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[bookmark: _Toc93111260]1 Abstract
The article first discusses and compares SQL database and NoSQL database, and then creates a database according to the needs of Eco Bike Hub. In addition, the article investigates the company's most important transactions to improve query performance. Finally, a distributed database design is proposed to provide a suitable fragmentation mode for the system.

[bookmark: _Toc93111261]2 SQL vs. NoSQL
[bookmark: _Toc93111262]2.1 Concept
SQL (Structured Query Language) database refers to a relational database. Main representatives: SQL Server, Oracle, MySQL (open source), PostgreSQL (open source). (Bai, 2020) 
NoSQL (Not Only SQL) generally refers to non-relational databases. Main representatives: MongoDB, Redis, CouchDB.

[bookmark: _Toc93111263]2.2 Storage method
SQL databases are tabular, so are stored in the rows and columns of the table. It is easy to associate cooperative storage between them, and it is very convenient to extract data. The Nosql database, on the other hand, is a combination of large blocks. Usually stored in datasets, like documents, key-value pairs, or graph structures (Choi, Lee and Jeong2021).

[bookmark: _Toc93111264]2.3 Storage structure
The SQL database corresponds to structured data. The data table has a pre-defined structure (the definition of the column), and the structure describes the form and content of the data. This is critical for data modeling, and while predefined structures bring reliability and stability, modifying these data is difficult. Whereas Nosql database is based on dynamic structure and works with unstructured data. Because Nosql databases are dynamically structured, they can easily adapt to changes in data types and structures.

[bookmark: _Toc93111265]2.4 Storage Specifications
The data storage of the SQL database is for higher standardization, and the data is divided into the smallest relational tables to avoid duplication and to obtain simplified space utilization. Although the management is very clear, when a single operation is designed to multiple tables, data management becomes a bit troublesome. While Nosql data is stored in flat datasets, the data may often be duplicated. A single database is rarely separated, but is stored as a whole, making the whole block of data easier to read and write.

[bookmark: _Toc93111266]2.5 Storage expansion
This is probably the biggest difference between the two. Relational databases scale vertically, which means that if you want to increase processing power, you need to use faster computers. Because data is stored in relational tables, performance bottlenecks for operations may involve multiple tables and need to be overcome by improving computer performance. Although there is a lot of room for expansion, it will eventually reach the upper limit of vertical expansion. The Nosql database is horizontally scalable, its storage is naturally distributed, and the load can be shared by adding more common database servers to the resource pool.

Horizontal scaling is the expansion of the number of servers for high concurrent processing (enhancing the ability to process business).

According to the reverse proxy configuration of nginx, the forwarding server (configured ip) performs rotation processing services (the load balancer can be added to distribute requests).

Vertical expansion is to increase the processing power of a single machine, generally increasing the processing power of the CPU.

[bookmark: _Toc93111267]2.6 Inquiry method
Relational databases operate databases through structured query language (that is, what we usually call SQL). SQL is very powerful in supporting database CURD operations and is the standard usage in the industry. Nosql queries operate data in blocks, using Unstructured Query Language (UnQl), which is not standardized. The concept of a primary key in a relational database table corresponds to the ID of a document stored in (Nosql Gyorodi, et al. 2019). Relational databases use predefined optimizations (such as indexes) to speed up query operations, while Nosql has simpler and more precise data access patterns.

[bookmark: _Toc93111268]2.7 Transactions
Relational databases follow ACID rules (Atomicity, Consistency, Isolation, Durability), while Nosql databases follow BASE principles (Basically Availble, Soft/Flexible Transactions) (Soft-state), eventual consistency (Eventual Consistency)). Due to the strong data consistency of relational databases, the support for transactions is very good. Relational databases support fine-grained control over transaction atomicity and are easy to rollback transactions. The Nosql database selects two items from the CAP (consistency, availability, partition tolerance), because it is difficult to satisfy all of them in a node-based distributed system, so the support for transactions is not very good, although transactions can also be used , but not the shining point of Nosql.

Flexible transactions satisfy Base theory (basically available, eventual consistency) and CAP theory.

Rigid transactions satisfy ACID theory.

[bookmark: _Toc93111269]2.8 Performance
Relational databases pay a huge price to maintain data consistency, and the read and write performance is relatively poor. In the face of high concurrent read and write performance, the performance is very poor, and the efficiency is very low in the face of massive data. The Nosql storage format is of key-value type and stored in memory, which is very easy to store, and has a weak requirement for data consistency. Nosql does not require sql parsing, which improves read and write performance. 

[bookmark: _Toc93111270]2.9 Authorization method
Relational databases usually include SQL Server, Mysql, and Oracle. The mainstream Nosql databases include redis, memcache, and MongoDb. Most relational databases are paid and expensive, while Nosql databases are usually open source.

