1. comparison between SQL database and NOSQL
With the development of science and technology and society, the amount of information increases rapidly, which requires a technology to identify, store and manage it. Therefore, database technology came into being. Although the transaction and query mechanism of traditional relational database can well meet the business data management needs of various commercial companies such as banks and telecommunications, with the advent of the era of big data, the data generated every day is not only huge in quantity but also various in types, including structured data (about 10%) and unstructured data (about 90%). Because the traditional relational data model has some limitations, such as inflexibility, inability to meet the management requirements of massive data, poor horizontal expansion ability, etc., and can not meet the large-scale storage and efficient processing requirements of various types of unstructured data, No SQL database is produced.
1 Database Schema Relational database needs to define database schema, strictly abide by data definition and related constraints, be relatively fixed, and be based on relational algebra theory. There is no database schema in No SQL database, which can freely and flexibly define and store different types of data, and there is no unified theoretical basis.
2 Data storage structure Relational database uses two-dimensional tables to store data, each row represents a unique record, and each column represents a field in the record, and the table structure can be modified by Data Definition Language (DDL). No SQL database usually stores data in the form of data sets, such as Key-Value pairs, graph structure, documents, etc. The stored data format is very flexible, and there is no fixed table structure, which is convenient for expansion. Therefore, No SQL database is a better choice if the business data structure is not fixed or changes frequently.
3.A complex transaction management mechanism is designed in the transaction support relational database to ensure that the transaction strictly abides by the four requirements of ACID and is easy to roll back. With the increase of data scale, relational databases can only provide relatively weak usability in order to ensure strict consistency. If the data operation needs high transactional or complex data query function, the traditional relational database is a better choice in terms of performance and stability. No SQL database reduces the requirements for the four properties of transaction ACID, but follows the basic available soft-state eventual consistency (BASE) model, sacrificing high consistency, so as to obtain availability or reliability. No SQL database is usually used in scenarios where data consistency is not high, but high availability is emphasized.
4 Expansion mode Relational database is difficult to achieve "horizontal expansion" because of its own design mechanism, that is, data is stored in relational tables in a relational model. In the face of the large-scale increase of load data, it is often necessary to add hardware devices to achieve "vertical expansion". However, the current computer hardware technology has reached a limit, the speed of performance improvement has slowed down, and the configuration of high-end high-performance servers is expensive, so it has become unrealistic to expect "vertical expansion" to meet the actual business needs. No SQL database has fully considered the requirement of "horizontal expansion" at the beginning of its design, and is naturally capable of horizontal expansion. It can share the load by adding cheap blade server equipment and realize expansion. The database not only has high cost performance, but also can support larger-scale data storage and processing functions.
5 Database integrity Database integrity means that the data stored in the database is correct and the related data is consistent. Whether the data in the database is complete or not is related to whether the database system can truly reflect the real world. Relational databases can easily achieve data integrity, but No SQL databases are difficult to achieve.
6.The query efficiency relational database stores data in a two-dimensional table, and the index mechanism can quickly locate the required records without scanning the whole table in sequence. The database builds indexes in tables frequently used for query, columns frequently searched and sorted, primary key columns or unique columns, which can speed up query and improve system performance. The data stored in No SQL database has no fixed structure, no highly structured query, and no index for complex query. Although No SQL database can use Map Reduce to speed up query, its performance in complex query is still inferior to relational database.
7 Standardized relational databases After decades of development, American National Standards Institute (ANSI) and International Organization for Standardization (ISO) have formulated a series of standards for SQL, and standard SQL statements can be used in almost all relational databases. At present, No SQL database is still in its infancy, and there is no industry standard. Different No SQL databases have their own query languages, so it is difficult to standardize application program interfaces.
Therefore, SQL database is selected as the tool for this project.

