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Abstract
With the rapid development of Internet technology, we are entering the era of big data: new data sources and channels are constantly emerging, and relational database and non-relational database storage solutions have their own advantages, so this article introduces and compares NoSQL and SQL. And in the following article, the knowledge of the database is used to propose a problem solution for Eco Bike Hub.
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1. [bookmark: _Toc108428056]SQL and NoSQL
1.1 [bookmark: _Toc108428057]SQL description
SQL database is a database based on a relational model, and uses mathematical concepts and methods such as set algebra to process data in the database. The entities in the real world and the connections between entities are represented by relational models. The relational model was developed in 1970 by Edgar. Codd first proposed, and cooperate with "Codd Twelve Laws" [1]. Although there are some criticisms of this model today, it remains the traditional standard for data storage. The standard data query language SQL is a query language based on relational databases, which performs retrieval and manipulation of data in relational databases. With database management system, SQL database can be specially designed in combination with management objectives and work items, forming a decentralized and independent database for easy use. When the project is expanded, it can also be used flexibly to meet the needs of the database. However, it should be noted that when selecting a database, it must be planned in advance. If it is not reasonably planned, it will easily cause the problem that the storage and use process cannot be guaranteed, making the maintenance and expansion process of the database difficult to achieve normally. The relational database is mainly based on data association, and usually contains a very large amount of data, so it will take a lot of time to search for data, which will have a certain impact on the efficiency of use. When the amount of data is too large, the relational database is used. Database guarantee efficiency is more difficult. SQL databases are generally created based on a two-dimensional table data model. The collection of data is realized by storing the corresponding data in the relational model in a two-dimensional table, so the two-dimensional table is called a relationship, which is used to represent the relationship between the stored data object and the representative. There are different association methods such as one-to-many, one-to-many, and one-to-one, so relational databases are usually comprehensive data structures obtained by interrelated two-dimensional tables. In decades of development experience, relational databases have formed rich theoretical foundations and technical products, and are the main components of the current database field [2]. A series of database problems are therefore widely used in practical applications. However, due to the limitations of its structural characteristics, relational databases will be affected to a certain extent when efficiently extending the architecture. Therefore, non-relational databases have also attracted everyone's attention.
1.2 [bookmark: _Toc108428058]NoSQL description
NoSQL, generally refers to a non-relational database. With the rise of Internet web 2.0 websites, traditional relational databases have begun to appear incapable of dealing with web 2.0 websites, especially ultra-large-scale and high-concurrency SNS-type web 2.0 pure dynamic websites, exposing a lot of difficulties. problem to be overcome. The non-relational database has developed very rapidly due to its own characteristics. The term "NoSQL" was first introduced in 1998 in a file-based database system developed by Carlo Strozzi. Ironically, however, the database system he developed was still a relational database, just without an interface for the SQL language. In 2009, NoSQL was used by Eric Evans to describe the characteristics of non-relational databases, which is our current general understanding of NoSQL. So the concept of NoSQL began to be used correctly at this time. In 1979, Ken Thompson wrote a file-hash-based database DBM, published by AT&T. NoSQL does not only rely on structured query language, but through appropriate settings in the non-relational model, it can not only have the relevant characteristics of ACID, but also better meet the needs of the Internet based on the traditional relational data model. Open source free resources Provide users more simply and conveniently [3]. On the one hand, it has horizontal, vertical, and two-way expansion capabilities, and can arrange structural characteristics on multiple servers. On the other hand, it can maintain structural freedom, so that it can better integrate into the cloud computing environment and provide cloud services. possible. For NoSQL Database, many people think that it can be regarded as a collection of data structured storage methods, and gets rid of the concept of database in the strict sense. Its application scenarios mainly include the following categories:
(1) Column-based storage
Forming columnar storage through streaming can realize the storage process of data, and at the same time form a fast index, which helps to find data conveniently, and quickly matches column values ​​through row retrieval, which can realize row reorganization, making the system highly scalable , the operation is also more convenient, such methods have good adaptability to massive data, and can well meet the relevant requirements of cloud computing, such as the currently widely used Google BigTable and so on.

