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1. Introduction
This report documents the analysis, logical design and implementation of a relational database for MediLink Pharmacy, a growing community pharmacy. The organisation currently relies on manual records to administer medicine inventory, supplier details, customer information, prescriptions and sales. That approach introduces duplicated data, inconsistent entries, slow retrieval and a higher risk of transcription error.
A Microsoft Access database was therefore developed to centralise operational data and provide a controlled structure for data capture, retrieval and reporting. The solution uses related tables, primary and foreign keys, validation rules and parameterised queries to improve data integrity and support routine pharmacy activities. Its principal objectives are to maintain accurate stock records, preserve customer and prescription information, record sales transactions, identify replenishment requirements and highlight medicines approaching expiry.
The implementation is intentionally scoped as a small desktop relational database. It demonstrates core database principles while providing a practical foundation that could later be migrated to a server-based database management system (DBMS).
[bookmark: _Toc235531219]2. Scenario Analysis
In the scenario analysis for MediLink Pharmacy, requirements analysis identified five principal business objects: Supplier, Medicine, Customer, Prescription and SalesTransaction. Each object is represented as a relation with a unique primary key. Foreign keys implement the dependencies between suppliers and medicines, customers and prescriptions, and customers or medicines and recorded sales [1].

	Entity
	Purpose
	Key attributes

	Supplier
	Stores approved supplier details.
	SupplierID (PK), SupplierName, ContactNumber, Email, Address

	Medicine
	Maintains the medicine catalogue and inventory position.
	MedicineID (PK), MedicineName, Category, UnitPrice, StockQuantity, ExpiryDate, SupplierID (FK)

	Customer
	Stores customer demographic and contact data.
	CustomerID (PK), FirstName, LastName, PhoneNumber, Address, DateOfBirth

	Prescription
	Records prescription-level information issued to a customer.
	PrescriptionID (PK), CustomerID (FK), DoctorName, PrescriptionDate

	SalesTransaction
	Records a medicine sale to a customer.
	TransactionID (PK), MedicineID (FK), CustomerID (FK), QuantitySold, SaleDate, TotalPrice


