1. Introduction
ArtVista is committed to creating a diverse digital art marketplace where digital art enthusiasts can support their favorite artists through digital downloads and purchases of artworks in streaming formats. This report details database solutions for ArtVista.
1.1 Project requirements
The online art market requires an efficient and scalable database system that can handle various types of digital art to meet the needs of users to view, purchase, and support artists. Project requirements include user registration, artwork management, transaction records, and other data storage and query requirements. At the same time, it must also adapt to the future expansion and globalization of network platforms.
1.2 Report objectives and structure
The purpose of this report is to analyze ArtVista's requirements, compare different NoSQL databases, and recommend the best database solution based on the results. The report includes the key points of ArtVista database selection analysis, database solutions, database deployment strategies, data security and backup strategies, and conclusions. These point out the direction of database development for ArtVista and provide highly feasible database solutions.

2. Database selection and analysis
In web applications, relational databases and NoSQL databases are two different data storage methods. Relational databases use a two-dimensional table structure, specifically to store data in a tabular format with rows containing data values and columns containing data attributes[1]. Relational databases can perform operations such as table join queries by linking other tables in the database using foreign keys. On the other hand, NoSQL databases use different data models to access and manage data and are optimized for their access patterns. In specific usage scenarios, their performance is better than that of relational databases[2].
2.1 Comparison of NoSQL databases
2.1.1 Key-Value Database
Key-value databases mainly use hash tables, which have a specific key and a pointer pointing to specific data[3]. Keys can be used to add, query, or delete data. This structure is very efficient for querying basic information. The advantage of this database is that it is simple and easy to deploy. An example of a key-value database is Redis.
2.1.2 Document database
Document databases store data in the form of documents. Each data item has a value and name associated with it, similar to a key-value, but the values are structured. The difference is that the database understands what the values are and is very flexible. The smallest unit of data storage is the document, and the data is mainly stored in JSON format[4]. This semi-structured document format is ideal for storing and retrieving artwork in a variety of formats. An example of a document database is MongoDB.
2.1.3 Wide column database
Wide-column databases are often used to process large amounts of data through distributed storage, where data is stored in column clusters and data of the same column is stored together. Collections of related data that are often queried together are called column families, making searches faster. The key still exists, but the characteristic is that it points to multiple columns[5]. An example of a wide-column database is Cassandra.
2.1.4 Grap database
Graph databases allow developers to store data in the form of graphs. Entities are treated as vertices, and relationships between entities are treated as edges[6]. The node-edge relationship model is better suited for expressing complex relationships between artworks. This can be a good way to describe relationships between artists, works, customers, and other entities. Examples of Graph-Oriented databases include Neo4J.
2.2 Comparing NoSQL and relational databases
In order to more intuitively display the comparison between different types of NoSQL databases and relational databases, as shown in Table 1 Comparison of NoSQL databases and relational databases. 
	
	Data Models
	Use Cases
	Pros and Cons

	Key-Value Database
	Use key-value pairs to store data.
	Suitable for scenarios requiring quick access.
	It has advantages in fast reading and writing, but it is not suitable for complex queries.

	Document Database
	Use JSON document format to store data.
	Suitable for scenarios where the data structure is relatively flexible and changes frequently.
	The advantage is flexibility and scalability, but some query performance is sacrificed.

	Wide-Column Database
	Use column families to store data.
	Suitable for scenarios where large-scale data processing and complex analysis are required.
	It has excellent performance when processing large amounts of data and high concurrent reads, and has low transaction performance requirements.

	Graph Database
	Use graph structures to store data.
	Suitable for scenarios where complex relationships between entities need to be represented and queried.
	It is more efficient when processing complex relationships, but is too complex when processing simple structural data.