2. The main process of database design
2.1 principles of database design
2.1.1 Make a detailed plan before design.
Database design plays a very important role in the process of computer software design. Therefore, sufficient time should be used for database design, so as to ensure that the relevant requirements of software design and development can be met. First of all, the customer's use needs should be fully considered before the concrete design, which is also the premise of database design. From the user's point of view, we should better meet the business needs of software design, so that it can play its own use value. Secondly, when designing the database, designers should not mix personal ideas, but should strengthen communication with users. If users don't understand anything, they should explain it and make reasonable adjustments to the design concept, so that the design tasks, decomposition and other processes and related steps can better meet users' own needs and give full play to the actual functions of the software. In the process of database design, the related functions that users and software applications have not considered should also be comprehensively considered, so a certain expansion space should be reserved to ensure that the functions of the software can be modified, so as to realize further expansion and improve the use value of the software system.
2.1.2 Consistent with the software development plan
In the process of database design, the whole computer software should be considered, and the functions realized in each process should be analyzed to ensure that the database design can be unified with the development plan. The design of computer software should ensure that every field of every table can play a practical role in the future application. Moreover, when designing the database, the purpose of the design should be made clear, and the design of the database should be in one-to-one correspondence with a certain function, so as to realize the effective connection and docking with the computer software function. In the process of database design, we should establish an important connection with tables, ensure the unity with application programs, and make good connection between the whole and the part, so that the software can play the role of database design.
2.1.3 The efficiency of the whole software function should be considered.
Database design needs to contain a large amount of content, so the functions of the database should be analyzed in the design process, so as to better arrange the storage space and improve the efficiency of computer software and the computing ability of data. In the process of design, in order to distinguish which tables occupy a larger capacity, the tables with a larger amount of data can be reasonably designed by the principle of coarse-grained design. In the specific application process of the software, some fields may be redundant, which will further affect the data storage function, and may even cause the waste of resources in the database space. Therefore, we can store some tables with a large amount of data through smaller or weakest tables, thus reducing redundancy. In the process of database design, the table design should consider the use of search function in the process of computer application, so it is necessary to calculate the database accurately and set the storage mode of statistics reasonably. If tables with strong correlation and complex relationships occur in database design, the relationships between tables can be maintained by mapping tables, thus reducing their complex structure.
[bookmark: _GoBack]2.2 Effective countermeasures for database design
2.2.1 Theoretical analysis of database design
When building a database, it is very important to choose the model of the database, and the choice of the structure and operation methods of the database also has a great influence on the later use of the database. Therefore, when designing the database, we should choose the commonly used data model according to the actual needs of users, so as to facilitate the data retrieval process of customers. In addition, technicians should take the foundation of database structure as the fundamental design and then restrict the establishment of database structure to ensure the integrity of database structure. In the process of database design, data will have a certain constraint function, so it will have a certain influence on data. Through data constraint, data practice activities such as data grammar association can be effectively realized.
2.2.2 Practical exploration of database design
In the process of developing computer software, we should reasonably analyze the software window and logically design the subordinate whole software system, thus further promoting the effective development of software development and database design. Dependency mainly refers to the effective classification and arrangement of data in the database, so as to form a concrete purely formal data table. This kind of data table can make the data tend to be organized in the process of using the software system. In the database, the relevant data are mainly displayed in the form of words, which can make the data more intuitive to display to users, and can also effectively analyze the data in the process of data calling, thus enhancing the practical application value of the database. If the user has input errors in the database during the program design, it can prompt in time and limit its next action, so as to prevent the user from continuing to make errors. It also has a great influence on the design effect of computer software system. Therefore, when designing the database, we should effectively manage the whole system of the database system according to the user's own usage habits, and then effectively operate the program in the form of a fixed process to better meet the user's usage requirements.
2.2.3 Case Analysis of Database Design
In the process of designing computer software, there are many contents to be included. First, the designer should make a reasonable analysis according to the use requirements of the system, and sum up the user's requirements according to the software design concept, so as to effectively carry out logical analysis and physical design of the designed software. The analysis of database requirements is mainly to understand the basic needs of users before the software design begins, and to effectively analyze the customer's requirements for software information and related requirements in the later application process, so as to obtain relevant information and effectively plan the contents of the database. The design of the concept of database is mainly to analyze the whole software system according to the concept of integrated design, so as to realize the reasonable decomposition of the whole software. The safety and reliability of the software system design can be further improved through the modular design of small units. Finally, the small modules can be effectively combined, and the whole system can be effectively laid out through data analysis. For the logical design of database, its logical mode will have a great influence on the designers when they use it. Therefore, database design has high requirements for the logic of content. Designers need to effectively combine database design with users' needs, so that complex data structures can effectively provide targeted data calls for users, and can fully guarantee data security. The physical design of the database is to distinguish the database traction partition and other related contents. As for database maintenance, it is mainly a work in the final stage of database design, which can ensure that the design of the software system is completed and can run safely and stably after use..
3.Realization of database 
3.1 Demand analysis
Software requirements are users' expectations of the target software system. In order to develop software products that truly meet the needs of users, we must first know the needs of users. A deep understanding of software requirements is a prerequisite for the success of software development. No matter how well people do their design and coding work, programs that can't really meet users' needs will only disappoint users and bring troubles to developers.
From the task book point of view, this task is mainly divided into the following modules:
1. Store module: This module is mainly responsible for the management of stores and workshops, as well as the management of goods sold.
2. Staff module: This module is mainly responsible for the management of employees in the company.
3. Transaction module: This module is mainly responsible for order management of transactions with customers.
The database also involves 10 subjects, including customers, salesmen, mechanics, shops, workshops, bicycles, rental tables, sales tables, customized tables and maintenance tables.
To sum up, the database system involves 10 subjects and 3 modules.
3.2 Conceptual structure design stage
According to the definition of 10 subjects: customers, salesmen, mechanics, shops, workshops, bicycles, rental tables, sales tables, customized tables and maintenance tables. Draw their E-R diagrams respectively:
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Figure 1 Mechanic E-R
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Figure 2 bike E-R
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Figure 3 customer E-R
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Figure 4 salesman E-R
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Figure 5 shop E-R
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Figure 6 workshop E-R
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Figure 7 repair form E-R
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Figure 8 sale form E-R
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Figure 9 rent form E-R
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Figure 10 customized form E-R

