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abstract
In order to meet the database requirements for information retrieval and processing of Eco bike hubs a database schema prototype is designed in this report. The main contents include index, transaction and distributed database.
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1. SQL and NoSQL
[bookmark: OLE_LINK1]1.1 SQL brief introduction
SQL is one of the most popular database languages. It is a language that controls data and database on DBMS (database management system). It receives commands from users and systems, queries RDB (relational database), and returns results. The returned results are displayed on the monitor.
SQL is standardized by ISO (International Organization for Standardization) as a database language. Therefore, once you understand the SQL of a database, you can also use it in most other RDBS. Databases that can use SQL include Oracle database of Oracle, Microsoft SQL server and Microsoft Access, as well as open source MySQL and PostgreSQL. Their respective database engines are different, but they can all use SQL for operation.
1.1.1Database language
Database is a database that organizes the collected data with DBMS (program for managing data) for operation .RDB is often used in database. It expresses the relationship between data in a table (table format). Table and table work together to express the structure of data. There are other types of databases, such as hierarchical and network.
Database language is the control language that commands DBMS to process, which is called declarative language (non procedural language).Database language is used to manage data and find out the content that meets the standards specified by users. There is no further function. It is very simple. Its syntax and specifications are completely different from other languages. The user or system command sends a query to the database and returns the return value to the user or system. It does not compile and behaves like an explanatory language.
1.1.2Data definition language
Data definition language (DDL) is a syntax that defines the structure of objects (tables, indexes, etc.) processed by RDBMS and the relationship between objects.
< DDL declaration >
Create: defines objects such as new databases and tables
Join: join table
Drop: deletes a defined object
Alter: change the content of the definition object
Truncate: delete all data
1.1.3Data manipulation language
Data manipulation language, DML for short, is a syntax for operating databases. Used in conjunction with objects and keywords that indicate various conditions, there are many patterns. You can also add conditions such as "greater than" and "less than or equal to" to objects, and you can also use functions called SQL functions.
< DML declaration >
Select: search database
Insert: insert data
Delete: delete data
Updating: updating data
1.1.4Data control language
Data control language, abbreviated as DCL, is a syntax for controlling data access. It is used to manage transactions and systems, and to control user access.
< DML declaration >
Grant: Grant user permission
Revoke: delete user permission
Begin: start trading
Commit: confirm transaction
Rollback: cancel transaction
SQL properties
Today's DBMS use many relationship types. Therefore, by understanding SQL, you can use most DBMS.
1.1.5Single side order
SQL exchange statements and give instructions like a conversation. Programming language writes and executes instructions in sequence in the source code, while SQL only sends simple instructions to the database unilaterally. It is basically completed in one sentence. During complex processing, exchange instruction statements and interact with the database, such as sending instructions again according to the returned processing results.
[bookmark: OLE_LINK5]1.2 NoSQL brief introduction
"NoSQL database" refers to a database other than a relational database. Some people think "NoSQL" means "non SQL", while others think it means "not just SQL". In any case, most people recognize that NoSQL database is a database that stores data in a different format than related tables.
A common misconception is that NoSQL databases or unrelated databases do not store relational data well. However, the NoSQL database can also store relevant data. It is just different from relational databases. In fact, it is easier to model relational data in NoSQL database than in SQL database, because it is not necessary to split the relevant data into multiple tables. NoSQL data model allows
Nesting related data in a single data structure. So far, there are four main types of NoSQL databases. There are four types: document database, key value database, wide column storage and graphics database. Let us take a closer look at each type.
1.2.1Document database
The document database stores data in documents similar to JSON (JavaScript object representation) objects. Each document contains a field / value pair. In general, you can specify different types of values, such as strings, numbers, Booleans, arrays, and objects. In addition, in general, the structure of values is tailored to the objects that developers use in their code. Due to the diversity of field value types and powerful query language, document database is suitable for a wide range of use cases and can be used as a general database. It can accommodate a large amount of data through horizontal expansion.
1.2.2Key value database
A key value database is a simpler database type in which each item contains a key and a value. Values can usually be retrieved only by referencing the key, so it easy to learn how to query specific key value pairs. When you need to store a lot of data, but you do not have to run complex queries to get the data, the key value database is most suitable. Common use cases include saving and caching user settings. Popular key value databases include redis and dynanodb.
1.2.3Wide column storage
Wide column storage stores data in tables, rows, and dynamic columns. Wide column storage is more flexible than relational databases because each row does not have to have the same columns. Wide column storage is usually considered as a two-dimensional key value database.  Wide column storage is ideal when you need to store large amounts of data and can predict query patterns. Wide column storage is usually used to store Internet of things (IOT) data and user profile data. The most commonly used wide column storage are Cassandra and HBase.
