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Abstract: 
The current study examines and categorises the numerous types of NoSQL Databases. It looks at the demand for NoSQL and how it has emerged as a viable alternative to relational databases. NoSQL database can be divided into four main categories: document stores, broad column stores, graph databases and key value stores. Based on functional and non-functional properties; these categories are constructed. Performance, Scalability, adaptability, structure, and complexity are the examples of non-functional properties. Denormalization, joins, atomicity, aggregation, and keys are among the functional features. Then, one database from each of these subcategories MongoDB (Document Stores), Cassandra (broad column stores), Redis (Key value stores), and Neo4j is chosen for additional research (graph databases). Comparing specific databases based on their data models, Distributive characteristics, the CAP theorem, and other elements. A document store can be employed if high performance, flexibility, and scalability are required, and if the data is represented in JSON format, according to the comparison of non-functional features. For semi-structured data that needs great performance and scalability, column stores can be employed. Redis is an in-memory database that operated very quickly when only one shard is being used. When dealing with heavily interconnected data and constantly changing data models, graph databases might be used. Comparing MongoDB, Cassandra, Redis and Neo4j revealed that they are all schema-free horizontal scale systems. Others don’t have full ACID qualities besides Neo4j. MongoDB, Redis, and Cassandra databases all have quick write and delete operations, while Cassandra's read operations are noticeably slower. Neo4j's REST speed is comparable to MongoDB, whereas embedded is noticeably slower. We also talk about how these databases function in a distributed setting.

Introduction:  
Large volumes of data that can't be managed by single node systems have been produced by recent developments in distributed web applications and cloud computing. Since high availability and scalability are required, distributed storage gives the solutions. Amazon Dynamo and Google's Big Table are two examples of distributed (non-relational) storage.
· Relational Database

Every record was first kept manually, but technology's emergence over time has resulted in significant modifications. Databases were established to simplify the process of maintaining data. A database can range from being just a plain text document to becoming extremely complicated databases. To function properly, these databases need to be regularly cleaned to get rid of any redundant, inconsistent, or unreliable data. To store this data, the relational model is the most typical and well-known conception. Relevant data is extracted from the database pool using Structured Query Language (SQL). Because of their simplicity, relational databases are the most widely used type of database. Data is divided into several tables in an RDBMS [1] and can be accessed as needed without causing the table itself to alter. Relational databases provide for the quick and simple performance of operations including join, aggregate, addition, creation, retrieval, and deletion. extending or changing current tables is also very simple.
SQL Server [2], Oracle Database [3], and MySQL [4] are a few examples.
Because of their simplicity, relational databases are the most widely used type of database. A relational database management system (RDBMS) [1] divides data into several tables, most of which are normalised for increased efficiency. It is possible to reconstruct data while accessing it based on the user's needs.
Data definition language (DDL), data control language (DCL), data manipulation language, and structured query language (SQL) are the four different forms of queries (DML). Each one has its own set of queries that are executed to describe data, such as create tables, edit tables, etc., to manipulate existing data as needed using updates, inserts, etc., and to define the control of transactions using queries such as roll back, commit, etc. On topics such data validity, query language, data type, data storage, schema, flexibility, scalability, and ACID compliance, a full comparison of NoSQL and RDBMS is provided [5]. Assuming that transactions are commutative, NOSQL typically only supports single record transactions and eventual consistency replica systems. As a result, the performance of ACID transactions is affected [6].

· Why NoSQL Database used?

Its nonuniformity is the main problem with the expanding data. This issue has necessitated the necessity for a non-relational database in recent years, which must scale to meet the expanding demands of industry while still being extremely efficient. NoSQL databases were created as a result, and they are very scalable, effective, and able to hold massive amounts of data.
Although all three types of data, namely structured, semi-structured, and unstructured, may be managed by RDBMS, unstructured and semi-structured data require extra work and compromises to be stored efficiently. Because the data is already in the necessary form, RDBMS keeps it exactly as it is. However, there are a few difficulties in storing semi-structured data. Prior to storage, semi-structured data must be transformed into relational data. Unstructured data is also saved as a blob object rather than being stored directly.
Therefore, a new approach to data storage was taken to address this non-uniformity of data, which resulted in the development of NoSQL (Not Only SQL) Databases.
NoSQL databases have become a significant alternative to relational databases, and we select them based on qualities like scalability, availability, and fault tolerance. They don't adhere to the standard table/row/column methodology used by all RDBMSs. Distributed or non-relational databases are the most common names for NoSQL’s. They offer horizontal scalability, therefore, to scale the number of servers is raised rather than the system's hardware being upgraded as is done in RDBMS where vertical scaling is carried out.

