure that all queries are tested, referential integrity is established, and meaningful output of the report is obtained. The Medicine table has been filled in Microsoft Access 2016 Datasheet View, as illustrated in Figure 4.

[image: ]
Figure 4: Microsoft Access 2016 Datasheet View — Medicine Table with 7 rows of sample data

[bookmark: _Toc225214482]6.1 Sample Data Summary
	Table
	Records
	Key Data Points

	Supplier
	5
	PharmaCo Ltd, MedSupply UK, HealthDist Ltd, NovaPharma Ltd, CureMed Supplies — each with full contact details

	Medicine
	7
	Amoxicillin 500mg (£0.85), Paracetamol 500mg (£0.10), Lisinopril 10mg (£1.20), Metformin 850mg (£0.75), Atorvastatin 20mg (£0.95), Omeprazole 20mg (£0.60), Salbutamol Inhaler (£2.50)

	Stock
	7
	Salbutamol at 45 units (below reorder level of 80); Amoxicillin at 98 (below reorder 100); others adequately stocked

	Customer
	5
	Fatima Nawaz, Michael Thompson, Priya Sharma, Usman Tariq, Claire Davies — with DOB and contact details

	Prescription
	6
	5 active prescriptions (March 2026); 1 expired (February 2026) for test T07

	PrescriptionItem
	7
	Multi-medicine prescriptions for Priya Sharma (Metformin + Atorvastatin)

	Sale
	7
	Dates 02/03 to 20/03/2026; Payment methods: Card, Cash, Insurance; Total range £2.50–£7.20

	SaleItem
	12
	12 individual line items covering all 7 medicines across 7 transactions


Table 6: Sample Data Population Summary
[bookmark: _Toc225214483]7. Query Development
[bookmark: _Toc225214484]7.1 Query Design Rationale
Six questions were prepared to respond to the needs of MediLink Pharmacy with reference to operations and reporting. All queries were created in Microsoft Access 2016 Query Design View, confirmed in SQL View and tested using live data. All the queries aid in managing stocks, compliance with the regulations, monitoring sales, tracking prescription, and interactive supplier searches.

[bookmark: _Toc225214485]7.2 Query 1 — Low Stock Alert
Rationale: To avoid shortages and continuity of patient care, pharmacy staff should immediately be notified when a medicine reaches its reorder level or below. This responds directly to the need by the CEO to have automated stock control. The query also does calculation of the 'Units Short' to measure the deficit.
[image: ]
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Figure 5: Query 1 (qry_LowStockAlert) — Design grid showing criteria, and datasheet results with 2 medicines below reorder level (Units Short column highlighted in red)

[bookmark: _Toc225214486]7.3 Query 2 — Near-Expiry Medicines
Reason: The General Pharmaceutical Council expects pharmacies to track and eliminate stock with short dates until they reach patients (GPhC, 2021). This query will get all the stock with expiration of less than 30 days, DaysRemaining calculated, and the most urgent ones will be provided first.
[image: ]
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Figure 6: Query 2 (qry_NearExpiry) — Datasheet results showing medicines expiring within 30 days with DaysRemaining highlighted

[bookmark: _Toc225214487]7.4 Query 3 — Total Sales by Medicine
Purpose: This summary sales performance query will enable the pharmacy manager to recognize the medicines that fetch highest revenue. The order of results is descending by the total revenue, and there is a grand total row, which is useful when planning purchases and promotions.
[image: ]
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Figure 7: Query 3 (qry_SalesByMedicine) — Aggregated revenue and units sold per medicine with grand total row
[bookmark: _Toc225214488]7.5 Query 4 — Customer Prescription History
Rationale: To avoid dispensing the same medication, check its validity, and be regulated the dispensary staff should have quick access to a complete prescription history of a patient. Table relationships in this multi-table join query include Customer, Prescription, Prescriptionitem and Medicine. Expired prescriptions (ExpiryDate less than to-day) may be viewed in order to be audited.
[image: ]
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Figure 8: Query 4 (qry_PrescriptionHistory) — Multi-table join results showing patient prescriptions; expired prescription row 3 highlighted in red
[bookmark: _Toc225214489]7.6 Query 5 — Daily Sales Summary
Rationale: The management needs an overview of total transactions and revenue on a daily basis to monitor finances and KPI. This aggregation query is grouped by formatted sale date, results are counting the transactions and adding revenue.
[image: ]

[bookmark: _Toc225214490]7.7 Query 6 — Supplier Medicine Lookup (Parameter Query)
Reason: Pharmacy management should audit the supply of medicines by a particular vendor, especially when the product is recalled or the contract with the supplier is renewed. This interactive parameter query will take the supplier name as a parameter to run the query and will show the matching medicines and stock levels.
[image: ]
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Figure 9: Query 6 (qry_SupplierLookup) — Parameter input dialog box and filtered results for supplier 'PharmaCo Ltd'
[bookmark: _Toc225214491]8. Microsoft Access Forms, Reports, and Navigation
[bookmark: _Toc225214492]8.1 Data Entry Forms
The four data entry forms were designed with the help of the Access 2016 Form Wizard and designed in Design View to offer simple and user-friendly interfaces to the pharmacists. All the forms are bound to respective tables or queries and all relevant combo boxes, validation, and subforms are provided where necessary.

