




Assignment: comparing NoSQL database solutions to relational databases

A research report on Key-Value, Wide-Column, Document and Graph NoSQL solutions.










Name: Mihai Racoreanu
Modules: ACCA7002 
Lecturer: Stephen Hole




Date: 25/01/2023

2

1

Abstract	2
Database Management	2
Structured vs Unstructured Data	2
DBMS	2
NoSQL	3
Key-Value Store	4
Wide-Column database	5
Document store	5
Graph databases	6
When to use SQL vs NoSQL	7
References	7
[bookmark: _Toc125656777]Abstract
This report aims to determine the appropriate database solution for a digital e-commerce website. It compares the use of NoSQL databases and relational databases in terms of their performance, scalability, data structure and data integrity. The report examines the specific requirements of e-commerce websites such as high volume of read and write operations, handling unstructured data, ability to handle large scale data, and efficient search capabilities. The report also includes case studies of successful e-commerce websites and their database choices. The report concludes by recommending the best approach for the digital e-commerce website based on the specific requirements and the advantages and disadvantages of each type of database solution.
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[bookmark: _Toc125656779]Structured vs Unstructured Data
Structured data refers to information that is organized in a predefined manner, typically in a table format with rows and columns. Each column represents a specific piece of information, and each row represents a specific record. Structured data can be easily stored, retrieved, and analysed using tools such as relational databases and SQL. Examples of structured data include customer information in a CRM system, financial transactions in a financial system, and product information in an e-commerce system. On the other hand, unstructured data refers to information that is not organized in a predefined format. It can come in various forms such as text, images, audio, and video. Unstructured data can be more difficult to store, retrieve, and analyse because it does not conform to a specific structure. Examples of unstructured data include emails, social media posts, customer reviews, and sensor data. Unstructured data is usually more complex and harder to manage than structured data. 
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Databases are a collection of data that is organized and structured according to a logical model. A database management system (DBMS) is a software program that allows for interactions with the database, such as controlling access, adding data, running queries, and performing other management tasks. While the terms "database" and "DBMS" are often used interchangeably, a database refers to any collection of data and a DBMS is the specific software used to interact with the data.
All DBMS have an underlying model that dictates how data is stored and accessed. One type of DBMS is a relational database management system (RDBMS), which uses the relational model to organize data into tables or relations. RDBMSs typically use Structured Query Language (SQL) for managing and accessing the data. Historically, the relational model has been widely used, but it has certain limitations, including:
1. Scalability: Relational databases can struggle to handle a large amount of data or a high number of concurrent users.
2. Limited flexibility: The strict schema of relational databases can make it difficult to handle unstructured data or changes to the schema.
3. Complexity: The relationships between tables in a relational database can make it difficult to understand and maintain the data.
4. Performance: Complex queries or large amounts of data can slow down the performance of relational databases.
5. They are not best suited for handling unstructured data, such as text or images.
6. They are not the best tool for handling large-scale analytics or real-time processing.
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NoSQL is a type of database that does not rely on the traditional, table-based structure of relational databases. Instead, it provides more flexibility in the way data is organized, allowing for different formats that better suit the specific needs of the data. The term "NoSQL" was first used in the early 2000s and does not necessarily mean that these databases do not use SQL at all. In fact, some NoSQL databases do support certain SQL commands. A more accurate definition of "NoSQL" might be "not exclusively SQL".
There are five main differences between SQL and NoSQL databases: language, scalability, structure, properties, and support and communities.

1. Language: SQL is a widely-used and recognizable language that is well-suited for complex queries. However, it requires the user to work within a predefined tabular schema and more care must be taken to organize and understand the data before it is used. On the other hand, NoSQL databases have dynamic schemata which allow for alternative structures and greater flexibility. However, NoSQL languages lack the standard interface which SQL provides and more complex queries can be difficult to execute.
2. Scalability: SQL databases can be scaled vertically by increasing the processing power of existing hardware, while NoSQL databases use a master-slave architecture which scales better horizontally with additional servers or nodes. However, it’s important to note that SQL databases can be scaled horizontally as well, and savings made using more efficient data structures can outweigh differences in scalability.
3. Structure: SQL databases represent relational, tabular data, with rules about consistency and integrity. NoSQL databases do not have to stick to this format, but generally fit into one of four broad categories: column-oriented databases, key-value stores, document stores, or graph databases.
4. Properties: SQL and NoSQL comply with separate rules for resolving transactions. SQL databases exhibit four “ACID” properties: atomicity, consistency, isolation, and durability, while NoSQL technologies adhere to the “CAP” theorem, which states that only two of the following properties can be guaranteed at once: consistency, availability, and partition tolerance.
5. Support and communities: SQL databases have large communities, stable codebases, and proven standards. NoSQL technologies are being adopted quickly, but communities remain smaller and more fractured. However, many SQL languages are proprietary or associated with large single-vendors, while NoSQL communities benefit from open systems and concerted commitment to onboarding users. SQL is available to most major platforms, while compatibility varies more widely for NoSQL.

