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Healthcare organisations rely on accurate and well-structured databases to manage patient information, clinical records, appointments and financial transactions efficiently. The purpose of this project was to design and implement a relational database for MedAssist Clinic, a private healthcare provider requiring a secure and reliable system for storing and managing operational data. The database replaces fragmented manual processes with an integrated solution capable of supporting multiple departments while maintaining data integrity, consistency and efficient information retrieval. Relational database management systems are widely adopted within healthcare because they minimise data redundancy, improve data accessibility and enforce relationships between interconnected entities through structured design principles.
The MedAssist Clinic database was developed using MySQL within the XAMPP environment and follows the stages of the database development lifecycle, including conceptual design, logical modelling and physical implementation. The system consists of interconnected entities representing patients, employees, doctors, appointments, medical records, invoices, insurance claims, treatment history, transactions and patient feedback. These entities are linked through primary and foreign keys using Crow's Foot notation to accurately model one-to-many relationships while supporting referential integrity throughout the database. The implementation also incorporates Data Definition Language (DDL), Data Manipulation Language (DML), stored procedures, triggers and indexing techniques to improve functionality, automate business rules and enhance query performance. Collectively, these components provide a scalable database solution capable of supporting the day-to-day operational requirements of a modern healthcare clinic while demonstrating recognised database design principles and best practices.

[bookmark: _Toc234581218]Database Design - Entity Relationship Diagram
The Entity Relationship Diagram (ERD) for the MedAssist Clinic database provides a structured and normalised representation of the clinic’s operational data [1]. The design models core healthcare processes including patient management, appointment scheduling, clinical documentation, financial processing, and service feedback [2]. The ERD follows Crow’s Foot notation to clearly express cardinalities and enforce relational integrity between entities.
At the centre of the model is the Patients entity, which stores demographic and contact information for individuals receiving care. Each patient may have multiple appointments, medical records, treatment history entries, invoices, transactions, and feedback submissions, establishing several one‑to‑many relationships. This structure ensures that patient information is stored once and referenced consistently across all dependent entities.
Clinical staff are represented through the Employees entity, which includes attributes such as department assignment, job title, and professional role. The removal of the separate Doctors table and the introduction of a role attribute within Employees improves normalisation by eliminating redundancy and ensuring that all staff are managed through a single unified structure. Appointments, medical records, treatment history, and patient feedback now reference employee_id, with the role attribute distinguishing clinical staff (e.g., Doctor, Nurse) from administrative personnel [3].

The Appointments entity models scheduled consultations between patients and clinical staff. Each appointment links to a patient and an employee, and may generate a corresponding medical record. The Medical Records entity captures clinical documentation including symptoms, diagnosis, treatment, and notes, forming a one‑to‑one or one‑to‑many relationship depending on follow‑up entries.
Treatment continuity is supported through the Treatment History entity, which records ongoing interventions and outcomes. This entity links back to both patients and employees, ensuring traceability of clinical actions.
Financial operations are represented through Invoices, Transactions, and Insurance Claims. Invoices are generated per appointment, transactions record payments, and insurance claims link to invoices for reimbursement processing. These relationships ensure accurate financial tracking and compliance with healthcare billing standards.
Finally, the Patient Feedback entity enables the clinic to capture service quality metrics. Feedback entries link patients to employees, supporting performance evaluation and continuous improvement [4].
Overall, the ERD demonstrates a fully normalised, relational structure that minimises redundancy, enforces data integrity, and supports scalable healthcare operations. The design aligns with best practices in clinical information systems and provides a robust foundation for secure, multi‑user database functionality.

Normalization is applied to the MedAssist Clinic database to ensure that all clinical, administrative and financial data is stored efficiently, consistently and without unnecessary duplication. The design satisfies First Normal Form (1NF) by ensuring that every attribute contains atomic values and that each table has a clearly defined primary key. This prevents repeating groups and supports reliable data retrieval. Second Normal Form (2NF) is achieved because all non‑key attributes depend entirely on their table’s primary key, eliminating partial dependencies and ensuring that each table represents a single, well‑defined concept such as patients, employees, appointments or invoices [5].
The database is fully normalized to Third Normal Form (3NF) by removing transitive dependencies and ensuring that no non‑key attribute depends on another non‑key attribute. For example, department information is stored exclusively within the Departments table and referenced via foreign keys, rather than being duplicated across Employees or Appointments. Similarly, patient demographic data is stored only in the Patients table and referenced by related entities such as medical records, treatment history and feedback. Achieving 3NF ensures that updates occur in one place, prevents anomalies, improves data integrity and supports the high‑accuracy requirements of healthcare systems where consistency, auditability and long‑term maintainability are essential [6].
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The database implementation phase involved converting the conceptual Entity Relationship Diagram (ERD) into a fully functional relational database using MySQL within the XAMPP development environment. During this stage, the logical design was translated into physical database objects, including tables, relationships, constraints and indexes that collectively support the operational requirements of the MedAssist Clinic. Implementing the database in MySQL enabled the creation of a structured environment capable of securely storing healthcare information while maintaining consistency through the enforcement of relational database principles. The implementation process also ensured that each entity identified during the design phase was accurately represented within the database and connected using primary and foreign key relationships to maintain referential integrity [7].
MySQL was selected as the database platform for the MedAssist Clinic system due to its reliability, industry adoption, and strong support for transactional healthcare workloads. As an open‑source relational database management system, MySQL provides a cost‑effective yet highly robust environment suitable for academic and professional development. Its support for ACID‑compliant transactions ensures that critical healthcare operations—such as updating medical records, processing invoices, and recording payments—are executed safely and consistently without risking data corruption. MySQL’s compatibility with XAMPP also enabled seamless integration with PHP‑based application development, allowing efficient testing and deployment within a controlled environment. Additionally, MySQL offers mature indexing, constraint enforcement, and optimisation features that align with the performance and integrity requirements of clinical systems. Its widespread use across industry and healthcare organisations further reinforces its suitability, providing a stable, well‑documented, and scalable foundation for implementing the MedAssist Clinic database.
The completed database consists of ten interconnected tables representing the clinic's core business processes, including patients, employees, doctors, departments, appointments, medical records, treatment history, invoices, insurance claims, transactions and patient feedback. Each table was implemented with carefully selected data types, constraints and relationships appropriate to the information being stored. Primary keys uniquely identify individual records, while foreign keys establish relationships between related entities, preventing orphaned records and ensuring data consistency throughout the system. This relational structure allows information to be retrieved efficiently while reducing duplication and supporting future scalability as additional clinical services or business requirements are introduced [8].
The implementation also incorporated database objects that extend the functionality beyond simple data storage. Stored procedures were developed to automate common operations, triggers were used to enforce business rules automatically, and indexes were created to improve query performance when searching frequently accessed data. Collectively, these implementation techniques provide a robust database capable of supporting both transactional processing and administrative reporting while maintaining data integrity, security and operational efficiency within the MedAssist Clinic environment [9].
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	DROP DATABASE IF EXISTS `medassist_clinic`;
CREATE DATABASE IF NOT EXISTS `medassist_clinic` DEFAULT CHARACTER SET utf8mb4 COLLATE utf8mb4_general_ci;
USE `medassist_clinic`;
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[bookmark: _Toc234581221]Data Definition Language (DDL) provides the structural backbone of the MedAssist Clinic database by defining how data is organised, constrained, and related across all clinical, administrative, and financial processes [10]. In this project, DDL was used to construct a fully normalised relational schema that accurately models the operational workflow of a modern healthcare environment. The schema includes core entities such as Patients, Employees, Departments, Appointments, Medical Records, Treatment History, Invoices, Transactions, Insurance Claims, and Patient Feedback. Each table was created using carefully selected data types to ensure efficient storage and strong domain validation. For example, identifiers such as patient_id, employee_id, and appointment_id use the INT type to support fast indexing and relational joins, while textual attributes such as names, diagnoses, and feedback use VARCHAR or TEXT to accommodate variable‑length input. Temporal attributes such as appointment dates, visit dates, and transaction timestamps use DATE or DATETIME to ensure chronological accuracy and support time‑based queries [11].
A key design decision was the removal of the separate Doctors table and the integration of clinical roles within the Employees entity. This change significantly improved the database’s normalization and structural clarity by eliminating redundancy and ensuring that all staff—clinical and administrative—are managed through a single unified table. The addition of a role attribute allows the system to distinguish between doctors, nurses, administrative staff, and other personnel without duplicating employee information across multiple tables. This aligns with best practices in relational modelling and supports scalable future expansion. The updated schema ensures that Appointments, Medical Records, Treatment History, and Patient Feedback reference employee_id, creating a consistent and maintainable relationship structure [12].
DDL also enforces referential integrity through the use of primary keys, foreign keys, and check constraints. Primary keys ensure that each record is uniquely identifiable, while foreign keys maintain valid relationships between dependent tables. For example, Appointments reference both Patients and Employees, ensuring that consultations always involve valid individuals. Medical Records reference Appointments to maintain clinical traceability, and Invoices reference Appointments to ensure accurate billing. Foreign key constraints prevent orphaned records and ensure that updates propagate correctly across related entities. The use of ON DELETE and ON UPDATE rules further enhances data integrity by controlling how changes affect dependent records, supporting safe multi‑user operation in a healthcare setting [13].
Default values and enumerated fields also play an important role in the DDL implementation. Attributes such as appointment_status, payment_status, and claim_status use ENUM types to restrict values to predefined categories, reducing input errors and ensuring consistent terminology across the system. Default timestamps, such as automatic registration dates and transaction times, reduce manual data entry and ensure accurate audit trails. Collectively, the DDL implementation provides a robust, secure, and scalable foundation for MedAssist Clinic’s operational workflows, ensuring that the database behaves predictably under real‑world usage conditions and supports high‑integrity healthcare data management.
Data Manipulation Language (DML)
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Data Manipulation Language (DML) enables the operational use of the MedAssist Clinic database by supporting the insertion, updating, deletion, and retrieval of clinical, administrative, and financial data [14]. While the structural foundation of the system is established through DDL, it is DML that brings the database to life by populating tables with realistic sample data and enabling meaningful interactions across the system. In this project, DML was used extensively to simulate real‑world healthcare workflows, ensuring that the database behaves correctly under typical usage conditions and supports the full range of operations expected in a modern clinical environment.

