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[bookmark: _Toc156145095]Abstract
ArtVista organization offers different digital artworks of artists and studios. It wants to expand its presence in global world through development of online presence. This report will provide overview of goals and challenges that are being faced by  organization and recommendation of suitable database solution for ArtVista. 
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ArtVista is the digital art market place which is located in Swansea which offers a wide range of the digital works to different art enthusiasts in digital and streaming formats. 
The goals of the organization include
· To expand its presence in UK and globally 
· To develop online presence to enable users to explore different digital arts, make purchase and provide support to favorite artists. 
There is requirement of robust database solution for organization for efficient management of the vast repository of the digital artworks that are offered by different studios and artists. There is requirement for handling metadata which is linked with artwork such as artists, studios, prices of artworks, release dates and other such details. 
The database solution is also required to support the online presence and expansion of the organization worldwide for accommodating wide user base.  This solution must allow users to explore different artworks, make purchases and provide support to various artists. It is also needed to facilitate transactions and user interactions to enable users to register accounts, make purchases of digital artworks and engage in various transactions. 
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There are several scenarios where No SQL databases can be better choice for ArtVista. They include:
The No SQL databases can be better choice for organization with regard to creation of table structure of database. High flexibility is offered by No SQL database as compared to SQL. 

Document database for ArtVista:
// Users Collection
{
    "_id": ObjectId("user_id"),
    "name": "John Doe",
    "address": "123 Main St",
    "telephoneNumber": "123-456-7890",
    "emailId": "john@email.com",
    "dateJoined": ISODate("2022-01-01")
}

// Artworks Collection
{
    "_id": ObjectId("artwork_id"),
    "title": "Digital Art 1",
    "artistName": "Artist A",
    "releaseDate": ISODate("2022-02-01"),
    "price": 50.00,
    "discountCode": "DISCOUNT10"
}

// Transactions Collection
{
    "_id": ObjectId("transaction_id"),
    "userID": ObjectId("user_id"),
    "artworkID": ObjectId("artwork_id"),
    "purchaseDate": ISODate("2022-02-15")
}

Graph database 

// Node for Users
(:User {
    userID: 1,
    name: "John Doe",
    address: "123 Main St",
    telephoneNumber: "123-456-7890",
    emailId: "john@email.com",
    dateJoined: date("2022-01-01")
})

// Node for Artworks
(:Artwork {
    artworkID: 1,
    title: "Digital Art 1",
    artistName: "Artist A",
    releaseDate: date("2022-02-01"),
    price: 50.00,
    discountCode: "DISCOUNT10"
})

// Relationship for Transactions
(:User)-[:MADE]->(:Transaction {
    transactionID: 1,
    purchaseDate: date("2022-02-15")
})-[:FOR]->(:Artwork)

Key Value Database

// Users
USER:1 {
    "name": "John Doe",
    "address": "123 Main St",
    "telephoneNumber": "123-456-7890",
    "emailId": "john@email.com",
    "dateJoined": "2022-01-01"
}

// Artworks
ARTWORK:1 {
    "title": "Digital Art 1",
    "artistName": "Artist A",
    "releaseDate": "2022-02-01",
    "price": 50.00,
    "discountCode": "DISCOUNT10"
}

// Transactions
TRANSACTION:1 {
    "userID": 1,
    "artworkID": 1,
    "purchaseDate": "2022-02-15"
}

Wide Column database (Such as Cassandra) 

CREATE TABLE Users (
    UserID INT PRIMARY KEY,
    Name TEXT,
    Address TEXT,
    TelephoneNumber TEXT,
    EmailId TEXT,
    DateJoined DATE
);

CREATE TABLE Artworks (
    ArtworkID INT PRIMARY KEY,
    Title TEXT,
    ArtistName TEXT,
    ReleaseDate DATE,
    Price DECIMAL,
    DiscountCode TEXT
);

CREATE TABLE Transactions (
    TransactionID INT PRIMARY KEY,
    UserID INT,
    ArtworkID INT,
    PurchaseDate DATE
);
ArtVista could benefit from employing NoSQL databases in various scenarios within its online art marketplace project:
Scenario 1: Flexible Schema for Varied Artwork Data
No SQL databases offer high flexibility in schema design specially document oriented databases (Ticiana Capris et al. 2023). Since, Artvista has collaboration with different studios and artists and each one contributes to different artworks that have different attributed. Diverse data structured can be accommodated by flexible schema without requirement of predefined and rigid schema like SQL databases. 
Example:
No SQL database
// MongoDB Collection: Artworks

