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Abstract
This paper is divided into two parts: the first part is to design a database according to the needs of the Eco Bike Hubs store; the second part is to discuss the relationship between SQL databases and NoSQL databases, and express their own views on this. In the first part, the design of the database mainly focuses on the design of the logical structure, including the creation of the table structure, the design of referential integrity, the creation of check constraints and the enhancement of performance tuning; in the second part, by comparing our results The conclusion is: both have their own merits, and different types of databases need to be selected according to the focus of the project.


1. Project Background and Needs Analysis
1.1 Project Background
"Eco Bike Hubs" is a chain of small independent bike shops that sells and rents bicycles, parts, and repairs. They take pleasure in offering riders a service that is adaptable to their demands and budget. They support recycling because their major purpose is to work for the good of the environment. They may provide full bike service, bike repair, custom mountain bike construction (using recycled frames), sell or exchange excellent old bikes, and rent bikes for half-day, full-day, or weekly rentals. Monday through Saturday, they are open.
"Eco Bike Hubs" are located in mid-sized buildings or stores, and each has a dedicated bike workshop. The day's key tasks include responding to customer enquiries and scheduling various customer service or repair appointments on a regular basis. Because they also provide trade services, they must keep track of customer requests (such as searching for specialty frame parts) and any items they sell for them. Finally, they needed a way to track bike rentals because they envisioned this as a growing segment of the business.
Since the late 1990s, the business has grown from two locations in central Swansea to ten around South Wales. The company's present database supply will not be able to satisfy their business model needs as the company grows.
1.2 Needs Analysis
1.2.1 Information Requirement
Create a database schema prototype to showcase your firm. To allow Ecobikehubs.co.uk to handle client demand, create a Microsoft SQL Server database (using SQL statements). Managing consumer demands and staff information is a key component of the management work for the store owner of this chain shop, but the workload of managing employee and customer information is high and intricate, and manual processing is tough. As a result, the business owner may be relieved of heavy management work, and the management environment can be more precise, safe, and clear with the use of powerful computer processing power.
1.2.2 Function Requirement
It can carry out processing functions such as data definition, data manipulation, and data control of the database. Specific functions should include: available service arrangements, adding, inserting, deleting, updating, and querying employee and customer information, and services that employees are following up.
1.2.3 Security and Integrity Requirements
Because the major data in the store's management system database is customer service follow-up, the service being followed up by each customer must be understood by the personnel in charge as well as the client himself, therefore data security is a top priority. Heavy. Additionally, all consumer and employee data must be entered, and unique circumstances must be created.
2. Conceptual Structure Design
Conceptual structure design is the key to the entire database design. It forms a conceptual model independent of the specific DBMS by synthesizing, summarizing and abstracting user requirements.
According to the information management database design requirements of the store, three entities, employee, customer, and service, are abstracted, and the four entities are simplified. By default, one course is taught by only one teacher. The relationship between the four entities is analyzed as follows:
One employee will be responsible for the service follow-up work of multiple customers, and one customer will be served by one employee, so there is a one-to-many (1:n) relationship between employees and customers;
A customer can enjoy multiple services, so the relationship between customers and services is one-to-many (1:n);
An employee is responsible for multiple services, so the relationship between employees and services is one-to-many (1:n).
2.1 Abstract System Entities
Employee (employee name, employee number, customer number the employee is serving, service number the employee is responsible for)
Customer (service number being served, employee number serving, customer name, customer number, customer name, date the customer rented the bike (if any))
Service (Service ID, Customer ID who is enjoying the service, Service Category)
2.2 Global E-R Diagram
The global E-R diagram of the database is shown in Figure 1:
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Figure1  Global E-R Diagram

