Reports on non-relational and relational databases
2203588   DongBo
         University of Wales Trinity Saint David, Assignment of Database Systems        
[bookmark: _Toc17470]Abstract
This paper mainly analyzes the advantages and disadvantages of relational databases and non-relational databases, compares the two, and introduces the classification and application scenarios of non-relational databases.
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[bookmark: _Toc27158]1. Introduction
Abertawe Entertainment wanted to compare different types of databases and investigate instances of each type and compare the differences between each type of database.
[bookmark: _Toc18345]2. Database overview
[bookmark: _Toc16015]2.1. Overview of relational databases
A relational database is a database based on a relational model that processes data in a database with the help of mathematical concepts and methods such as set algebra. The various entities in the real world and the various connections between them are represented by relational models. The relational model was first proposed by Edgar Codd in 1970 and complemented by the "Cod's twelve laws". Although there are some criticisms of this model today, it is still the traditional standard for data storage. SQL is the standard data query language, a relational database-based language that retrieves and manipulates data in a relational database. 
The relational model consists of three parts: relational data structure, relational operation collection, and relational integrity constraint. The biggest feature of a relational database is the consistency of transactions: traditional relational database read and write operations are transactional, with the characteristics of ACID (atomicity, consistency, isolation, durability), C is consistency, this feature is the soul of the relational database (the other three AIDS are all for it), This feature allows relational databases to be used in almost any system that requires data consistency, such as a typical banking system.
Another characteristic of relational databases is that they have a fixed table structure, so they are extremely unscalable. In SNS (Social Networking Services) applications, system upgrades and increased functions often mean huge changes in data structures, which require new structured data storage.
[bookmark: _Toc29739]2.2. Advantages of relational databases
[bookmark: _Toc26844]1.The data model is simple.
The relational model makes no distinction between entities and connections, using relationships (two-dimensional tables) to describe entities and relationships with properties called foreign keywords (also two-dimensional tables) to represent connections. Through the operation of relationship operations, the connection between attributes can be actively mined, and an intermediary relationship with related attribute keywords can also be used to represent the connection between attributes.
[bookmark: _Toc23786]2.High data independence.
Each column (attribute) in a two-dimensional table that represents a relationship has a different name, the data type in each column is the same, and the attributes in the table are one-dimensional basic data types, that is, each attribute value is atomic and can no longer be subdivided, and there are no identical rows (tuples) in the table.
3.The theoretical basis is strict.
Relational databases are based on mathematical relational theory. A relation is a subset of the Cartesian product and is strictly defined mathematically. In 1971, Codd proposed the normalization theory of relations, and its normalized form evolved from 1NF, 2NF, 3NF, all the way to BCNF, 4NF, 5NF.
[bookmark: _Toc4686]4.Easy and flexible operation.
The operation of relational databases is based on set operations and predicate calculus, which is very flexible. All operations performed on database relationships also end up in a new relationship derived from the combination of relationships, providing data to users in the form of tables.
[bookmark: _Toc26029]5.Good management security.
Relational database management systems mediate every access to data, and this narrow interface helps with security.
6.Not very demanding on the user.
The relational model is concise, easy to understand, flexible, and easy to use, and can be used by non-database professionals, resulting in its widespread adoption and acceptance.
2.3. Disadvantages of relational databases
The huge price paid by relational databases to maintain consistency is that their read and write performance is relatively poor, and SNS (Social Networking Services) applications such as Weibo and Facebook have extremely high requirements for concurrent read and write capabilities, and relational databases can no longer cope (in terms of reads, traditionally in order to overcome the shortcomings of relational databases and improve performance, they are adding a level of memcache to staticize web pages, and in SNS, the change is too fast, Memcache is no longer able to do anything), so relational databases must be replaced by a new kind of structured storage of data.
Relational database has been popular for a long time with the characteristics of single data representation, unity of data operation, non-procedural data language and collection-oriented access, but it has increasingly exposed many inadaptations to complex and diversified applications in the Internet network environment.
1.The relational model can only handle simple structured data types such as integers, real numbers, strings, and so on.
For unstructured data such as a book or a picture, or complex data such as packages and queues with different types of data items inserted or taken out of them, or the expression of semi-structured data such as pages with a certain level and structure of description on the Internet, and the integration of heterogeneous data between websites with different information and organizational forms, and self-describing and dynamic variability, it seems powerless.
2.Relational models do not support complex data nesting
Only one indivisible data value can be held in each table entry and cannot be linked by a pointer. It is not possible for a relational model to capture the semantics of complex objects like the multidimensional data typical of transactional applications. In order to simulate complex objects, it is often necessary to divide the information into several different tables, the connections between the tables are often hidden in the application, rather than in a more manageable database, and a batch of tables must be joined each time to obtain the information of the object, the access speed is slow, and it is difficult to mimic the real relationship of the data.