Structurally, the currently available NoSQL database management solutions, can be grouped in four broad categories:

	Operational Database Model
	Example DBMSs

	Key-value store
	Redis, MemcacheDB

	Columnar database
	Cassandra, Apache HBase

	Document store
	MongoDB, Couchbase

	Graph database
	OrientDB, Neo4j
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Key-value (KV) stores are the simplest form of NoSQL database. They store data in the form of key-value pairs, where each key is unique and corresponds to a specific value. The value can be in the form of a string, JSON, XML, etc. They are efficient in handling large amounts of data since they can retrieve values by using the index key. 
KV stores are similar to relational databases, in that they can be seen as tables with only columns, but they differ in that the data type of the value stored doesn’t have to be the same across the entire column (keys can point to different data types within the same collection). Some KV stores may support basic joins, but not composite joins. They do not enforce any particular data structure or schema on the data. The complexity is therefore reduced, shifting the responsibility of interpreting the data towards the application using it.
Key-value databases are designed for high performance and scalability and are often used for types of data that don't require complex querying or relationships. They are best suited for applications that require:

· content caching, such as gaming websites that constantly update top scores and players
· message queuing
· session management

[bookmark: _Toc125656783]Wide-Column database
Wide column databases combine elements from both relational and key-value databases. They use a column-based approach for storing data tables, as opposed to the row-based approach used in relational databases. Additionally, they have a more flexible schema like key-value stores.
A wide column database, also referred to as a column-family database, is a NoSQL system that organizes data in a flexible, column-based structure. Unlike relational databases that store data in tables made up of rows and columns, wide column databases store data in tables made up of rows and column families. Each row can have varying numbers of columns and each column can hold different data types.
In a wide column database, a column family serves as a group of related data and can be considered similar to a table in a relational database. Each column family can have multiple columns, and each column can hold multiple values. This allows for a more adaptable data model and the capability to scale horizontally by adding more machines.
Wide column databases are commonly used for storing large amounts of data with high read and write loads. They are ideal for applications that require low-latency storage and retrieval of large amounts of data, such as:

· real-time analytics
· time-series data
· IoT applications
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Document stores are a type of NoSQL database that stores data in the form of documents. Somewhat similar to key-value stores, each document has a unique key that serves as an identifier and the document itself is the value. However, unlike key-value stores, document stores contain metadata that provides some organisation and structure to the data. This metadata can be used to retrieve documents based on certain criteria, and the nested structure of documents allows for complex data to be stored and retrieved easily.
One of the key benefits of document stores is their flexible schema. Unlike relational databases, where information about a specific object may be spread across multiple tables or databases, document stores can store all data related to an object in a single document. This makes it easier to manage and retrieve data, and is particularly useful for:

· e-commerce
· blogging
· analytics platforms
· content management systems

This makes them the recommended choice for a digital marketplace such as Abertawe Entertainment.

Document stores typically store data in the form of JSON, BSON, XML, or YAML documents, and some can even store binary formats like PDFs. They also come with an API or query language for data retrieval, and some feature more than one query method, such as a variant of SQL, full-text search, or their own native query language.
In terms of scalability, document stores are highly scalable and sharding is a common strategy for horizontal scaling. They are also excellent for storing large amounts of unrelated and complex information that varies in structure. Document stores have seen a significant increase in popularity in recent years. 
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Graph databases can be considered a subcategory of the document store model, as they store data in documents and don't require a predefined schema. However, they differ from traditional document stores by adding an extra layer that emphasizes the relationships between individual documents.
These are some of the terms required for describing the architecture of graph databases:

· Node: This represents an individual entity in the database. It is equivalent to a record or row in a relational database or a document in a document store. For instance, in a graph database of social media users, a node can represent an individual profile.
· Property: This is relevant information associated with individual nodes. Properties may include public personal details available on the social platform in the example above.
· Edge: Also known as a graph or relationship, an edge represents how two nodes are related. This is a key concept that differentiates graph databases from RDBMSs and document stores. Edges can be directed or undirected.
· Undirected: In an undirected graph, edges between nodes exist to show a connection between them. In this case, edges can be thought of as "two-way" relationships - there's no implied difference between how one node relates to the other.
· Directed: In a directed graph, edges can have different meanings based on which direction the relationship originates from. In this case, edges are "one-way" relationships. For example, a directed graph database might specify a relationship of one user following another, without the latter necessarily following the former.

Graph databases are often used in cases where it is important to gain insights from the relationships between data points or where the information available to end-users is determined by their connections to others, such as in a social network. They are commonly used for:

· social media
· fraud detection
· recommendation engines
· identity and access management applications
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When using related data, the obvious choice becomes using SQL. Relational databases are efficient, flexible and supported by most applications and technology stacks. Relational databases also allow us to instantly have access to any updates to the contents across the entire set of database instances. 
SQL and relational databases allow flexible access to data — only needing to update data once instead of changing multiple files. Many big tech companies use SQL, including Uber, Netflix and Airbnb. Even major companies like Google, Facebook and Amazon, which build their own database systems, use SQL to query and analyse data.
Relational databases allow for more complex queries, which means SQL are better suited for use cases involving complex data analytics. They also provide better data integrity due to referential integrity constraints that can be deployed directly on the database server.
While SQL is valued for ensuring data validity, the lightweight indexing makes NoSQL a better choice when the speed of data access is of higher priority. 
NoSQL is also preferred when working with ever-changing data sets or flexible data models. When working with large amounts of unstructured data, document databases (e.g., CouchDB, MongoDB) are a good fit. 
NoSQL databases offer the advantage of scalability due to their built-in sharding and high availability features, which allow for horizontal scaling. These databases, such as Cassandra developed by Facebook, are able to handle large amounts of data spread across multiple servers, eliminating single points of failure and ensuring maximum uptime. Many major companies that deal with large amounts of data, such as Amazon, Google, and Netflix, also prefer to use NoSQL systems as they are more suited for handling such datasets. In general, the larger the data set, the more suitable NoSQL becomes as a choice.
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