[bookmark: _Toc93111271]3 Database Creation
From an overall point of view, the importance of database design work is self-evident, and it must be viewed in a crucial position to clarify its importance in data security, processing efficiency, and scalability. effect.

[bookmark: _Toc93111272]3.1 Database Design Principles
1. Consistency principle Conduct systematic and unified analysis and design of rental information, coordinate data sources with different structures, and ensure the validity and consistency of system data.

2. Integrity principle In order to prevent users from adding illegal instructions or data under the premise of legal access, a corresponding data audit mechanism should be formulated on this basis to ensure the correctness and compatibility of data.

3. Security Principles Authentication and authorization mechanisms should be designed to avoid problems such as data destruction, leakage or alteration due to any reason.

4. Scalability principle Considering the future development of the system, the following three aspects should be taken into account in the database design process, namely: moderate redundancy, scalability and scalability.

5. Normalization In the process of database design, the normalization theory must be regarded as a principled requirement to avoid the occurrence of data redundancy, modification or deletion exceptions, etc., on the basis of merging or decomposing relational models to convert it into an advanced paradigm. In general, it is sufficient to be in third normal form (3NF).

This system uses Microsoft's SQL Server 2008 database. Microsoft SQL Server 2008 is Microsoft's most powerful and comprehensive SQL Server database built on SQL Server 2000 and SQL Server 2005. Version. The humanized window management interface of SQL Server database is very convenient and intuitive to use. At present, SQL Server database has been widely used in the software industry, especially suitable for small and medium-sized enterprises and companies. SQL Server database has superior performance in data security and data integrity control, and has good data interoperability.

[bookmark: _Toc93111273]3.2 Database Logic Design
According to the needs of Eco Bike Hubs, through the detailed and in-depth exploration of information management, the design of the data structure and data items has been completed.

After investigating and analyzing the needs of users, the logical design of the database is carried out, and the logical design of the database is displayed in the form of ERD. The entity relationship diagram of the system database is shown in Figure 3-1.

[image: ]
Fig. 3-1 EDR

[bookmark: _Toc93111274]3.3 Design of Data Table
The following is the design of the database table of the bicycle rental management system, that is, the entity described in Section 2.2 is refined, the entity is refined into a specific database table, and the field name, field type, main attribute and field description of the table are described in detail. The database can be designed according to the E-R diagram. The main data tables are listed below.

The Tables
	Table
	Columns

	[bookmark: _Hlk93082711]Store
	store_id, store_name, phone, email, street, city, postcode

	[bookmark: _Hlk93083719]Staff
	staff_id, first_name, last_name, Gender, email, phone, active

	Mechanic
	mechanic _id, first_name, last_name, Gender, email, phone, active

	Customer
	customer_id, first_name, last_name, Gender, staff_id, phone, email, street, city, postcode

	Category
	category_id, category_name

	Brand
	brand_id, brand_ name

	Product
	product_id, product_ name, brand_id, category_id, model_year, list_price

	Order
	order_id, product_id, customer_id, order_status, order_date, store_id

	Sold_item
	order_id, sold_id, quantity, list_price, discount

	Rent_item
	order_id, rent _id, start_date, end_date, if_repair, rent_price

	Repair_item
	order_id, repair _id, mechanic _id, start_date, end_date, requested_date, back_date, repair_price

	Production
	store_id, product_id, quantity



The Stores table includes the store’s information. Each store has a store name, contact information such as phone and email, and an address including street, city, and postcode.
Store
	Column
	Attribute Domain Requirements

	store_id
	Auto increment field use SQL Server’s Identity Property: IDENTITY(1,1), PK

	store_name
	Character String, Size: 30, Required

	phone
	Character String, Size: 12, Required

	email
	Character String, Size: 100, Required

	street
	Character String, Size: 30, Required

	city
	Character String, Size: 20, Required

	postcode
	Character String, Size 8, Required, Limit values to min length 6



The employee information table is mainly used for the management of employee information data and the realization of function settings in the car rental management system. The structure of the employee information table is shown in Staff Table, where staff_id is the primary key of the table. In addition, if a staff no longer works for any stores, the value in the active column is set to zero.
Staff
	Column
	Attribute Domain Requirements

	staff_id
	Auto increment field use SQL Server’s Identity Property: IDENTITY(1,1), PK

	first_name
	Character String, Size: 30, Required

	last_name
	Character String, Size: 30, Required

	gender
	Character String, Size: 30, Required, male or female

	email
	Character String, Size: 100, Required

	phone
	Character String, Size: 12, Required

	active
	tinyint



The mechanic information table is mainly used for the management of mechanic information data and the realization of function settings in the car rental management system. The structure of the employee information table is shown in Mechanic Table, where mechanic_id is the primary key of the table. In addition, if a mechanic no longer works for any stores, the value in the active column is set to zero.
Mechanic
	Column
	Attribute Domain Requirements