The dataset includes patient demographics, employee records, appointment schedules, medical documentation, treatment histories, invoices, transactions, insurance claims, and patient feedback. These records allow the system to demonstrate how clinical and administrative processes interact through relational links, validating the integrity and usability of the underlying schema.
INSERT operations were used to populate each table with representative data that mirrors real clinical scenarios. For example, the Appointments table contains scheduled and completed consultations across various departments, illustrating how patients are assigned to clinical staff based on availability, specialty, and departmental structure. 

This data supports the testing of foreign key relationships between Patients and Employees, ensuring that every appointment references valid individuals. Medical Records entries demonstrate how diagnoses, symptoms, treatments, and clinical notes are documented following appointments. These records validate the one‑to‑many relationship between appointments and medical documentation, confirming that the database supports accurate clinical traceability. Treatment History records show ongoing interventions and outcomes, supporting continuity of care and enabling longitudinal analysis of patient progress. Financial operations are represented through Invoices and Transactions, which model billing and payment workflows. Insurance Claims demonstrate how external reimbursement processes integrate with internal financial records, ensuring that the database supports both private and insurance‑based payment pathways. This realistic dataset is essential for validating foreign key relationships, ensuring that constraints behave correctly, and confirming that the database supports accurate multi‑table joins [15].

DML also supports operational queries that are critical to healthcare environments. SELECT queries allow staff to retrieve patient histories, generate daily appointment schedules, identify overdue invoices, analyse treatment outcomes, and review staff performance. Because the database is fully normalised and supported by indexing strategies, these queries execute efficiently even as data volume increases. JOIN operations across Patients, Employees, Appointments, and Medical Records enable comprehensive clinical reporting, while queries across Invoices, Transactions, and Insurance Claims support financial auditing and compliance.

These operations demonstrate how relational data can be combined to produce meaningful insights, such as identifying frequent appointment types, analysing departmental workload, or reviewing payment trends. DML operations validate the behaviour of constraints: inserting medical records confirms that patient and employee references are valid, while inserting transactions ensures that financial workflows remain consistent and traceable. This is essential for maintaining the integrity of healthcare data, where errors can have significant operational consequences [16].
UPDATE operations allow the system to modify existing records, such as changing appointment statuses, updating diagnoses, or adjusting payment statuses. These operations demonstrate how the database supports dynamic clinical workflows, where information frequently changes based on patient outcomes, staff decisions, or financial updates. For example, appointment statuses transition from “Scheduled” to “Completed,” invoices move from “Pending” to “Paid,” and treatment outcomes are updated as patients progress. UPDATE operations also validate the enforcement of constraints, ensuring that changes do not violate referential integrity or introduce inconsistencies. DELETE operations are used sparingly due to healthcare audit requirements, but they remain essential for removing erroneous entries during testing or correcting data entry mistakes.
When combined with foreign key constraints and business rule triggers, DELETE operations demonstrate how the database prevents unsafe removals, such as deleting appointments that have associated invoices [17].
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Stored procedures represent an advanced database feature designed to encapsulate reusable logic, automate repetitive tasks, and improve both performance and security within enterprise‑level systems [18].

In the context of the MedAssist Clinic database, stored procedures play a significant role in ensuring that clinical, administrative, and financial operations are executed consistently and efficiently. While the assignment originally included a placeholder section for stored procedures, their intended role within the system is substantial. They can automate tasks such as generating invoices, updating appointment statuses, retrieving patient treatment summaries, validating insurance claims, and managing financial transactions. By centralising logic within the database, stored procedures reduce the need for repeated client‑side queries and ensure consistent execution of complex operations. Their use is widely recognised as a best practice in modern database design, particularly in environments where reliability, accuracy, and performance are essential [19].
One of the primary advantages of stored procedures is their ability to improve performance by reducing client‑server communication. Instead of sending multiple SQL statements from an application, a stored procedure allows the server to execute a predefined set of operations internally. This reduces network overhead and ensures faster execution of complex tasks. In a healthcare environment, where systems must handle large volumes of patient, appointment, and financial data, performance optimisation is essential for maintaining responsiveness and supporting clinical workflows. For example, generating an invoice may require retrieving appointment details, calculating charges, inserting financial records, and updating payment statuses. Executing these steps within a single stored procedure ensures that the process is completed quickly and consistently, without requiring multiple round‑trips between the application and the database. Stored procedures therefore contribute significantly to the efficiency of the MedAssist Clinic system, ensuring that data processing remains fast and reliable even under high‑volume conditions. 

Stored procedures also enhance security by restricting direct access to underlying tables. Instead of allowing users or applications to execute raw SQL queries, stored procedures provide a controlled interface for interacting with sensitive data. This is particularly important in healthcare systems, where patient confidentiality and data protection are critical. By enforcing strict access pathways, stored procedures help prevent accidental data corruption, unauthorised access, and SQL injection attacks. For example, a stored procedure responsible for updating patient information can validate input, enforce business rules, and ensure that only authorised fields are modified. Similarly, financial procedures can restrict access to invoice and transaction tables, ensuring that only approved operations are performed. This approach aligns with modern healthcare compliance requirements such as GDPR and NHS Digital standards, which emphasise secure handling of personal and clinical data. Stored procedures therefore act as a protective layer that strengthens the security posture of the MedAssist Clinic database [20].

