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1. [bookmark: _Toc222760324]Introduction
This report outlines the design and implementation process of a relational database system for MediLink Pharmacy using Microsoft Access. Currently, the business maintains its stock, prescriptions, and customer information manually, leading to inefficiencies and inaccuracies in the data. The aim of this project is to create a systematic and automated database system that will improve accuracy, improve reporting, and provide better decision-making tools. The database system will be used to handle medicines, suppliers, prescriptions, and sales transactions while maintaining data integrity.
2. [bookmark: _Toc222760325]Scenario Analysis
The MediLink Pharmacy system requires the management of customers, medicines, suppliers, prescriptions, and sales. By analyzing the business requirements, particularly stock management, prescription management, and sales management, the main entities were determined. The main entities include Customers, Suppliers, Medicines, Prescriptions, and Sales, with link entities such as PrescriptionItems, SaleItems, and SupplierMedicines to manage many-to-many relationships.
Each entity has attributes that are relevant to the operational needs. For example, the Medicines entity holds the unit price and the reorder level. The Sales and SaleItems tables allow for the recording of transactions, hence supporting revenue analysis. The referential integrity constraints ensure that the links between customers, prescriptions, and sales are valid and that there are no orphan records.
3. [bookmark: _Toc222760326]Entity Relationship Diagram (ERD)
[image: ]
Figure 1: Entity Relationship Diagram for MediLink Pharmacy Database
The Entity Relationship Diagram (ERD) shown in Figure 1 above describes the logical design of the MediLink Pharmacy database system. The design is relational, with each entity having a unique identifier as the primary key. For example, CustomerID is the primary key for customers, while MedicineID is the primary key for medicines.
One-to-many relationships are shown between customers and prescriptions, sales and sale items, and prescriptions and prescription items. These relationships enable a customer to have multiple prescriptions and engage in multiple sales, while each sale or prescription can contain multiple medicines. The many-to-many relationship between suppliers and medicines is handled by the intermediate entity SupplierMedicines to eliminate redundancy and maintain normalization.
Referential integrity constraints are applied to maintain consistency in the related tables, eliminating the possibility of orphan records. The diagram properly represents the cardinalities with the use of “1” and “∞” symbols.
4. [bookmark: _Toc222760327]Data Structure Development
The MediLink Pharmacy database was created using the Entity-Relationship (ER) model to ensure consistency, scalability, and integrity of the data. Every entity that was created during the scenario analysis was created as a separate table in Microsoft Access, with data types selected to represent the type of data being stored.
Primary keys were created using AutoNumber to uniquely identify each record in tables such as Customers, Medicines, Suppliers, Prescriptions, and Sales to ensure that accurate and non-duplicative references to each entity instance are obtained. Foreign keys were created using the Number (Long Integer) data type to establish relationships between tables.
Referential integrity was established using the Relationships window to ensure that records that depend on other records do not exist if the parent record does not exist. For example, a record in SaleItem cannot exist if the Sale record does not exist, and a record in PrescriptionItem cannot exist if the Prescription record does not exist. The Cascade Update feature was also enabled to ensure consistency in the event of a primary key value change.
Validation rules were incorporated to improve the quality of the data. In particular, the UnitPrice and SupplierUnitCost fields do not allow negative numbers, while the QuantitySold and QuantityPrescribed fields must be greater than zero. Unique composite indexes were created for SupplierMedicines and SaleItems to avoid having the same supplier and medicine, as well as the same sale and medicine. Such indexes avoid redundancy and ensure consistent data entry. Relational modelling and integrity constraints are core principles in database system design[1][2] 
[image: ]
Figure 2: Medicines Table Design
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Figure 3: Composite Index Configuration
5. [bookmark: _Toc222760328]Normalization (Up to 3NF)
Normalization of the database was used to organize the database of MediLink Pharmacy in an efficient manner and to remove redundancy. The design was tested against the First Normal Form, Second Normal Form, and Third Normal Form rules. Database normalization principles are widely documented in relational database literature[1][3].
