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In less than half a century since its birth, database technology has developed a solid theoretical foundation, mature commercial products, and a wide range of application areas, attracting more and more researchers to join, making databases a research field with many researchers and widespread interest.
Relational databases are currently the most popular and valuable databases and are widely used on the Internet. To study relational databases, I built a database example based on the actual needs of Eco Bike and SQL Server, a relational database system introduced by Microsoft.
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[bookmark: _Toc879][bookmark: _Toc8796]1.1 RDBMS
For a long time, relational databases (RDBMS), including MySQL, SQL Server, and Oracle, have completely dominated the database market. The long and massive popularity of relational databases can be attributed to their simple and easy-to-understand structure, the ease of use of the SQL language, and the fact that the integrity of relational databases greatly reduces the probability of data redundancy and data inconsistency.
Relational data is data that is represented in a relational mathematical model in which data is described in the form of two-dimensional tables. A relational database is a shareable, organized collection of relational data stored on a computer. Examples include collections of views, stored procedures, indexes, etc. In a relational database, information is stored in two-dimensional tables, and a relational database includes multiple two-dimensional tables. The tables contained in a relational database are related to each other, and the associations are mainly achieved by the reference relationships embodied in the primary and external codes. The relational model consists of a relational data structure, a set of relational operations, and relational integrity constraints.
Relational databases store data according to a structured approach, where each data table must be defined for each field (i.e. the structure of the table is defined first) and then the data is deposited according to the structure of the table. The advantage of this is that the reliability and stability of the entire data table are higher because the form and content of the data are defined before the data is deposited.
[bookmark: _Toc15703][bookmark: _Toc16677]1.2 NoSQL
NoSQL is now quite popular in the Internet industry, especially for world giants like Google. However, NoSQL did not appear anywhere; it came into being in response to the trend of the times.
Until NoSQL came along, relational databases had always ruled the storage industry. However, as the size of databases grew larger and larger, technicians using relational databases found that even with distributed databases, the speed of servers and databases became slower than ever, and the shortcomings of SQL gradually became apparent.
In response to these shortcomings, various NoSQL databases have been developed. [1] classifies NoSQL databases into three categories, namely Key-value databases, Column-oriented databases, and Document databases.
The first is Key-value databases, which are developed to cope with the shortcomings of relational databases with high concurrency and high IO pressure. These databases are stored as key-value pairs, with time complexity of O(1) and a fast query speed. As such, it has the greatest advantage of high performance, but due to its simple structure, it often needs to be used in conjunction with a relational database.
Next is the Column-oriented database, which is different from the two-dimensional tables of the relational database, it is based on column storage. each table of the Column-oriented database has only two columns, one for the index and the other for the data being stored. HBase is the most famous of these databases and is part of the Hadoop ecosystem, a highly used big data component. Unfortunately, HBase relies on a lot of Hadoop components, making it very difficult to operate and maintain, and its performance is not much better than SQL when the data is not large.
The last is the Document database, the Document NoSql refers to a kind of NoSql that stores semi-structured data as documents, the Document NoSql usually stores data in JSON or XML format, so the Document NoSql has no Schema, because of the feature of no Schema, we can store and read data freely, so the emergence of the Document NoSql is to solve the problem of relational database table structure extension. MongoDB is the representative product of the Document NoSql and is one of the star products among all NoSql products.
The advantages and disadvantages of the Document database are obvious, it is easy to read and write and is good at extending fields without the need for predefined fields like a relational database. However, none of the Document database products currently have perfect support for transactional operations and also do not support multiple table associations.
The three databases mentioned above are the most popular types of NoSQL databases, and as time passes, I believe that NoSQL will become more and more mature and popular. The paper [2] testifies to this point by analyzing the features and benefits of NoSQL for Key-Value stores, Column-oriented databases, and Document databases, and by demonstrating that the use of NoSQL is gradually increasing.
[bookmark: _Toc3433][bookmark: _Toc19739]1.3 NoSQL VS SQL
Despite the growing popularity of NoSQL, NoSQL databases do not always outperform SQL databases. As it turns out, for most NoSQL databases on the market, they simply outperform relational databases in one way or another. In general, relational databases are still the most stable databases available today. When the amount of data to be stored is relatively small and there are no special requirements for the storage structure, relational databases are still the optimal solution [3].
The literature [4] compares SQL databases with a comparison of more than 20 NoSQL databases and comes to a similar conclusion to [3]. That is, the maturity and extensibility of most of the current NoSQL databases are not as good as relational databases for the time being and need to continue to evolve. In addition, [5] suggests that NoSQL does have very broad advantages in targeting new areas such as big data mining, but still lacks its key features of compatibility and reliability compared to SQL.
However, the literature [6] points out that one of the distinguishing features of relational databases is their ubiquity, their ability to be applied across a variety of platforms and domains. In contrast, each NoSQL database has a strong personality and they are often only capable of working with one schema of storage. This is a characteristic of NoSQL, but also an advantage, that it can get the best performance in a certain domain [6].
Therefore, I don't think Eco Bike needs to rush to adopt a NoSQL database. At the current size of the company, a normal relational database such as SQL Server or MySQL is perfectly adequate for the database needs. In addition, relational databases have transaction processing, indexing, and other features that many NoSQL databases do not have. The bottom line is that companies do not currently need to perform big data analysis or have extremely large databases that need to improve their IO situation. Therefore, the adoption of NoSQL does not take advantage of their strengths, but may rather affect storage efficiency and operational efficiency.
