Data storage investigation
Abstract
This paper compares different types of NoSQL databases and focuses on the differences between NoSQL and traditional relational databases. We also analyze the usage scenarios suitable for NoSQL.
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Different types of NoSQL databases
With the rapid development of web2.0, the relationship, distributed data storage got rapid development, they do not guarantee the relationship data ACID characteristics, namely atomic, consistency, isolation, persistence, a database support transaction, must have these four characteristics, otherwise in the transaction process cannot guarantee the correctness of the data. The term "NoSQL" was first used in 1998 to be the name of a lightweight relational database. The NoSQL concept was introduced in 2009. The most common explanation of NoSQL is "non-relational", and "Not Only SQL" is also accepted by many people. NoSQL is a new generation of database designed to process a large amount of data, and NoSQL systems are numerous, each with its own characteristics[1]. NoSQL is the most used when key-value storage, of course there are other document type, column storage, graph database, xml database, etc. The NoSQL database outperforms the traditional RDBMS[2] due to its faster massive data retrieval speed, scalability, and high performance.

We can divide the typical NoSQL into four types, namely, key value database, column database, document database, and graph database. Next, we make a detailed explanation of the different types of NoSQL databases.

Key-value databases are usually applied to content caching, such as Redis[6], Oracle BDB[7] and so on. It uses a hash table where Key uses to locate Value, which store and retrieve the specific Value. The database cannot be indexed and queried by Value, only via Key. Value can be used to store any type of data, including shaping, character type, arrays, objects, and more. Key value database has the advantages of good scalability, high flexibility and high performance, which is also the reason why the database is widely used, but the database cannot store structured information, and the conditional query efficiency is low, the data is not structured, so the data is usually only used as a string or binary data.

Column databases are usually used in distributed data storage and management, and the related products are BigTable, HBase, GreenPlum and so on. This database is usually used to deal with the distributed storage of massive data. Key still exists, but they are characterized by pointing to multiple columns. Different from the key value database, the column database has the advantages of fast search speed, easy distributed expansion, low complexity, and also convenient to expand, but its functions are relatively limited.

Document databases are mainly used in storing, indexing and managing document-oriented data or similar semi-structured data, and related products include CloudKit, CouchDB, and MongoDB[5] we usually use, etc. A document database can be viewed as an updated version of the key value database that allows data to be nested before keys and values. Moreover, document database is more query efficient than key value database. Document database is mainly used for storage and retrieval of document data, which is very suitable for those applications that express the input data into documents. Although the document database has the advantages of good performance, high flexibility, low complexity and flexible data structure, at the same time, it lacks the same query language, which makes people need more knowledge and experience when using it.

The last one is the graph database, which is mainly used in a large number of complex, interconnected and poorly structured graph structures, such as social networks, recommendation systems, and so on. Related products are InfoGrid, GraphDB and so on. The graph database is based on graph theory to represent a collection of objects, including vertices and edges that connect vertices. Drawing databases use graphs as data models to store data, which can efficiently store relationships before different vertices. Therefore, graphics database has high flexibility, support complex graphics algorithm, easy to build complex relationship map, but the complexity is high, and can only support a certain data scale, most of the time we need to calculate the whole figure to get the information needed, and the structure is not easy to do distributed cluster scheme.

For Abertawe Entertainmen, since the company offers a lot of short story text and audio books, users can buy books on the company's platform. Therefore, the company's database system stores a large number of book information, and the use of document database will be very convenient, because the application object of document database is document oriented data, such as book type of data, document database will be easier to operate this data. Priority is therefore given to designing the NoSQL database system.

The NoSQL database and the relational database
After we compare the different types of NoSQL databases, we know that the difference between the different NoSQL databases is relatively large. Due to the unstructured and large amount of data, relational databases are no longer suitable for data management, so the heart database NoSQL is introduced into[4]. We should not only compare different NoSQL databases, but also compare NoSQL with traditional relational databases, and analyze the differences between NoSQL databases and relational databases. We can analyze and compare from the storage mode, storage structure, storage specification, expansion mode, query mode, read and write performance, transactional and standardization aspects.

In terms of storage mode, the traditional relational database adopts the storage mode of tables. In order to conduct more convenient read and write operation and query operation, the data in the database is stored in the way of rows and columns. However, NoSQL is not suitable for this kind of storage mode, because the NoSQL database faces a large amount of data, and we process these data into many data sets and store them in the way of data sets. Relational database will be structured on each stored data, because relational database using table storage, we use the database storage, need to develop the corresponding structure for each table, and then according to the structure store appropriate data, because the structure of the design of the table, so the stability of relational database will be higher, but then if you need to modify the structure of the table will be very complex, this is also a serious disadvantage of relational database. The storage structure adopted by the NoSQL database is dynamic, so it is very flexible, and there is no such problem.

On the storage specification, the storage space is limited, and the repeated storage of data is a common problem. In order to avoid this problem, the data in each table in the database should be stored in the way of the minimum relational table, so as to facilitate the database to manage these data. If there are multiple data tables, then the situation will be different. Because there are a lot of direct or indirect relationships between data tables, this relationship is very complex, and the more data tables, the more complex the database will manage these data tables. NoSQL database data storage way is in the way of plane data set, although there will be data is repeated storage, resulting in the problem of storage space is wasted (from the perspective of the development of the current computer hardware, the waste of storage space negligible), but because basically a single database is in the form of separate storage, rarely use the way of segmentation storage, so the data often can be saved as a whole, this provides great convenience for data reading and writing.