3. Logical Structure Design
3.1 Relational Schema
The problem to be solved in the transformation of E-R diagram to relational model is how to transform the entity type and the relationship between entities into relational schemas, and how to determine the attributes and codes of these relational schemas.
The store's management database includes three entities: staff, customer, and service. The relationship schema defines attributes for each entity as follows:
staff table: StaffName, StaffNo, StaffcusNo, SerNo, this is the relationship schema corresponding to the contact "staff table", and StaffNo is the candidate code of the relationship, which satisfies the third normal form. StaffName is the name of the employee, StaffNo is the employee's number, StaffcusNo is the customer number the employee is serving, and StaffserNo is the service number that the employee is responsible for.
customer table: SerName, SerNo, SercusNo, this is the relationship schema corresponding to the contact "customer table", SerNo is the candidate code of the relationship, which satisfies the third normal form. SerName represents the service category, SerNo represents the service number, and SercusNo represents the customer number who is enjoying the service.
service table: CusTel, CusserNo, CusstaffNo, CusName, CusNo, CusDate, this is the relationship schema corresponding to the contact "service table", CusName and CusNo are candidate codes of the relationship, which satisfy the third normal form. CusTel is the customer's phone number, CusserNo is the service number being enjoyed, CusstaffNo is the employee number of the service, CusName is the customer's name, CusNo is the customer number, and CusDate is the date the customer rented the bike (if any).
3.2 Create table structure
The table structure of the staff table is shown in Table 1:
Table 1  The table structure of the staff table
	column name
	type of data
	whether to allow null values
	note

	StaffNo
	int
	No
	PK

	StaffcusNo
	int
	No
	

	StaffserNo
	int
	No
	

	StaffName
	nchar
	No
	



The table structure of the service table is shown in Table 2:
Table2  The table structure of the service table
	column name
	type of data
	whether to allow null values
	note

	SerNo
	int
	No
	PK

	SercusNo
	int
	No
	

	SerName
	nchar
	No
	



The table structure of the customer table is shown in Table 3:
Table3  The table structure of the customer table
	column name
	type of data
	whether to allow null values
	note

	CusserNo
	int
	No
	PK

	CusstaffNo
	int
	No
	

	CusName
	nchar
	No
	

	CusNo
	int
	No
	

	CusDate
	datetime
	Yes
	

	CusTel
	int
	No
	



3.3 Creating Referential Integrity (Foreign Keys)
In order to ensure the integrity of the table, foreign keys need to be set:
1. The column " StaffcusNo" in the Staff table is the foreign key of the column " CusNo" in the Customer table;
2. The column " StaffserNo" in the Staff table is the foreign key of the column " SerNo" in the Service table";
3. The column " SercusNo" in the Service table is the foreign key of the column "CusNo" in the Customer table;
4. The column " CusserNo" in the Customer table is the foreign key of the column "SerNo" in the Service table;
5. The column " CusstaffNo" in the Customer table is the foreign key of the column " StaffNo" in the Customer table.
3.4 Creating Check Constraints
1. Set a check constraint for the column " CusTel" in the Customer table: Custel cannot be less than 0;
2. Set a check constraint for the column " CusDate" in the Customer table: CusDate cannot be less than 0;
3.5 Create Database Performance Tuning Enhancements
The efficiency of database retrieval is improved by creating an index. The index is divided into a clustered index and a non-clustered index. In this database, we will set three indexes, and one clustered index will be set in each of the three tables. In the database, the primary key is generally used as the clustering index. index, so we set three primary keys in three tables to set three indexes: StaffNo in the staff table is a clustered index, SerNo in the service table is a clustered index, and CusserNo in the customer table is a clustered index.
3.6 Transaction Rollback and Commit Operations
For the specific code, please refer to the attached file 2.

4. Physical Design and Implementation
4.1 Create a database
First create a database named "TongWu" on Microsoft SQL Server Management Studio to distinguish it from other databases.
4.2 Create data table
After the database is created, continue to create three new tables under the branch, named staff, service, and customer according to the requirements, respectively indicating the three more important factors involved in the store: employees, services provided and customer.
The three tables created are shown in Figure 2 (see the attached file 1 for the SQL statement):
[image: ]
Figure 2 Create data table
4.2.1 Generate each table structure
 After the three tables are created, each table structure is generated in SQL Server according to the table in 3.2, and the "column name", "data type" and "allow null value" are filled according to different attributes, the table structure of staff is shown in Figure 3, the table structure of service is shown in Figure 4, and the table structure of customer is shown in Figure 5 (see the attached file 1 for the SQL statement):
[image: ]
Figure 3  staff table structure
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Figure 4  service table structure


