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[bookmark: _Toc75446510]Abstract
According to the needs of Pronto express company, in this project, I designed a database containing four tables information through SQL Server software, which are order table, customer information table, recipient information table and discount information table. By analyzing the company's needs, setting the appropriate association between primary key and foreign key, and adding corresponding constraints to the field values, limiting the value range of some field values through constraints, and then adding non clustering index in three locations, we can help improve our query speed, Transaction rollback function can help me return to the starting point of the program when I insert or query data.
The distributed database stores the data in different locations. In the design of this project, through the reasonable analysis of the database requirements, the database is divided into horizontal, vertical, mixed and other ways to reasonably meet the needs of Pronto company.

1、 [bookmark: _Toc75446511]Debate on sql and no sql 
1.1 [bookmark: _Toc75446512]basic concepts
SQL database, refers to relational database, NoSQL refers to non relational database. SQL and NoSQL have the same goal: to store data. But they store data differently, which can affect the projects you develop, one that simplifies your development, and the other hinders your development. Although NoSQL database is very popular at present, NoSQL can not replace SQL - it is only an alternative to SQL. Some projects may be more suitable for SQL databases, but some projects may be more suitable for NoSQL, and some projects can achieve the desired results well. There is no obvious difference between SQL and NoSQL, some SQL databases also adopt the features of NoSQL database, and vice versa. The boundaries of selecting databases are becoming increasingly blurred, and some new hybrid databases will offer more choices in the near future.
1.2 [bookmark: _Toc75446513]differences and characteristics
1. SQL database provides relational tables to store data, NoSQL database uses key value pairs similar to Josn to store documents. The table structure in SQL has strict data schema constraints, so it is difficult to make mistakes when storing data. NoSQL is more flexible to store data, but it can also lead to data inconsistency. In SQL database, you can't add data to it unless you define the schema of table and field in advance. In NoSQL database, data can be added at any time without defining documents and collections in advance. Before the logical operation of data in SQL, we must define the data mode. The data mode can be changed later, but the big change of the mode will be very complex. Therefore, NoSQL database is more suitable for those engineering projects that cannot determine the data requirements (mongodb will add a unique ID for each document in the collection. If you still want to define the index, you can define it later. The schema contains a lot of information: primary key - a unique flag, just like ISBN uniquely identifies a record; Index - usually set the index field to speed up the search; Relation - logical connection between fields; Functions such as trigger and stored program SQL have the normalization of database. NoSQL can also use normalization, but it tends to be non normalization. In SQL, we need to add a new table, tableb. An old table, tableb, is associated with a new table only by using the foreign key B_ ID is used to refer to information in tableb. This design can minimize data redundancy. We don't need to add all information of tableb repeatedly for tableA - we just need to refer to it. This technology is called database normalization, which has practical significance. We can change the information of tableb without modifying the data in tableA. NoSQL is more about adding tableb information to each item of data in tableA, which will make the query faster. However, when there are more records of updating publishing house information, the efficiency will drop significantly. SQL language provides powerful join operation for query. We can use a single SQL statement to get relevant data in multiple tables. In NoSQL, there is no same operation as join, which is very shocking for people with SQL language experience. This is one of the reasons why non standardization exists.
2. SQL has data integrity. NoSQL does not have data integrity. Most databases allow for database integrity constraints by defining foreign keys. There are no constraint options for data integrity in NoSQL databases. You can store any data you want to store. Ideally, a single document will be the only source of all information for the project. SQL needs to customize transactions. NoSQL has transaction when it operates a single document, but it does not have transaction when operating multiple documents. In SQL database, two or more update operations can be combined into one transaction (or all of them fail if successful). Binding two update operations to a transaction ensures that they are either all successful or all fail. In NoSQL database, updating a document is atomic. In other words, if you are updating three values in a document, either both are updated successfully or they remain unchanged. However, there is no operation corresponding to the transaction when operating multiple documents. One operation in mongodb is transaction like options, but we need to manually add it to the code. SQL uses SQL language, NoSQL uses class JSON. SQL is a declarative language. SQL language has a powerful function and has become an international standard, although most systems have some grammatical differences. NoSQL database uses JavaScript similar to Josn as parameter to query! The basic operation is the same, but nested Josn will produce complex queries. NoSQL is faster than SQL. Normally, NoSQL is faster than SQL. This is not a surprise, and simpler, nonstandard storage in NoSQL allows us to get all the information about a particular item in a query. Complex join operations in SQL are not required. That is, the design of your project and the requirements of data will have a great impact. A good SQL database design performance will be better than a bad design of NoSQL database performance, and vice versa.