(2) Key-value pair storage
In a non-relational database, the simplest storage method is the key-value pair storage method, which can be regarded as a key-value set, each key corresponds to a value, and the storage data type is less restricted, it can be a number, It can also be a string or an encapsulated object. Through the operation of the component, the query and modification can be completed, so that a large amount of data can be stored and searched. In reality, there are many applications, such as MemcacheDB, Redis database, etc.

(3) Document storage
When storing documents, you can use the form of key-value pair storage, or you can make each key correspond to the corresponding value. Although this method is more complicated, it has certain advantages in document storage, and can store specific documents. The structure is stored in a specific mode, which is convenient for later complex calculations and queries. Typical applications in the current industry include MongoDB, CouchDB, etc.

(4) Graph database
When the problems faced by the database are related to graphs, the graph database is involved. The graph database can provide users with a network distributed data management platform to manage complex data structures, and provide data management solutions based on graph models. It is divided into open source There are two kinds of closed source and closed source, which are widely used in social network environment, such as FrockDB, OrientDB, etc.
1.3 [bookmark: _Toc108428059]SQL vs NoSQL
There is a big difference between SQL database and NoSQL database in the specific use process. Therefore, when applying in various fields, it is necessary to fully consider the actual situation and give full play to the unique advantages of the database. For example, SQL database has the characteristics of clear logic and simple structure, which is easy to understand. Through the use of the bit table, a complex data query structure can be established between tables, so it is more convenient to learn. However, SQL databases also have the characteristics of fixed structure, insufficient read and write efficiency of massive data, and serious impact on consistency [4].
NoSQL databases have the characteristics of high readability, flexible formats, and various data types. Because they no longer require SQL for parsing, they are more convenient in terms of expansion and have better data performance. However, for it not providing SQL support, it has a higher cost to learn, and the related functions of transaction processing are relatively lacking.
Judging from the current industry situation, the application of SQL databases is relatively mature, but the application of NoSQL databases is still insufficient. Under the background of the current people's increasing demand for data processing, more and more requirements are put forward for high data scalability. Therefore, it is urgent for the industry to explore the transition from SQL databases to NoSQL databases to better adapt to applications in different scenarios.
2. [bookmark: _Toc108428060]Performance Tuning
A database index is a data structure that increases the speed of data retrieval at the expense of maintaining the index's extra write operations and storage space. In a database, data is stored in tables, and indexes are created using one or more columns of the database table. When accessing a table in a database, a query can use the index to locate the data directly, rather than searching every row in the table.
In a centralized database, indexes can be classified as dense and sparse. A dense index means that there are key and pointer pairs in the index file that point to each record in the data file. A sparse index means that there are only key and pointer pairs in the index file that point to some records in the data file, usually a pointer points to a data block [5]. Indexes can also be divided into primary and secondary indexes. The index entry pointer of the main index points directly to the record in the data file, which can determine the location of the record, but the auxiliary index cannot. For example, databases typically build primary indexes on the primary key of a relationship and secondary indexes (eg, secondary indexes) on other attributes.
In a distributed database, indexes are divided into local indexes and global indexes based on centralized databases. The number of local index partitions is equal to that of table partitions, and each table partition corresponds to a corresponding index partition. Using a local index does not require specifying a partition range because the index is local to the table. A global index builds an index on the data of the entire table. Unlike local indexes, there is no direct connection between global indexes and tables. Index entries in a global index partition can be based on either key values ​​from different table partitions or key values ​​from the same partition.
For Ech Bike Hub related database queries, I created a total of three indexes. First, in order to facilitate customers and staff to search and select various types of bicycles, I created a general index for the bicycle table, because this is conducive to conditional search and can speed up work efficiency. Secondly, I have established a unique index on the customer's contact information. By querying the contact information, the company can quickly locate the customer's information. Finally, I created a common index for the different orders, so that the information related to the order can be queried clearly.