In terms of expansion, the relational database stores the data in the data table, and the bottleneck of data operation appears in the operation of multiple data tables. In the case of very many data tables, this problem will become more serious. If you want to reduce the operating cost, you can only improve the processing capacity of the database, or choose the database system with stronger performance, such expansion space must be very limited, that is, the relational database only has the vertical expansion capacity. NoSQL database uses the storage mode of data set, so the database adopts distributed storage mode, not only in the vertical way to expand the database, but also in the horizontal way.

On reading and writing performance, relational database emphasizes data consistency, and reduce reading and writing performance paid a huge price, although the relational database storage data and processing data reliability is very good, but once in the face of massive data processing efficiency will become very poor, especially in high concurrency reading and writing performance will decline very much. And NoSQL database relative relationship database advantage is the biggest is to deal with a large amount of data, which is for a lot of unstructured data every day to high performance reading and writing, this is because NoSQL database is stored in accordance with the key-value type, stored in the form of data sets, so whether extended or read and write are very easy, and NoSQL database does not need relationship database cumbersome analysis, so NoSQL database big data management, retrieval, reading, writing, analysis and visualization of relational database has incomparable advantages.

Usage scenario for the NoSQL database
After analyzing the differences between NoSQL and relational databases, we can know that both databases have their own advantages. Nowadays, in the world of computer science, data has become an important hub of information processing, and the NoSQL database has become an indispensable modern technology, [3]. So under what circumstances should we use the NoSQL database instead of a relational database? We can analyze from the points unique to NoSQL. The relational database can barely handle tens of thousands of SQL queries, but with thousands of SQL write data requests, the hard disk IO can not handle it, but the NoSQL database can perform high concurrent read and write operations, so it is better to use the NoSQL database in this case. For example, users of large web websites log into the system, such as Tencent, with hundreds of millions of accounts, and the relational database is also difficult to cope with. However, NoSQL can efficiently store and access massive data, so it is better to use NoSQL database in this case. At the same time, for many that need to provide 24-hour service site, upgrade and extend the database system is very painful, often need downtime maintenance and data migration, these operations for relational database is very complex and difficult to achieve, but NoSQL database has the characteristics of high scalability and high availability, so in this case should also use the NoSQL database.

In addition to the analysis from the unique dominant points of NoSQL, we can also analyze it from the characteristics of NoSQL itself. NoSQL has become more and more hot in the past two years, especially the large Internet companies are very keen on this technology, but not in any scenario, the NoSQL database is due to the relational database. Below, we analyze when it is more appropriate to use NoSQL from the perspective of NoSQL itself.

While SQL is valued in ensuring data validity, NoSQL is good when the rapid availability of big data is more important. It is also a good choice when companies need to expand due to changing demand. NoSQL Easy to use, flexible, and provides high performance. The NoSQL is also a good choice when there are large (or changing) data sets or when using flexible data models or requirements that are not suitable for relational models. Document databases are ideal when handling large amounts of unstructured data. To quickly access key value storage without strong integrity assurance, Redis may be the best option. The Elastic Search is a good choice when a complex or flexible search of large amounts of data is required. Scalability is a significant advantage of the NoSQL database. Unlike in SQL, their built-in fragmentation and high availability requirements allow for horizontal expansion. Furthermore, a NoSQL database such as Cassandra developed by Facebook can handle large amounts of data distributed across many servers without single points of failure and provide maximum availability. Other big companies that use NoSQL because they rely on a amounts of data that is not fit to relational databases, including Amazon, Google and Netflix. In general, the broader the dataset, the more likely NoSQL is to be a better choice.

Since NoSQL can perform tasks that other databases cannot perform in these scenarios, what principles does NoSQL use to meet these requirements? Finally, let's briefly analyze the principle of the NoSQL database. There are two main principles in NoSQL: the CAP principle and the BASE principle.

Unlike the ACID principle of relational databases, the CAP principle refers to consistency, availability, and partition tolerance. Consistency Is whether all data backups in a distributed system have the same value at the same time. Availability Each request gets a non-wrong response, but it is not guaranteed that the acquired data is the latest data. After some of the nodes in the cluster fail, whether the whole cluster can still respond to the client's read and write requests. Partition tolerance Is that the database will tolerate the occurrence of errors and can continue in the case of an error. A distributed system can not meet the three requirements of consistency, availability and partition fault tolerance at the same time, and can only meet two at the same time. Therefore, according to the CAP principle, the NoSQL database is divided into three categories: the CA principle, the CP principle and the AP principle. CA refers to systems that satisfy consistency and usability, and databases are often less powerful in scalability. CP refers to systems that meet consistency and partition tolerance, and the database performance is usually not particularly high. AP refers to systems that meet usability and partition tolerance, and databases may often have a lower requirement for consistency. Since in the distributed storage system, can only achieve the above two points, because the current network hardware will certainly appear delay packet loss and other problems, so partition tolerance is what we must achieve. Therefore, only choosing consistency or availability should be considered. For example, many web real-time systems do not require Accord database transactions, require low read consistency, and in some cases do not require high write consistency, thus allowing final consistency. BASE is a proposed solution to the reduced availability caused by the strong consistency of the relational database. The idea is to make the system sacrifice the requirement of data consistency at some point in exchange for the overall scalability and performance of the system.
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