2、 [bookmark: _Toc75446514]Performance Tuning
[bookmark: _Toc75446515]2.1 index classification and introduction
In SQL server, indexes are divided into two categories, one is clustered index, the other is non clustered index. In general, we think that primary key is clustered index, but in fact, this idea is wrong, and it is a waste of behavior for clustered index. However, the actual situation is that clustered index is built on primary key by default in SQL server. Clustered index is just like a large category. For example, we used to record telephone calls in the telephone book, which records the names and telephone numbers of all people, and the telephone book is equivalent to our clustered index.
The main feature of nonclustered index is that the data is stored in one location, while the index of data is stored in another location. The index pointer generally points to our data location. Auxiliary index is similar to my existing customer table, but now I need to check the delivery address of a customer. At this time, I need to first query the order number in the customer table, and then query the delivery address according to the order table. Orders are our nonclustered index.
Both clustered index and non clustered index are designed to improve query speed.
[bookmark: _Toc75446516]2.2 Adds Secondary index in this item
In this project, according to the definition of nonclustered index, and combined with the requirements of this project, I have established three nonclustered indexes, which are customer order, recipient's name, and package quantity in discount table. First of all, in the customer order, I want to query the package delivery address. At present, I only have the customer table [1]. I can query the order number according to the customer table, and then the delivery address of the order according to the order number. Therefore, in this respect, the order number is a non clustering index. In the discount table, I can query the order number according to the number of packages, which can be used as a non clustering index. Finally, the delivery address in the order table can be used as a nonclustered index to find the discount in the discount table according to the delivery address.
3、 [bookmark: _Toc75446517]Transaction
[bookmark: _Toc75446518]3.1 creation of basic table
First of all, according to the basic needs of express companies, I established four tables, which are order table, customer table, recipient information table and discount table. Packages must be registered in the system, so a basic order table is established. The order table includes fields such as order number, package type, package delivery fee, package status, delivery address and package quantity. The primary key is the order number, which can uniquely determine an order. Then the function needs from and address. At this time, a customer table and a recipient information table are created. In the customer table, the new fields are customer name, customer company, shipping address, and order number. In this table, the order number is the external key of the order table, and the recipient information table contains name, gender, telephone number, and order number, The recipient phone is the primary key, which can uniquely identify a recipient. Finally, there is the discount table. According to the demand, if customers send more than 10 pieces, they can enjoy a 15% discount. At this point, a discount table is established. The fields include the number of packages, shipping address, receiving address and discount.
[bookmark: _Toc75446519]3.2 function addition (constraint, composite primary key, nonclustered index, transaction rollback)
Constraint [2]: in a database, a constraint has certain restrictions on a field, such as the length range of a number, or a character must be a string type.
In this project, I added three constraints, which are to add constraints to the phone in the receiver information table. The number information is constrained to be 11 digits, and all of them are between 0-9. In this process, I encountered a problem, character overflow. At the beginning, I defined the int type for the phone field when positioning, but the int type can only contain 10 digits, At present, it is 11 digits, and there is character overflow, so I can solve this problem by converting int type to bigint type at this time. Secondly, I restrict the gender of the recipient to be male or female only. If other characters are entered, an error will be reported. Finally, whether there is a discount in the discount table, Only two characters can be selected.
Composite primary key: according to my understanding, a composite primary key is that there is no field in a table that can be used as a primary key to uniquely determine a table. At this time, we need to determine our primary key according to two fields in the table. These two primary keys can locate the information of a table.
According to the requirements, I bind the name in the customer table to the company to determine a primary key. For the customer table, a name cannot determine the customer table, because it is possible that two people with the same name can only determine a customer according to the name and the work unit.