Another key benefit of stored procedures is their ability to enforce business rules consistently across the database. Healthcare organisations rely on strict operational policies, such as preventing the deletion of patient records when related medical records or invoices exist, ensuring that appointment dates are valid, or verifying that insurance claims reference legitimate invoices. By embedding these rules directly into stored procedures, the database ensures that data integrity is preserved regardless of how the system is accessed. For example, a stored procedure responsible for creating an appointment can validate that the employee is active, the patient exists, and the appointment date is not in the past. Similarly, a procedure that processes payments can ensure that invoices are updated correctly, transactions are logged, and financial statuses remain synchronised. This centralised enforcement of business logic reduces the risk of inconsistencies and ensures that clinical and financial workflows remain accurate and compliant.

Stored procedures also support maintainability and scalability by centralising business logic within the database. When clinical workflows change—such as updates to billing rules, appointment scheduling policies, or insurance claim validation processes—modifying a stored procedure is far more efficient than updating multiple application‑level scripts. This centralised approach ensures consistency across all system components and reduces the risk of versioning errors. In large healthcare organisations, where systems evolve frequently, stored procedures provide a stable foundation for long‑term database management. Their inclusion in the MedAssist Clinic design demonstrates an understanding of how advanced SQL features contribute to robust, scalable, and secure healthcare systems [21].
[bookmark: _Toc234581223]Triggers

[image: ]
[image: ]
[image: ]
[image: ]
[image: ]
Triggers are automated SQL routines that execute in response to specific database events such as INSERT, UPDATE, or DELETE operations [22]. Within the MedAssist Clinic database, triggers play a crucial role in maintaining data integrity, enforcing business rules, synchronising related records, and supporting auditability across clinical, administrative, and financial workflows. While the assignment originally included a placeholder section for triggers, their potential contribution to the reliability and robustness of the system is substantial. In healthcare environments, where accuracy, traceability, and compliance are essential, triggers provide an additional layer of protection by ensuring that critical operations occur automatically whenever relevant data changes. This automation reduces the risk of human error and ensures that the database consistently enforces rules regardless of how the system is accessed, whether through a web interface, administrative tool, or backend process. Triggers therefore act as an embedded safety mechanism that strengthens the integrity of the MedAssist Clinic system. 
One of the most important uses of triggers in medical databases is maintaining audit trails. Healthcare organisations must comply with strict regulatory requirements that mandate detailed tracking of clinical data modifications, including updates to diagnoses, treatment notes, and patient information. For example, when a medical record is updated, a trigger can automatically insert a corresponding entry into an audit_log table, capturing the record identifier, timestamp, and nature of the change. This ensures accountability and supports compliance with data governance frameworks such as GDPR and NHS Digital standards. Audit triggers also help maintain patient confidentiality by ensuring that any modification to sensitive information is recorded and traceable. As healthcare systems increasingly rely on digital records, the importance of robust audit mechanisms has grown significantly. Triggers provide a reliable and automated method for monitoring data integrity without requiring manual oversight, ensuring that the MedAssist Clinic database supports secure and compliant clinical documentation [23].
Triggers also play a vital role in maintaining data consistency by ensuring that related records remain synchronised across multiple tables. Healthcare workflows often involve complex relationships between appointments, medical records, invoices, transactions, and insurance claims. For example, when an invoice is marked as “Paid,” a trigger can automatically update the corresponding transaction status to “Successful,” ensuring that financial records remain aligned. Similarly, when an appointment is cancelled, a trigger can update the appointment_status field, remove or adjust related medical records, and notify dependent systems. These automated updates reduce the risk of human error and ensure that the database maintains accurate and consistent information across all tables. In environments where multiple staff members interact with the system simultaneously, triggers help prevent data anomalies such as mismatched statuses, orphaned records, or inconsistent financial entries. Their ability to enforce synchronisation ensures reliable system behaviour even under high‑volume or multi‑user conditions [24]. 
Additionally, triggers enforce business rules that must be applied consistently across the database. Healthcare systems often require strict validation to ensure that clinical and financial data remains accurate and compliant with organisational policies. For example, a trigger can prevent deletion of patient records if related medical records, invoices, or treatment history entries exist, ensuring compliance with retention policies and preventing accidental loss of critical information. Another trigger may validate data before insertion, such as ensuring that appointment dates are not scheduled in the past or that treatment records reference valid medical appointments. By embedding these rules directly into the database, triggers ensure that data integrity is preserved regardless of how the system is accessed or which application layer performs the operation. This approach aligns with best practices in healthcare database design, where strict validation is essential for maintaining accurate clinical information and preventing unsafe or inconsistent data entry.
Triggers also support operational efficiency by automating backend processes that would otherwise require manual intervention. For example, when a new invoice is created, a trigger can automatically calculate due dates, apply default payment statuses, or generate related financial entries. When a medical record is inserted, a trigger can update treatment history or flag follow‑up appointments. These automated processes reduce administrative workload and ensure that the system behaves predictably across all workflows. In a healthcare environment where staff must focus on patient care, reducing manual data management is essential for improving efficiency and reducing operational risk [25].
Indexes 
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Indexes are essential performance‑enhancing structures within the MedAssist Clinic database, designed to optimise query execution and ensure efficient access to clinical, administrative, and financial data. In a healthcare environment where systems must respond quickly to staff queries, appointment lookups, medical record retrieval, and financial processing, indexing plays a vital role in maintaining responsiveness and supporting high‑volume workloads. Indexes work by creating fast‑lookup structures that allow the database engine to locate records without scanning entire tables, significantly reducing query time and improving overall system performance [26]. 
The MedAssist Clinic database uses a combination of single‑column and composite indexes to support common access patterns. For example, indexing appointment_date allows staff to quickly retrieve daily schedules, identify upcoming consultations, and generate departmental workload reports. Indexing patient_id in Medical Records and Treatment History ensures that clinicians can rapidly access a patient’s full clinical history, supporting safe and efficient care. Similarly, indexing employee_id enables fast retrieval of staff‑related data, such as appointments assigned to specific clinicians or performance metrics across departments [27]. 
Financial tables also benefit significantly from indexing. Indexing payment_status in the Invoices table allows administrators to quickly identify outstanding payments, generate financial summaries, and support auditing processes. Indexing invoice_id in Transactions ensures that payment records can be retrieved instantly, supporting reconciliation and compliance workflows. These indexes reduce the computational cost of financial queries, which is essential in environments where billing accuracy and speed are critical. 
Composite indexes further enhance performance by optimising multi‑column queries. For example, an index on (patient_id, appointment_date) supports queries that retrieve patient appointments in chronological order, while an index on (employee_id, department_id) supports staff allocation and departmental reporting. Composite indexes are particularly useful in healthcare systems where queries often involve filtering by multiple attributes simultaneously [28], [29].
Indexes also support the performance of JOIN operations, which are heavily used in the MedAssist Clinic database to combine clinical, administrative, and financial data. By indexing foreign key columns, JOIN operations execute more efficiently, reducing response times for complex queries such as retrieving full patient histories or generating financial reports [30]. 
Finally, indexing must be balanced with storage and maintenance considerations. While indexes improve read performance, they introduce overhead during INSERT and UPDATE operations. The MedAssist Clinic database uses indexing strategically to optimise frequently accessed data while avoiding unnecessary overhead on low‑usage fields. This balanced approach ensures that the system remains fast, scalable, and efficient across all workflows [31]. 
Constraints
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Constraints form one of the most critical components of the MedAssist Clinic database, ensuring that all clinical, administrative, and financial data adheres to strict rules that preserve accuracy, consistency, and reliability [32]. In a healthcare environment, where data integrity is essential for safe patient care and regulatory compliance, constraints act as the first line of defence against invalid, incomplete, or inconsistent information. The MedAssist Clinic schema uses a combination of primary keys, foreign keys, unique constraints, check constraints, and not‑null rules to enforce structural correctness across all tables. These constraints ensure that every record is uniquely identifiable, every relationship is valid, and every attribute contains appropriate values. Without constraints, the database would be vulnerable to data anomalies, broken relationships, and operational failures, making them indispensable for maintaining a robust clinical information system [33]. 