	mechanic_id
	Auto increment field use SQL Server’s Identity Property: IDENTITY(1,1), PK

	first_name
	Character String, Size: 30, Required

	last_name
	Character String, Size: 30, Required

	gender
	Character String, Size: 30, Required, male or female

	email
	Character String, Size: 100, Required

	phone
	Character String, Size: 12, Required

	active
	tinyint



The basic member information table is used to store the membership information of the bicycle rental system. This table will be used in the member registration function module and the member management module. The table includes the membership number of the bicycle rental, the member name of the bicycle rental, and the member phone number of the bicycle rental, bicycle rental member address and other fields, in which customer_id is the primary key of the table, and the specific table structure is shown in Customer Table.
Customer
	Column
	Attribute Domain Requirements

	customer_id
	Auto increment field use SQL Server’s Identity Property: IDENTITY(1,1), PK

	first_name
	Character String, Size: 30, Required

	last_name
	Character String, Size: 30, Required

	gender
	Character String, Size: 30, Required, male or female

	staff_id
	Integer, Required, FK

	phone
	Character String, Size: 12, Required

	email
	Character String, Size: 100, Required

	street
	Character String, Size: 30, Required

	city
	Character String, Size: 20, Required

	postcode
	Character String, Size 8, Required, Limit values to min length 6



The Category table stores the categories of bicycles, such as tandem bikes, covered bikes, and electric bikes.
[bookmark: _Hlk93101635]Category
	Column
	Attribute Domain Requirements

	category_id
	Auto increment field use SQL Server’s Identity Property: IDENTITY(1,1), PK

	category_name
	Character String, Size: 30, Required



The Brand table stores the brand’s information of bikes, for example, Electra, Haro, and Heller.
Brand
	Column
	Attribute Domain Requirements

	brand_id
	Auto increment field use SQL Server’s Identity Property: IDENTITY(1,1), PK

	brand_name
	Character String, Size: 30, Required



The Product table stores the product’s information such as name, brand, category, model year, and list price. Each product belongs to a brand specified by the brand_id column. Hence, a brand may have zero or many products. Each product also belongs a category specified by the category_id column. Also, each category may have zero or many products.
[bookmark: _Hlk93101763]Product
	Column
	Attribute Domain Requirements

	product_id
	Auto increment field use SQL Server’s Identity Property: IDENTITY(1,1), PK

	product_name
	Character String, Size: 50, Required

	brand_id
	Integer, Required, FK

	category_id
	Integer, Required, FK

	model_year
	SMALLINT, Required

	list_price
	DECIMAL(10,2), Required, Number (should be able to accept monetary values)




The Order table stores the sales order’s header information including customer, order status, order date. It also stores the information on where the sales transaction was created (store). Each order has a row in the Orders table. An order has one or many line items stored in the Sold_item table, Rent_item table, or Repair_item table.
Order
	Column
	Attribute Domain Requirements

	order_id
	Auto increment field use SQL Server’s Identity Property: IDENTITY(1,1), PK

	product_id
	Integer, Required, FK

	[bookmark: _Hlk93099602]customer_id
	Integer, Required, FK

	order_status
	tinyint
-- order_status: 1=sold; 2=rent; 3=repair

	order_date
	Date, Required

	store_id
	Integer, Required, FK



The Sold_item table stores the line items of a sales order. Each line item belongs to a sales order specified by the order_id column.
[bookmark: _Hlk93102088]Sold_item
	Column
	Attribute Domain Requirements

	order_id
	Integer, Required, PK, FK

	sold_id
	Integer, Required, PK

	quantity
	Integer, Required

	list_price
	DECIMAL(10,2), Required, Number (should be able to accept monetary values)

	discount
	DECIMAL(4,2), Required, Percentage value e.g. 0.1 for 10%, Limit to min 0% and max 50% (0.5)



The Rent_item table stores the line items of a rent order. Each line item belongs to a rent order specified by the order_id column.
Rent_item
	Column
	Attribute Domain Requirements

	order_id
	Integer, Required, PK, FK

	rent_id
	Integer, Required, PK

	start_date
	Date, Required

	end_date
	Date, Required

	if_repair
	Required, Limit Yes or No

	rent_price
	DECIMAL(10,2), Required, Number (should be able to accept monetary values)