3.3 Logical structure design
At this stage, the E-R diagram is extremely important. Everyone should learn the attributes defined by each entity to draw the overall E-R diagram. There are three main types of conflicts between E-R graphs: attribute conflict, naming conflict and structure conflict.
In the transformation from E-R diagram to relational model, the problems to be solved are how to transform the entity and the relationship between entities into relational models, and how to determine the attributes and codes of these relational models.
Work shop(work shop id,work shop address,craft)
Mechanic(mechanic id,mechanic name,workshop id)
Shop(shop id,shop name,shop address)
Bike(bike id,bike repair record,bike number of transaction,bike lease duration)
Customer(customer id,customer name,customer hobby,customer address,customer tel,customer email)
Salesman(salesman id,salesman name,salesman date of entry,salesman salary,shop id,salesman address,salesman tel)
Repair form(repair form id,customer id,mechanic id,bike id,amount,delivery time,remarks)
Sale form(sale form id,salesman id,bike id,customer id,price,discount,original price,sale time,remarks)
Rent form(rent form id,bike id,sales man id,customer id,start time,end time,duration,amount,remarks)
Customization form(customization form id,sales man id,customer id,mechanic id,bike id,delivery time,customization requirement,remarks,amount)
According to the requirements of the system and the relational model, a database is established. The structure design results of each table in the database are shown in the following table
Table 1
	name
	Data type
	Not null
	Is PK