Primary key constraints guarantee that each record in a table is uniquely identifiable. For example, patient_id, employee_id, appointment_id, and invoice_id ensure that patients, staff, appointments, and financial documents can be referenced reliably across the system. This prevents duplication and supports efficient indexing and retrieval. Foreign key constraints reinforce relational integrity by ensuring that dependent records always reference valid parent entries. For instance, Appointments must reference existing Patients and Employees, Medical Records must reference valid Appointments, and Transactions must reference valid Invoices. These constraints prevent orphaned records and ensure that clinical and financial workflows remain logically connected. 

Not‑null constraints ensure that essential fields such as patient names, appointment dates, and invoice amounts are always populated. In a healthcare context, missing data can lead to clinical risk, billing errors, or compliance issues. Unique constraints further strengthen data quality by preventing duplication of critical attributes such as email addresses or contact numbers within the Employees and Patients tables. This ensures that communication channels remain accurate and prevents identity conflicts [34]. 

Check constraints enforce domain‑specific rules that ensure values fall within acceptable ranges. For example, appointment statuses are restricted to predefined categories such as “Scheduled,” “Completed,” or “Cancelled,” while payment statuses must align with financial workflows. These constraints prevent invalid entries and ensure consistent terminology across the database. In clinical tables, check constraints can ensure that dates are valid, such as preventing appointments from being scheduled in the past or ensuring that treatment dates follow appointment dates. 

Finally, constraints support compliance with healthcare regulations by ensuring that data remains accurate, traceable, and consistent across all operations. They reduce the risk of human error, enforce organisational policies, and ensure that the database behaves predictably under multi‑user conditions. In combination with triggers and stored procedures, constraints form a comprehensive integrity framework that protects the MedAssist Clinic database from corruption, inconsistency, and operational failure [35]. 
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Performance tuning is a critical aspect of database optimisation, ensuring that queries execute efficiently and the system remains responsive under heavy workloads. In the context of the MedAssist Clinic database, performance tuning is essential due to the large volume of patient records, appointments, medical histories, and financial transactions that healthcare systems typically manage. Without optimisation, slow queries can hinder clinical workflows, delay administrative processes, and negatively impact patient care. Performance tuning therefore plays a vital role in maintaining the reliability and usability of healthcare databases [36].
One of the most effective performance tuning techniques is indexing. Indexes allow the database to locate records quickly without scanning entire tables, significantly improving query execution time. In the MedAssist Clinic system, indexing frequently queried fields such as patient_id, doctor_id, appointment_date, and invoice_id would enhance performance for common operations such as retrieving patient histories or generating appointment schedules. Proper indexing is widely recognised as a foundational optimisation strategy in relational database systems, particularly those supporting time‑critical operations like healthcare [37].
Query optimisation is another essential component of performance tuning. Poorly structured queries can lead to unnecessary table scans, excessive joins, and inefficient use of system resources. By analysing query execution plans, developers can identify bottlenecks and restructure queries to improve performance. For example, simplifying joins, reducing subqueries, or applying appropriate filtering conditions can significantly reduce execution time. In healthcare environments, where clinicians rely on fast access to patient information, optimised queries are essential for supporting timely decision‑making and improving workflow efficiency [38].
Finally, performance tuning involves evaluating the database schema itself. Normalisation helps reduce redundancy and improve data integrity, but over‑normalisation can lead to excessive joins and slower queries. Striking the right balance between normalisation and performance is crucial for healthcare systems that require both accuracy and speed. Additionally, partitioning large tables, caching frequently accessed data, and adjusting server configurations can further enhance performance. These techniques ensure that the database remains scalable and capable of handling increasing workloads as the clinic grows. Performance tuning is therefore an ongoing process that supports long‑term system reliability and efficiency [39].
[bookmark: _Toc234581225]Conclusions and Reflection
The development of the MedAssist Clinic database highlights the importance of structured design, careful implementation, and thorough testing in creating reliable digital systems for healthcare environments. Through the use of DDL and DML operations, the project successfully models real‑world clinical workflows and validates the relationships between key entities such as patients, doctors, appointments, invoices, and medical records. This structured approach ensures that the database supports accurate data entry, efficient retrieval, and consistent behaviour across all operations. The project demonstrates how relational databases serve as the backbone of modern healthcare information systems, supporting both clinical and administrative tasks.
Developing the MedAssist Clinic database provided valuable insight into the full lifecycle of relational database design, from conceptual modelling through to physical implementation and optimisation. One of the key challenges involved ensuring that the database remained fully normalised while still supporting complex healthcare workflows, particularly when restructuring the Employees entity to replace the Doctors table. Additional difficulties arose when enforcing referential integrity and resolving foreign key conflicts during implementation, requiring careful debugging and schema refinement. Performance tuning also presented challenges, especially when optimising JOIN‑heavy queries across clinical and financial tables. These issues were overcome through iterative testing, the use of indexing strategies, and applying best practices from database design literature. Overall, the project strengthened my understanding of relational modelling, constraint enforcement, stored procedures, triggers, and performance optimisation, demonstrating how structured database engineering supports safe, efficient, and scalable healthcare operations.
Reflecting on the design process, the Entity Relationship Diagram (ERD) played a crucial role in shaping the database structure. By mapping out relationships and identifying key attributes, the ERD ensured that the database design aligned with real clinical workflows. This modelling process helped prevent data anomalies and supported the creation of a scalable and maintainable system. The experience reinforces the importance of conceptual modelling in database engineering, particularly in domains where data accuracy and integrity are essential. Healthcare systems rely heavily on well‑designed databases to support continuity of care and ensure reliable access to patient information.
The project also highlights opportunities for further enhancement through stored procedures, triggers, and performance tuning. Although not fully implemented, these advanced features represent important tools for improving automation, data integrity, and system efficiency. Stored procedures could streamline repetitive tasks, triggers could enforce business rules automatically, and performance tuning could ensure responsiveness under heavy workloads. Incorporating these features in future iterations would strengthen the system and align it more closely with industry standards for healthcare database management. This reflection underscores the iterative nature of database development and the importance of continuous improvement.
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CREATE TABLE ~appointments™ (
“appointment_id” int(11) NOT NULL,
“patient_id™ int(11) NOT NULL,
“appointment_date™ date DEFAULT NULL,
“appointment_time™ time DEFAULT NULL,
“appointment_reason” text DEFAULT NULL,
“appointment_status™ enum('Scheduled', 'Completed’, 'Cancelled’, 'No Show') DEFAULT 'Scheduled’,
“employee_id~ int(11) NOT NULL
) ENGINE=InnoDB DEFAULT CHARSET=utf8mb4 COLLATE=utf8mb4_general_ci;
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CREATE TABLE ~departments™ (
“department_id~ int(11) NOT NULL,
“department_name”~ varchar(100) NOT NULL,
“description® text DEFAULT NULL
) ENGINE=InnoDB DEFAULT CHARSET=utf8mb4 COLLATE=utf8mb4_general_ci;
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CREATE TABLE “employees™ (
“employee_id~ int(11) NOT NULL,
“department_id~ int(11) DEFAULT NULL,
“first_name” varchar(50) NOT NULL,
“last_name” varchar(50) NOT NULL,
“email” varchar(100) DEFAULT NULL,
"~ contact_number™ varchar(20) DEFAULT NULL,
“job_title® varchar(100) DEFAULT NULL,
“employee_status™ varchar(30) DEFAULT 'Active’,
“salary” decimal(10,2) DEFAULT NULL