3.Relational databases have significant limitations in their performance and scalability
Relational databases can only perform short processing, not long processing that requires manipulation of temporary variables, history, and data versions, and is suitable for the design of record-saving applications and report output. Relational database only processes passive data, can only read and write information transmission, for the Internet huge, distributed, heterogeneous data, relying on the original static structured query language is difficult to effectively obtain data, query efficiency is low, programming workload is large and difficult to optimize, the introduction of new storage structure, index structure, data buffering, concurrent control and recovery mechanism and algorithm is more difficult.
[bookmark: _Toc22621]3. Overview of non-relational databases
In computer science, a non-relational database (NoSQL) is a structured storage management system for data that is very different from previous relational databases (RDBMs). Non-relational databases typically do not have a fixed table structure and avoid using join operations. Compared with relational databases, non-relational databases are particularly suitable for web 2.0 applications represented by SNS, which require extremely high-speed concurrent read and write operations without high numerical consistency requirements.
3.1. Classification of non-relational databases
The data model of the database determines the organization of the data in a logical form, which is divided from the database model. Its query model dictates how data is retrieved and updated. Non-relational databases can be divided into the following categories
[bookmark: _Toc9106]1.Key‐Value storage system
A key-value database uses a hash table to store data as a collection of key-value pairs, with Key being a unique identifier and being a string object, and Value being stored data, which can be of any type. Its advantages are scalability, good flexibility, and high performance when a large number of read and write operations; The disadvantages are that structured information cannot be stored, conditional queries are inefficient, and in some key-value databases, failures cannot be rolled back. Representative products include Redis, Riak, simpleDB and so on.
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Key‐Value storage system
[bookmark: _Toc23319]2.Graph database
Graph Database uses graphs as a data model to store data. It is based on graph theory, uses nodes, edges, and attributes to represent and store data, and can efficiently store relationships between different vertices and work with connections between entities. Its advantage is that it can use graph structure related algorithms for calculation, and supports complex graph algorithms, with high flexibility; The disadvantage is that the structure is relatively complex and can only support a certain amount of data. Representative graph databases include Neo4j, OrientDB, etc.
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[bookmark: _Toc8268]3.Column-Family database
Column-Family database uses a column-related storage architecture for data storage. It consists of multiple rows, each containing multiple column families, and data belonging to the same column family has the same data type, and storing them together can improve the data compression ratio. Each row of data is located by key, which is suitable for batch data processing and query, and the search speed is fast. Representative products include BigTable, HBase and so on.
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[bookmark: _Toc10194]4.Document storage system
A document storage system that maps "keys" to documents that contain information in a specific format, either in JSON format or something like JSON. The specific format in the document is freely chosen by the developer, but may result in more complex query logic. A typical example is MongoDB.
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3.2. Benefits of a non-relational database
1.Cope with high concurrent database reads and writes (High performance)
Since there is no correlation between data, the structure of the database is relatively simple, and under the large amount of data, the non-relational database shows very high read and write performance.
2.Efficient storage and access of massive data (Huge Storage)
Non-relational databases have very high read and write performance, especially in large data volumes. This is due to its non-relational nature and the simple structure of the database. Generally, relational databases use QueryCache, and each time the table is updated the Cache will be invalid, which is a large-grained cache, and the cache performance is not high in the application of frequent interaction for web 2.0. The cache of a non-relational database is record-level and a fine-grained cache, so the non-relational database has much higher performance at this level.
3.High scalability and availability of databases
There are many types of non-relational databases, but a common feature is the removal of relational features of relational databases. There is no relationship between the data, which makes it very easy to scale. It also invisibly brings scalability at the architectural level. Moreover, non-relational databases can easily implement highly available architectures without compromising performance. It can adapt to the increase in the amount of data and changes in the structure of the data, and GoogleAppengine's Big Table is a typical example of this.
3.3. Disadvantages of non-relational databases
1.Non-relational databases have difficulty achieving data integrity, that is, transactional consistency
Since data integrity is difficult to achieve in NoSQL projects, it is essential in enterprise applications. As a result, current NoSQL projects are difficult to democratize in the enterprise
2.Lack of strong technical support from suppliers[5]
Due to the natural diversity of relational databases and their relatively short period of existence, unlike relational databases, there are several types of databases that can be dominant. There are many types of non-relational databases, and most of them are open source.
3.Relational databases are designed to be more realistic
The greatest value of a relational database lies in its convenient data structure design. Because the relationship model between objects in the database (such as three-normal form, etc.) is very helpful for database structure design, which largely reflects the actual situation of the business. However, non-relational database projects lack this relationship, so there can be significant differences between different products based on non-relational database technologies. This increases the difficulty of designing the database structure.

