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Abstract
In this report, I analyzed the database business requirements of eco bike hubs company and designed a database schema prototype. The main contents of the report include: introduction and comparison of SQL and NoSQL databases, database performance tuning, transactions and distributed database solutions.













1. SQL and NoSQL databases
1.1 Introduction to SQL database
SQL is a structured query language. It is a computer language used to store, operate and retrieve data stored in relational database. It is the standard language of relational database system. It is used to manage the data saved in relational database management system or to process data in relational data flow management system. It is particularly useful when dealing with structured data, that is, data containing relationships between entities and variables. All relational database management systems (RDMS) such as MYSQL, MS Access, Oracle, Sybase, Informix, Postgres and SQL server use SQL language as the standard language for operating databases. SQL language mainly operates the data in the database, which is independent of the program language. Generally, in the application system developed by program language, it is used together with other program languages. In addition to using standard SQL, different databases will also extend the private functions of SQL language.
Relational database system is a database system supporting relational model. Many data management systems are developed based on relational model. Relational database is a widely used database type, which mainly uses mathematical methods to deal with the data in the database. According to the three elements of the data model, the relational model is composed of relational data structure, relational operation set and relational integrity constraint.
In order to fully ensure that the built SQL database can comply with relevant specifications and standards and reflect a high level of security, the following basic principles must be followed in the process of SQL database design and development. First, ensure naming conventions. During the construction of SQL database, all aspects of sub databases, tables and domains will be involved. These contents must be named according to relevant specifications and standards to facilitate the security management, maintenance and improvement of SQL database in the later stage. Secondly, ensure the rationality of field borrowing. During the design and development of SQL database, the database management means or tools shall be reasonably selected to ensure that the builders can carry out distributed development efficiently, and help the design team to facilitate assessment. In practice, in order to minimize the complexity of SQL database construction, we should adhere to the guidance of improving the operation efficiency of SQL database, learn to borrow the common fields in the design process, on the contrary, if there are no fields that can be borrowed, developers need to invest a lot of energy in redesign and development; Of course, the rationality of field borrowing should be ensured in the process of field use, so as to facilitate the security management and maintenance of later SQL database. Finally, systematic consultation. After the construction of SQL database is completed, the design and development team needs to comprehensively analyze the SQL database, fully master the application of the database, find out and fill in deficiencies, and improve the key nodes of SQL database.
1.2 Introduction to NoSQL database
Relational database has been developed for decades since the 1980s. In its mainstream products Oracle and DB2, both its basic theory and related application technology are very mature and perfect, and each database model has its own syntax, functions and characteristics. However, in the era of Web 2.0, with the emergence of massive data, not only the data level has been improved, but also the data type is becoming more and more complex. The traditional relational database is difficult to "cope with" the above application scenarios according to its own structure, and NoSQL database has a better application development scenario than relational database.
NoSQL can usually be used to represent any non relational database. The most common explanation for NoSQL is "non relational", which can be called a database without relational database. "Not only SQL" is also accepted and translated into "not just structured query language", because many NoSQL databases support SQL like queries. NoSQL provides some more flexible schemas for table structures in relational databases, so it is more convenient to store and retrieve data in non relational databases. The main structure of storing data in relational database is table, while the form of storing data in non relational database is dataset, which can be key value pair, graph structure or document. NoSQL first appeared in 1998, but it was not widely used until nearly a decade. The reason is that the hardware environment in the past was not enough to support a large amount of data and high load, and there was no concept similar to cloud computing and cloud storage at that time. With the gradual rise of these concepts, non relational database is rapidly applied by a large number of enterprises because of its advantages in large-scale and high concurrency. The most common types of NoSQL databases are key database, document database, column database and graphic database.