) ENGINE=InnoDB DEFAULT CHARSET=utf8mb4 COLLATE=utf8mb4_general_ci;
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CREATE TABLE ~insurance_claims™ (

“claim_id> int(11) NOT NULL,

“invoice_id> int(11) DEFAULT NULL,

“insurance_provider™ varchar(100) DEFAULT NULL,

“policy_number” varchar(100) DEFAULT NULL,

“amount_claimed” decimal(10,2) DEFAULT NULL,

“claim_status™ enum('Submitted', 'Under Review', 'Approved’', 'Rejected') DEFAULT 'Submitted’
) ENGINE=InnoDB DEFAULT CHARSET=utf8mb4 COLLATE=utf8mb4_general_ci;
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CREATE TABLE ~invoices™ (
“invoice_id” int(11) NOT NULL,
“patient_id® int(11) DEFAULT NULL,
“appointment_id™ int(11) DEFAULT NULL,
“total_amount™ decimal(10,2) DEFAULT NULL,
“payment_status™ enum('Pending', 'Paid’, 'Partially Paid', 'Overdue') DEFAULT 'Pending’,
“issue_date™ date DEFAULT NULL,
“due_date™ date DEFAULT NULL
) ENGINE=InnoDB DEFAULT CHARSET=utf8mb4 COLLATE=utf8mb4_general_ci;
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CREATE TABLE “medical_records™ (
“record_id~ int(11) NOT NULL,
“patient_id~ int(11) DEFAULT NULL,
“appointment_id™ int(11) DEFAULT NULL,
“visit_date” date DEFAULT NULL,
“symptoms™ text DEFAULT NULL,
“diagnosis” text DEFAULT NULL,
“treatment® text DEFAULT NULL,

“notes”™ text DEFAULT NULL,
“employee_id~ int(11) NOT NULL
) ENGINE=InnoDB DEFAULT CHARSET=utf8mb4 COLLATE=utf8mb4_general_ci;
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CREATE TABLE ~patients™ (
“patient_id> int(11) NOT NULL,
“first_name™ varchar(50) DEFAULT NULL,
“last_name” varchar(50) DEFAULT NULL,
“gender™ enum('Male’, 'Female', 'Other') DEFAULT NULL,
“date_of_birth™ date DEFAULT NULL,
“email” varchar(100) DEFAULT NULL,
“address” varchar(255) DEFAULT NULL,
"~ contact_number™ varchar(20) DEFAULT NULL,
“registration_date™ date DEFAULT curdate()
) ENGINE=InnoDB DEFAULT CHARSET=utf8mb4 COLLATE=utf8mb4_general_ci;
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CREATE TABLE ~patient_feedback™ (
"~ feedback_id™ int(11) NOT NULL,
“patient_id> int(11) DEFAULT NULL,
“rating” int(11) DEFAULT NULL,
“review™ text DEFAULT NULL,
"~ feedback_date™ date DEFAULT curdate(),
“employee_id~ int(11) NOT NULL
) ENGINE=InnoDB DEFAULT CHARSET=utf8mb4 COLLATE=utf8mb4_general_ci;
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CREATE TABLE ~transactions™ (

“transaction_id” int(11) NOT NULL,

“invoice_id® int(11) DEFAULT NULL,

“transaction_date” datetime DEFAULT current_timestamp(),

“amount™ decimal(1@,2) DEFAULT NULL,

"~ payment_method™ varchar(50) DEFAULT NULL,

“transaction_status™ enum('Successful’, 'Pending', 'Failed’, 'Refunded') DEFAULT 'Pending’
) ENGINE=InnoDB DEFAULT CHARSET=utf8mb4 COLLATE=utf8mb4_general_ci;
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CREATE TABLE ~treatment_history™ (
“treatment_id”~ int(11) NOT NULL,
“patient_id> int(11) DEFAULT NULL,
“record_id> int(11) DEFAULT NULL,
“treatment_name™ varchar(150) DEFAULT NULL,
“treatment_description” text DEFAULT NULL,
“treatment_date® date DEFAULT NULL,
“outcome™ varchar(100) DEFAULT NULL,
“employee_id~ int(11) NOT NULL
) ENGINE=InnoDB DEFAULT CHARSET=utf8mb4 COLLATE=utf8mb4_general_ci;
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INSERT INTO ~appointments™ (" appointment_id™, ~patient_id™, ~appointment_date™, ~appointment_time , ~appointment_reason™, ~appointment_status™, ~employee_id™ ) VALUES

(1, 1, '2025-01-10', '@9:00:00', 'Chest Pain', 'Completed', 1),

(2, 2, '2025-01-11"', '10:00:00', 'Headaches', 'Completed', 1),

(3, 3, '2025-01-12", '11:00:00', 'Child Checkup', 'Completed’', 1),

(4, 4, '2025-01-13"', '12:00:00', 'Minor Injury', 'Completed’, 1),

(5, 5, '2025-01-14"', '09:30:00', 'General Consultation', 'Completed', 1),
(6, 6, '2025-01-15"', '10:30:00', 'Heart Monitoring', 'Scheduled’, 1),

(7, 7, '2025-01-16"', '11:30:00', 'Neurological Assessment', 'Completed', 1),
(8, 8, '2025-01-17', '13:00:00', 'Vaccination', 'Completed’, 1),

(9, 9, '2025-01-18"', '14:00:00', 'Emergency Follow-up', 'Completed', 1),

(10, 10, '2025-01-19', '15:00:00', 'Annual Checkup', 'Completed’, 1),

(11, 1, '2025-02-01', '09:00:00', 'Follow-up', 'Scheduled', 1),

(12, 2, '2025-02-02', '10:00:00', 'Migraine Review', 'Scheduled’, 1),
(13, 3, '2025-02-03', '11:00:00', 'Child Development', 'Scheduled', 1),
(14, 4, '2025-02-04', '12:00:00', 'Emergency Review', 'Scheduled', 1),
(15, 5, '2025-02-05', '13:00:00', 'Blood Pressure', 'Scheduled', 1),
(16, 6, '2025-02-06', '14:00:00', 'Cardiology Review', 'Scheduled', 1),
(17, 7, '2025-02-07', '15:00:00', 'Neurology Review', 'Scheduled', 1),
(18, 8, '2025-02-08', '09:30:00', 'Routine Check', 'Scheduled', 1),
(19, 9, '2025-02-09', '10:30:00', 'Accident Recovery', 'Scheduled', 1),

(20, 10, '2025-02-10', '11:30:00', 'Health Screening', 'Scheduled', 1),
(22, 1, '2027-01-01', '10:00:00', 'follow_up_consultant', "', 1);
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INSERT INTO ~departments™ (" department_id , ~department_name, “description’) VALUES
(1, 'Cardiology', 'Heart treatments'),

(2, 'Neurology', 'Brain and nervous system'),

(3, 'Pediatrics', 'Child healthcare'),

(4, 'Emergency', 'Emergency care'),

(5, 'General Practice', 'Routine healthcare');
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INSERT INTO ~employees™ ( employee_id , ~department_id , ~first_name, ~last_name’, “email”, ~contact_number”, ~job_title , “employee_status™, ~salary’ ) VALUES

(1, 1, 'James', 'Wilson', 'j.wilson@medassist.co.uk', '©7111111111', 'Cardiology Consultant', 'Active', 85000.00),
(2, 2, 'Sarah', 'Mitchell', 's.mitchell@medassist.co.uk', '©7111111112', ‘'Neurologist', 'Active', 83000.00),

(3, 3, 'David', 'Roberts', 'd.roberts@medassist.co.uk', '©7111111113', ‘'Paediatrician', 'Active', 81000.00),