[bookmark: _Toc235531220]Business relationships and cardinality
One supplier may supply many medicines; each medicine record references one supplier.
One customer may have many prescriptions; each prescription belongs to one customer.
One medicine may appear in many sales records; each current SalesTransaction record references one medicine.
One customer may be associated with many sales records; each recorded sale references one customer.
The current design treats each SalesTransaction row as a single medicine line. For a production system, a transaction header and a separate SalesLine relation would be preferable because one sale may contain several medicines. Likewise, a PrescriptionItem relation would be required to associate a prescription with one or more prescribed medicines. These are design limitations rather than claims about the implemented prototype.
[bookmark: _Toc235531221]3. Entity–Relationship Design
The entity–relationship diagram (ERD) provides the logical blueprint for the database. It identifies entity sets, key attributes and the one-to-many associations implemented through foreign-key constraints. The diagram was used to translate the business requirements into relational tables and to check that each dependency had an explicit parent and child relation.
[image: ]
Figure 1: Entity–relationship diagram for the MediLink Pharmacy database
Source: Author’s own work
[bookmark: _Toc235531222]4. Data Structure Development
The logical model was implemented in Microsoft Access. Field data types were selected to reflect the domain of each attribute: AutoNumber for surrogate primary keys, Short Text for names and contact data, Date/Time for temporal values, Currency for monetary values and Number for quantities and foreign keys. Required fields, input masks, validation rules and indexed keys should be applied where appropriate to reduce invalid or inconsistent entries [2].
[image: ]
Figure 2: Customer table in Design View
Source: Author’s own work
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Figure 3: Medicine table in Design View
Source: Author’s own work
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Figure 4: Prescription table in Design View
Source: Author’s own work
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Figure 5: Sales table in Design View
Source: Author’s own work
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Figure 6: Supplier table in Design View
Source: Author’s own work
[bookmark: _Toc235531223]Referential integrity
Foreign-key relationships were configured to enforce referential integrity. This prevents a child row from referencing a parent key that does not exist and reduces the likelihood of orphaned records. SupplierID in Medicine references Supplier; CustomerID in Prescription references Customer; and MedicineID and CustomerID in SalesTransaction reference Medicine and Customer respectively. Cascade options should be enabled only where their business impact is explicitly understood, particularly for customer, prescription and sales data.
[image: ]
Figure 7: Relationships between tables in Microsoft Access
Source: Author’s own work
[bookmark: _Toc235531224]5. Normalisation Compliance
Normalisation decomposes relations to reduce redundancy and prevent insertion, update and deletion anomalies [1]. The implemented tables broadly demonstrate the first three normal forms, subject to the design qualifications below.
[bookmark: _Toc235531225]First Normal Form (1NF)
Each relation has a declared primary key, each field stores a single value, and repeating groups are not embedded within a row. The schema therefore satisfies 1NF at the level shown.
[bookmark: _Toc235531226]Second Normal Form (2NF)
The tables use single-attribute surrogate primary keys. Consequently, a non-key attribute cannot depend on only part of a composite primary key. Provided each descriptive attribute depends on the row identifier, the relations satisfy 2NF.
[bookmark: _Toc235531227]Third Normal Form (3NF)
Supplier attributes are separated from Medicine, and customer attributes are separated from Prescription and SalesTransaction. This removes several obvious transitive dependencies. However, TotalPrice may be a derived value of QuantitySold and UnitPrice; storing it requires a control to prevent divergence from the calculated amount. DoctorName is also stored as free text, so a separate Doctor relation would be needed if doctor details are reused. The prototype can therefore be described as broadly aligned with 3NF, but full production compliance would require these dependencies and the missing line-item relations to be resolved.
[bookmark: _Toc235531228]6. Sample Data Population
Representative records were inserted into each table to exercise the implemented relationships and operational queries. The dataset covers suppliers, medicine inventory, customers, prescriptions and sales. Test data was selected to include low-stock items, products with different expiry dates and repeated customer purchases so that selection, join and aggregate queries could be evaluated meaningfully.
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Figure 8: Medicine records in Datasheet View
Source: Author’s own work
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Figure 9: Prescription records in Datasheet View
Source: Author’s own work
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Figure 10: Sales records in Datasheet View
Source: Author’s own work
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Figure 11: Supplier records in Datasheet View
Source: Author’s own work
Only synthetic or appropriately anonymised data should be used for development and demonstration. A live pharmacy implementation would also require role-based access, audit logging, secure backups and controls appropriate to sensitive personal and health-related information.
[bookmark: _Toc235531229]7. Query Development
Four operational queries were developed to demonstrate how the relational model supports inventory control and management reporting. Together they exercise selection criteria, joins, aggregation, grouping and date-based filtering.
[bookmark: _Toc235531230]Query 1: Low-Stock Medicines
Returns medicines whose StockQuantity falls below the defined reorder threshold. The result supports replenishment planning and reduces the risk of stock-outs.
[image: ]
Figure 12: Low-stock medicines query output
Source: Author’s own work
[image: ]
Figure 13: Low-stock medicines query design
Source: Author’s own work
[bookmark: _Toc235531231]Query 2: Customer Purchase Records
Joins customer, sales and medicine data to present the medicines purchased, quantities sold and associated customer details. It provides a traceable purchase history and supports pattern analysis.
[image: ]
Figure 14: Customer purchase records query output
Source: Author’s own work
[image: ]
Figure 15: Customer purchase records query design
Source: Author’s own work
[bookmark: _Toc235531232]Query 3: Best-Selling Medicines
Groups sales by medicine and aggregates QuantitySold. Sorting the calculated total in descending order identifies high-demand products and provides evidence for procurement decisions.
[image: ]
Figure 16: Best-selling medicines query output
Source: Author’s own work
[image: ]
Figure 17: Best-selling medicines query design
Source: Author’s own work
[bookmark: _Toc235531233]Query 4: Medicines Near Expiry
Filters ExpiryDate against a defined date window to identify stock requiring review. The output supports stock rotation, controlled discounting or disposal procedures and reduces the risk of supplying expired products.
[image: ]
Figure 18: Medicines near expiry query output
Source: Author’s own work
[image: ]
Figure 19: Medicines near expiry query design
Source: Author’s own work
For maintainability, thresholds and date windows should be supplied as validated parameters rather than embedded constants. Frequently used join fields and filter columns should be indexed where justified by measured workload, while recognising that excessive indexing increases write overhead.
[bookmark: _Toc235531234]8. Forms and Reports
A data-entry form was created to provide a controlled interface over the underlying tables. Compared with direct datasheet editing, a form can present meaningful labels, constrain permitted values through list controls and validation rules, and guide users through the required fields. A report was also developed to transform query results into a consistent, printable management output.
The interface should display clear validation messages, use lookup controls based on stable identifiers, and prevent edits to calculated fields. Reports should state the reporting period, applied criteria and generation date so that the output remains auditable.
[image: ]
Figures 21–22: Microsoft Access form and report created for the prototype
Source: Author’s own work
[bookmark: _Toc235531235]9. Validation and Testing
Validation and testing were undertaken to confirm that the prototype satisfies its stated functional requirements. The assessment covered data entry, key constraints, relationship behaviour, query execution and output accuracy. A professional test record should include the test case, input, expected result, actual result and pass/fail status.
	Test area
	Test condition
	Expected result