// Connect to MongoDB
const MongoClient = require('mongodb').MongoClient;
const uri = 'mongodb://localhost:27017/artvista';
const client = new MongoClient(uri, { useNewUrlParser: true, useUnifiedTopology: true });

// Inserting an Artwork document with varied attributes
const artworkDocument = {
  title: 'Digital Art 1',
  artistName: 'Artist A',
  releaseDate: new Date('2022-02-01'),
  price: 50.00,
  discountCode: 'DISCOUNT10',
  medium: 'Digital',
  dimensions: {
    height: 800,
    width: 1200,
  },
  tags: ['Abstract', 'Contemporary'],
};

client.connect(async err => {
  const artworksCollection = client.db('artvista').collection('artworks');
  await artworksCollection.insertOne(artworkDocument);

  // Closing the MongoDB connection
  await client.close();
});
The Mongo DB provides flexible schema in this scenario allowing ArtVista to handle different artworks in easy manner with different attributes such as tags, medium and dimension without requirement to modify overall structure of collection. If this database had been implemented using SQL then, significant alterations have to be made in table structure which may lead to potential complications. 
Scenario 2: Storing Nested Artist information 
The nested documents can be stored easily in NoSQL databases such as Mongo DB. It simplifies the representation of the complex artists by offering more intuitive structure for nested attributes such as details related to social media. 
Example: 
// MongoDB Collection: Artists

// Inserting an Artist document with nested information
const artistDocument = {
  name: 'Artist D',
  bio: 'A visionary digital artist with a passion for blending technology and creativity.',
  socialMedia: {
    instagram: 'artist_d_insta',
    twitter: 'artist_d_twitter',
  },
};

// Insert the document into the MongoDB collection
db.artists.insertOne(artistDocument);
Scenario 3: Handling unstructured meta data
The unstructured metadata can be stored in nested document in No SQL database which offers natural presentation of the data like ‘inspiration’ and ‘colorPalette’ technique. There would be requirement of modification of the table structure or creation of additional table. This introduces complexity for handling unstructured metadata in efficient manner in SQL database. 
Example: 
// MongoDB Collection: Artworks

// Connect to MongoDB
const MongoClient = require('mongodb').MongoClient;
const uri = 'mongodb://localhost:27017/artvista';
const client = new MongoClient(uri, { useNewUrlParser: true, useUnifiedTopology: true });

// Inserting an Artwork document with unstructured metadata
const artworkDocument = {
  title: 'Digital Art 2',
  artistName: 'Artist B',
  releaseDate: new Date('2022-03-01'),
  price: 75.00,
  metadata: {
    'colorPalette': ['Blue', 'Green', 'Purple'],
    'technique': 'Mixed Media',
    'inspiration': 'Nature and Geometry',
  },
};

client.connect(async err => {
  const artworksCollection = client.db('artvista').collection('artworks');
  await artworksCollection.insertOne(artworkDocument);

  // Closing the MongoDB connection
  await client.close();
});
Scenario 4: Handling Dynamic tags for Art works 
No SQL databases provide support for arrays which simplifies the storage of the dynamic tags. This offers more straightforward and natural representation of data that is related with artworks. 
Example:
// MongoDB Collection: Artworks

// Inserting an Artwork document with dynamic tags
const artworkDocument = {
  title: 'Digital Art 4',
  artistName: 'Artist E',
  releaseDate: new Date('2022-05-01'),
  price: 80.00,
  tags: ['Abstract', 'Nature', 'Experimental'],
  // Additional dynamic tags
  dynamicTags: ['Surreal', 'Minimalistic'],
};

// Insert the document into the MongoDB collection
db.artworks.insertOne(artworkDocument);

Scenario 4: User preferences and custom attributes
The user specific preferences can be accommodated in easy manner in No SQL databases as compared to SQL databases. The custom attributes such as Favorite artists can be included in intuitive manner. 
Example: 
// MongoDB Collection: Users

// Inserting a User document with custom preferences
const userDocument = {
  name: 'User F',
  email: 'user_f@email.com',
  preferences: {
    theme: 'Dark',
    language: 'English',
    // Additional custom preferences
    favoriteArtists: ['Artist_A', 'Artist_C'],
  },
};

// Insert the document into the MongoDB collection
db.users.insertOne(userDocument);
Scenario 5: High write throughput for transaction records 
 High write throughput can be handled by MongoDB specially in case of transaction records. This is beneficial for online art marketplace such as ArtVista where purchases and user interactions occur in frequent manner. 
Example: 
// MongoDB Collection: Transactions