[bookmark: _Toc222760329]First Normal Form (1NF)
A database is said to be in First Normal Form (1NF) if each relation in the database has a primary key and each attribute of the relation holds atomic, indivisible data. In the current database design, each entity relation has a specified primary key (CustomerID, MedicineID, SaleID), and each attribute holds single data values. Repeating groups are removed by dividing the transactional data into associative relations (SaleItems and PrescriptionItems). For example, instead of holding several medicines in one Sales transaction, each is held as a separate record in the SaleItems relation. The database is therefore in 1NF.
[bookmark: _Toc222760330]Second Normal Form (2NF)
Second Normal Form (2NF) states that each non-key attribute should be fully functionally dependent on the entire primary key. In associative tables like SaleItems and PrescriptionItems, attributes, particularly QuantitySold and QuantityPrescribed, depend solely on the pair of SaleID and MedicineID (or PrescriptionID and MedicineID). There are no partial dependencies in these tables. Moreover, composite uniqueness constraints have been established to avoid duplicate entries. Hence, the database is in 2NF.
[bookmark: _Toc222760331]Third Normal Form (3NF)
Third Normal Form (3NF) is described as the absence of transitive dependencies, which implies that non-key fields should not depend on other non-key fields. In this case, customer data is stored only in the Customers table and not in the Sales or Prescriptions tables. Similarly, supplier data is stored only in the Suppliers table, while prices of medicines are stored only in the Medicines table. Calculated fields, like total sales, are calculated using queries instead of being stored, thus eliminating redundancy. The many-to-many relationship between Suppliers and Medicines is handled using the SuppliersMedicines bridge table, thus eliminating duplication. The database design is therefore in Third Normal Form (3NF), resulting in less redundancy, improved consistency, and easier maintenance.
6. [bookmark: _Toc222760332]Sample Data Population
To simulate real-world working conditions, the database was populated with meaningful sample data in all key tables. A minimum of five entries was made in each key entity table, such as Customers, Suppliers, Medicines, Prescriptions, and Sales, to simulate real-world activity in a community pharmacy setting.
Customer data was populated to simulate various individuals purchasing medications. Supplier data was included to simulate procurement activity. Medicines were represented with varying types, strengths, prices, and reorder levels to facilitate stock management functionality.
Transactional data was also included to simulate real-world activity. Prescriptions were associated with customers and related to prescribed medicines through the PrescriptionItems table. Sales transactions were included with corresponding SaleItems to simulate sales activity and revenue generation.
The relational integrity of the database was checked during data population. Foreign key constraints were used to ensure that transactional data could not be entered unless the related parent data existed. This systematic data population helps generate valuable results for querying, reporting, analysis, and monitoring.
[image: ]
Figure 4: Sample Customer Records
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Figure 5: Sample Sales Transactions
[image: ]
Figure 6: Sample SaleItems Records
7. [bookmark: _Toc222760333]Query Development
A series of structured queries was designed to demonstrate the use of the MediLink Pharmacy database in facilitating operational reporting and decision-making. The queries were designed to meet organizational needs such as sales tracking, customer activity analysis, procurement planning, and prescription analysis.
The query Q_SaleTotals calculates total sales per transaction by summing the product of the quantity sold and the unit price at the time of the sale, thus facilitating financial reporting and sales tracking.
The query Q_TopMedicinesByQty retrieves the top medicines with the highest total quantity sold, thus helping management to identify top-selling medicines and plan replenishment accordingly.
The query Q_TopMedicinesByRevenue calculates revenue by medicine, thus enabling management to evaluate the profitability of products beyond sales figures.
The query Q_CustomerSalesHistory retrieves customers' sales history over time, thus enabling improved service delivery and even customer relationship management.
The query Q_SupplierCatalog lists the suppliers of specific medicines along with their costs and lead times, thus facilitating procurement and supply chain management.
Finally, the query Q_PrescriptionDetails provides a detailed list of medicines prescribed to customers, thus facilitating regulatory reporting and prescription tracking.