A key value database is a simpler database in which each item contains a pair of keys and values. The key is usually a simple string, which can be understood as the label corresponding to a set of data; The value corresponding to a key is a series of bytes that are opaque to the database, that is, stored data. We can generally think that key value storage has no query language. It only provides a few simple commands for data storage, retrieval and update. The advantages of key value database model are simple, fast, easy to use, extensible and portable. Redis is a common key database.
The document database stores data in documents similar to JSON (JavaScript object symbol) objects. Each document contains pairs of fields and values. These values can usually be of many types, including strings, numbers, Booleans, arrays, or objects. Common document databases are mongodb and Apache CouchDB.
Column storage database, as the name suggests, stores data by column. It can also store data with tables, rows and dynamic columns. Its biggest feature is to facilitate the storage of structured and semi-structured data, facilitate data compression, and have great IO advantages for queries against a column or several columns。It can also greatly improve the speed of data query and insertion. The flexibility of this kind of database is that each column does not have to be consistent between records. Columns can be added to specific rows instead of adding them to each record. Common column databases include Apache, Cassandra, HBase, and OTS.
Graph storage database stores data in nodes and edges, which is suitable for storing the relationship of graph classes. Nodes usually store information about people, places and things, while edges store information about the relationship between nodes. This database type is particularly useful for visualizing, analyzing or helping people find the relationship between different data. It is often used in recommendation engine, fraud analysis and network analysis. Neo4j is a common graph database. 
1.3 Comparison between SQL and NoSQL
There are many differences between relational database and non relational database in use scenarios. Different application scenarios require different database modes. Only by correctly corresponding to each other can we give better play to the advantages of database management. The advantages and disadvantages of relational database and NoSQL database in their situational applications are listed below.
The main advantages of relational database are as follows: (1) easy maintenance: the table structure in relational database is in the form of two-dimensional array with the same format, which is convenient for SQL statement operation. (2) SQL language is simple and easy to use: for beginners, SQL language is concise, easy to learn and use, and can be used for queries in complex scenarios. (3) Support complex operations: it can realize complex query operations between one table and multiple tables, making it easy for beginners to learn SQL statements.
The disadvantages of relational database can be summarized as follows: (1) when faced with high-efficiency processing, access, reading and writing of large amount of data, the reading and writing performance of relational database is low. (2) Because the table structure in relational database is two-dimensional and relatively fixed, its flexibility is not high. (3) For the traditional relational database, the high concurrent data reading and writing is limited by the input and output of the hard disk.
NoSQL database has the following advantages: (1) it has a flexible data storage structure: because the table structure of traditional relational database is relatively fixed, it can only modify the table structure through data definition language (DDL statement), which is troublesome to expand the table structure. Non relational databases have many types of storage methods. On the one hand, the data format is more flexible without fixed table structure, on the other hand, the expansion operation is more convenient. (2) High scalability: the traditional relational database is not easy to partition the data because of its fixed table structure, and is not friendly to the horizontal expansion of data. In the non relational database, it supports the horizontal expansion of data, as well as the storage and management of large amount of data and multi type data. (3) Support the final consistency of data: NoSQL database is based on cap model and also supports base distributed theory, that is, it can support the integration of different types of data into consistent types of data and support the final consistency of data.
Although NoSQL database can be better used in more extensive and complex data scenarios, NoSQL database still has many shortcomings, mainly in the following aspects: (1) It does not support SQL structured query language: if it cannot support industrial standards such as SQL, it will increase the cost of user learning and scenario application. (2) The richness of feature support is insufficient. At present, the popular non relational databases can not support transaction processing, and the functional services they can provide are limited. In comparison, some relational databases can provide some additional functions, such as Oracle and SQL server. (3) Most NoSQL databases are still in the initial stage, some technologies are not mature, and technical data such as maintenance documents need to be strengthened and improved, which can not be compared with the development of relational databases for decades.
2. Performance Tunning
2.1 Introduction to index
The index in the database is a sort data structure in the database management system (DBMS), which is used to help quickly query and update the data in the database table. In addition to the data actually used, the database system also maintains data structures that meet specific search algorithms. These data structures refer to (point to) the data actually used in the database in some way, so that advanced search algorithms can be implemented on these data structures. This data structure is the index.