// Inserting a Transaction document
const transactionDocument = {
  userID: ObjectId("user_id"),
  artworkID: ObjectId("artwork_id"),
  purchaseDate: new Date('2022-06-01'),
  // Additional transaction details
  paymentMethod: 'Credit Card',
  totalPrice: 90.00,
};

// Insert the document into the MongoDB collection
db.transactions.insertOne(transactionDocument);
Scenario 6: Scaling User accounts in seamless manner
The horizontal scaling capabilities are provided No SQL databases that helps in supporting growing number of the user accounts for ensuring optimal performance with expansion of user base of Art Vista (Li & Manoharan 2013).
Example: 
// MongoDB Collection: Users

// Inserting a User document
const userDocument = {
  name: 'User G',
  email: 'user_g@email.com',
  // Additional user details
  address: '456 Main St',
  telephoneNumber: '987-654-3210',
};

// Insert the document into the MongoDB collection
db.users.insertOne(userDocument);
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Evaluation of specific needs 
The needs of ArtVista are as follows:
a) Flexible Schema for Artworks 
The organization is required to deal with diverse artworks that are having unique artworks. The flexible schema will help in accommodation of the variations in details of artwork without requirement for need of frequent modification in schema (Ali et al. 2019). 
b) Scalability
There is need for high flexibility in the organization as it wants to expand its online presence worldwide and database solution must be scalable to the growing number of the artworks, users and transactions (Khan et al. 2022). 
c) User interactions and transactions
There are account registrations, user interactions and transaction in ArtVista and database solution must be able to handle high write throughput for the transactional data. 
d) Dynamic and unstructured meta data
There can be large amount of the meta data related to artwork such as tags, information and other such details which can dynamic and unstructured. The database solution must offer the easy way to store and query such data.
e) Ease of development 
The database solution must be developer friendly which must allow quick iterations and updates as per the dynamic nature of the art market place. 
f) Data security and backup
The organization has vast user information and digital assets therefore, data security is required. There should be regular data backup mechanisms in place in order to tackle situations related to data loss due to various unforeseen events. 
Recommendation 
No SQL document oriented database will be most suitable for ArtVista as it will align with the requirements of the organization. The document oriented model in Mongo Db will provide flexible schema for accommodating the variations in attributes of artwork without any need for frequent modification in schema. This database will provide horizontal scalability which will allow Art vista to scale in seamless manner as per the user base and art collection growth. 
High write throughput can be handled using MongoDB which makes it suitable for recording of frequent transactions and interactions of the users. The unstructured meta data related to artworks  can be stored in Mongo DB due to its support for dynamic arrays and nested documents. 
There is JSON like document structure of the Mongo DB which makes it developer friendly and aligns with the iterative and dynamic development needs of ArtVista. Robust security features are offered by MongoDB with backup mechanisms that can helps in data integrity and availability. 
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The choice for document based database in Mongo DB has been made due to several reasons. 
	Factor
	MongoDB Advantage

	Data Organization
	Document-oriented model provides natural and intuitive organization of artwork data.

	Data Integrity
	Supports atomic operations within a document, ensuring data integrity.

	Data Volume
	Horizontal scalability allows handling increased data volume as the platform grows.

	Query Complexity
	Rich query capabilities support complex retrieval of artworks, user details, etc.

	Scalability
	Both vertical and horizontal scalability accommodate growth in users and artworks.

	Ease of Development
	Flexible schema and JSON-like structure align with dynamic and iterative development.

	Data Security
	Robust security features, including access control, authentication, and encryption.

	Backup and Recovery
	Supports backup and recovery mechanisms for data protection and availability.


Table 1: Justification of choice 
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There are several strategies for the deployment of the recommended No SQL database solutions. They are discussed as follows: 
	Deployment Strategy
	Description
	Use Case

	Single-Node Deployment
	Deploying MongoDB on a single server.
	Suitable for development and testing environments where scalability and high availability are not critical.

	Replica Set Deployment
	Configuring a MongoDB replica set, consisting of multiple nodes: primary, secondary, and optionally an arbiter.
	Provides fault tolerance and automatic failover in case the primary node goes down. Suitable for production environments.

	Sharded Cluster Deployment
	Partitioning data across multiple MongoDB instances (shards) to distribute the workload.
	Scales horizontally to handle large volumes of data and high write throughput. Suitable for scenarios with substantial data growth.

	Geographically Distributed Deployment
	Deploying MongoDB instances across multiple geographical locations to reduce latency for users in different regions.
	Enhances performance and user experience by bringing data closer to end-users in various geographic locations.