	Relation Database
	Use tables to store data.
	Suitable for business applications that need to maintain data structure consistency and support complex queries and transaction processing.
	It is more efficient in query and transaction processing but performs worse when processing large-scale data and high concurrent reading and writing.
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3. Database solution
3.1 Requirements analysis
As a digital art market, ArtVista has various needs such as user management, work management, and transaction records. Therefore, the art market needs a powerful and flexible user data management system, including user information management, login, user registration and other functions. User information includes basic information such as name, phone number, email address, registration date, etc. A relational database is required because the underlying data is highly structured and has clear links to other data such as transaction records.
From an artwork management perspective, supporting an online art platform requires a database system that can store and display digital artwork, including title, artist or studio name, release date, price, and other important information. Due to the diversity of digital artwork types, flexibility in data organization is critical to meet the storage and retrieval needs of digital artworks of various sizes and types.
When it comes to transaction records, the database needs to record the customer's purchasing behavior. Each transaction record must contain the artwork purchased by the customer and information about the specific artwork. This helps ArtVista track the most popular artworks, user purchase history, and more to better understand market trends and user preferences.
Combine relational and document databases according to ArtVista's needs. MangoDB is the standard choice for document databases, and Postgresql is the standard choice for relational databases.
3.2 Advantages of choosing a combination of document and relational databases
Combining relational and document databases offers many benefits, including the flexibility of a document database to easily grow data while maintaining the stability advantages of a relational database. This solution is ideal because artwork information is available in multiple formats, streaming and digital downloads of artworks, and is also ideal for artist or studio tables where the artist and studio are separate entities, it cannot be simpler The ground is divided into fixed categories, that is, a two-dimensional table structure. In this way, the database can more easily accommodate the diversity and variability of digital artworks, artists, and studios. Document databases are dynamic and highly flexible, allowing you to easily add, change, and delete fields as needed without having to create a fixed table structure ahead of time[7]. At the same time, relational databases are more suitable for fixed-format tables and provide simpler query syntax for read operations (for example, user information has some fixed attributes). In addition, relational databases are very efficient and stable when processing structured, related data such as transaction records, and the resulting data is also very accurate[8]. In the core business of the digital art market, the relational database has strict structural constraints to ensure data consistency and integrity; it also has structured query and transaction processing capabilities to ensure the accuracy and security of user data and transaction data. The following section discusses the useful advantages of combining relational and document databases.
User information: Information such as name, address, phone number, email, etc. is suitable for storage in a relational database because of its standard structure. This storage method makes it easy to maintain data security controls and enable complex join table queries, such as viewing a user's purchase history or preferences.
Artwork details: Each artwork's title, artist, release date, price and discount code, format and other information are stored in the corresponding document. The artist, format, discount code, and price of the artwork are not fixed; the document database's dynamic model adapts to the various attributes of the artwork.
Transaction record: Similar to user information, transaction record data is fixed and structured, such as UserID, artworkID, transactionDate, and amount. Relational databases have clear advantages when dealing with such linked data.
Artist information: bio, email, etc. Art creators can be individual artists or teams working in studios, so there are irregularities that are ideal for storage in the form of a document database. This approach provides flexibility for updating artist records.
Secondly, sharding is a mechanism provided by MongoDB that allows large collections to be split and stored on different servers, thus improving horizontal scalability[9]. Just perform a simple configuration and tell MongoDB what data to distribute, and it will automatically balance the data across different servers. At the same time, MongoDB automatically moves and transforms existing data as servers are added or removed as needed. Over time, as user requests and volumes increase, MongoDB can easily solve this problem.
ArtVista's database solutions combine the accuracy and stability of relational databases with the scalability and flexibility of document databases. This combination strategy not only adapts to irregularities in artworks and changes in artwork creators but also ensures the accuracy of customer and transaction data. In addition, it is conducive to fast query and processing of data, simplifying business development and development.

4. Deployment strategy
The operation of the entire IT infrastructure directly depends on the server configuration. Start by choosing a cloud service provider such as AWS, Azure, or Google Cloud that supports document databases (MongoDB) and relational databases (PostgreSQL) [10]. ArtVista requires distributed deployment of a reliable, secure, and scalable database that can efficiently implement business to meet the specific needs of the online art market. To do this, several important deployment strategies should be considered.
The Amazon DocumentDB service supports MongoDB workloads and provides a fast, scalable, and highly available fully managed document database service. This makes storing, querying, and indexing JSON data simpler and easier. In addition, Amazon CloudWatch can set alarms, automatically react to changes in AWS resources, collect and monitor various metrics, and collect and monitor log files. Amazon CloudWatch monitors various AWS resources to understand resource usage and uses these services to optimize and adjust resources to keep applications running smoothly.
Speaking of relational databases, Amazon RDS is a managed relational database service that enables developers to easily use replication capabilities to increase availability and reliability for production workloads. It provides cost-effective, resizable capacity while eliminating time-consuming database management tasks, allowing developers to focus on developing applications and the business. RDS ensures complex data processing and query performance for ArtVista transaction records and customer information. Amazon RDS multi-AZ deployments also provide disaster recovery and high-availability services such as automated backups, patch management, and failover[11].
By combining these two database types, AWS's scalable cloud computing resources give ArtVista the flexibility to scale resources up or down based on business needs. Additionally, automation of deployment and maintenance is important to increase efficiency and reduce errors. The development team uses tools to monitor the operation of the DBMS, grasp the current or past load, configuration and other information of the system, analyze the performance parameters and environmental information of the monitoring data, and evaluate the overall operating status of the DBMS.
Finally, considering cost efficiency, the cost management tools provided by AWS, such as AWS Budgets and AWS Cost Explorer, allow ArtVista to better understand the expenditure on AWS, manage, predict and optimize AWS usage and costs, and run with confidence Cost-effective workloads and ensure projects run within budget.

