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This paper designs an "Eco Bike Hubs" information management system based on SQL server.
During the design work, combined with the actual situation of the bicycle company, we have formulated reasonable schemes for different types of services. It is believed that this design can improve the work efficiency of the bicycle company and reduce the confusion of various data management of the company to a certain extent. The original database is optimized and adjusted, and a set of distributed solutions is designed. However, there may be some imperfections in the system that need to be improved. It can be gradually optimized in the future. 
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1. [bookmark: _Toc93046203]Introduction
Background
"Eco Bike Hubs" has more than ten branches in different regions. They provide sales, leasing, maintenance and other services for users with different needs, which greatly facilitates the travel and entertainment of bicycle lovers around. However, the bicycle center does not have a convenient and complete database to manage different kinds of data, resulting in employees doing some redundant and chaotic work. Therefore, Eco Bike Hubs needs to design a complete database and corresponding operations to achieve different and convenient services for different types of customer groups.  
Demand analysis
Having observed the business systems you note that each store has:
· A member staff that will look after customer bookings be they sales, services, or repairs.
· Mechanics who look after and log the service or repair work. Customer’s bicycles must be tracked from front of shop through to repairs and back to customer. 
· Customers wishing to trade are handled at each store by one member of staff, but a member of staff must not have more than 20 trade customers assignment at any given time. 
· Customers can hire bicycles when required and if available, but dates and time must be recorded.
Due to various existing factors, the management of "Eco Bike Hubs" hopes that the center can develop while maintaining the service level. In order to improve the service level. The company decided to add some functions to the database management while designing the database. Namely:
1. Sometimes bicycle repair bookings are recorded but the details of the specific return date(s) as requested by customers are not registered in the system.
1. Customers are able to book bicycle hire times that are not registered as possible schedules available.
2. [bookmark: _Toc93046204]NoSQL vs. SQL

NoSQL (not only SQL) generally refers to non relational databases. NoSQL database examples include redis, ravendb, mongodb, Cassandra, BigTable, HBase.
SQLdatabase refers to a relational database. Some examples of SQL databases include mysql, PostgreSQL, and Microsoft SQL server.
Nowadays, the society is constantly producing a large amount of data every day, which contains a large amount of valuable information that needs to be analyzed and mined. How to quickly obtain these valuable information and save the cost of machine resources while improving the work efficiency of enterprises has become the focus of many researchers. Model and inefficient table join operation limit the efficiency of query. The new NoSQL database is suitable to solve this kind of problem because they have more flexible storage mode and query mode. 
Main differences
a. Type
SQL database is mainly called relational database (RDBMS); NoSQL database is mainly called non relational database or distributed database.
b. Data coupling
External data that has been used cannot be deleted in SQL. If the data in a table has been assigned to another table, it will not be deleted in this table to ensure data integrity. In NoSQL, there is no such concept of strong coupling, and any data can be deleted at any time.
c. Business
In SQL, if the data of multiple tables needs to be updated in the same batch, that is, if one table fails to update, the other tables cannot be updated successfully. This scenario can be controlled through transactions, and transactions can be committed uniformly after all commands are completed. There is no transaction concept in NoSQL, and the operation of each dataset is atomic.
d. Attributes to follow
SQL databases follow acid attributes (atomicity, consistency, isolation and persistence), while NoSQL databases follow brewers cap theorem (consistency, availability and partition tolerance).
In short, although NoSQL performs better when the scenario is very complex, NoSQL is not very mature in technology and is not as convenient as SQL in related support. The advantage of using SQL is that it is easy to understand, high data consistency, low redundancy and easy to operate. Obviously, SQL technology is more mature. We only care about business and don't worry about the technology itself. So in this case, we choose to use SQL.
3. [bookmark: _Toc93046205]Performance Optimization
First, I want to briefly explain the creation of the table and the data I insert. The following three figures are shown. You can see my code and results from the picture. As can be seen from the typ field in the staff table, employees are divided into four categories: employees in charge of reservation, employees in charge of sales, employees in charge of leasing business and technicians in charge of maintenance. They share the same table. The user contacts the employee in charge of booking to book business, and adds a new piece of data in the business table, which records the service type required by the user. Update the remaining more detailed data after the customer arrives at the store. After arriving at the store, each user will be assigned a different type of employee according to his business type. Track the user's business in the whole process. Every business has a status. Every time the task status changes, the status in the database will be updated. Customers can also search the database to select their own bicycles or parts.
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Fig. 1
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Fig. 2
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Fig. 3
And the database diagram is shown in Figure 4.
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Fig. 4
Considering that some employees who want to ask familiar employees if there are any remaining reception location needs, we have established an index of employee number and the number of users currently received by employees to meet the needs of customers. We have established an index of user number and business number so that customers can easily view all their previous businesses in this company. If the customer wants to check the rental status of the bicycle he rented before, we have established the bicycle number and the index of all businesses related to the bicycle, as shown in Figure 5 below. 
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Fig. 5

4. [bookmark: _Toc93046206]Transaction Design
The question of "Eco Bike Hubs" is:
a. Sometimes bicycle repair bookings are recorded but the details of the specific return date(s) as requested by customers are not registered in the system.
b. Customers are able to book bicycle hire times that are not registered as possible schedules available.
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The following is a screenshot of the running results
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Fig. 6 Screenshot of the results.


