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Abstruct：This report elaborates in detail on the NoSQL database strategy adopted by ArtVista to optimize its digital art market. It contrasts the advantages of NoSQL databases over relational databases in addressing challenges brought by data diversity, changing user needs, and rapid development.
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1.1 [bookmark: _Toc5035]Introduce
With the advent of intelligent machines, databases play a crucial role in modern information systems. Their importance stems not only from the ability to efficiently store and retrieve data but also from providing core functions in organizing, managing, and analyzing data.

Databases offer a structured way to store vast amounts of data. This method not only makes data easily accessible and manageable but also enhances data integrity and security. Database management systems are equipped with efficient tools for data retrieval and updating, enabling users to quickly query, sort, analyze, and generate reports. They also offer mechanisms to maintain data accuracy and consistency, including data backup, recovery, security, and privacy measures. With the rise of big data and cloud computing, databases have become increasingly vital in handling massive datasets and providing highly available, scalable services. They enable enterprises to efficiently process, analyze, and share large volumes of distributed data, playing a central role in managing modern data-intensive applications and being a key component of information technology infrastructure.

1.2 Definitions of NoSQL and Relational Databases
The diversified development of database technology includes relational databases like MySQL and PostgreSQL, and various types of NoSQL databases, such as MongoDB's document databases, Redis's key-value stores, Cassandra's wide-column stores, and Neo4j's graph databases.

Relational Database Management Systems (RDBMS) use Structured Query Language (SQL) to define and manipulate data. Data is stored in tables, consisting of rows (records) and columns (fields). They exhibit ACID (Atomicity, Consistency, Isolation, Durability) properties, emphasizing data integrity and standardization.
NoSQL databases differ fundamentally in design from traditional relational databases. They do not use standard SQL query language, relying on their query mechanisms and data models instead. MongoDB, a document-based database, stores data in formats akin to JSON. Each "document" can have a different structure, making the model very flexible. Redis is an open-source key-value store system, often used as a database, cache, or message broker. Data is stored in key-value pairs. Cassandra is a distributed NoSQL database designed for handling large amounts of data across multiple data centers. It stores data in column families, offering high scalability and reliability. Neo4j is a graph database for storing and querying networked data made up of nodes, edges, and properties. Each element can have a direct relationship with other elements. It is capable of handling complex relationships and network analysis.

1.3 Comparison of NoSQL and Relational Databases
The main differences between different types of databases, especially relational and various NoSQL databases, lie in data models, query languages, consistency models, scalability, and best use cases.
1.Relational Databases: Characterized by ACID properties, emphasizing data accuracy and integrity, supporting complex transaction management. They use standardized SQL language, have widespread community support, and abundant tools and resources. However, they have limited scalability compared to NoSQL, especially for unstructured or semi-structured data, and less flexibility in schemas. The main difference from NoSQL databases is the use of predefined schemas, whereas NoSQL databases are more flexible, allowing for unstructured and semi-structured data storage. They also focus more on ACID transactions, while NoSQL databases may adopt different consistency models.
2.MongoDB: A document-based database suitable for handling varying data schemas. It is easy to horizontally scale and ideal for handling large volumes of data. However, its main drawback is not guaranteeing immediate consistency across multiple documents. Its document model offers a different way of organizing data compared to relational database tabular models, better suited for rapid iteration and handling irregular or changing data structures.
3.Redis: A key-value store known for excellent performance, very fast, suitable for scenarios requiring high-speed read and write, such as caching. The simple key-value pair model is easy to use and flexible, serving various purposes like caching, message queues, etc. However, its data model is limited, not suitable for complex queries and relationships, and does not guarantee data persistence. Redis's simple key-value pairs are quite different from the tabular model of relational databases. It's often used as a supplementary database for operations requiring high speed.
4.Cassandra: A wide-column store known for high scalability, suitable for large datasets, easy to scale horizontally, with a distributed design, no single point of failure, and high availability. It's particularly effective for write-intensive applications. However, it lacks support for SQL and has limited query capabilities, making it unsuitable for complex relational data queries. It offers less consistency. With its wide-column storage model, it's well-suited for rapid writing and reading of large amounts of data, but not as capable in handling complex relationships as relational databases. It's more suitable for environments requiring high throughput and scalability, such as distributed settings. 
5. Neo4j: A graph database with powerful graph computing capabilities, efficient in handling complex network relationships and graph algorithms. It's ideal for representing complex relationships and dynamic data. It also has efficient relationship querying capabilities. However, it is limited by scale, and for very large datasets, it may not be as easy to scale and specialize as other NoSQL databases. It has a higher learning curve. Neo4j focuses on the relationships between data, not the data itself, which is a significant departure from the tabular model of relational databases. Therefore, it's especially suited for complex relationships and pattern discovery, like in social networks, recommendation systems, etc.
1.4 [bookmark: _Toc23152]Database Use Case Analysis
Each type of database has its unique strengths and is suitable for specific application scenarios. When choosing a database, it's important to consider the characteristics of the data, the requirements of the application, and the desired performance metrics. Here's an analysis of the use cases for various databases:
1.Relational Databases: Due to their ACID properties, they are primarily used in complex transactions and maintaining strict data consistency in financial systems, large enterprise integrations and management, enterprise resource planning, and e-commerce for processing orders, inventory, and customer data.
2.MongoDB: Due to its high flexibility and scalability, it's commonly used in dynamic content management systems like blogs, mobile applications requiring rapid development with potential changes in data structure, and big data applications for storing and processing large volumes of unstructured data.
3.Redis: Known for its fast read/write performance, it is widely used for accelerating website responses in caching, session management for storing temporary user session information, and implementing message queues for application message passing.
4.Cassandra: With its distributed architecture and good write performance, it's often used in the Internet of Things for processing large volumes of data from sensors, time-series data analysis for storing and querying time-series data, and large online services for data storage and playback records in streaming services.
5.Neo4j: Due to its focus on storing and processing complex relational data, it's widely used in analyzing and understanding complex social relationships and networks, fraud detection to analyze transaction patterns and user behavior to identify unusual activities.