5. Data security and backup
As an aggregation of information, the ArtVista database system is a core component of the digital electronic market. Its security is crucial and is related to the success or failure of ArtVista. Data loss, incorrect operation, or system failure may result in loss or corruption of database content. Due to the sensitivity and value of the information, ArtVista requires data security controls and backups. It is important to protect customers’ personal information, art creators’ unique digital artwork, and transaction records. Prevent unauthorized access and ensure the confidentiality and integrity of customer and transaction data by implementing strong security measures, such as strengthening physical security of equipment, isolating database servers, real-time database monitoring[12], etc.
MongoDB can enhance data security through role-based access control, which means that if a database user is created without a role assigned to it, the user is not allowed to perform any operations on the database. When using Mongo Shell to connect to the database, you can enable the Secure Sockets Layer encryption function to improve the security of the data link. The SSL encryption function can encrypt network connections at the transport layer, improving the security of communication data while ensuring data integrity. To protect sensitive data, MongoDB supports regular snapshots and continuous incremental backups to ensure data durability.
For relational databases, it is common to use user identity authentication and autonomous access control methods. User identity authentication is the outermost security protection measure provided by the database management system. Each user has a user ID in the system. Each user ID consists of a user name and a user identification number (UID). The user identification number is unique throughout the entire life cycle of the system. Autonomous access control is mainly implemented through the GRANT statement and REVOKE statement of SQL. The objects of access control include not only the data itself, but also the database schema.
In order to ensure that if data is deleted or damaged due to human error, improper operation, deliberate operation, etc., it can be restored in a timely and effective manner without greatly affecting business operations, it is equally important to have a comprehensive data backup strategy. Regular, automated backups of the ArtVista database reduce the risk of data loss due to system failure, cyberattack, or accidental deletion, and also allow for faster recovery and reduced downtime in the event of a data breach or system failure[13]. In relational databases, shell scripts plus pg_dump are used to achieve automatic backup of the database at 0 o'clock every day. The solution is to set up a scheduled task, and the server will automatically execute the shell script at 0 o'clock every day, and the database backup will be started in the shell. The same goes for regular backups of document databases. The specific steps are to export the online mongoose data, make it into a tar package, write a shell script, set up scheduled tasks, back up the data at 0 am every day, and synchronize a copy of the database to the cloud. Leverage cloud provider backup services to provide automated, highly available backup solutions for relational databases in cloud environments. The cloud service will create an automatic backup of the database instance during the backup period of the database instance. The automatic backup is a full backup. The system saves automatic backups of database instances according to the specified backup retention period. ArtVista's continued prosperity, transaction business continuity, and user reliability maintenance all depend on reliable data security strategies and data backup solutions.  

6. Conclusion
Through comprehensive consideration of ArtVista requirements analysis and database solutions, the following conclusions and recommendations can be drawn.
First of all, when choosing a database, a solution that combines relational databases and document databases is the best choice. Relational databases are used for user information and transaction records, while document databases store artwork and art creator information.
By choosing a suitable cloud service provider to deploy the database and do a good job in operation and maintenance, ArtVista can run perfectly. In terms of security, set user permissions and add appropriate storage controls to ensure the security of sensitive data. Effective database backup is an important guarantee for data security. Set up regular automatic backups of the database cloud server. In addition to meeting ArtVista's unique requirements, this approach maximizes database security and reliability.
Finally, it is recommended to perform performance tuning regularly to continuously improve system performance and user experience, such as SQL statement optimization, algorithm optimization, and encapsulated stored procedures. These actions will ensure ArtVista's competitiveness and sustainability in the rapidly evolving digital environment.
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