A comparative analysis of RDBMS and NoSQL and their applications for ArtVista

Abstract: 
In this paper, I give an overview and comparative analysis of NoSQL and relational databases. Moving on to provide a recommendation for the ArtVista application based on my research. 
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1. Introduction
Art Vista is an established digital art marketplace that is hoping to expand greatly from their current market mainly based in South Wales to an international market. They wish to create a platform through which artists worldwide can list and sell art, and art lovers can browse and purchase art. The cornerstone of this expansion is the development of a cutting-edge online platform that will necessitate an agile and robust database system. Current developments in database technology are largely focused on the use of NoSQL databases due to their high adaptability and scalability in comparison to traditional relational databases (RDBMS).
In this report I shall carry out an in-depth analysis of NoSQL databases, compare them to traditional relational database systems, and then evaluate their suitability for ArtVistas' specific operational and technological needs.

2. NoSQL vs Relational Databases

It is clear from this report do far that NoSQL databases have a number of advantages and disadvantages. As ArtVista  stands at a pivotal point in its development, it must decide whether one of the NoSQL databases covered or a traditional RDBMS is most appropriate for its needs. In this section I shall give a more broad comparative analysis of Traditional RDBMS versus NoSQL. 
2.1 Relational Databases
As Artvista considers its options in database solutions for its expansion it is vital that it has a rounded understanding of traditional RDBMS. A long used and trusted database solution, RDBMS are well regarded in their ability to meet three properties that are generally agreed to be essential for databases, Confidentiality, Integrity, and Availability [1].  
In addition to CIA adherence, a key strength of RDBMS lies in its adherence to ACID (Atomicity, consistency, isolation, and Durability). ACID is what makes RDBMS particularly useful in the processing of complex transactional processes, and accuracy of data [2]. These features mean that RDBMS are particularly suited to applications in which high data integrity is paramount such as financial systems where small inaccuracies can cause big problems for an organisation. 
The highly structured and fixed schema of RDBMS along with a common language of SQL, allows for the use of complex queries that make them extremely useful in accurate reading of data and analysing or manipulating data [3]. This structured nature and the use of referential constraints in RDBMS means that RDBMS is very effective in dealing with highly relational data with complex relationships that need to be utilised in data processing. 

2.2 NoSQL Databases
NoSQL databases have emerged recently as a response to the increasing need to avoid difficulties in the storage and processing of high volumes of unstructured and semi-unstructured data that are faced in RDBMS. NoSQL databases do not follow any general schema which makes them well suited to large datasets holding a diverse range of data. There are a number of approaches to NoSQL. I will give a general comparison of NoSQL to RDBMS, then an overview and use case example for four types of NoSQL database; Document, Graph, Key-Value, and Wide-Column. I will then move on to evaluate their applicability to ArtVistas project.
2.3 Document Databases
A document store database is one that stores its data as documents in formats such as JSON, BSON, or XML. The most common example is MongoDB. In this type of database, each document is identified by a unique key. The document can contain any values we wish to store meaning that the documents contained within our database can contain the same data types or totally different datatypes. [4]
The lack of any high-level schema means that document databases are highly adaptable and scalable which would offer ease in growing a diverse and dynamic catalogue on ArtVistas platform. However, document databases do not allow for complex queries or efficient transaction processing as they lack data consistency and any normalisation [4]. 
The most common application of document databases is in the management of content such as blogs, media, etc. where unique data must be stored that fits no specific characteristics and there is little need for complex relationships between data. 
2.4 Key-Value Store Databases
The most basic form of NoSQL database, Key-Value store Databases store data as a collection of key-value pairs. Essentially a simple hash table, each individual piece of data, of any type, has a corresponding unique identifying key [5]. The database simply sees the value as an inert piece of data that is linked to a key. Therefore, the only queries that can be carried out directly with a database of this type are reading values associated with a key, inserting values, or deleting values. Some key-value systems do have slightly more complex structures such as the ability within Riak, a common key-value system, to place key-value pairs in corresponding ‘Buckets’ [5]. For example, in art vista we may want to put a key-value pair that holds an artwork description in a ‘bucket’ labelled Artworks. This offers a basic way of grouping data. 
Key-value stores offer high performance due to their reliance on primary key lookup for all queries and their simplistic structure makes them highly scalable. However, this reliance also means that a great amount of consideration must go into the creation of keys, making it more suitable for certain applications. Other important drawbacks to consider are; key-value stores generally lack any efficient way of dealing with relationships, and keys are dealt with individually therefore complex transactions that deal with multiple keys will not be easily rolled back [6].
Key-value store databases are often utilised in e-commerce checkout session loggers. The simple query functions of key-value stores are all that is needed to store and retrieve session data contained within one value, ability to derive keys from unique timestamps, and their simplicity makes it a very quick process [4]. 