	Form Name
	Record Source
	Purpose
	Key Features

	frmMainMenu
	None (navigation only)
	Main switchboard — launches automatically on startup
	Command buttons for all forms, queries and reports; Startup form property set

	frmAddMedicine
	Medicine table
	Add and edit medicine records
	Category combo box; Supplier combo box with lookup; Currency format for UnitPrice

	frmRecordSale
	Sale table
	Process sale transactions
	Customer combo box; Payment method combo box; SaleItem subform with auto-subtotal

	frmNewPrescription
	Prescription table
	Record new prescriptions
	Patient combo box; Date fields with defaults; PrescriptionItem subform


Table 7: Microsoft Access 2016 Forms Created

The frmRecordSale form in Figure 10 (Form View) illustrates the customer dropdown, payment method combo box, date field and the SaleItem sub form with auto-calculated subtotals that displays individual medicine lines.

[image: ]
Figure 10: frmRecordSale — Sale Entry Form (Form View) with SaleItem Subform, linked via SaleID master/child fields

The frmNewPrescription form is displayed in Form View as shown in Figure 14; the patient and doctor field, date default, and the associated PrescriptionItem subform.

[image: ]
Figure 11: frmNewPrescription — Prescription Entry Form with PrescriptionItem Subform showing multiple medicine lines

[bookmark: _Toc225214493]8.2 Management Reports
Questries were created into three formal management reports customised and calculated on footer fields, grouping, page headers and professional formatting. All the reports can be printed or exported in PDF.

	Report Name
	Based On
	Calculations
	Purpose

	rptLowStockAlert
	qry_LowStockAlert
	UnitsShort = ReorderLevel − QuantityInStock; conditional red formatting
	Identifies medicines requiring urgent restocking

	rptDailySalesSummary
	qry_DailySalesSummary
	Count(Transactions), Sum(DailyRevenue), Grand Total footer
	Daily financial performance summary for management

	rptMedicineSalesPerformance
	qry_SalesByMedicine
	Sum(TotalRevenue) in report footer
	Medicine revenue ranking for purchasing decisions


Table 8: Microsoft Access 2016 Reports Created

The rptDailySalesSummary report is presented in Figure 12 in print preview having the group sale date along with the number of transactions and revenue per day and the grand total footer indicating the revenue of £38.80.

[image: ]
Figure 12: rptDailySalesSummary — Daily Sales Summary Report in Print Preview (grouped dates, transaction counts, daily revenue, grand total footer)

Figure 13 demonstrates the rptLowStockAlert report in Print Preview with the highlighting of the two medicines that are below the reorder level occupying Units Short in red color.

[image: ]
Figure 13: rptLowStockAlert — Low Stock Alert Report in Print Preview (2 medicines below reorder level, Units Short column highlighted in red)

[bookmark: _Toc225214494]8.3 Main Navigation Menu
The frmMainMenu form was developed and set as the startup form of the database on the menu record File/Options/Current Database/Display Form. The form has well-marked command buttons which are grouped into three parts namely Data Entry, Reports and Queries, and Administration each linked to the relevant form, query or report via embedded VBA event procedures. The title of the application was going to be MediLink Pharmacy through properties in the DAO database.

[image: ]
Figure 14: frmMainMenu — Main Navigation Menu (launches automatically on database open, startup form property set in database options)
[bookmark: _Toc225214495]9. Validation and Testing
[bookmark: _Toc225214496]9.1 Testing Methodology
A structured, documented test plan was used to test the database against the functional requirements identified in Section 2. In each test case, the test objective, input action, expected outcome, actual outcome and pass/fail status have been specified. The tests were to test referential integrity enforcement, field level validation rules, accuracy of the queries, report calculations and navigation.

	Test ID
	Test Objective
	Input / Action
	Expected Outcome
	Actual Outcome
	Result

	T01
	Referential integrity enforcement
	Attempt to delete Supplier ID=1 (has 2 linked Medicine records)
	Access rejects deletion with error message
	Error: 'Record cannot be deleted — table Medicine includes related records.' Deletion blocked.
	✅ PASS

	T02
	Negative price validation
	Enter UnitPrice = -£2.00 in Medicine table
	Validation error message; value rejected
	Validation Rule >=0 triggered; message displayed; record not saved.
	✅ PASS

	T03
	Required field enforcement
	Submit frmRecordSale without selecting a Customer
	Form blocks save; required field message
	Required field indicator shown; record not saved until CustomerID is provided.
	✅ PASS

	T04
	Query 1 — Low Stock
	Stock.QuantityInStock=45 for MedicineID=7 (ReorderLevel=80)
	Salbutamol Inhaler appears in qry_LowStockAlert
	Salbutamol Inhaler returned with UnitsShort=35; Amoxicillin also returned (98<100).
	✅ PASS