· Importance of NoSQL Database

NoSQL [7] databases are designed for managing vast, diversified, and dynamic data sets. In distributed systems or cloud databases, they are frequently employed. NoSQL databases do not have fixed schemes or many other restrictions. They were first offered as databases to offer a substitute for the long-established relational databases.
The most crucial determining variables for these NoSQL databases are scalability, fault tolerance, and availability. They do not adhere to the rigid schema approach used by RDBMSs [1].
Due to its ability to manage massive data effectively, deliver high velocity, and handle a variety of data with varying complexities, NoSQL’s have an advantage over relational databases. Since they are horizontally expandable, controlling them is also made easier by the addition of a new node to the cluster that can effectively handle load. To prevent failure, the data is spread across multiple servers, so even if one fails, the other servers are still functional and can easily carry on the task of the problematic node. This shows the genuine fault tolerance of a NoSQL database and ensures that there isn't a single point of failure in the database. It also benefits from the capabilities of built-in redundancy regarding data and function.

NoSQL databases can be divided into four categories, each of which has distinct characteristics:
· Graph Database (Neo4j):
The basis of this type of databases is graph theory. Examples: Neo4j [8] and Titan [9]. Graph models with labelled properties are used by Neo4j. Neo4j allows for the assignment of properties to nodes and edges.
Nodes may also be linked to labels that group various nodes into groups based on the responsibilities they play. A complete graph database that complies with ACID transactions is Neo4j. It is available in embedded form as well as standalone server (REST interface).

· Key-Value Store (Redis): 
In this database, we store the data in two parts, namely key and value. Examples: Redis [10], DynamoDB [11], Riak [12]. In the CAP theorem, Redis is found on the CP side. Data durability options are available in the Redis key value data store. Redis is an in-memory NoSQL database that supports a wide range of data structure servers, including strings, lists, sets, hashes, and sorted sets.
Relaxed master-slave architecture allows for replication.

· Column Store (Cassandra):
Here, data is stored in the form of sections of columns of data. Examples: HBase, BigTable and Cassandra [14]. On the AP side of the CAP theorem, Cassandra dwells. Because it is linearly scalable, it offers its users availability without sacrificing performance.
Cassandra can manage massive amounts of data across a variety of commodity systems while preserving high availability and eliminating any single point of failure. [6] [10]

· Document Database:
This database is higher version of key-value stores. Here values are saved as documents which are data in the form of complex structures (like JSON). Examples: MongoDB [15] and CouchDB [15]. In the CAP theorem, MongoDB is located on the CP side.
Data integration is sped up and made easier using MongoDB's support for the BSON format, a document style like JSON with dynamic schemas. Asynchronous replication is one of MongoDB's key characteristics enabling data replication between servers, and it also contains a document-oriented storage layer. Additional implementation choices must be made in MongoDB and other NoSQL databases that were not necessary in SQL databases. Performance of databases is impacted by these choices. Clustering, MapReduce, and simple replication are further benefits of utilising MongoDB.

The restriction imposed on all databases is explained by the CAP theorem. It indicates that everyone can choose only two of the three attributes, which are referred to as CAP and stand for Consistency, Availability, and Partition Tolerance. The main claim of Brewer's theorem states that for any shared-data system, a maximum of two attributes can exist from these properties [15].

ANALYSIS OF NOSQL DATABASES IN COMPARISON
NoSQL database comparison based on functional and non-functional needs. Different NoSQL databases are listed in Table 1 based on non-functional aspects.
	Data Model
	Performance of Queries
	Scalability of Data
	Flexibility of Scheme
	Structure of Database
	Complexity of Values

	Key Value Store
	High
	High
	High
	Primary key with some value
	None

	Column Store
	High
	High
	Moderate
	Row consisting of multiple columns
	Low

	Document Store
	High
	Variable (High)
	High
	JSON in form of tree
	Low

	Graph Database
	Variable
	Variable
	High
	Graph entities and relation
	High


(Table 1)
Based on non-functional characteristics such query performance, data scalability, schema flexibility, database structure, and value complexity, Table 1 compares key-value stores, column stores, document stores, and graph databases. Table 1 shows that a key-value store may be selected for basic data because it will offer excellent performance, scalability, and flexibility. Simple data may be expressed as a key-value pair form simply. Column store is the ideal database because it offers great performance and scalability when the value can be stored in a column format and is semi-structured. When data can be expressed in JSON format, document stores should be chosen since they are fast, flexible, and high scalability is typical. The graph store model, which offers great stability but variable efficiency and scalability, is used when it is necessary to store data that can be represented using graph theory or when the data is strongly connected.