2.5 Graph Databases
NoSQL graph databases store data as a network comprised of nodes and edges. Nodes represent entitiesand contain their properties, and edges represent the relationships between entities. The structure of graph databases allows for a fairly complex representation of the data contained. [6]
There are several features that make graph databases attractive in certain cases. The way in which graph databases utilises relationships, with each node directly pointing to surrounding nodes omits the need for the complex joins that we often must use in RDBMS. This interconnected structure makes complex queries very fast and maintains compliance to ACID. They are also highly flexible due to their lack of schema, lending to them being better placed to handle large, growing, relational data sets more efficiently than both RDBMS and other NoSQL databases. [6]
The advantages of graph databases do however come at a cost. They are highly complex to create, due to being based on complex mathematical theory, and it takes a specific knowledge of graph theory to be able to work with and model their data. Their highly interconnected structure also makes any attempts to distribute their data across multiple servers (often known as Sharding) difficult to implement and once implemented can make the database inefficient in carrying out queries involving data stored on different servers [7]. 
The area in which graph databases are utilised most is in social networks. The deeply interconnected nature of social media user data makes great use of graph databases relational abilities. Meta uses graph databases extensively in representing relational data between their users [7]. 

2.6 Wide-Column Databases
In Wide-Column Databases data is structure similarly to a table in RDBMS but in a much more flexible way. Each value is linked to a key which signifies its row and a column family, which signifies its column. Each column family should contain related data that is often queried together. For example, we may wish to group all user info for a customer in a column family. [8]
Wide-column databases are highly flexible as any row can correspond to a different set of columns. Due to their structure, querying specific data sets in wide column databases is extremely efficient and fast, even when they contain a large amount of data [8]. They are very easy to distribute across many servers and retain performance and therefore highly scalable. 
While wide column stores are very efficient at retrieving specific data, they do lack any efficient form of advanced querying such as joins if present at all. They are also inconsistent, have a high probability of storing incorrect data, and take a high level of maintenance to counteract this inconsistency. A further disadvantage is that due to these databases generally being written in java, they are far more resource intensive than RDBMS systems [8]. 
Wide Column stores are particularly suited for use in the storage of structured BigData sue to its ability to handle large and diverse datasets in rapid (but simple) queries and high write throughput.  An example being Googles use of Google BigTable to store data for products such as Google Earth and Google Analytics.
Due to their lack of consistency, Wide Column databases are not suitable for applications in which ACID compliance is essential, where data accuracy is paramount. The high resource demand also makes them less suitable for applications with small data sets where the performance benefits would not outweigh the costs. 

 3. Relational Vs NoSQL
Both RDBMS and NoSQL have distinct differences that makes each better suited to certain contexts. Generally speaking RDBMS offer accuracy and complex transaction and query capability, versus NoSQLs scalability and availability. In order to understand the key differences between the two 2.8 systems CAP theorem is often applied.

3.1 CAP Theorem 
Cap Theorem outlines a set of principles generally used for distributed systems. The principles are; Consistency, Availability, and Partition Tolerance (PT). Consistency meaning that reading every node returns the most up to date value, availability that every node responds, and PT that the system runs properly even if one or more nodes isn’t running or connected to the cluster.
 As can be seen in figure 1, RDBMS generally offer the properties of consistency and availability, but offer little PT. In real world terms, this lack of PT means that if we wish to scale uo the system we must add more resources to the machine itself also known as vertical scaling, e.g. adding hardware. We can distribute the systems over multiple nodes however is creates a drastic increase in resource requirements and slows down querying and transactional processes utilising relationships significantly. To provide availability, RDBMS store backups on secondary server instances that can be used at any stage to read data and are regularly updated when write operations take place (which take place on the primary database). This allows for the secondary database/s to immediately take over as a highly accurate backup in the case of a primary database failure. In the case of such a disconnection, many RDBMS will subsequently prevent writing to preserve consistency, as it is unable at that point to replicate writes to disconnected nodes. [9]
NoSQL also offers availability but rarely offers true consistency, they do however generally have a high partition tolerance, see figure 1. NoSQL’s availability lies I largely in its ability to scale horizontally on a vast scale. NoSQL databases can be replicated and built across any number of servers with little impact on performance. In regard to PT, Multiple replications offer backups that in NoSQL often will allow a write to any node even if disconnected, subsequently updating other nodes when reconnected. This ensures a very high level of availability but does have a potentially negative impact on consistency. The lack of any strict schema allows for far easier scaling and subsequent modification of data due to the fewer resources being dedicated to maintaining a rigid data model. [9]
3.2 When should each be used?
Overall, the suitability and efficacy of each database type is highly context dependent. In comparison to NoSQL, RDBMS offer high consistency, accuracy, and availability but attempts to scale them will either be highly resource intensive or have such a negative impact on Query and transactional importance that their benefits may be outweighed. The highly interconnected nature and strict schema of RDBMS data make them far more equipped to deal with highly structured data that relies on complex relationships. They provide a well-documented and reliable system of backup however, often consistency takes precedence over availability and performance can be sacrificed. These features all lend RDBMS well to any organisation whose priority is the accuracy of data, and who has a strong reliance on complex transactions and relationships. 
NoSQL on the other hand provides highly available and scalable databases. They can easily be horizontally scaled in a far less resource-intensive and performance-detrimental way than RDBMS. However, all these advantages come with the cost of reduced consistency. NoSQL systems are more well suited to storing less or non-structured data that doesn’t rely on complex relationships and transactions, and where there is a tolerance of inconsistencies in data. 


