1. Abstract
Swansea Art Emporium is a popular gallery with a long history that is driving the digital online art market. Digital platforms for searching, commissioning, and purchasing art are being developed to connect artists and art lovers.

2. Database Design
2.1 Database Requirements
DBMS (database management system) is mainly classified by data storage format. Relational databases are currently the most popular type of database and use two-dimensional tables composed of rows and columns to store and retrieve data. Relational databases offer high flexibility and precision[1]. Choose a relational database model to build a database using the Postgresql relational database model.
Creating a database for Swansea Art Emporium's online platform will be of great assistance to the electronic processes of the art industry. Through the Swansea Art Emporium, artists can showcase their work to potential clients and accept commissions from customers. Specifically, according to different roles, the database requirements are:
Artists: Artists can register on the Swansea Art Emporium digital online art platform, upload artworks, accept commissions from customers, and create artworks to showcase their talents and attract more customers.
Customers: Customers first register an account, and then can view, search and purchase their favorite works, and commission their favorite artists to create artwork according to their preferences.
Order: The order transaction function provides customers with detailed order information and view historical orders, and provides artists with sales information, allowing them to understand customer preferences and promote efficient transactions.
Commission: The customer sends a commission to the artist he likes and provides requirements and budget. After accepting the commission, the artist can create according to the requirements.
Feedback: Customers can provide feedback on purchased art and the overall shopping experience, providing a reference for other customers and artists who want to buy a specific art, promoting communication between customers, and encouraging artists to provide better services. 
In addition, database administrators must perform a range of tasks such as creating stored procedures and functions, transaction operations, establishing triggers, and adding indexes to improve query performance[2]. Through this database system, Swansea Art Emporium will be able to effectively manage business processes, provide a great user experience, and enable a digital online art market.
2.2 Entity relationship diagram
Conceptual design is the process of taking user requirements and turning them into a particular graphical data model that uses a graphical representation to represent the data requirements[3]. The most widely used modeling technique in relational databases is entity-relationship modeling, which graphically represents relationships between data. The ER Diagram of this database is shown in Figure 1 Entity Relation Diagram.
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2.3 Database Information Fields
In relational database design, normalization exceptions can occur when there are transitive function dependencies. A transitive functional dependency means that one attribute is functionally dependent on another attribute through another attribute. The third normalization form (3NF) is a database relation that guarantees that no attribute has a transitive functional dependency on the primary key[4]. Accordingly, every non-key attribute must be totally dependent on the primary key, and the third form of normalization already provides an optimal table structure.
A 3NF-compliant database design is:
The artist table contains the artist's name and email address. Artist_id is the primary key and is related to the artwork table through a foreign key.
The artwork table describes artwork available for sale, including title, description, price, and other information. This is related to the artist table via a foreign key and also related to the category table. Of these, title and description length must be greater than 0, inventory quantity must be greater than 0, and art price must also be greater than 0.
The category table contains the names of different artwork categories, and category_id is the primary key. Associated with the artwork table via a foreign key. The customer table contains the customer's name and email address, and customer_id is the primary key. Associated with the orders table via a foreign key.
The orders table represents a customer's purchase transactions, including order_id and total_price. Associated with the customer table via a foreign key. Of these, total_price is greater than or equal to 0.
The Commission table is used to store information about customized artwork commissioned by a customer, such as commission_id, customer_id, artist_id, description, and budget. Commission_id is the primary key and is related to the Customer and Artist tables through foreign keys. Of these, the description length must be greater than 0, and the budget amount must also be greater than 0.
The feedback table contains customer feedback about the purchased art, including feedback_id, feedback_text, and rating. By associating the feedback table with the customer and artwork tables, the system can associate customer feedback and ratings with specific customers and artwork. Among these, the evaluation value is in a closed interval from 1 to 5.
In this design, each table has a well-defined primary key, all non-primary attributes become fully dependent on the primary key, and foreign keys are used to establish relationships between tables. There is no problem with transitive dependencies because each table has attributes directly related to the primary key. The tables are cleanly separated and each table contains information about a topic. Based on Swansea Art Emporium's business, the database structure is designed with 3NF principles in mind to ensure data consistency and integrity and avoid redundancy.
Check constraints are used to restrict the range of values within a column [5]. The primary key of each table is not empty by default. Apply check constraints to the artwork table to ensure that the price is greater than or equal to 0 and that artwork_id, title, and description are not empty. Apply check constraints on the orders table to ensure total_price is greater than or equal to 0 and customer_id and artwork_id are not empty. In the commission table, apply a check constraint to ensure customer_id and Artist_id are not null. In the feedback form, check constraints are applied to ensure that the evaluation is in the closed range [1,5] and that the artwork_id is not empty.