4.Comparison and analysis of relational and NoSQL databases
[bookmark: _Toc31874]4.1. Database schema
Relational databases require a defined schema, strict adherence to data definitions and constraints, and are relatively fixed. The noSQL database does not have a schema, can store a variety of different types of data freely, and doesn't have a unified theoretical foundation.
[bookmark: _Toc10905]4.2. Data storage structure
In relational databases, data is stored in two-dimensional tables, in which each row represents a unique record, and each column represents a field, and the table structure can be modified through the database schema definition language (DDL). The stored data formats of NoSQL databases are flexible, and don't have a fixed table structure, making them convenient for expansion. Datasets include Key-Value pairs, graphs, documents, and so on. Therefore, a NoSQL database is a better choice if the business data structure is not fixed or changes frequently.
[bookmark: _Toc4622]4.3. Transaction support
In relational databases, a complex transaction management mechanism ensures transactions adhere to the four ACID requirements during execution and are easy to roll back. When data size increases, relational databases can only provide weak availability to ensure strict consistency. In terms of performance and stability, traditional relational databases are a better choice if data operations require high transactional or complex query capabilities.
In NoSQL databases, transactional ACID is replaced by the Basically Availble Softstate Eventual Consistency (BASE) model, which sacrifices high consistency for availability or reliability [3]. In scenarios where high availability is more important than data consistency, NoSQL databases are often used.
[bookmark: _Toc25589]4.4. Transaction support
The design mechanism of relational databases, in which data is stored in relational tables in a relational model, makes horizontal scaling difficult. It is often necessary to add hardware devices to achieve "scale up" when load data increases. The current computer hardware process has reached a limit, performance has slowed, and high-end high-performance servers are expensive, so it is unrealistic to expect to "scale up" to meet the actual business needs.
Inherently capable of horizontal scaling, NoSQL databases are designed with "horizontal scaling" in mind from the beginning. The load can be offloaded by adding inexpensive blade server appliances. As well as being cost-effective, the database also allows for large-scale data storage and processing.
[bookmark: _Toc32030]4.5. Database integrity
Data integrity refers to the accuracy and consistency of the data stored in a database. A database system's ability to reflect the real world depends on whether its data is complete. Relational databases are easy to maintain, but NoSQL databases are difficult.
[bookmark: _Toc19962]4.6. Query efficiency
In relational databases, data is stored in two-dimensional tables, and indexing mechanisms make it easy to locate relevant records without having to scan the entire table sequentially. Tables that are frequently queried, columns that are frequently retrieved and sorted, primary key columns, and unique columns are indexed in the database to speed up queries and improve system performance.
NoSQL databases do not have a fixed structure, do not support highly structured queries, and do not have indexes for complex queries. Even though NoSQL databases can use MapReduce to speed up queries, they still cannot perform as well as relational databases.
[bookmark: _Toc27535]4.7. standardization
[bookmark: _GoBack]After decades of relational database development, the American National Standards Institute (ANSI) and the International Organization for Standardization (ISO) have developed a series of standards for SQL, allowing most relational databases to use standard SQL statements. In spite of the fact that NoSQL databases are still in their infancy, there is no industry standard, and each NoSQL database has its own query language, making it difficult to standardize application program interfaces.
[bookmark: _Toc29378]5.When to use a NoSQL database
5.1 Database table schemas change frequently
For example, in online stores, it is often necessary to add fields to maintain the attributes of products, which means that the code and configuration of the ORMapping layer must be changed, and if the amount of data in the table exceeds one million, adding new fields will bring additional overhead (rebuilding indexes, etc.). NoSQL applications in this scenario can greatly improve the scalability of DB, and developers can focus more on the business layer.
5.2. Database table fields are complex data types
For complex data types, such as SQL Sever, extensibility support is provided, like fields of type xml. Many students who have used it should know that the efficiency of this field, whether it is queried or changed, is very general. The main reason is that it is difficult for the DB layer to build efficient indexes on XML fields, and the application layer has to do parsing and conversion from character streams to the DOM. NoSQL is stored in json, which provides original ecological support, which is much more efficient than traditional relational databases
[bookmark: _Toc19454]5.3. High concurrent database requests
Such applications are common in Web 2.0 websites, many applications have low requirements for data consistency, and relational database transactions and large table joins have become "performance killers". In the case of high concurrency, the performance comparison between SQL and No-SQL has always been controversial due to different environments and angles, not to say that in any scenario, No-SQL will always be faster than SQL.
[bookmark: _Toc1982]5.4. Distributed storage of massive data
If large commercial data is selected for the storage of massive data, such as Oracle, the cost of the entire solution is very high, and a lot of money is spent on software and hardware. NoSQL distributed storage, which can be deployed on inexpensive hardware, is a very cost-effective solution. Mongo's auto-sharding has been used in production.
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