[bookmark: _Toc19239]2.Database Design
[bookmark: _Toc9505]2.1 Needs Analysis of ArtVista
ArtVista offers digital downloads and streaming formats, collaborating with numerous artists and studios. Its goal is to enable users to explore available digital art, make purchases, and support their favorite artists. Its main business objectives include enhancing user engagement, improving user experience, increasing interaction between users and artworks, providing personalized recommendations, utilizing data analysis to understand user preferences, market trends, and performance of artworks. Additionally, ArtVista aims to expand its market coverage, attract more artists and users, and offer a diverse range of art categories and innovative art forms to meet the varied needs and preferences of different users. Therefore, the database selected based on these business needs should have the following functionalities:
1.Data Storage: Efficiently store a large volume of artwork data, user data, and transaction data, securely storing user information, detailed artwork information, purchase records, etc., to support business operations.
2.Data Management: Provide unified and structured management for various types of data such as artworks, users, and transactions, and categorize data for quick retrieval.
3.Query Optimization: The database should quickly and effectively query data, especially in the search and recommendation systems for artworks. It should support complex query requirements, such as personalized artwork recommendations based on user preferences.
4.Data Analysis: Support advanced data analysis to help ArtVista understand market trends and user behavior. The analysis results can be used to formulate marketing strategies, optimize artwork deployment, improve user engagement, etc.
5.Scalability: The database should have good scalability to support business growth and international expansion.
6.Security and Compliance: The database needs to protect the security and privacy of user data, especially in cases involving personal information and payment data. Additionally, the database should comply with data protection regulations, such as GDPR.

[bookmark: _Toc24896]2.2 Database Selection
Considering ArtVista's needs analysis, the advantages and disadvantages of different databases, and suitable application scenarios, a suitable database solution should be chosen. NoSQL databases, compared to relational databases, provide ArtVista with the ability to handle large-scale, diverse, and dynamically changing data, supporting its rapid development and global expansion. The advantages include:
1.Handling Large Volumes of Data: NoSQL databases like Cassandra and MongoDB are particularly suitable for handling large datasets. They offer high throughput and a distributed architecture, capable of effectively processing and storing a large volume of artwork information, user data, and transaction records.
2.Flexible Handling of Unstructured Data: NoSQL databases support unstructured or semi-structured data, which is very useful for storing diverse information about artworks, such as images, videos, comments, etc.
3.Rapid Development: NoSQL databases typically do not require strict data schemas, making the development process faster and more adaptable to rapidly changing needs. They enable rapid development and iteration of new features for ArtVista.
4.High Scalability: NoSQL databases offer excellent scalability, supporting fast iteration of new features.

Compared to relational databases, NoSQL is more suitable for the company because ArtVista deals with diverse types of data, including user behavior data, transaction data, metadata of artworks, and media files. The flexibility of NoSQL databases can better cope with this diversity. As a developing digital art market, ArtVista may need to quickly adapt to market and technological changes. The rapid development model provided by NoSQL databases can effectively support this. Additionally, as the user base grows, handling and analyzing large volumes of data will become crucial, and NoSQL databases have advantages in processing large-scale data. Lastly, the distributed nature of NoSQL databases supports global deployment to ensure high availability of data in different regions. Therefore, choosing a NoSQL database over a relational database is better for ArtVista. Based on the specific application scenarios, ArtVista needs to store a large amount of unstructured artwork data, making MongoDB a more suitable choice.

[bookmark: _Toc9069]2.3 Database Deployment
A NoSQL database is selected to handle unstructured artwork data and user behavior data. The flexible data model is suitable for processing diverse artwork data and user behavior data, supporting rapid iteration and development.