3. Transaction Management
Database operations such as rollback, commit, and transaction are critical to the business process of art commissioning and procurement. A transaction is a logical unit of work consisting of a series of statements. Typically, one or more statements are encapsulated to complete a specific operation. Business logic forms a relatively independent unit of work. Database transactions include four important properties, collectively known as ACID (Atomicity, Consistency, Isolation, and Durability)[6]. This ensures that the work of commissioning, creating, and purchasing art is not partially completed or interrupted. Transactions allow to better control concurrent access by multiple users, prevent data conflicts and confusion, and ensure data consistency. System rollback and commit operations are the central mechanism for achieving this goal.
Commit refers to permanently saving all operations performed on a database to the database, ensuring the reliability and consistency of the database. The success of the entire business process depends on this transaction and transmission mechanism that ensures the integrity and reliability of database operations[7]. In actual operation, transactions and postings form the basis of database management and ensure the normal operation of the art market.
Rollback refers to undoing all operations on a database, using rollback segments to save the unaltered data, and recording changes to the data through redo logs[8]. Suppose a customer encounters problems such as incorrect request information, insufficient budget, cancellation of the commission by the artist, incorrect order information, etc. when commissioning an artist to create art or purchasing a work, or the balance is insufficient to purchase. At this point, the entire transaction is rolled back to the starting point and all previous operations are cancelled. Collect commissions received by artists and create works. Rollback allows the system to quickly roll back to its initial stable state, avoiding the consequences of incorrect operations and ensuring the reliability of the entire business process. At the same time, the system identifies these potential problems and notifies users, providing effective system and user interaction methods to resolve errors and improve system resilience and user experience.
In a database environment with many users, it is important to set transaction isolation levels to avoid data inconsistencies. Different isolation levels introduce dirty reads, phantom reads, non-repeatable reads, and other related issues, so the choices must be weighed[9].

4. Performance Tuning
By adding appropriate indexes and optimizing query statements, performance bottlenecks can be alleviated, system performance can be adjusted, and data query efficiency can be improved. Performance optimization plays an important role in maintaining system stability and effectiveness in a multi-user environment. Swansea Art Emporium's online art trading platform has another very important operation when interacting with the database: data queries. This query operation involves searching for and selecting specific condition information from the database. For online art market platforms, optimizing performance can improve the user experience.
When searching a relational database that contains a large number of records, users must use indexes. An index is a data structure that pre-sorts the values of many columns in a relational database. Indexes greatly speed up the query process by eliminating the need for the database system to search the entire table to find records that match the criteria[10]. For primary keys, the relational database automatically creates a primary key index. The primary key guarantees absolute uniqueness, so the primary key index is used most efficiently. Below are examples of three of his indices.
Create a price query index on the artwork table. One of the most important factors that customers consider when choosing whether to purchase an item is price. Establishing price metrics can speed up the search for matching books and improve the user's shopping experience.
Create an index of inventory quantity. If a piece sells well but is out of stock, the artist creates more pieces to increase inventory. At the same time, customers can learn about inventory status. When a customer's most prized art is about to sell out, they place an order immediately. The purpose of this query is to find information about artists and their works. By quickly collecting data related to artists and their works, we provide customers and artists with convenient query services, and by indexing artist_id and stock_quantity, we can perform related operations based on inventory.
Index used to query the order table. This is a common action that often requires customers to check their order history. Creating an index on customer_id enables fast and efficient querying of a customer's order history and provides improved order tracking and management capabilities.