There are two main ways to create an index: direct index creation and indirect index creation. Although these two methods can create indexes, the specific contents of creating indexes are different. Therefore, in practical application, the method of creating indexes needs to be selected according to specific needs.
By using the index, the database can quickly find the row with a specific value in the index column; If the index is not used, the database will have to find the specific value of the relevant column from the first record until the corresponding row is found. In this process, the larger the table, the more time it may take.
In short, if the column to be queried has an index, the database can quickly locate the position of a value of the column (and associate relevant records), eliminating the process of searching useless records, thus improving the efficiency of data query. It should be noted that adding an index to a database table also has costs: first, the index will increase the storage space of the database (when creating an index, it will store index information in another table space, such as the InnoDB table space in mysql, in a directory like structure); second, it will take more time to insert and modify data (because the index will change accordingly).
2.2  Add secondary indexes
In the company's daily business processing, we often need to search the customer's name. The customer's name may be repeated or may be repeated with the company's employees, so I use the following SQL statement to create an index for customer name query to improve the efficiency of query.
CREATE INDEX index_name ON Customer(CustomerName)
When eco bike hubs deals with various car rental businesses, it sometimes encounters the accumulation of a large number of fast maturing orders. We can create a query index for the car rental business that is about to expire, quickly filter out the information of car rental orders that are about to expire from a large number of orders in the system, and timely contact the customers of these orders and provide relevant services.
CREATE INDEX index_serviceinfo ON Service (ServiceType,ServiceStartTime)
Sometimes the business of eco bike hubs is very busy, and some branches are sometimes understaffed. At this time, we need to transfer some employees from the nearest branches to help, so we can create an index to query staff information and search for appropriate staff information according to the shop number and required staff position.
CREATE INDEX index_staffinfo ON Staff(ShopNo,StaffPosition)
Index is a data structure used to query data in database system. Using the index defined above can quickly locate the target data according to the required information. When the amount of data in the database is very large, the speed of data query will be greatly reduced, and the efficiency of index query will be much higher than that of ordinary query. Therefore, we can choose to create an index according to the actual situation to improve the query performance of the system.
3. Transaction
In a database system, transactions contain a series of database operation commands, which are executed or revoked as a whole. When executing concurrent operations on the database system, transaction is the smallest control unit in the system, and any operation is executed by transaction. Transaction has atomicity, consistency, isolation and persistence, which can be referred to as acid for short. A brief summary of these four characteristics is as follows: a transaction is a complete operation unit, and the elements in the transaction are indivisible; When the transaction is completed, the data status must be consistent, but the data status may be inconsistent when the transaction is in progress; Transactions are independent of each other. One transaction will not affect or depend on another transaction; The operation of transactions on data is permanent, regardless of any failure or change in the system. According to the acid principle, there are only two results of transactions in the database system, either commit successfully or fail to rollback.
For the first question, sometimes the customer has scheduled the repair date, but the return date is not agreed in the system. I created a transaction to add the return date, and the new return date information is recorded in the servicedetail table. If there is an error in inserting this message, the transaction is aborted and the rollback operation is performed. If there is no error, submit the transaction to the system.
--Start a new transaction to add specific return dates in the database
BEGIN TRANSACTION AddReturnDates
	BEGIN TRY
		--Add new service information into ServiceDetail 
		INSERT INTO Service(CustomerNo,StaffNo,ServiceType,ServiceDetail,ServiceStartTime) VALUES('4','4','repair','Repair the rear tire of the bicycle,return date 2022-01-10','2022-01-02-11:30')
		COMMIT TRANSACTION AddReturnDates;
	END TRY
	BEGIN CATCH
		-- An error occurred, rollback changes
		ROLLBACK TRANSACTION;
		-- PRINT('Rolling back, an error occurred!');
		RAISERROR('Rolling back, an error occurred!', 16, 1);
END CATCH;
For the second question, sometimes customers may book a time when a store cannot provide services, so we need to create a transaction to modify the reservation information. We first insert an example statement to simulate the customer's reservation information, then create a transaction, and modify the reservation time information according to the service number. If an error occurs, the system will display that the message is not found and roll back. If no error occurs, the transaction will be committed.