3. [bookmark: _Toc108428061]Transaction
[bookmark: _GoBack]As one of the most representative functions of the database, transaction has the characteristics of ACID (Atomicity, Consistency, Isolation, Persistence). Here is a brief introduction to the solution introduced by transactions to ensure ACID characteristics. In order to solve atomicity and consistency, general transactions use undo log logs to cache the data before modification. When the transaction fails, the data can be rolled back from the Recovery in the undo log, so that even if the transaction fails, the consistency will not be damaged [6]. To the outside world, it seems that multiple write operations in a transaction are a whole, either all succeed or all fail. Another WAL (write ahead log) log called redo log in My SQL is mainly to ensure the persistence of written data. The database needs to write the log first and then write the storage engine, so that when the database goes down, Data can be recovered from the WAL log, avoiding the problem of data loss caused by the database engine writing half of the downtime. The last is the introduction of isolation. Since modern databases often face concurrent operations of large-scale users, isolation is very important. ANSI divides transactions into four isolations: read uncommitted, read committed, repeatable read, and serializable. level. Another classification of isolation level is dirty read, non-repeatable read and phantom read. According to the isolation level above read committed, multi-threaded and multi-process concurrent operations cannot affect other users' experience and data accuracy. Solutions for transaction isolation are concurrency control protocols, including using locks or using Timestamp Ordering, for each transaction as if it were monopolizing the entire database.
Here is a brief introduction to the lock scheme, which is divided into optimistic locks and pessimistic locks according to the locking method. Pessimistic locks must be locked before data modification. For databases with a large number of concurrent writes such as TP types such as My SQL, pessimistic locks are often used. A huge hidden danger of pessimistic locks lies in the handling of deadlocks. For example, two transactions A and B operate two resources 1 and 2 respectively. Transaction A acquires resource 1 and transaction B acquires resource 2. At this time, transaction A applies for resources 2. When transaction B applies for resource 1, it falls into a deadlock. At this time, the deadlock needs to be dealt with, otherwise both transactions will be blocked. The implementation of optimistic locking is just like the name, optimistic about the success of the transaction, that is, it is believed that no other transaction will compete with it for resources. Optimistic locking is divided into three stages: acquiring data and copying and modifying it, verifying whether other operations have modified the read data, and committing the transaction. If there are many conflicts between transactions, optimistic transactions often fail in the verification phase, and the CPU and memory usage caused by data modification in the early stage will have a greater impact on the database operation. This is also the reason why most databases, especially in the financial field, prefer to use pessimistic transactions.
In response to the two points made by Eco Bike Hub in the request, I used transactions. In this way, when an error occurs in the statement flow, that is, when data conflicts, the emergence of the transaction mechanism will effectively ensure the stability of the database, and can further prevent the spread of the consequences caused by data errors.

4. [bookmark: _Toc108428062]Distributed Database Solution
In order to solve the insufficiency of the centralized database system for large-scale data processing, more and more enterprises choose the solution of Distributed Data Base System (DDBS). Distributed database system by Distributed Data Base Management System.
(DDBMS) and Distributed Data Base (DDB), the distributed database is controlled and managed by a distributed database management system.
A distributed database is a logically unified database composed of multiple physically dispersed storage units connected by a computer network. storage capacity and higher concurrent access. Distributed databases have the characteristics of high scalability, high concurrency, and high availability. High scalability means that distributed databases can dynamically add nodes to achieve linear expansion of storage capacity, which can solve large-scale data storage problems; high concurrency means that distributed databases can respond to large-scale data in a timely manner. Read and write requests, which indicate that the distributed database has strong I/O capabilities and can meet the needs of fast retrieval of large-scale data; high availability means that the distributed database ensures the high availability of data services by redundantly backing up data. The entire distributed database will not be unavailable due to an error in one storage node. Therefore, it is feasible and effective to use the distributed database system as the database system of the data warehouse.
Horizontal Fragmentation, Vertical Fragmentation, Hybrid Fragmentation, and Derived Fragmentation, these are the four most commonly used slicing methods. In the case of Eco Bike Hub, I will explain how I use these four slicing methods:
Level: Because the customer's name is their most distinctive feature, in order to distinguish them, I sort their last name alphabetically, namely A-D, E-H, I-L, M-P, Q-T, U-X, Y-Z in a total of seven databases.
Vertical: The customer name field and the order number field can be combined together as a criterion to distinguish different transactions. The customer contact number and the detailed address can be combined as the customer's communication method, so that the staff can quickly inquire about how to contact the customer during after-sales service.
Mixed: The above horizontal slices and vertical slices can be mixed together.
Derivation: A relationship can be established between the table that records customer information and the table that records order details, which can make the information in the database more three-dimensional and more efficient and easier to use. For example, customer information corresponding to one order and multiple orders is stored in different segments for easy search.
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