(4, 4, 'Emma', 'Taylor', 'e.taylor@medassist.co.uk', '07111111114', 'Emergency Doctor', 'Active', 82000.00),

(5, 5, 'Michael', 'Brown', 'm.brown@medassist.co.uk', '©7111111115', 'GP', 'Active', 78000.00),

(6, 1, 'Olivia', 'Harris', 'o.harris@medassist.co.uk', '07111111116', 'Cardiology Specialist', 'Active', 80000.00),
(7, 2, 'Daniel', 'Clark', 'd.clark@medassist.co.uk', '07111111117', 'Neurology Consultant', 'Active', 84000.00),

(8, 3, 'Sophia', 'Lewis', 's.lewis@medassist.co.uk', '©07111111118', 'Child Specialist', 'Active', 79000.00),

(9, 4, 'Benjamin', 'Walker', 'b.walker@medassist.co.uk', '07111111119', 'Emergency Consultant', 'Active', 86000.00),

(10, 5, 'Charlotte', 'Hall', 'c.hall@medassist.co.uk', '©7111111120', 'GP Partner', 'Active', 82000.00);
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INSERT INTO ~insurance_claims™ (" claim_id", “invoice_id , ~insurance_provider , ~policy_number”, ~amount_claimed, ~claim_status™) VALUES

(1, 1, 'Bupa', 'POL1@01', 150.00, 'Approved'),

(2, 2, 'AXA', 'POL10@2', 120.00, 'Approved'),

(3, 3, 'Aviva', 'POL10@3', 90.00, 'Approved'),

(4, 4, 'vitality', 'POL1004', 200.00, 'Approved'),
(5, 5, 'Bupa', 'POL1@05', 110.00, 'Approved'),

(6, 6, '"AXA', 'POL1006', 180.00, 'Under Review'),
(7, 7, 'Aviva', 'POL1007', 140.00, 'Approved'),
(8, 8, 'vitality', 'POL1008', 80.00, 'Approved'),
(9, 9, 'Bupa', 'POL100@9', 220.00, 'Approved'),

(10, 10, 'AXA', 'POL1010', 100.00, 'Submitted');
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INSERT INTO ~invoices™ (" invoice_id™, ~patient_id™, ~appointment_id , “total_amount™, ~payment_status™, “issue_date™, “due_date ) VALUES
(1, 1, 1, 150.00, 'Paid', '2025-01-10', '2025-01-24'),

(2, 2, 2, 120.00, 'Paid', '2025-01-11', '2025-01-25'),
(3, 3, 3, 90.00, 'Paid’', '2025-01-12', '2025-01-26'),
(4, 4, 4, 200.00, 'Paid', '2025-01-13', '2025-01-27'),
(5, 5, 5, 110.00, 'Paid', '2025-01-14', '2025-01-28'),
(6, 6, 6, 180.00, 'Paid', '2025-01-15', '2025-01-29'),
(7, 7, 7, 140.00, 'Paid', '2025-01-16', '2025-01-30'),
(8, 8, 8, 80.00, 'Paid’', '2025-01-17', '2025-01-31'),
(9, 9, 9, 220.00, 'Paid', '2025-01-18', '2025-02-01'),

(10, 10, 10, 100.00, 'Paid', '2025-01-19', '2025-02-02'),
(11, 1, 1, 2.00, 'Paid’', '2026-06-15', '2026-06-15"');
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INSERT INTO “medical_records™ ("record_id , ~patient_id , ~appointment_id , “visit_date’, ~symptoms™, ~diagnosis”, ~treatment™, “notes™, ~employee_id ) VALUES
(1, 1, 1, '2025-01-10', 'Chest Pain', 'Mild Angina', 'Medication', 'Monitor monthly', 1),

(2, 2, 2, '2025-01-11', 'Headaches', 'Migraine', 'Pain Relief', 'Review in 6 weeks', 1),

(3, 3, 3, '2025-01-12', 'Routine Check', 'Healthy', 'None', 'Normal development', 1),

(4, 4, 4, '2025-01-13', 'Bruising', 'Minor Injury', 'Rest', 'No complications', 1),

(5, 5, 5, '2025-01-14', 'Fatigue', 'High Blood Pressure', 'Medication', 'Lifestyle changes', 1),
(6, 6, 6, '2025-01-15', 'Palpitations', 'Arrhythmia‘', 'Medication', 'Further testing', 1),

(7, 7, 7, '2025-01-16', 'Dizziness', 'Vertigo', 'Medication', 'Review required', 1),

(8, 8, 8, '2025-01-17', 'Vaccination', 'Healthy', 'Vaccination Given', 'No concerns', 1),

(9, 9, 9, '2025-01-18', 'Pain', 'Recovery Progress', 'Physiotherapy', 'Improving', 1),

(10, 10, 10, '2025-01-19', 'Routine Check', 'Healthy', 'None', 'Excellent health', 1);




image21.png
INSERT INTO ~patients™ (" patient_id , ~first_name™, ~last_name’, “gender’, “date_of_birth’, “email”, ~address™, ~contact_number , “registration_date’) VALUES
(1, 'John', 'Smith', 'Male', '1985-04-12', 'john@email.com', 'Birmingham', '07222222221', '2026-06-12'),

(2, 'Emily', 'Johnson', 'Female', '1992-07-23', 'emily@email.com', ‘'Solihull', '©7222222222', '2026-06-12'),

(3, 'William', 'Davis', 'Male', '1978-09-15', 'william@email.com', 'Coventry', '07222222223', '2026-06-12'),

(4, 'Jessica', 'Moore', 'Female', '1995-11-08', 'jessica@email.com', 'Birmingham’', '07222222224', '2026-06-12'),
(5, 'Thomas', 'White', 'Male', '1989-03-17', 'thomas@email.com', 'Wolverhampton', '©7222222225', '2026-06-12'),
(6, 'Sophie', 'Martin', 'Female', '2001-01-29', 'sophie@email.com', 'Solihull', '©7222222226', '2026-06-12'),
(7, 'George', 'Thompson', 'Male', '1983-06-10', 'george@email.com', 'Coventry', '©7222222227', '2026-06-12'),
(8, 'Mia', 'Anderson', 'Female', '1998-12-05', 'mia@email.com', 'Birmingham', '©7222222228', '2026-06-12'),

(9, 'Harry', 'Jackson', 'Male', '1975-08-19', 'harry@email.com', 'Dudley', '07222222229', '2026-06-12'),

(10, 'Grace', 'Young', 'Female', '1990-02-14', ‘'grace@email.com', 'Solihull', '©7222222230', '2026-06-12');
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INSERT INTO ~patient_feedback™ (" feedback_id™, ~patient_id™, “rating , “review , ~feedback_date’, ~employee_id ) VALUES

(1, 1, 5, 'Excellent care and support.', '2026-06-12", 1),

(2, 2, 4, 'Very professional service.', '2026-06-12', 1),

(3, 3, 5, 'Doctor was fantastic with my child.', '2026-06-12', 1),

(4, 4, 4, 'Quick emergency treatment.', '2026-06-12', 1),

(5, 5, 5, 'Helpful and knowledgeable GP.', '2026-06-12', 1),

(6, 6, 4, 'Good communication throughout treatment.', '2026-06-12', 1),
(7, 7, 5, 'Highly recommended specialist.', '2026-06-12', 1),

(8, 8, 5, 'Very caring and attentive.', '2026-06-12', 1),

(9, 9, 4, 'Efficient treatment and follow-up.', '2026-06-12', 1),

(10, 10, 5, 'Excellent overall experience.', '2026-06-12', 1);
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'2026-06-12 12:25:48",
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150.00, 'Card', 'Successful'),