1.2.4Graphic database
The graph database stores data on nodes and edges. Nodes usually store information about people, places and things, while edges store information about the relationship between nodes. The graph database is suitable for applications that need cross relational lookup patterns, such as social networks, fraud detection and recommendation engines.Neo4j and Janus graph are examples of graph databases
1.3 Differences between RDB and NoSQL databases
Database management system (DBMS) is a computer system used to manage databases.
5A database management system: hierarchical database (HDB);Relational database (RDB);Object oriented database (OODB);XML database (xmldb);Key value storage system (kVs).Among them, relational database is the most widely used database: a two-dimensional table composed of rows and columns is used to manage data, and special SQL is used to operate the data. Structured query language (SQL) is a language used to operate relational databases
1.3.1uniformity
RDB uses acid to ensure data consistency, while NoSQL does not have acid to realize the horizontal distribution of servers, resulting in poor data consistency.
1.3.2Searchability
RDB can accurately handle complex search by using SQL language, but NoSQL does not use SQL language, which makes advanced search difficult and difficult to search.
1.3.3Dispersibility
RDB does not have the ability of distributed servers, but NoSQL allows servers to be distributed horizontally and multiple computers to work together.
1.3.4Scalability
RDB is not scalable and requires expertise and a long lead time. On the other hand, NoSQL realizes the horizontal distribution of servers, which can be expanded freely according to the situation of the company.
1.3.5processing speed 
RDB slows down when processing large amounts of data, but NoSQL can work without slowing down, regardless of the amount of data.
1.3.6Processing method
RDB processes execute in units called transactions. You cannot view the results during the process. You can view the results immediately after the process is completed. On the other hand, NoSQL is based on the idea of "final consistency" to ensure data consistency after a certain period of time.
1.3.7data type
RDB uses types to manage data in multiple tables, but NoSQL has different types, and each type has different characteristics.
1.3.8summary
RDB can handle complex processes accurately, but they slow down when the amount of data is large. In addition, the stored data needs to be processed by SQL language. The server cannot be distributed horizontally and cannot be expected to be distributed.
On the other hand, NoSQL is still worried about data consistency and searchability, but even processing a large amount of data will not slow down, so you can work efficiently. In addition to being highly extensible, NoSQL does not use SQL, so you can use popular programming languages such as Java and C + + to process data.
2. Performance Tuning
2.1Index introduction
The index in the database is the "index" used to effectively retrieve the required records. It consists of a value (key value) that can identify a specific column in the table and a pointer indicating the data storage location of the column specified by the key value. The function of index is to access the information in the database at a higher speed. If the retrieval of information in the database is similar to delivering packages between apartments: if there is no index, you need to check the house number of each room in the apartment to see whether it is the destination of delivery. If there is an index, you only need to select the delivery room according to the recipient information in the plan.
2.2Application of index
Eco bike hubs is a chain store, which provides customers with a series of business activities such as bicycle rental, trading and maintenance. Because of the increasing number of customers, it is necessary to record every customer who comes to the store for consumption in the database, but the customer name may be repeated, so the customer_ id to primary key to improve query efficiency.
Due to the growing number of customers, it is necessary to hire a large number of employees for business processing, and each employee does different work, but the employee name may be repeated, and the employee ID is unique. Therefore, setting the employee ID as the primary key is more reasonable than setting the employee name as the primary key. Set staff_id int not null identity primary key, where int represents character type, not null represents content cannot be empty, identity represents self increment, and primary key represents setting as primary key.
Eco bike hubs has developed from a small store with only two stores in South Wales to a chain store with more than 90 stores. The business activities carried out in each store, the number and name of clerks and the customers served are different, so the shop_id set to primary key to uniquely identify a branch of eco bike hubs.
2.3Add secondary index
When customers come to the store, they need to quickly match appropriate employees to serve them according to their needs. Because the service content of each employee is different, some employees are responsible for maintenance, some employees are responsible for parts sales, and some employees are responsible for bicycle rental. Therefore, in order to provide customers with the best consumption experience, it is necessary to quickly query the service types of employees. Therefore, I create an index staff for the employee name and service type (staff_name staff_type).