Table 2 compares the four types of NoSQL databases based on functional aspects such De-normalization, Single Aggregate (adding several composite keys to a single key), Atomicity, and Transactional Memory. Keys in random order Composite Key, Composite Aggregation, Aggregation, Aggregation and Group by, Derived Table (a table can be constructed based on a master class to help with sorting according to multi-dimensional indices), Nested Sets, Joins, and Adjacency Lists (each node is created as an individualistic record that can accept arrays of immediate ancestors or descendants).
If we wish to do actions on the database such as composite key, joins, or derived table operations, we should avoid using key value store.
If we wish to employ adjacency lists, nested sets, aggregation, and group by, unordered keys, joins operations, adjacency stores, and wide column stores, we should avoid them.
If we only want to denormalize, then we should utilise Graph Store.
	Sr. No
	Features
	Key Value Store
	Document Store
	Wide Column Store
	Graph Store

	1.
	Denormalization
	Applicable
	Not Applicable
	Applicable
	Applicable

	2.
	Single Aggregate
	Applicable
	Applicable
	Applicable
	Not Applicable

	3.
	Atomicity
	Applicable
	Applicable
	Applicable
	Not Applicable

	4.
	Unordered keys
	Applicable
	Not Applicable
	Not Applicable
	Not Applicable

	5.
	Derived Table
	Not Applicable
	Not Applicable
	Applicable
	Not Applicable

	6.
	Composite Key
	Not Applicable
	Not Applicable
	Applicable
	Not Applicable

	7.
	Composite Aggregation
	Applicable
	Not Applicable
	Applicable
	Not Applicable

	8.
	Aggregation
	Applicable
	Applicable
	Applicable
	Not Applicable

	9.
	Aggregation and Group by
	Applicable
	Applicable
	Not Applicable
	Not Applicable

	10.
	Adjacency Lists
	Applicable
	Applicable
	Not Applicable
	Not Applicable

	11.
	Nested Sets
	Applicable
	Applicable
	Not Applicable
	Not Applicable

	12.
	Joins
	Not Applicable
	Not Applicable
	Not Applicable
	Not Applicable


(Table 2)

COMPARISON BASED ON DISTRIBUTIVE PROPERTIES

	Feature
	WIDE COLUMN STORE (CASSANDRA)
	DOCUMENT STORE (MONGO DB)
	KEY VALUE PAIR STORE (REDIS)
	GRAPH DATABASE(Neo4j)

	Sharding and Partitioning
	Auto sharding and order preserving
	Built in and order preserving
	Auto sharding and no order
	Supports sharding but should be avoided

	Scaling
	Horizontal
	Horizontal
	Horizontal
	Horizontal

	Replication
	Selectable Replication Factor
	Master Slave
	Relaxed and Master Slave
	Causal Clustering using Raft protocol (master slave)


(Table 3)
When the four databases are dispersed across numerous computers, some of which may or may not be in the same physical place, Table 3 describes how the four databases function. In the case of MongoDB, auto sharding is utilised to distribute data among numerous nodes while maintaining order. Because of its capabilities for horizontal scaling, MongoDB can scale data across numerous nodes. The burden is evenly spread across the nodes, and if the balance is upset, the load is automatically redistributed.
In Cassandra, a sizable amount of data is split over numerous nodes, giving users extremely high availability and failure-free operation. Additionally, it offers cross-data centre replication, selectable replication factors, and horizontal scaling.
Redis uses a master-slave architecture to store data in memory. In general, Redis allows a less rigid master-slave replication model in which data from any master can easily be duplicated to any number of slaves, with the caveat that a slave can also serve as a master to other slaves. This database doesn't use order-preserving data partitioning across nodes.
High availability is noted as a condition of the Neo4J scalability package. The entire dataset is duplicated over the entire cluster and there is no support for partitioning.







Conclusion:
Contrary to NoSQL databases, which scale horizontally, SQL databases scale vertically (based on hardware) (server). The purpose of this article is to provide a complete review and introduction of NoSQL’s, which have lately entered the market as an alternative to relational database management systems, which are now the most popular. While the second part classifies NoSQL’s into three categories—Document stores, Key-value stores, and Column based stores—and then explains their structures and workings, the first half analyses the motivations and justifications for the creation and use of non-relational management systems. Every database has a different way of operating and behaving, and they're all always changing. The databases used in the current study are Cassandra (wide column store), Neo4j (graph database), Redis (key value pair store), and MongoDB (document store). The databases were selected from each category and were then compared based on their data models, distributive properties, and other characteristics. Based on their non-functional features, the study compares them. To achieve high performance, scalability, and flexibility, a key value store should be selected for simple data that can be simply expressed in key value form. The right database to use if the value can be stored in column form and is semi-structured is column store because it will provide high Performance and Stability. Document stores should be used above other options if data can be expressed in JSON format since they are high performing, flexible, and typically have good scalability. The graph store model gives us high stability, but performance and scalability are erratic. The graph theory describes the data. After that, a functional feature-based comparison is done. Key value storage should be avoided if one needs to use, according to the findings. Operations on the database include derived tables, joins, and composite keys. If de-normalization, unordered keys, composite keys, composite aggregates, joins, or derived table operations are required on the database, Document Store should be avoided.
If we wish to employ adjacency lists, nested sets, aggregation, and group by, unordered keys, or join operations on the database, we should avoid using wide column stores. If we only want to execute de-normalization, Graph Store should be employed.
Redis is optimised for optimum efficiency and performance rather than greatest security [5]. Numerous performance justifications for NOSQL databases were examined by Stonebraker [6], who found them to be unsatisfactory. Therefore, these systems also have a variety of restrictions.
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