120.00, 'Cash', 'Successful'),

90.00, 'Card', 'Successful'),

200.00, 'Bank Transfer', 'Successful'),
110.00, 'Card', 'Successful'),

180.00, 'Cash', 'Successful'),

140.00, 'Card', 'Successful'),

80.00, 'Card', 'Successful'),

220.00, 'Bank Transfer', 'Successful'),
100.00, 'Cash', 'Successful'),

2.00, 'Card', 'Successful');

Tamount”,

“payment_method”,

“transaction_status™) VALUES
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INSERT INTO ~treatment_history™ (" treatment_id , “patient_id™, “record_id , ~treatment_name , ~treatment_description”, ~treatment_date’, ~outcome™, ~employee_id ) VALUES
(1, 1, 1, 'Angina Medication', 'Prescribed beta blockers', '2025-01-10', 'Improved', 1),

(2, 2, 2, 'Migraine Treatment', 'Pain management plan', '2025-01-11', 'Improved', 1),

(3, 3, 3, 'Health Assessment', 'Routine child examination®', '2025-01-12', 'Successful', 1),
(4, 4, 4, 'Injury Care', 'Bandaging and advice', '2025-01-13', 'Recovered', 1),

(5, 5, 5, 'Blood Pressure Treatment', 'Medication prescribed', '2025-01-14', 'Improved', 1),
(6, 6, 6, 'Heart Monitoring', 'ECG monitoring', '2025-01-15', 'Stable', 1),

(7, 7, 7, 'Vertigo Treatment', 'Medication therapy', '2025-01-16', 'Improved', 1),

(8, 8, 8, 'Vaccination Program', 'Routine immunisation', '2025-01-17', 'Completed', 1),

(9, 9, 9, 'Physiotherapy', 'Recovery programme', '2025-01-18', 'Improved', 1),

(10, 10, 10, 'Health Screening', 'Preventative assessment', '2025-01-19', 'Healthy', 1);
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DELIMITER $$

-- Procedures

CREATE DEFINER="root @ localhost”

INSERT INTO appointments

(

)

patient_id,
doctor_id,
appointment_date,
appointment_time,
appointment_reason,
appointment_status

VALUES

(

)5
END$$

p_patient_id,
p_doctor_id,
p_date,
p_time,
p_reason,
'Scheduled"’

PROCEDURE ~AddAppointment™ (IN ~p_patient_id™ INT, IN “p_doctor_id™ INT, IN “p_date’ DATE, IN “p_time  TIME, IN " p_reason TEXT)

BEGIN
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CREATE DEFINER="root @ localhost™ PROCEDURE ~AppointmentStatistics™ () BEGIN
SELECT
appointment_status,
COUNT(*) AS TotalAppointments
FROM appointments
GROUP BY appointment_status;
END$$

CREATE DEFINER="root @ localhost™ PROCEDURE " GetAllPatients™ () BEGIN
SELECT * FROM patients
ORDER BY patient_id;

END$$

CREATE DEFINER="root @ localhost™ PROCEDURE " GetDoctorAppointments™ (IN “p_doctor_id™ INT) BEGIN
SELECT *
FROM appointments
WHERE doctor_id = p_doctor_id
ORDER BY appointment_date;
END$$
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CREATE DEFINER="root @ localhost™ PROCEDURE ~GetMedicalRecords™ (IN " p_patient_id"~ INT) BEGIN
SELECT *
FROM medical_records
WHERE patient_id = p_patient_id;

END$$

CREATE DEFINER="root @ localhost™ PROCEDURE "GetPatientAppointments™ (IN " p_patient_id"~ INT) BEGIN
SELECT *
FROM appointments
WHERE patient_id = p_patient_id
ORDER BY appointment_date, appointment_time;
END$$

CREATE DEFINER="root @ localhost™ PROCEDURE ~GetPatientInvoices™ (IN " p_patient_id"~ INT) BEGIN
SELECT *
FROM invoices
WHERE patient_id = p_patient_id;

END$$

CREATE DEFINER="root @ localhost™ PROCEDURE ~GetTreatmentHistory ™ (IN "p_patient_id~ INT) BEGIN
SELECT *
FROM treatment_history
WHERE patient_id = p_patient_id
ORDER BY treatment_date DESC;
END$$

CREATE DEFINER="root @ localhost™ PROCEDURE ~SearchPatientBySurname™ (IN " p_surname  VARCHAR(100))  BEGIN
SELECT *
FROM patients
WHERE last_name LIKE CONCAT('%', p_surname, '%');

END$$
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CREATE DEFINER="root @ localhost™ PROCEDURE ~sp_create_appointment_transaction™ (IN ~p_patient_id~ INT, IN ~p_employee_id~ INT, IN "p_date™ DATE, IN “p_time  TIME, IN "p_reason™ TEXT) BEGIN
DECLARE exit handler FOR SQLEXCEPTION
BEGIN
ROLLBACK;

SIGNAL SQLSTATE '45000°'
SET MESSAGE_TEXT = 'Transaction failed. All changes rolled back.';

END;
START TRANSACTION;

INSERT INTO appointments (patient_id, employee_id, appointment_date, appointment_time, appointment_reason, appointment_status)
VALUES (p_patient_id, p_employee_id, p_date, p_time, p_reason, 'Scheduled');

COMMIT;
END$$

CREATE DEFINER="root @ localhost™ PROCEDURE ~UpdateAppointmentStatus™ (IN ~p_appointment_id~ INT, IN ~p_status™ VARCHAR(20)) BEGIN
UPDATE appointments
SET appointment_status = p_status
WHERE appointment_id = p_appointment_id;

END$$

DELIMITER ;
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DELIMITER $$

CREATE PROCEDURE sp_process_payment (
IN p_patient_id INT,
IN p_appointment_id INT,
IN p_amount DECIMAL(10,2),
IN p_method VARCHAR(50)

)
BEGIN

DECLARE v_invoice_id INT;

DECLARE exit handler FOR SQLEXCEPTION
BEGIN

ROLLBACK;

SIGNAL SQLSTATE '45000°'

SET MESSAGE_TEXT = 'Payment failed. All operations rolled back.';
END;

START TRANSACTION;

INSERT INTO invoices (patient_id, appointment_id, total_amount, payment_status, issue_date, due_date)
VALUES (p_patient_id, p_appointment_id, p_amount, 'Pending', CURDATE(), CURDATE());

SET v_invoice_id = LAST_INSERT_ID();

INSERT INTO transactions (invoice_id, amount, payment_method, transaction_status)
VALUES (v_invoice_id, p_amount, p_method, 'Successful');

UPDATE invoices
SET payment_status = 'Paid’

WHERE invoice_id = v_invoice_id;

COMMIT;
END$$

DELIMITER ;
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DELIMITER $$
CREATE TRIGGER " trg_CheckAppointmentDate™ BEFORE INSERT ON ~appointments™ FOR EACH ROW BEGIN
IF NEW.appointment_date < CURDATE() THEN
SIGNAL SQLSTATE '45000°'
SET MESSAGE_TEXT = 'Appointment date cannot be in the past’;
END IF;
END
$$
DELIMITER ;
DELIMITER $$
CREATE TRIGGER " trg_DefaultAppointmentStatus®™ BEFORE INSERT ON ~appointments™ FOR EACH ROW BEGIN
IF NEW.appointment_status IS NULL THEN
SET NEW.appointment_status='Scheduled’;
END IF;
END

$$
DELIMITER ;
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-- Triggers “invoices’

DELIMITER $$
CREATE TRIGGER ~trg_DefaultInvoiceStatus™ BEFORE INSERT ON “invoices™ FOR EACH ROW BEGIN

IF NEW.payment_status IS NULL THEN
SET NEW.payment_status="Pending';
END IF;
END

$$
DELIMITER ;
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DELIMITER $$

CREATE TRIGGER trg_medical_records_audit
AFTER UPDATE ON medical_records

FOR EACH ROW

BEGIN

INSERT INTO audit_log (table_name, record_id, action_type, action_timestamp)