When the repair of the customer bicycle is completed, the time of the customer rental bicycle expires or the accessories required by the customer arrive, in order to ensure the customer consumption experience, it is necessary to contact the customer in time, and the most direct and efficient way to contact the customer is to call. For this reason, I create an index customer for the customer  name and telephone number_name and customer_phone。
When the customer bicycle is being repaired, the maintenance technician needs to let the customer know the maintenance progress and the customer needs at any time. When the bicycle is rented, once there is a problem, the customer service needs to communicate with the customer in time. When buying and selling bicycles, the sales department needs to communicate with customers frequently, tell customers about the inventory status in the store, and recommend relevant goods according to customers needs. Therefore, a customer is created for the customer ID, the customer corresponding customer service ID, and the service type_id,staff_id,service_type index is very necessary.
3. Transaction
Four tables are created in the database system of eco bike hubs, namely staff, customer, services and shop_info.The primary key in staff is staff_idand the content cannot be empty. staff_name is the employee name, with a length of 30 characters. It cannot be blank. staff_type is the employee type, and the constraints are salesperson, waiter, maintenance worker; and shopowner, because the company business scope is these four. “constraint chk_age check ( staff_age between 18 and 60)”limits the grade of employees to 18 ~ 60 years old.” constraint chk_customer_Num check (case when staff_type = ‘salesperson’ then case when staff_customer_num < = 20 then 1 else 0 end else 1 end = 1) “limits the number of customers corresponding to salesperson employees (responsible for transactions) to less than 20.The customer table contains the customer ID and name., gender, phone number. The services table contains service status, start time, service details and service type. Among them, the service type constraints are sale, repair and lease. The start time is the current computer time. The service detail is a char type with a length of 200.The service state constraints are done and under way. shop_ info table records the information of each branch of the company, including the ID and address of the shop, the owner of the branch and the telephone number of the branch.
Eco bike hubs is a bicycle chain store, which is engaged in bicycle sales, leasing, maintenance and bicycle accessories sales. Its business scope is relatively wide. Therefore, the staff of eco bike hubs need to deal with many things. For example, employees may have to sell bicycles to customers and deal with the repair business of bicycles of other customers. Or when the employee is handling the bicycle rental business, when the accessories required by his previous customers arrive, he has to contact the customers to sell accessories, etc.It is also because eco bike hubs has a wide business scope, so customers who come to the store may do many things in the company at the same time. For example, the customer bike needs to be repaired. While he puts the car in the store for repair, he rents a bike in the store. Another customer bicycle is under repair and needs to buy bicycle accessories for installation. At the same time, the customer is ready to buy a new bicycle. Because the customer’s consumption activities in eco bike hubs require the staff in the store to connect, but in the database, the customer (customer_id) and staff_id correspond to multiple businesses respectively, so there is no way to determine the unique service content. Therefore, setting customer_id and staff_id as composite primary keys can uniquely determine a business.
4. Distributed Database Solution
Distributed database is a database in which a database management system controls multiple databases that exist on the network. Specifically, a method of integrating operations by distributing databases to multiple locations such as factories, branches and stores. By doing so, compared with accessing the centrally managed database, it has the advantages of reducing communication load, improving performance and not losing the whole function even if one database fails.
The distributed database of eco bike hubs is designed as follows:
4.1 shop
The branch is designed with horizontal segments and separated according to the branch owner
P1:  ShopOwner = ‘A’ (Shop)
P2:  ShopOwner = ‘B’ (Shop)
Reconstruction: P1  P2
4.2 staff
Mixed fragments are used here, including staff_id, staff_name, staff_gender, staff_phone, staff_customer_num, staff_type.
Horizontal fragments:
E1:  type = ‘saleperson’ (Staff)
E2:  type = ’waiter’ (Staff)
E3:  type = ’maintenance worker’ (Staff)
E4:  type = ’shopowner’ (Staff)
Vertical fragments:
E11:	 shop_id,staff_name,staff_gender,staff_phone,staff_customer_num(Staff)
E12:	 staff_id,staff_gender(Staff)
E21:	 staff_id,staff_name,staff_phone,staff_customer_num(Staff)
E22:	 staff_id,staff_gender,(Staff)
E31:	 staff_id,staff_name,staff_phone,staff_customer_num(Staff)
E32:	 staff_id,staff_gender,(Staff)
E41:	 staff_id,staff_name,staff_phone,staff_customer_num(Staff)
E42:	 staff_id,staff_gender,(Staff)
Reconstruction:( E11.    E12 )  ( E21      E22)  ( E31    E32)  ( E41    E42)

4.3 customer
This table is simple and does not need to be split
4.4 service
Horizontal fragments are used here, divided by service type. Contents: transaction, maintenance and rent
S1:  service_type = ‘rent’ (Service)
S2:  service_type = ‘maintenance’ (Service)
S3:  service_type = ‘transaction’ (Service)
Reconstruction: S1  S2  S3
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