These queries above demonstrate the application of SQL operations such as joins, grouping, aggregation functions, ordering, and filtering in deriving business intelligence from raw transactional data.
[image: ]
Figure 7: Sales Totals Query Output
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Figure 8: Top Medicines by Quantity
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Figure 9: Prescription Details Report
8. [bookmark: _Toc222760334]Validation and Testing
The database system was tested against its functional specifications to guarantee the accuracy, integrity, and reliability of the data. Various validation tests were performed to validate the correct application of constraints, relationships, and business rules.
Test 1: Enforcement of Referential Integrity
An insertion operation was attempted with a Sales record referencing a non-existent CustomerID. The insertion operation was prevented, and an error message was generated, signifying the correct functioning of foreign key constraints.
Test 2: Validation Rule for Quantity Sold
A record with a QuantitySold of zero was attempted in the SaleItems table. The system generated a validation error message, signifying that the business rule requiring positive quantities was correctly applied.
Test 3: Prevention of Negative Pricing
An attempt was made to set a negative value for the UnitPrice field in the Medicines table. The system generated a validation error message, signifying that the negative pricing rule was correctly applied.
Test 4: Prevention of Duplicate Entries (Composite Index)
An attempt was made to insert a duplicate SaleID-MedicineID combination in the SaleItems table. The entry was prevented due to the unique composite index, signifying the correct application of the index to prevent duplication.
Test 5: Validation of Query Outputs
All reporting queries were successfully executed, and the outputs were verified to be consistent with the sample data inserted. The aggregated totals and group outputs were manually verified to ensure accuracy.
The successful execution of these validation tests signifies that the system correctly meets its functional requirements with respect to data integrity, accuracy of transactions, and reliability of reporting.
[image: ]
Figure 10: Referential Integrity Error Message
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Figure 11: Validation Rule Enforcement
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Figure 12: Duplicate Prevention Constraint
9. [bookmark: _Toc222760335]Design Reflection and Future Improvements
The creation of the MediLink Pharmacy database is a good example of the application of the principles of relational modelling in a real-world setting. The systematic approach used to determine entities, describe relationships, and impose constraints helped to maintain data consistency and reduce redundancy. The use of associative tables to efficiently address many-to-many relationships helped to ensure compliance with Third Normal Form.
One of the key design considerations was the use of validation rules and composite indexes to avoid the entry of incorrect data, thus improving system reliability and minimizing the potential for human error. In addition, the imposition of referential integrity helped to further ensure the structural integrity of the system.
While the system met the requirements of the assignment, there are a number of improvements that could be made to further enhance the system. These include, but are not limited to, the inclusion of a specific stock movement table that would allow dynamic stock level calculations based on purchases and sales, as opposed to the current static reorder levels. A reporting dashboard could also be developed to graphically represent sales data and system performance.
Potential improvements could include the implementation of user authentication, audit trails for monitoring system use for compliance purposes, and automated low stock notifications. The system could also be upgraded to a server-based platform, such as SQL Server, which would allow for multi-user support and system scalability to accommodate the growing pharmacy chain.
In conclusion, the database provides a good starting point for managing pharmacy operations while maintaining flexibility for future development.
10. [bookmark: _Toc222760336]Conclusion
This report documents the design and development of a relational database system for MediLink Pharmacy using Microsoft Access. By applying structured scenario analysis, entity identification, and relational modeling, a functional database system was developed to handle customers, medicines, suppliers, prescriptions, and sales transactions. The database system was normalized to Third Normal Form (3NF) to reduce redundancy and maintain data consistency.
The implementation process included applying referential integrity, validation rules, and composite indexing to maintain data integrity. A set of queries was designed to facilitate operational reporting, financial tracking, and procurement analysis. Validation tests confirmed that the system meets functional specifications and structural integrity.
In conclusion, this project exemplifies the successful application of database design concepts in a public service environment and offers a flexible platform for future system upgrades.
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