	T05
	Query 2 — Near Expiry
	ExpiryDate=15/04/2026 for Salbutamol (22 days from test date)
	Salbutamol appears in qry_NearExpiry results
	Salbutamol Inhaler returned with DaysRemaining=22.
	✅ PASS

	T06
	Sale item subtotal calculation
	Enter Quantity=5, UnitPrice=£0.85 in SaleItem table
	Subtotal field should show £4.25
	Subtotal=5×£0.85=£4.25 correctly stored and displayed.
	✅ PASS

	T07
	Expired prescription visibility
	Run qry_PrescriptionHistory with Prescription.ExpiryDate < today
	Expired prescription visible for audit
	Prescription 6 (Fatima Nawaz, Feb 2026, expired) returned in query results.
	✅ PASS

	T08
	Payment method validation
	Enter 'Bitcoin' as PaymentMethod in Sale table
	Validation error; only Cash/Card/Insurance accepted
	Validation Rule triggered; 'Payment must be Cash, Card, or Insurance' message shown.
	✅ PASS

	T09
	Daily sales aggregation
	Run qry_DailySalesSummary
	7 date rows with correct transaction counts and revenue totals
	7 dates returned; counts and totals match manually verified figures (£38.80 grand total).
	✅ PASS

	T10
	Startup form launch
	Close and reopen MediLink.accdb
	frmMainMenu displays automatically
	frmMainMenu opened immediately on database launch; navigation pane hidden.
	✅ PASS


Table 9: System Validation and Test Results — All 10 Tests PASS

Test T01 is illustrated in Figure 15: the referential integrity error that Microsoft Access 2016 raises when attempting to remove Supplier ID=1 (PharmaCo Ltd) which contains two records in the Medicine table, one of which is linked to it. The mistake shows that the relationship constraints are properly implemented.

[image: ]
Figure 15: Test T01 — Microsoft Access 2016 referential integrity error dialog when attempting to delete a supplier with linked Medicine records (PASS)

[bookmark: _Toc225214497]9.2 Validation Summary
Ten test cases were successfully passed. The outcomes verify that MediLink Pharmacy database enforced the referential integrity of all eight of the relationships correctly, implements field-level input checks with validation rules, generates expected and accurate query outputs, calculates the right report totals, and uses the navigation menu as a startup form. The system satisfies completely the operational requirements of the CEO.
[bookmark: _Toc225214498]10. Design Decisions, Challenges, and Future Improvements
[bookmark: _Toc225214499]10.1 Key Design Decisions
The MediLink database system had a number of significant architectural choices that were made in its development and each decision was explained by the principles of relational design.

To begin with, a single Stock table was begun as an independent entity of Medicine. Despite the fact that the existing one-to-one relationship might seem redundant, the choice of the design gives much room in the future: the schema can be extended to a batch-level stock management (with multiple batches per medicine, each with a separate ExpiryDate and BatchNumber) just by turning the 1:1 relation to 1:M instead of changing the Medicine table.

Second, SaleItem and Prescriptionitem junction tables were developed instead of having medicine data in Sale or Prescription. This normalised format enables colon repetition to be avoided, allowing an unlimited number of medicines per transaction, which is a direct adherence to 1NF and allows the correct form of aggregation queries.

Third, a parameter query (qry_SupplierLookup) was used instead of a given query regarding supplier lookups. It offers interactive, flexible reporting without having to conduct individual queries on a supplier, which makes queries spread in the database.

[bookmark: _Toc225214500]10.2 Challenges Encountered
1. Defining Stock-Medicine cardinality was to be carefully considered. An early design tried to integrate stock fields in Medicine and this broke the separation of concerns principle. Separate Stock table was taken, and Stock.MedicineID was a UNIique constraint to share the 1:1 relationship.
2. The Microsoft Access 2016 does not offer SQL CHECK constraints as the enterprise databases do. The corresponding mechanism was called Table Design View validation Rules and needed further testing to ensure that they worked correctly on all edge cases.
3. Subform master-child linking of frmRecordSale had to be linked manually, with LinkMasterFields=SaleID and LinkChildFields=SaleID after the Form Wizard had created an unlinked subform, which would have permitted orphaned Saleitem records.
4. The Payment Method verification rule mandated the quotation of each value separately in an Access SQL syntax (Cash or Card or Insurance) instead of using SQL IN operator, not recognized in Access validation expressions.

[bookmark: _Toc225214501]10.3 Future Improvements
a. Add a batch number and Supplier Invoice Ref column to Stock table with the existing one-to-one relationship transformed into one-to-many relationship, making Stock Number can be dispensed using FIFO (First in First out).
b. Introduce Staff table whose operations are limited by role-based access control, where deleting records and altering prices is only done by authorised users only.
c. The change: The most common feature of prescription is the addition of PrescriptionStatus, where the primary categories are the pending/dispensed/cancelled.
d. Program Access macros to automatically export reports to PDF on a scheduled basis to remove manual printing functions and produce an audit trail.
e. Move to Microsoft SQL Server or Azure SQL Database when the pharmacy has grown past the limit of concurrent users of Microsoft Access (about 10 to 50 users), serving as a front-end with Access as linked tables over ODBC.
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