The Repair_item table stores the line items of a epair order. Each line item belongs to a repair order specified by the order_id column.
Repair_item
	Column
	Attribute Domain Requirements

	order_id
	Integer, Required, PK, FK

	repair_id
	Integer, Required, PK

	mechanic_id
	Integer, Required, FK

	start_date
	Date, Required

	requested _date
	Date, Required

	back _date
	Date, Required

	repair_price
	DECIMAL(10,2), Required, Number (should be able to accept monetary values)



The Production table stores the inventory information i.e. the quantity of a particular product in a specific store.
[bookmark: _Hlk93102460]Production
	Column
	Attribute Domain Requirements

	store_id
	Integer, Required, PK, FK

	product_id
	Integer, Required, PK

	quantity
	Integer, Required, limit quantity>=0



[bookmark: _Toc93111275]4 Transaction
begin tran
[bookmark: _Hlk93109724]The beginning of a transaction is probably the easiest concept to understand in the course of things. Its sole purpose is to indicate the beginning of a unit. If for some reason the transaction cannot or does not want to be committed, then this is the point from which all database activity will be rolled back (Mukherjee, 2019). That is, the database ignores all statements after this starting point that are not finally committed.
begin tran[saction] [<transaction name>|<@transaction variable>][with mark[<'description'>]]

commit tran
The commit of a transaction is the endpoint of a transaction. When a commit tran command is issued, the transaction can be considered complete. That is, after all Sql statements contained in the transaction are executed, the impact of the transaction is now persistent and will continue, even in the event of a system failure (as long as there are backups or the database files are not physically damaged). The only way to undo a completed transaction is to issue a new transaction, which is functionally the reverse of the previous one.
commit tran[saction][<transaction name>|<@transaction variable>]

rollback tran
A rollback is to perform a transaction rollback. Anything that has happened since the associated begin statement will be forgotten, that is, all operations contained in the transaction will be undone (Mundy, Thornthwaite, and Kimball, 2011). The syntax for rollback looks the same as a begin or commit statement, except that savepoints are allowed:
rollback tran[saction][<transaction name>|<save point name>|<@transaction variable>|<@savepoint variable>]

save tran
Saving a transaction is essentially creating a bookmark. Create a name for the bookmark, which can be referenced in rollbacks after creating a "bookmark". The nice thing about bookmarking is that you can roll back to a specific point in your code - just name the savepoint you want to roll back to.
save tran[saction][<save point name>|<@savepoint variable>]

Solution
begin tran tran_AddOrder -- begin tran
declare @tran_error int;
set @tran_error=0;
begin try
insert into dbo.Order values(336,1030,4,'20160726','20160729','20160727',2,7)
insert into dbo.Order values(337,1252,4,'20160726','20160727','20160728',2,7)
insert into dbo. Order values(338,1333,4,'20160728','20160729','20160730',1,3)
end try
begin catch
set @tran_error=@tran_error+1; -- It can be executed normally with or without a semicolon 
end catch
if(@tran_error>0)
begin
rollback tran tran_AddUserInfo; -- Execution error, rollback transaction (specify transaction name)
print @tran_error;
end
else
begin
commit tran tran_AddUserInfo; -- No exception, commit transaction (specify transaction name) 
print @tran_error;
end


begin tran tran_AddUserInfo  -- begin tran
declare @tran_error int;
set @tran_error=0;
begin try
insert into dbo.Order values(336,1030,4,'20160726','20160729','20160727',2,7)
insert into dbo.Order values(337,1252,4,'20160726','20160727','20160728',2,7)
insert into dbo. Order values(338,1333,4,'20160728','20160729','20160730',1,3)
end try
begin catch
set @tran_error=@tran_error+1; -- It can be executed normally with or without a semicolon
end catch
if(@tran_error>0)
begin
rollback tran; -- Execution error, rollback transaction (specify transaction name)
print @tran_error;
end
else
begin
commit tran; -- No exception, commit transaction (specify transaction name)
print @tran_error;
end

[bookmark: _Toc93111276]5 Distributed Database Solution
Using distributed partition view to achieve horizontal sharding, to partition a table is to divide the table into two or more smaller segments according to the partition key. The partition key usually selects a field of data that is often used to select a specific range, so partitioning is the most efficient. Access to the entire dataset is achieved by creating a partitioned view that merges all partitioned tables. 

Antonopoulos, et al (2017) claimed that he stored procedure is used to place the operations on the vertical sharding table of multiple sites in a distributed transaction, either all commit or all rollback, which ensures the data consistency of the distributed database system.

Use stored procedures to achieve vertical sharding. Set the table Customer to store all the customer information of the company. After vertical sharding, two tables are generated. Customer1 (cno, cname, address) is stored in the database DB1 of the A server, and Customer2 (cno, gender, age) is stored in the database of the B server. DB2 On A and B, the stored procedure add_customer is established, and database links are established with each other.
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