[image: ]
Figure 5  customer table structure
4.2.2 Sample data
  In order to better show the function of the data table, four pieces of sample data will be filled in after each table is built. The sample data of the staff table is shown in Figure 6, the sample data of service is shown in Figure 7, and the sample data of customer is shown in Figure 8 As shown (see attached file 2 for SQL code):
[image: ]
 Figure6  sample data of staff table 
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Figure7  sample data of service table [image: ]
Figure6  sample data of customer table

5. SQL vs. NoSQL
All subfields of data science are built on the foundation of data. You must collect and evaluate data regardless of the size or use of the building you are constructing. The majority of the time, the data you require is stored in a database management system (DBMS) (Database Management System).
To interact and communicate with a database management system, you must speak its language or one that it knows. SQL is the language that is used to communicate with the database management system (Structured Query Language).
In recent years, a new term in the database world has emerged: NoSQL database. What's the difference between the two, and when should you utilize each? Let us begin at the very beginning. Why are there two ways to access the database? Simply said, SQL and NoSQL interact with databases in different ways. The SQL language is used to connect with relational databases, while NoSQL is used to interact with non-relational databases.
5.1 Relational Databases and Non-Relational Databases
A relational database stores data in several tables, each of which includes multiple records (rows). One or more relationships are used to link these tables together.
Table relationships are defined via keys. Table fields (columns) that contain unique values for each record are referred to as keys. If a field is designated as a table's main key, it can appear in several tables and be used to access multiple tables at the same time. It will be known as a foreign key in the other table once its table is connected to another table using a primary key.
Non-relational databases do not store data in the form of tables and records like relational databases do. Instead, data storage architecture in these databases are created and optimized for specific applications. To communicate with its data, NoSQL databases use Object Relational Mapping (ORM), rather than the SQL used by relational databases. Column store databases, document databases, key-value databases, and graph databases are the four most common types of NoSQL databases. Individually or in combination, these types can be used. The option you choose will be determined by your application and the data you need to keep.
5.2 How to choose between SQL and NoSQL?
So, how do we decide whether to use SQL or NoSQL databases? In order to answer this question, you must consider four factors: flexibility, scalability, consistency, and existing technology.
1. Flexibility is occasionally required, such as when your data has a unique structure and kind. NoSQL databases, by definition, give you more flexibility when it comes to designing schemas and storing diverse data formats in the same database. SQL databases, on the other hand, have a more fixed structure and schema.
2. Scalability: Have you ever seen an elevator in a Japanese parking lot? It permits the parking of automobiles on top of one another. Now I'd like to ask you a question: is it more cost-effective to add floors to an existing elevator or to construct a new elevator? SQL databases are vertically scalable, meaning you can add tiers to them (raise their load), whereas NoSQL databases are horizontally scalable, meaning you can split the work across numerous servers to increase their load.
3. Consistency: SQL databases are designed to be very consistent. However, depending on the DBMS, NoSQL databases might be consistent or inconsistent. MongoDB, for example, is a consistent database, whereas Cassandra is not.
4. Status of the art: One factor to consider is the present state of database technology development. SQL databases are more developed than NoSQL databases because they have been around for a long time. Starting with SQL and then transitioning to NoSQL may be the best option for novices.
SQL is the best choice if you're working with an RDBMS (relational database management system) and want to study the behavior of your data or create bespoke dashboards. SQL is also faster at storing and retrieving data and is better at handling complex queries.
A NoSQL database, on the other hand, is a preferable alternative if you wish to extend an RDBMS' typical structure or construct flexible schemas. When the data you want to store and log originates from multiple sources or you only require temporary storage, NoSQL databases are a better alternative.
Finally, we cannot say that SQL is unquestionably superior to NoSQL, nor that NoSQL is unquestionably superior. They each have their own set of benefits and drawbacks. Your decision should be based on your data, your application, and other aspects that will make the development process go more smoothly. Because the SQL database is older, there is more study to be done, and the fixed schema design and structure are more developed. Because of their flexible schemas, NoSQL databases are easy to scale, adaptable, and relatively simple to use.
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