The business table remains unchanged. Therefore, when the registration time is empty, the code will implement the rollback operation.[image: ]
Fig. 7

Question B
CREATE PROCEDURE [dbo].[bikeRent1]
@BikeId			    BIGINT,
@CustomerID			BIGINT,
@rentStartDate      DATE,
@rentEndDate        DATE
AS
BEGIN
BEGIN TRANSACTION
INSERT INTO business (businessId,businessType, bikeId,rentStartTime,rentEndTime,customerId) VALUES ( '40006','rent', @BikeId,@rentStartDate,@rentEndDate,@CustomerID);
UPDATE Bike set bikeState = 'rented' where bikeId = @BikeId
IF (
        (SELECT COUNT(*) FROM business b1,Bike b2
	    WHERE b1.bikeId=b2.bikeId AND b2.bikeType = 'rent'
		  AND bikeState='rentable')=0
    )
BEGIN
       ROLLBACK TRANSACTION
    END
    ELSE
    BEGIN
        COMMIT TRANSACTION
    END
END
GO
EXEC  [dbo].[bikeRent1]  '3', '30003', '2021-1-19','2021-1-20'
select * from business
40006 is an unregistered event. The successful results are shown in Figure 8.[image: ]
Fig. 8
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Fig. 9
When the conditions are not met, the program rolls back and does not execute the insertion operation.
The task of tuning and optimizing the "Eco Bike Hubs" database has been completed
5. [bookmark: _Toc93046207]Distributed database 
With the continuous evolution of business demand for big data technology, distributed database plays an increasingly important role in the whole ecosystem. It can be predicted that it will become another core of the development of big data technology in the future.
The methods and emphases of database management function test are different from those of traditional centralized database. The design principles and theoretical foundations adopted by distributed database and centralized database are different from those of centralized database, and the typical configurations adopted are also different in different use scenarios. In the centralized database, the management functions of the above objects must be complete, It is a complete relational database in line with the database paradigm, which can meet both availability and consistency. However, in a distributed database, after meeting the distributed storage of data, the control interface, access interface, table storage, user management and permission management are necessary. In addition, views, operators, functions, stored procedures and sequences are optional. Distributed transactions are very difficult to implement in distributed products and affect transaction performance. Some products adopt two-stage commit, some products adopt three-stage commit, and some products use MQ as the serialization execution queue of distributed transactions.
For the case study of "Eco Bike Hubs", I designed a total of six tables. As shown in Figure 4, they are "bike", "customer", "store", "part", "business" and "staff".
For the first "bike" table, it can be horizontally distributed according to the type of bicycles, and bicycles for different purposes can be clearly divided. Fig. 10 shows the original bike table. Fig. 11, Fig. 12 and Fig. 13 are three tables after distribution.
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Fig. 10 Original table

	BikeId
	bikeType
	ShowType

	1
	sale
	sold

	2
	sale
	on sale

	7
	sale
	on sale


Fig. 11 Distributed database table


	BikeId
	bikeType
	ShowType

	3
	rent
	rented

	4
	rent
	Rentable

	8
	rent
	Rentable


Fig. 12 Distributed database table
	BikeId
	bikeType
	ShowType

	5
	repair
	repairing

	6
	repair
	repaired


Fig. 13 Distributed database table
The second customer table stores the basic information of customers and corresponding merchants, so it is not necessary to distribute them.
The third store table has only two properties. One is the store code and the other is the store location. These properties are fixed, so I don't think this table needs to be distributed. Similarly, in the fourth table, there are only three attributes in the part table, so I don't think it needs to be allocated
I will distribute the business table horizontally. This is the basis of horizontal distribution due to the difference between completion schedules. After distribution, we can see which businesses have been completed and which are in progress. Figure 13 shows the original business table. Figures 14 and 15 are the last two tables of distribution.
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Fig. 13 Original table
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Fig. 14 Distributed database table
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Fig. 15 Distributed database table

The "staff" table has the attribute "staff type". It has four types: employees in charge of booking, employees in charge of sales, employees in charge of renting and employees in charge of maintenance. So I divided it horizontally into four parts. After division, obtain different types of employees. Figure 16 shows the original staff table. Fig. 17, Fig. 18, FIG. 19 and FIG. 20 are four tables after distribution.
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Fig. 16 Original table
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Fig. 17 Distributed database table
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Fig. 18 Distributed database table
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Fig. 19 Distributed database table
、[image: ]
Fig. 20 Distributed database table
[bookmark: _Toc93046208]Conclusion
This paper designs an "Eco Bike Hubs" information management system based on SQL server.
In the actual design of "Eco Bike Hubs" SQL database system, the problems we face may be a little complex for us. However, during the design work, combined with the actual situation of the bicycle company, we have formulated reasonable schemes for different types of services. It is believed that this design can improve the work efficiency of the bicycle company and reduce the confusion of various data management of the company to a certain extent. The original database is optimized and adjusted, and a set of distributed solutions is designed. However, there may be some imperfections in the system that need to be improved. It can be gradually optimized in the future. 
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=ICREATE NONCLUSTERED INDEX EH_stuffid_cusnumber ON Staff (staffId, cusNumber)
CREATE NONCLUSTERED INDEX EH_businessid_customerid ON business(businessId, customerId,
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-—question A
BEGIN TRANSACTION NewRentBusiness
BEGIN TRY —— add try to catch any errors
— Add new business
INSERT INTO business (businessId, customerld, rentStartTime, rentEndTime, staffId)
VALUES (' 40006, ’30001", ’2022-1-19", ’'2022-1-21", 2001)

— Add the new business managed by another customer
INSERT INTO business (businessId, customerId, rentStartTime, rentEndTime, staffId)
VALUES ('40006", ’30002", '2022-1-19", '2022-1-21", 2001)

— Commit ALL changes, idserts successful
COMMIT TRANSACTION NewRentBusiness;
END TRY
BEGIN CATCH — add catch to handle error
— Rollback ALL inserts, an error has occurred.
ROLLBACK TRANSACTION NewRentBusiness;
RAISERROR (' Rolling back, an error occurred!’, 16, 1);
END CATCH;
select * from business
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