4.0 What are ArtVista's Needs and how can they be met?
The highly contextual nature of the decision to be made necessitates that we assess the needs of ArtVista so we are able to evaluate the best route for them to take in developing a database system for their application. 
4.1 Data structure 
The data that ArtVista will hold is largely structured and generally unlikely to change. User profiles, artist information artwork details, and transactional information all need to be organided systematically. There are multiple important relationships at play that will be regularly used in various operations. The nature of the application means that artworks will regularly be searched and filtered by artist, category, price etc.
This data structure would more suit a RDBMS. Its ability to deal with relational data and carry out complex queries and joins make it highly suited to the type of data that ArtVista holds. NoSQL is generally far less efficient that RDBMS in managing this type of data. 
4.2 Data Integrity
The ArtVista application will be highly reliant on accurate transactions. The process of users placing orders and processing payments requires ACID adherence. There are several data types that will require check constraints to ensure a smooth and accurate user experience. 
This reliance on transactional data also leans ArtVista towards what can be provided by RDBMS, which offer high adherence to ACID and will prevent issues in the ordering process. Most NoSQL databases do not offer high levels of data consistency, opting for an eventual consistency model which can lead to errors. They also generally provide little support for complex transactions that deal with relational data.  
4.3 Scalability
A key focus in ArtVistas project is scaling. They wish to bring their marketplace to a worldwide market. Dealing with fairly large amounts of data. This requires the ability of the database system to efficiently scale. 
Contrary to the previous requirements, the desire for growth that ArtVista possesses could most easily be facilitated with the use of a NoSQL database. It is certainly possible to do with RDBMS but would likely come with high resource costs. 
4.4 Security 
As an ecommerce application, Artvista will hold a large amount of user and payment information. This requires robust database security such as access controls and encryption. 
The well established nature of RDBMS means that the security knowledge and tools available are extensive. Encryption and access controls can easily be added to protect sensitive information. In comparison, NoSQL poses many security concerns, particularly when scaling across many nodes [10]. This may be simply due to the emerging nature of the technology but for now RDBMS security is well established and understood to be reliable. 


5.0 What solution should be used?
After evaluating the key factors that ArtVista needs to consider in their database solution I suggest that RDBMS would be the most suitable option at this time for a number of reasons. 
ArtVistas need for structured highly relational and transactional data is well met by the strengths of RDBMS. This approach also offers ease in the utilisation of complex queries in inventory management and potentially analytics if needed. The importance of security in ArtVistas handling of User information can be met easily with RDBMS due to a long history and extensive security-related resources available in comparison to NoSQL. The long history and well-established nature of RDBMS also means that its implementation is likely to be easier due to a wealth of knowledge and resources. 
While RDBMS does not offer the ease of scalability that NoSQL offers, I believe that the data integrity and consistency along with the previously mentioned advantages outweigh any limitations. ArtVista should utilise cloud services for less sensitive information to increase scalability and reduce resource costs [11].  There may be a stage at which the data held simply becomes too big and therefore inefficient. At which point it may be beneficial for ArtVista to consider a hybrid approach, moving data such as product and user information to a NoSQL document-based database [12].
ArtVista should however determine their tolerance for the lack of data consistency and if their desire for scalability greatly outweighs their need for consistency, consider implementing a document NoSQL system. By creating both a NoSQL and a RDBMS and comparing their performance ArtVista will be able to gain an accurate picture of what works for their application. Document databases have a number of advantages for artvista; every artwork could have its own schema, allowing for the adoption of new forms of artwork (e.g. digital)  easily. The mix of structured and unstructured data is particularly well suited to document databases. Document datbases also offer rich querying capabilities versus other NoSQL types. 
In conclusion, a RDBMS system, potentially supplemented with NoSQL support in the future, should offer a solution that comprehensively meets the needs of ArtVIsta and give them flexibility to adapt to future requirements. 
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Figure 1 Representation of NoSQL and RDBMS in CAP theorem. Source: Architecting Cloud Native .NET Applications for Azure, 2023, Microsoft Corporation
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