	Containerized Deployment
	Running MongoDB within containers (Docker) or orchestrated clusters (Kubernetes) for efficient resource utilization.
	Facilitates deployment in cloud environments, on-premises, or hybrid setups with improved scalability and flexibility.

	Cloud-Based Deployment (e.g., MongoDB Atlas)
	Leveraging cloud-based MongoDB services like MongoDB Atlas, offering fully managed, scalable, and secure database instances.
	Simplifies database management, provides automated backups, and allows easy scaling in cloud environments.

	Read-Heavy and Write-Heavy Deployments
	Optimizing deployment configurations based on the application's workload characteristics, such as read-heavy or write-heavy.
	Allows tailoring the deployment for specific performance requirements, enhancing overall system efficiency.

	Data Center Redundancy and High Availability
	Deploying MongoDB instances across multiple data centers to ensure redundancy and high availability.
	Enhances fault tolerance and ensures data availability even in the event of data center failures.

	Security Considerations
	Implementing security measures, such as encryption at rest, authentication, and access control policies.
	Safeguards sensitive data and ensures compliance with security standards in an online art marketplace.

	Monitoring and Alerting
	Implementing monitoring tools and alerting mechanisms to track performance metrics and respond to potential issues promptly.
	Proactively identifies and addresses performance bottlenecks, ensuring optimal database performance.


Table 2: Deployment Strategies 
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Data security 
Data security and data backup is highly important in context of the Art Vista. Data security is important for the protection of the sensitive information of the users and digital artworks. The details of the artists, artworks, prices and release dates of the artworks has to be protected. This information is to be protected from unauthorized access and manipulation. The details of the customers such as names, addresses, transaction history and email addresses are to be protected to ensure their privacy and to ensure compliance with protection of data protection regulation. 
The robust access control mechanisms are to be implemented for protection of the unauthorized access to the sensitive data. The data of the users is to be protected from compromise of the integrity and to privacy rights of the users are to be ensured. 
The online marketplace will involve several financial transactions so, payment information is required to be secured and compliance with industry standards is to be maintained as per PCI DSS for protecting financial frauds and financial well being of the customers. 
The reputation of the online marketplace can get harmed with the data breach so, database security is required to ensure reputation of the organization. The security of the customer data and artworok data is required to be protected to build trust among customers and contribute to positive reputation of the art community. The data protection laws and regulations are required to be adhered to prevent legal consequences and financial penalties to ensure high data security. 
Data backup
The backup of the data is also important for the online market place of ArtVista. This is required as
	No.
	Importance
	Details

	1.
	Prevention of Data Loss:
	ArtVista likely stores a vast amount of valuable data, including artwork records, user accounts, and transaction details. Regular data backups protect against accidental data loss due to hardware failures, software bugs, or other unforeseen events.

	2.
	Recovery from Disasters:
	In the event of a system failure, natural disaster, or cyberattack, having comprehensive data backups ensures the ability to recover critical information and resume operations quickly, minimizing downtime.

	3.
	Business Continuity:
	. Data backups contribute to business continuity by providing a reliable means of restoring data and maintaining uninterrupted services. Continuous access to critical data is essential for the smooth operation of an online marketplace

	4.
	Protection Against Ransomware:
	Ransomware attacks can encrypt data and demand payment for its release. With the implementation of regular backups, ArtVista can restore data to a state before the ransomware attack, avoiding the need to pay ransom and minimizing the impact on operations.

	5.
	Version Control:
	Backups serve as a form of version control, allowing ArtVista to revert to a specific point in time if errors or undesired changes occur. This capability enhances data integrity and facilitates system debugging.

	6.
	Support for Audits and Compliance:
	Regular data backups can assist in audits and compliance checks, providing a historical record of data changes. This is valuable for demonstrating adherence to industry regulations and standards.


Table 3: Importance of Data back up
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The key findings of the research can be summarized as follows:
	Feature
	SQL Database
	NoSQL Database

	Data Model
	Tabular structure (Tables with rows and columns)
	Flexible data models (Document, Key-Value, Graph, Wide Column)

	Schema
	Predefined and rigid schema
	Dynamic and flexible schema, allowing changes on-the-fly

	Scalability
	Vertical scaling (Adding more resources to a single server)
	Horizontal scaling (Distributing data across multiple servers)

	Query Language
	SQL (Structured Query Language)
	Query languages specific to the database type (e.g., MongoDB uses BSON queries)

	ACID Properties
	ACID compliant (Atomicity, Consistency, Isolation, Durability)
	May or may not strictly adhere to ACID properties, depending on the database type (Dave 2012)