But just because you are using a relational database now doesn't mean you have to use it all the time. Companies can start to adopt NoSQL databases when they reach a certain size, or when they have a need for big data analytics.
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 In a relational database, if there are tens of thousands or even hundreds of millions of records, and you want to get very fast when looking up the records, you need to use an index. An index is a data structure in a relational database that pre-orders the values of one or more columns. By using an index, it allows the database system not to have to scan the entire table but to locate the eligible records directly, which speeds up the query considerably.
Indexes are generally divided into four categories: primary key indexes, general indexes, unique indexes, and joint indexes.
A primary key index is a special kind of unique index that does not allow null values or duplicate data in each row. A primary key index is usually created at the same time as the table is built, i.e. a field with a primary key constraint.
A unique index is similar to a primary key index, except that a table can only have one primary key index, but can have multiple unique indexes. When designing relational data tables, columns that look unique, such as ID numbers, email addresses, etc., are not appropriate as primary keys because they have business implications. However, these columns have a uniqueness constraint based on business requirements: i.e. there cannot be two records storing the same ID number. This is the time to add a unique index to the column.
A normal index is simple, it can also be repeated without the null constraint, but it is also relatively slow as a result. A federated index, on the other hand, is multiple fields joined together as an index.
[7] mentioned that too many indexes in a table will affect the rate of additions, deletions, and changes, so it is necessary to add indexes in a targeted manner, rather than creating indexes on every column of data in a broad manner.
For the query, I created a total of three indexes in the database, excluding the primary key index. Firstly, I created a general index for the bike table that might require a conditional query on the bike_model field. Secondly, I created a unique index on the e_mail field for the customer login which requires a conditional query using e_mail. Finally, I created a general index on order_time for the order table which requires a reverse order lookup of the customer's scheduled time.
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A transaction is a toxic logical unit of execution consisting of the execution of a single or multiple database operations, all of which are either successfully executed or none of which are executed[8].
Transactions have four characteristics: Atomicity, Consistency, Isolation and Durability. This is referred to as ACID-ness.
· Atomicity: The smallest unit of execution in the application in a transaction, the smallest individual, which cannot be split.
· Consistency: The result of a transaction that must change the database from one state of consistency to another. Consistency is guaranteed by atomicity. The most graphic example of this is the transfer problem, where A transfers money to B. Account A becomes less money and account B becomes more money, which must be the case.
· Isolation; the execution of transactions does not interfere with each other, and operations within any one transaction are isolated from other concurrent transactions.
· Durability: Durability, also known as persistence, means that once a transaction is committed, the operations on the database are executed and recorded, as well as saved to the physical database.
In response to Eco Bike's two requirements, I first created a constraint on a specific table and then enabled a transaction when executing a new operation. If the data in the new statement conflicted with the constraint, the transaction mechanism would roll back the process in the middle of the transaction, thus avoiding data errors and maintaining the security of the database.
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The distributed database system is developed on the basis of the centralised database system and is a product of the combination of database technology and computer network technology. A distributed database system is a computer system with the function of managing distributed databases. Distributed database system (DDBS) is composed of distributed database management system and distributed database organization, distributed database management system (DDBMS for short) is a set of software to establish, manage and maintain distributed database[9].
A distributed database system is suitable for departments with decentralised units, allowing each department to store its common data locally and implement local storage for local use, reducing communication costs and increasing responsiveness. Distributed databases allow data to be distributed across multiple nodes, adding appropriate redundancy and improving system reliability. Due to the characteristics of the distributed database system structure, it is conducive to improved performance compared to centralised databases, with good availability and compatibility, providing a better way to extend the processing power of the system.
The unit of storage for data in a distributed database becomes a slice. The division of a global database is called a slice. The result of the partitioning is the fragment. Each fragment can be stored on more than one site (server). When designing a distributed database, the designer must consider how the data will be distributed across the sites, i.e. how the global data should be logically and physically divided. What data should be distributed, what does not need to be distributed, and what data needs to be replicated. Think holistically about the system wake to make it perform optimally. But no matter how the partitioning is done the following principles should be followed[10].
1. Completeness: all global data should be mapped to some fragment.
2. Reconfigurability: all fragments must be reconfigurable into global data.
3. Disjointness: there is no intersection of the data contained in the divided fragments.
There are four types of fragmentation: horizontal fragmentation, vertical fragmentation, mixed fragmentation and derived fragmentation.
Taking the customer table of Eco Bike as an example, I will perform the above four fragmentations.
The first is horizontal fragmentation. customer_name contains first name and last name, and can be divided into four databases by using the first letter of the first name as a predicate, i.e. A-F, G-M, N-S and T-Z.
Next is the vertical fragmentation, which is required for each fragment since customer_id is the primary key. Assuming two fragments, the fields e_mail, password and customer_id can be divided into one, and the fields customer_id, customer_name, phone and address into one.
The third is mixed fragmentation, where the two methods are combined to give a total of 8 fragments.
[bookmark: _GoBack]The last one is derived fragmentation, which needs to be associated with other tables, while the customer table can be associated with the order table. The customer table can be associated with the order table, and the order number greater than 10 is divided into one fragment and the rest into another.
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