Database Deployment:Hardware Requirements: More distributed storage and computing resources are needed to support the storage and rapid access of large-scale data; Software Configuration: Includes setting up sharding and replication strategies to support horizontal scaling of data;Security Strategies: Implement data encryption, access control, and network security measures. Regular security audits and updates should be conducted to address new security threats; Data Backup: Regular backups are essential to ensure quick recovery in case of hardware failure or data loss; Maintenance: Regular monitoring of database performance is needed to adjust configurations for optimized performance and resource utilization. Regular updates of database software are required to patch security vulnerabilities and performance issues.

As illustrated, Figure 1 represents a relational database.
[image: ]
Fig 1.Example of a Relational Database Transaction Execution.
[bookmark: _Toc15166]3 Data Security
[bookmark: _Toc21233]3.1 Importance of Database Security
With the continuous advancement of information technology and the diversification of cyber-attack methods, protecting information security is crucial for modern enterprises, especially those dealing with sensitive user information and transaction data. Database security is vital to a company's digital assets and significant interests. Unencrypted data breaches can lead to serious privacy and security issues, such as the leakage of user identity information and purchase records. It also affects the trust users place in the company. Furthermore, database attacks can cause critical business interruptions and data loss.

Therefore, protecting the database and transaction data is essential for ArtVista. Various methods can be implemented for effective data security, such as encrypting stored and transmitted data to protect it from unauthorized access, ensuring that only authorized users can access sensitive data, implementing multi-factor authentication, using firewalls and intrusion detection systems to protect the database from cyber-attacks, conducting regular security audits to assess potential vulnerabilities, regularly backing up data, and collecting and storing only the minimum data necessary for business, with regular cleaning of unnecessary data.

3.2 Importance of Data Security and Backup in Online Art Markets
Online art markets like ArtVista handle large amounts of user information, transaction data, and art-related information. In such environments, data security and backup are not only crucial measures to protect corporate assets but also key elements in maintaining user trust and complying with regulations. This includes protecting user privacy, including sensitive personal data like names, addresses, payment information, ensuring transaction security, and adhering to laws and industry standards, strictly following local data protection regulations. Data backup ensures business continuity, as data loss or damage could lead to business interruptions. Regular backups ensure quick recovery in such scenarios, and backups can help restore business operations in events like natural disasters, cyber-attacks, or other catastrophic events.

For data security strategy, ArtVista is advised to use strong encryption standards to protect data in storage and transit, ensuring that even if data is intercepted, it cannot be deciphered by unauthorized parties. Monitoring tools should be used to track access and modifications to data to promptly identify and respond to any abnormal activities. Additionally, secure protocols like HTTPS should be used to protect online transactions, and employees should be educated about best practices and potential threats to data security. In terms of system backup, implement a multi-layer backup strategy, including local and remote backups, and a combination of incremental and full backups, to maximize flexibility and reliability in data recovery. Develop and test a disaster recovery plan to ensure rapid data and service recovery in the event of data center failures, cyber-attacks, or other serious incidents. Lastly, automate the backup process to reduce human errors.

By implementing these data security and backup strategies, ArtVista can protect its critical data from various threats while ensuring business operations can be maintained even in extreme scenarios.

[bookmark: _Toc16344]4 Conclusion
The chosen MongoDB database meets ArtVista's diverse business needs and challenges of future development. In handling data growth, MongoDB's flexibility and scalability make it a suitable choice for processing large volumes of unstructured data, such as artwork descriptions, user comments, and behavior logs. Its distributed architecture supports horizontal scaling to easily accommodate increasing data volumes. In adapting to changing user needs, MongoDB's schema flexibility allows for quick adaptation to changes in user demands and market trends. For instance, adding new artwork categories or adjusting artwork attributes doesn’t require cumbersome database schema changes. In supporting personalized experiences and recommendations, by analyzing user behavior data stored in MongoDB, ArtVista can provide personalized artwork recommendations. For international expansion, MongoDB's distributed nature means data nodes can be deployed globally, providing faster data access and a better user experience, especially for users in different geographical locations. In terms of data security and compliance, advanced security features like encryption, access control, and audit logs help ArtVista meet data protection regulation requirements. Regular data backups and disaster recovery functionalities ensure continuous availability and integrity of data under any circumstances.

Additionally, MongoDB's high scalability means ArtVista can dynamically adjust resources according to business needs, effectively managing costs. It also allows for easy integration with emerging data processing tools and technologies, keeping ArtVista competitive in the market.
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116 BEGIN;

117 -- Assuming that customer ID 1 purchases artwork ID 2.

118 INSERT INTO transactions (customer_id, artwork_id, purchase_date)
119 VALUES (1, 2, CURRENT_DATE);

121  COMMIT;

transaction_id a customer_id a artwork_id purchase_date a

integer integer integer date
5 18 3 4 2021-11-03
6 19 10 3 2021-12-09
7 20 9 7 2021-12-22
8 21 8 9 2022-06-03
9 22 7 8 2022-07-02
10 23 5 6 2023-03-05
11 24 3 10 2023-08-20
12 25 1 2 2024-01-14