	Relation
	Tables with predefined relationships
	No predefined relationships; relationships are handled within the data

	Use Cases
	Suitable for structured data with well-defined relationships (e.g., financial applications)
	Suitable for diverse and dynamic data with evolving requirements (e.g., social media, content management)

	Scaling Complexity
	Scaling vertically can be complex and expensive
	Scaling horizontally is more straightforward, accommodating growing data volumes

	Data Integrity
	Ensured through predefined schema and relationships
	Depends on the database type; some NoSQL databases may sacrifice strict data integrity for flexibility

	Examples
	MySQL, PostgreSQL, Microsoft SQL Server
	MongoDB, Cassandra, Redis, Neo4j


Table 4: SQL and NO SQL databases 
The Document base database in Mongo DB will be most sutiable for the implementation of database of ArtVista as this database solution provides high security and integrity of the data. High flexibility in schema design is offered by this along with high scalability. 
[bookmark: _Toc156145103]Way database technology aligns with ArtVista project goals and challenges
The NO SQL mongo DB aligns with the project goals and challenges faced by ArtVista in several ways. 
	Goal/Challenge
	MongoDB Alignment

	Flexible Schema
	MongoDB's flexible schema accommodates varied and dynamic artwork data.

	Scalability
	Horizontal scalability supports ArtVista's goal of global expansion.

	Handling Dynamic Metadata
	Document-oriented model handles dynamic and unstructured metadata.

	Ease of Development
	JSON-like document structure supports agile and iterative development.

	Security and Backup
	Robust security features and backup mechanisms ensure data protection.

	Transactions in Online Marketplace
	MongoDB's high write throughput supports frequent user interactions.

	Business Continuity
	Support for data backups contributes to business continuity.

	Disaster Recovery
	Quick recovery of critical information aligns with disaster recovery needs.

	Adaptability to Evolving Goals
	MongoDB's flexibility allows adaptation to changing project requirements.


Table 5: Alignment with goals and challenges
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// Connect to MongoDB
const mongoose = require('mongoose');
mongoose.connect('mongodb://localhost/artvista', { useNewUrlParser: true, useUnifiedTopology: true });

// Define Customer Schema
const customerSchema = new mongoose.Schema({
  name: String,
  address: String,
  telephoneNumber: String,
  emailId: String,
  dateJoined: { type: Date, default: Date.now },
});

// Define Artist/Studio Schema
const artistSchema = new mongoose.Schema({
  name: String,
  artworks: [{ type: mongoose.Schema.Types.ObjectId, ref: 'Artwork' }],
});

// Define Artwork Schema
const artworkSchema = new mongoose.Schema({
  title: String,
  artist: { type: mongoose.Schema.Types.ObjectId, ref: 'Artist' },
  releaseDate: Date,
  price: Number,
  discountCodes: [String],
});

// Define Transaction Schema
const transactionSchema = new mongoose.Schema({
  user: { type: mongoose.Schema.Types.ObjectId, ref: 'Customer' },
  artwork: { type: mongoose.Schema.Types.ObjectId, ref: 'Artwork' },
  transactionDate: { type: Date, default: Date.now },
});

// Create Models
const Customer = mongoose.model('Customer', customerSchema);
const Artist = mongoose.model('Artist', artistSchema);
const Artwork = mongoose.model('Artwork', artworkSchema);
const Transaction = mongoose.model('Transaction', transactionSchema);

// Sample Data Population
const createSampleData = async () => {
  // Create Customers
  const customer1 = await Customer.create({ name: 'John Doe', address: '123 Main St', telephoneNumber: '555-1234', emailId: 'john@example.com' });
  const customer2 = await Customer.create({ name: 'Jane Smith', address: '456 Oak St', telephoneNumber: '555-5678', emailId: 'jane@example.com' });

  // Create Artist/Studio
  const artist1 = await Artist.create({ name: 'ArtStudio A' });
  const artist2 = await Artist.create({ name: 'ArtStudio B' });

  // Create Artworks
  const artwork1 = await Artwork.create({ title: 'Digital Art 1', artist: artist1._id, releaseDate: new Date(), price: 100, discountCodes: ['SUMMER10', 'FALL15'] });
  const artwork2 = await Artwork.create({ title: 'Digital Art 2', artist: artist2._id, releaseDate: new Date(), price: 150, discountCodes: ['WINTER20'] });

  // Create Transactions
  await Transaction.create({ user: customer1._id, artwork: artwork1._id });
  await Transaction.create({ user: customer2._id, artwork: artwork2._id });
};

// Call the function to populate sample data
createSampleData();
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