	Bike id
	int
	Unchecked
	PK

	Bike repair record
	varchar(30)
	Checked
	

	Bike number of transaction
	int
	Checked
	

	Bike lease duration
	int
	Checked
	


Table 2
	name
	Data type
	Not null
	Is PK

	Customer id
	int
	Unchecked
	PK

	Customer name
	varchar(30)
	Checked
	

	Customer hobby
	varchar(30)
	Checked
	

	Customer address
	varchar(30)
	Checked
	

	Customer tel
	int
	Checked
	

	Customer email
	varchar(30)
	Checked
	


Table 3
	name
	Data type
	Not null
	Is PK

	Customization form ID
	int
	Unchecked
	PK

	Salesman id
	int
	Unchecked
	

	Customer id
	int
	Unchecked
	

	Mechanic id
	int
	Unchecked
	

	Bike id
	int
	Unchecked
	

	Delivery time
	datetime2(7)
	Checked
	

	Customization requirement
	varchar(120)
	Checked
	

	remarks
	varchar(120)
	Checked
	

	amount
	decimal(8, 2)
	Unchecked
	



Table 4
	name
	Data type
	Not null
	Is PK

	Mechanic id
	int
	Unchecked
	PK

	Mechanic name
	varchar(30)
	Unchecked
	

	Work shop id
	int
	Unchecked
	


Table 5
	name
	Data type
	Not null
	Is PK

	Rent form ID
	int
	Unchecked
	PK

	Bike id
	int
	Unchecked
	

	Salesman id
	int
	Unchecked
	

	Customer id
	int
	Unchecked
	

	Start time
	datetime2(7)
	Unchecked
	

	End time
	datetime2(7)
	Unchecked
	

	duration
	
	Checked
	

	amount
	decimal(8, 2)
	Unchecked
	

	remarks
	varchar(120)
	Checked
	


Table 6
	name
	Data type
	Not null
	Is PK

	Repair form ID
	int
	Unchecked
	PK

	Customer id
	int
	Checked
	

	Mechanic id
	int
	Checked
	

	Bike id
	int
	Checked
	

	amount
	decimal(8, 2)
	Unchecked
	

	Delivery time
	datetime2(7)
	Unchecked
	

	remarks
	varchar(120)
	Checked
	


Table 7
	name
	Data type
	Not null
	Is PK

	Sale form ID
	int
	Unchecked
	

	Salesman id
	int
	Unchecked
	PK

	Bike id
	int
	Unchecked
	PK

	Customer id
	int
	Unchecked
	PK

	price
	decimal(8, 2)
	Unchecked
	

	discount
	decimal(3, 2)
	Checked
	

	Original price
	decimal(8, 2)
	Unchecked
	

	Sale time
	datetime2(7)
	Unchecked
	PK

	remarks
	varchar(120)
	Checked
	


Table 8
	name
	Data type
	Not null
	Is PK

	Salesman id
	int
	Unchecked
	PK

	Salesman name
	varchar(30)
	Checked
	

	Salesman date of entry
	datetime2(7)
	Unchecked
	

	Salesman salary
	int
	Checked
	

	Shop id
	int
	Checked
	

	Salesman address
	varchar(30)
	Checked
	

	Salesman tel number
	int
	Checked
	


Table 9
	name
	Data type
	Not null
	Is PK

	Shop id
	int
	Unchecked
	PK

	Shop name
	varchar(30)
	Checked
	

	Shop address
	varchar(60)
	Checked
	


Table 10
	name
	Data type
	Not null
	Is PK

	Workshop id
	int
	Unchecked
	PK

	Workshop address
	varchar(30)
	Checked
	

	craft
	varchar(60)
	Checked
	



4. TRANSACTION AND SECONDARY INDEXES

4.1 Transaction
begin tran
begin try  
 insert into rentform(rentformid,bikeid,clientid,salemanid,starttime,endtime,amount,remarks) values (900040,400001,500006,600001,'2020-1-18','2020-1-17',640,'');
 end try
begin catch 
select error_number() as errornumber, 
          error_severity() as errorseverity, 
          error_state() as errorstate , 
          error_procedure() as errorprocedure , 
          error_line() as errorline,
          error_message() as errormessage 
   if(@@trancount>0) 
      rollback tran  
end catch
if(@@trancount>0)
commit tran  
go

begin tran
begin try  
 insert into repairform (repairformid,bikeid,clientid,mechanicid,deliverytime,amount,remarks) values (700040,400001,500001,200001,null,1000,'');
end try
begin catch  
select error_number() as errornumber, 
          error_severity() as errorseverity, 
          error_state() as errorstate , 
          error_procedure() as errorprocedure , 
          error_line() as errorline,
          error_message() as errormessage 
   if(@@trancount>0) 
      rollback tran  
end catch
if(@@trancount>0)
commit tran  
Go

4.2 Secondary indexes
create index is_salesmanid_custform on custform(salesmanid)
go

create index is_customerid_custform on custform(customerid)
go

create index is_bikeid_custform on custform(bikeid)
go
5 Distributed database design
With the advantages of computer application becoming more and more prominent, people's dependence on the use of computers is gradually increasing, and higher requirements are put forward for the application performance of computers. A distributed system is composed of several independent computers connected on the basis of network resources, and a distributed database mainly refers to a set of data sets with data information resources stored in the bearing characteristics. However, from the aspect of concrete application, its application mainly includes two types: local application and global application. For local applications, it is mainly to execute and process related technical instructions at the branch technical node position. The global application needs to mobilize the data information resources of two or more technical nodes to complete the efficient execution of relevant instructions. Among them, the strict distributed database technology system is the database technology system supported by global technology, so as to realize the effective execution and processing of various instructions.
The high degree of sharing and autonomy of is the main application technology feature of distributed database in management system. Among them, as far as distributed database system is concerned, most of the databases are located in computers in different spatial locations and nodes. Although they are scattered from the technical point of view, due to the unified and centralized management of the management system, they have strong integrity among the scattered databases at the logical level, so as to provide users with more complete services and more data query support. When users want to access the database, they only need to have access rights to the database, and they don't need to know the physical location of the actual storage points of the database information resources, which provides convenience for users to query and manage data, realizes the high sharing of information resources and effectively simplifies the operation steps of users.
Among them, the sales staff of the system can be divided by different stores:
Table 11 people work in shop 300001
	Salesman ID
	Name 
	Salesman date of entry
	Salary 
	Shop 
	Address
	tel

	600001
	toma
	2007-01-02 00:00:00.0000000
	1200
	300001
	river street
	15684

	600002
	hel
	2013-02-08 00:00:00.0000000
	1300
	300001
	green street
	456123

	600003
	taes
	1999-04-21 00:00:00.0000000
	1100
	300001
	king street
	45456


Table 12 people work in shop 300002
	Salesman ID
	Name 
	Salesman date of entry
	Salary 
	Shop 
	Address
	tel

	600004
	gaen
	2011-07-11 00:00:00.0000000
	1100
	300002
	center street
	12358

	600005
	bean
	2008-05-05 00:00:00.0000000
	1400
	300002
	mico street
	15648

	600006
	poik
	2009-11-26 00:00:00.0000000
	1400
	300002
	bank street
	8596489
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