VALUES ('medical_records', NEW.record_id, 'UPDATE', NOW());
END$$

DELIMITER :




image44.png
DELIMITER $$

CREATE TRIGGER trg_prevent_appointment_delete
BEFORE DELETE ON appointments
FOR EACH ROW
BEGIN
IF EXISTS (SELECT 1 FROM invoices WHERE appointment_id = OLD.appointment_id) THEN
SIGNAL SQLSTATE '45000°'
SET MESSAGE_TEXT = 'Cannot delete appointment with existing invoice.’;
END IF;
END$$

DELIMITER ;
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-- Indexes for table "appointments”

ALTER TABLE ~appointments”
ADD PRIMARY KEY (" appointment_id™),
ADD KEY ~patient_id~ (" patient_id ),
ADD KEY ~idx_appointment_date™ (" appointment_date’),
ADD KEY ~idx_appointment_status™ (" appointment_status™),
ADD KEY ~fk_appointments_employee™ (" employee_id );

-- Indexes for table ~departments”

ALTER TABLE ~departments”
ADD PRIMARY KEY (" department_id ),
ADD UNIQUE KEY "department_name™ (" department_name™);

-- Indexes for table "employees”

ALTER TABLE ~employees”
ADD PRIMARY KEY (" employee_id ),
ADD UNIQUE KEY ~email® (“email’),
ADD KEY ~department_id™~ (" department_id’ ),
ADD KEY ~idx_employee_lastname™ (" last_name’);

-- Indexes for table “insurance_claims”

ALTER TABLE ~insurance_claims”
ADD PRIMARY KEY (" claim_id),
ADD KEY “invoice_id™ (" invoice_id’);
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-- Indexes for table “medical_records”
ALTER TABLE “medical_records”
ADD PRIMARY KEY (" record_id"),
ADD KEY ~patient_id~ (" patient_id ),
ADD KEY ~appointment_id~ (" appointment_id™);

-- Indexes for table ~patients”

ALTER TABLE ~patients”
ADD PRIMARY KEY (" patient_id"),
ADD KEY ~idx_patient_lastname™ (" last_name”),
ADD KEY ~idx_patient_email™ (" email’),
ADD KEY ~idx_patient_contact™ (" contact_number™);

-- Indexes for table ~patient_feedback™

ALTER TABLE ~patient_feedback™
ADD PRIMARY KEY (" feedback_id"),
ADD KEY ~patient_id~ (" patient_id ),
ADD KEY ~idx_feedback_rating™ (" rating’);

-- Indexes for table "transactions”

ALTER TABLE "transactions”
ADD PRIMARY KEY (" transaction_id™),
ADD KEY ~invoice_id™ (" invoice_id’),
ADD KEY ~idx_transaction_date™ (" transaction_date’);

-- Indexes for table ~treatment_history”

ALTER TABLE ~treatment_history"
ADD PRIMARY KEY (" treatment_id ),
ADD KEY ~patient_id~ (" patient_id ),
ADD KEY “record_id~ (" record_id );
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-- AUTO_INCREMENT for table ~appointments”

ALTER TABLE ~appointments”
MODIFY ~appointment_id™ int(11) NOT NULL AUTO_INCREMENT, AUTO_INCREMENT=23;

-- AUTO_INCREMENT for table ~departments”

ALTER TABLE ~departments”
MODIFY ~department_id™~ int(11) NOT NULL AUTO_INCREMENT, AUTO_INCREMENT=6;

-- AUTO_INCREMENT for table "~employees”

ALTER TABLE ~employees”
MODIFY ~employee_id™ int(11) NOT NULL AUTO_INCREMENT, AUTO_INCREMENT=11;

-- AUTO_INCREMENT for table "“insurance_claims”

ALTER TABLE ~insurance_claims”
MODIFY ~claim_id”~ int(11) NOT NULL AUTO_INCREMENT, AUTO_INCREMENT=11;

-- AUTO_INCREMENT for table "“invoices”

ALTER TABLE ~invoices™
MODIFY ~invoice_id~ int(11) NOT NULL AUTO_INCREMENT, AUTO_INCREMENT=13;

-- AUTO_INCREMENT for table “medical_records”

ALTER TABLE “medical_records”
MODIFY “record_id™ int(11) NOT NULL AUTO_INCREMENT, AUTO_INCREMENT=11;

-- AUTO_INCREMENT for table "patients”

ALTER TABLE ~patients”
MODIFY ~patient_id™~ int(11) NOT NULL AUTO_INCREMENT, AUTO_INCREMENT=11;
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-- AUTO_INCREMENT for table "patient_feedback™

ALTER TABLE ~patient_feedback™
MODIFY ~feedback_id™ int(11) NOT NULL AUTO_INCREMENT, AUTO_INCREMENT=11;

-- AUTO_INCREMENT for table "transactions”

ALTER TABLE ~transactions”
MODIFY ~transaction_id™ int(11) NOT NULL AUTO_INCREMENT, AUTO_INCREMENT=13;

-- AUTO_INCREMENT for table ~treatment_history"

ALTER TABLE "~ treatment_history"
MODIFY ~treatment_id~ int(11) NOT NULL AUTO_INCREMENT, AUTO_INCREMENT=11;
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-- Constraints for table ~appointments”

ALTER TABLE ~appointments
ADD CONSTRAINT ~appointments_ibfk_ 1~ FOREIGN KEY (" patient_id™) REFERENCES ~patients™ (" patient_id’),
ADD CONSTRAINT " fk_appointments_employee™ FOREIGN KEY (" employee_id™) REFERENCES ~employees™ ( employee_id ) ON UPDATE

-- Constraints for table ~employees’

ALTER TABLE ~employees”
ADD CONSTRAINT ~employees_ibfk_1" FOREIGN KEY (" department_id™) REFERENCES ~departments” (" department_id™);

-- Constraints for table “insurance_claims”
ALTER TABLE " insurance_claims”
ADD CONSTRAINT ~insurance_claims_ibfk_1" FOREIGN KEY (" invoice_id>) REFERENCES ~invoices™ (" invoice_id );

-- Constraints for table “invoices”

ALTER TABLE "invoices®
ADD CONSTRAINT “invoices_ibfk_1° FOREIGN KEY (" patient_id ) REFERENCES  patients’ (" patient_id"),
ADD CONSTRAINT ~invoices_ibfk_2~ FOREIGN KEY ( appointment_id™) REFERENCES ~appointments™ (" appointment_id™);

-- Constraints for table “medical_records”

ALTER TABLE “medical_records”
ADD CONSTRAINT ~medical_records_ibfk_1" FOREIGN KEY (" patient_id) REFERENCES ~patients”™ (" patient_id’),
ADD CONSTRAINT ~medical_records_ibfk_3" FOREIGN KEY (" appointment_id™) REFERENCES ~appointments™ (" appointment_id’);

-- Constraints for table ~patient_feedback™

ALTER TABLE ~patient_feedback™
ADD CONSTRAINT ~patient_feedback_ibfk_1° FOREIGN KEY (" patient_id™) REFERENCES ~patients™ (" patient_id );

CASCADE;;
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-- Constraints for table "“transactions”

ALTER TABLE "transactions”
ADD CONSTRAINT ~transactions_ibfk_ 1" FOREIGN KEY (" invoice_id~) REFERENCES ~invoices™ (" invoice_id™);

-- Constraints for table "treatment_history”

ALTER TABLE "~ treatment_history"
ADD CONSTRAINT " treatment_history_ibfk_1" FOREIGN KEY (" patient_id~) REFERENCES ~patients”™ (" patient_id’),
ADD CONSTRAINT ~treatment_history_ibfk_3"~ FOREIGN KEY (" record_id™) REFERENCES “medical_records™ (" record_id );

COMMIT;
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