5. Function and Procedures
In this art market database, functions and procedures are very important executable objects in the database. In SQL, functions are subroutines defined in the database. These can be called from built-in SQL statements and are very useful. The majority of SQL languages include a few basic yet useful functions, and users can also create their own[11]. Functions can perform specific calculations or operations, whereas stored procedures are modules created using SQL and flow control statements. Stored procedures are compiled and optimized, stored in a data server-side database, and can be called when used. By using these two flexibly, database systems can better meet business needs and improve system modularity, maintainability, and transaction processing efficiency[12].
An example of a database function is shown below. Define a function to monitor art inventory. What this feature does is monitor the art table's inventory levels in real-time and trigger notifications when inventory falls below a set threshold. In the form of a function, the system can easily call this detection logic without having to calculate inventory levels for each query. This improves the readability and maintainability of the system and makes inventory management more automated.
An example of a database stored procedure is shown below. The process for defining artist price discounts on art. By passing the artist_id and the price reduction percentage, the stored procedure calculates the new price and updates all of the artist's artwork. The introduction of this process organically organizes these operations, improves execution speed and indirectly provides security control functions, making the entire discount processing process more integrated.
The functions implemented by stored procedures are generally more complex, while those implemented by functions are more targeted. Stored procedures are powerful and can perform a series of database operations, including modifying tables, but they cannot use user-defined functions to perform a series of operations that change the global database state. Functions and stored procedures provide database administrators with powerful tools that make the implementation of specific functions more efficient and clear, and provide greater flexibility in the design and maintenance of database systems [13].

6. Database Integrity and Security
Database integrity and security are important aspects of database management, including data consistency, accuracy, and reliability. One specific type of stored procedure is a trigger, often used to enforce business rules and data integrity. Triggers are triggered by events and executed automatically by the system [14]. Mainly to automatically trigger execution when inserting, deleting, or modifying data in a specified table to maintain data integrity, check data validity, and database management tasks and related functions. A trigger is a database object related to a table, which refers to a set of SQL statements defined in the trigger that can be triggered and executed before or after inserting, updating, or deleting. This feature of triggers allows applications to ensure data integrity, logging, data verification, and other operations on the database side. Database-side triggers, as a mechanism within the database, play an important role in maintaining and executing these requirements.
Database integrity is very critical for database application systems. It can prevent authorized users from adding meaningless data to the database while utilizing the database. It uses the integrity control mechanism based on DBMS to implement business rules, which are simple to define and understand and can reduce the application process. complexity and improve the operating efficiency of applications[15]. Triggers allow developers to call related functions when inserting new orders, thus ensuring the integrity of the database. For example, after inserting a new order, the trigger can call a function to check whether the customer_id and artwork_id in the order exist. Check constraints are used to limit the range of values in a column, preventing references or references to entities that do not exist.
Database security refers to the protection of databases from unauthorized use that results in data leakage, tampering, or destruction. Triggers can be used to log sensitive actions or validate sensitive data[16]. Stored procedures are applications that can access relational databases, and triggers are procedures that are automatically executed when certain events occur in the tables in the database. Users who are granted permission to insert, update, or delete rows on a table can also fire triggers. To execute a trigger, the user must have table permissions on the associated table owner[17]. For example, a trigger that fires when a new order is inserted can record operator information to ensure order changes are approved. Triggers can also perform data validation on order insertions to prevent malicious or incorrect data from being inserted into the database. This means that triggers often have different permissions than the user_id that calls them.
In short, triggers are pieces of code that are automatically triggered by data operations. Triggers can do things constraints cannot. The main advantage of triggers is that they can contain complex processing logic using SQL code. Whether it is maintaining consistency between database tables, maintaining data integrity, or enforcing business rules, triggers can help achieve this goal. At the same time, sensitive information is recorded and verified during database operations to improve database security. Developing triggers and mastering techniques for creating efficient triggers will make database design simple and efficient.

7. Conclusion
Swansea Art Emporium provides the art industry with an online platform to find, buy and commission art by creating a contemporary online art marketplace. This platform aims to increase the accessibility of artists' works and serve the needs of their customers. All required features have been implemented and no bugs have been found so far.
First, in terms of database design, it is ensured that the database complies with the 3NF standard, and appropriate check constraints and foreign keys are introduced to ensure data integrity and consistency.
Second, in terms of performance tuning, the introduction of secondary indexes improves the execution efficiency of data query operations. It also introduces features such as transaction processing, functions, stored procedures, and triggers. The integration of these elements provides strong support for database security and maintainability.
Overall, Swansea Art Emporium's database design focuses on improving system scalability, performance, and user experience. With reasonable standardization and performance optimization techniques, the database not only meets the basic needs of the project, but also lays a solid foundation for future expansion and further optimization.
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