	Primary key
	Attempt to create a duplicate identifier.
	DBMS rejects the duplicate key.

	Foreign key
	Enter a sale for a non-existent customer or medicine.
	Referential-integrity violation is rejected.

	Required fields
	Omit a mandatory medicine or customer value.
	Record is not committed; a clear message is shown.

	Numeric validation
	Enter zero or a negative quantity or price.
	Domain validation rejects the value.

	Low-stock query
	Use records above and below the reorder threshold.
	Only qualifying medicines are returned.

	Expiry query
	Use past, near-future and distant expiry dates.
	Only records within the defined window are returned.

	Aggregate query
	Compare grouped totals with manual calculations.
	Calculated quantities agree with source transactions.

	Form/report
	Enter a valid record and generate the report.
	Data persists correctly and report values match the query.


The observed prototype behaviour confirmed that records could be entered, relationships were established and the queries executed successfully. Nevertheless, successful demonstration is not equivalent to production assurance. Boundary values, null handling, concurrent use, backup restoration, security permissions and larger data volumes should also be tested before operational deployment.
[bookmark: _Toc235531236]10. Design Reflection and Future Improvements
The database improves on the previous manual process by centralising records, reducing duplicated entry and making information available through repeatable queries. The strongest aspect of the design is its use of separate relations and enforced key relationships to preserve consistency. The implementation also demonstrates how inventory and sales data can be converted into useful operational information.
The main structural limitation is that SalesTransaction represents only one medicine per row and Prescription does not currently include prescribed medicine line items. A revised design should introduce SaleHeader, SaleLine and PrescriptionItem relations. UnitPriceAtSale should be stored on SaleLine to preserve the historical selling price, while line totals and transaction totals can be calculated or controlled systematically. Supplier–medicine relationships may also require a junction table if a medicine can be sourced from multiple suppliers.
[bookmark: _Toc235531237]Recommended enhancements
Introduce barcode scanning and batch/lot tracking to improve dispensing speed and expiry traceability.
Add configurable alerts for reorder levels, near-expiry batches and exceptional stock movements.
Implement role-based permissions, audit trails, encryption, backup and tested recovery procedures.
Integrate approved electronic-prescription services through secure, validated interfaces.
Add parameterised dashboards for sales, inventory turnover, stock valuation and expiry exposure.
Migrate to a server-based DBMS if transaction volume, concurrency, availability or integration requirements outgrow Microsoft Access.
Overall, the prototype meets its educational purpose and provides a workable basis for small-scale pharmacy administration. Addressing the identified cardinality, security and audit requirements would make the design more robust, scalable and appropriate for real-world deployment.
[bookmark: _Toc235531238]References
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9. Validation and Testing

Testing of the system is carried out to ascertain whether it satisfies the functional
requirements of MediLink Pharmacy.

Testing of the system involved:

Verifying whether data is successfully entered into each of the tables.

* Verifying whether relationships between tables were successfully established.

o Verifying whether queries were executed successfully.

o Testing of the system also involved verifying whether referential integrity was
successfully implemented.

o Testing of the system confirmed that it works successfully to support pharmacy
management.
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