Secondary index [3]: index is an auxiliary storage structure defined on the basis of table, which helps to quickly locate the required records without checking all records. It is composed of a series of index entries stored on disk, and each index entry is composed of index field and row pointer. Indexes are generally divided into clustered indexes and non clustered indexes. In this paper, three non clustering indexes are added, which are the order number of the receiving table, the number of packages in the discount table, and the delivery address of the order table.
Transaction rollback: transaction rollback is to control whether to rollback to the beginning of the transaction or execute other statements when an error is reported in one of the statements. For example, in the insert statement, we insert four statements. If the data type of a statement is wrong, we run our SQL code at this time. If set Xact is set, we can use the set Xact_ Abort on puts our code between begin Tran and cmmit tran at this time. If there is an error in the SQL code between them, we will return to the starting point of the program to avoid unnecessary troubles. If on is changed to off, we will only roll back the error one, and the rest will still run normally.
4、 [bookmark: _Toc75446520]Distributed Database Solution
[bookmark: _Toc75446521]4.1 basic concept of distributed database
Distributed database [4] as a whole is a unified whole, but in terms of actual information, its data is stored in different physical nodes. Application programs can access the data information stored in different locations through the network, while distributed database is mainly stored in different locations, More precisely, it is actually data information stored in different computers. Although it is stored in different locations, from the user's point of view, users can execute our global application anywhere. In this regard, it is similar to the fact that these data are stored in the same computer.
Compared with the centralized database, the distributed database improves the reliability of the system by appropriately increasing the redundancy of data, and stores the same data copies in different locations. In this way, if the system fails, the whole system will not be paralyzed because of one failure. Big data needs distributed cluster to solve the problem of storage and access. The core idea of distributed system is to let multiple servers work together to complete tasks that cannot be handled by a single server, especially tasks with high concurrency or large amount of data. Distributed database is the product of the combination of database technology and network technology. Through network technology, it connects the physically separated databases together for centralized management at the logical level.
characteristic:
1. High scalability: distributed database must have high scalability, and can dynamically add storage nodes to achieve linear expansion of storage capacity.
2.High concurrency: distributed database must respond to the read / write requests of large-scale users in time, and can read / write massive data randomly.
3. High availability: distributed database must provide fault-tolerant mechanism to realize redundant backup of data and ensure high reliability of data and services.
[bookmark: _Toc75446522]4.2 Fragmentation[5]
Horizontal: horizontal slicing is a way to divide different types of the same data under the same field into one category. For example, under the class attribute in the student table, some students are in the same class, and some students are in different classes. At this time, students in the same class can be divided into one category. This is horizontal slicing.
Vertical: looking at the surface by vertical slicing means the way of slicing in different directions from horizontal slicing. In the data table, vertical slicing is divided according to the field type. For example, in the express company order table, you can slice the package type, package status, package quantity and package type to form a package table.
Mixed: in fact, the so-called mixed mode is to split a table vertically and horizontally, which is called mixed mode. For example, a package table can be split vertically in the order table, and then it can be divided horizontally according to the package status in three ways: in transit, to be delivered and delivered.
Derived: fragmentation in this way takes into account that sometimes some applications need to link the relationship between two or more tables. If the required relationship exists in different storage locations, there will be extra costs, Therefore, when splitting, we need to store our tables in the same location according to the parent-child relationship to avoid problems.

[bookmark: _Toc75446523]4.3 design
In the design of Pronto, I carefully analyzed the four new tables I have created. First, the order table can be divided into horizontal, developed fragmentation and vertical segmentation. Therefore, mixed fragmentation method should be used. Firstly, according to the information in the order table, the package type, package delivery fee, package status, package quantity and delivery address can be divided into one piece, Then, the small, medium and large packages are divided into segments once again by vertical segmentation. On this basis, the order table is equivalent to the parent relationship of this new segment. Secondly, I design the customer table can use vertical segmentation method for segmentation, name and unit segment, to form the shipper information segment. Then there is the recipient information table, in which the mixed segments can be made, in which the name, gender and telephone can be divided into vertical segments, and then the gender field can be divided into two parts: male and female. Finally, whether the quantity of packages and discounts in the discount table can be divided into one package information sheet, and whether the discount can be divided horizontally.
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