--SQL code to insert initial booking information
INSERT INTO Service(CustomerNo,StaffNo,ServiceType,ServiceDetail,ServiceStartTime) VALUES('08','2','2','rent','rent for 10 days','2022-01-01-20:30')
--Start a new transaction to modify the customer's scheduled hire time
BEGIN TRANSACTION ModifyHireTime
	BEGIN TRY
	--Modify the booking date in the data
	UPDATE Service SET ServiceStartTime='2022-01-04-09:00' WHERE ServiceNo='08';
	-- Commit ALL changes,modified successfully
	COMMIT TRANSACTION ModifyHireTime;
	END TRY
	BEGIN CATCH -- add catch to handle error
		-- Rollback ALL inserts, an error has occurred. ServiceNo 08 does not exist
		ROLLBACK TRANSACTION ModifyHireTime;
		RAISERROR('Rolling back, an error occurred!', 16, 1);
END CATCH;
4. Distributed Database Solution
Distributed database system is the product of the combination of database technology and network technology. Distributed database is composed of a group of data distributed on different computers in a computer network. Each node in the network can process data independently or execute global applications through the communication network. After analyzing the eco bike hub case, the distributed system design is as follows:
Table 1: Shop (ShopNo,City,ShopAddress,ShopOwner,PhoneNo)
Because the owner of each store is not the same person, the information of each branch can be separated according to the owner, and horizontal fragments can be used here.(The following example assumes that there are only two shops)
P1:  ShopOwner = ‘Mike’ (Shop)
P2:  ShopOwner = ‘Tom’ (Shop)
Reconstruction: P1  P2
Table2 :Staff (StaffNo,ShopNo,StaffName,Gender,StaffPosition,StaffPhoneNo, Staff_CustomerNumber)
Employees in different positions can be separated from the employee information table. In addition, relevant information can be separated separately according to gender. Mixed fragments can be used here.
Horizontal fragments:
E1:  Position = ‘shop assistant’ (Staff)
E2:  Position = ’waiter’ (Staff)
E3:  Position = ’maintenance worker’ (Staff)
E4:  Position = ’shopowner’ (Staff)
Vertical fragments:
E11:	 StaffNo,ShopNo,StaffName,StaffPhoneNo,Staff_CustomerNumber(Staff)
E12:	 StaffNo,Gender,(Staff)
E21:	 StaffNo,ShopNo,StaffName,StaffPhoneNo,Staff_CustomerNumber(Staff)
E22:	 StaffNo,Gender,(Staff)
E31:	 StaffNo,ShopNo,StaffName,StaffPhoneNo,Staff_CustomerNumber(Staff)
E32:	 StaffNo,Gender,(Staff)
E41:	 StaffNo,ShopNo,StaffName,StaffPhoneNo,Staff_CustomerNumber(Staff)
E42:	 StaffNo,Gender,(Staff)
Reconstruction:( E11  E12 )  ( E21   E22)  ( E31   E32)  ( E41   E42)
Table 3: Customer (CustomerNo,CustomerName,CustomerGender,CustomerPhoneNo)
The data in the customer table is relatively simple and fixed, and there is no need to split it.
Table 4: Service
(ServiceNo,CustomerNo,StaffNo,ServiceType,ServiceDetail,ServiceStartTime)
Service information can be divided according to types, and horizontal fragments can be used.
S1:  ServiceType = ‘rent’ (Service)
S2:  ServiceType = ‘trade’ (Service)
S3:  ServiceType = ‘repair’ (Service)
Reconstruction: S1  S2  S3
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