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[bookmark: _Toc123740619]Summary
This report focuses on how to manage ALU data securely and effectively while building libraries and tables that meet the actual business needs as well.
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[bookmark: _Toc123740621]1.1 Performance Tuning
Tuning 1: We use the trigger to write the staff entry staff information, when the VIP customer information is entered, the trigger will automatically enter the VIP customer into the staff service table, and the program will automatically specify the staff service corresponding to the VIP customer.
Tuning 2: The second use of the trigger is when the VIP customer joins the corresponding class, each class will correspond to a room, and when a new class is generated, the trigger will generate a room for each new class. When the class expires, the trigger will spontaneously delete the room information, to better provide the next new class. If the number of rooms is less than the number of classes, the class insertion statement will be rolled back and the corresponding log will be prompted.
[bookmark: _Toc123740622]1.2 Trading
The transaction is the entry of customer information, i.e. the operation of data entry to the VIP table.
Determining which vip the customer has purchased by the type of vip_info.
The VIP customer information is entered through the clerk, and the table employee performs the data insertion.
Immediately afterward, the customer information is paired with the class table, and the customer id is inserted into the class table as an extra.
Finally, the staff will bind the corresponding room number to the class.
[bookmark: _Toc123740623]1.3 Evaluation of design and implementation sites
We created five tables to cope with the whole system of ALU.
The VIP customer table contains vip customer id, VIP customer name, yip customer join time, vip customer mobile number, and VIP customer update time.
The VIP customer category table contains, the VIP customer category, and VIP customer id.
The class table contains class id, class category, room number, and staff number.
The staff table contains, staff id, staff name, staff job, staff service vip client id.
The room table contains the room number, start date, borrow date, start time, and end time.


[bookmark: _Toc123740625]2.0 Discuss the importance of rollback
Undo log is one of the more important transaction logs in MySQL. As the name implies, undo log is a kind of log used to undo the rollback. Before the transaction is committed, MySQL will record the data before the update to the undo log file, when the transaction rolls back or when the database crashes, you can use undo log to roll back.
In MySQL, the undo log serves two main purposes.
1、Provide rollback operation [undo log achieves atomicity of transaction
If for some reason the transaction is rolled back, then MySQL will perform a rollback operation and use the undo log to restore the data to the state before the transaction started.
For example, we execute the following delete statement: delete from user where id = 1; delete from user where id = 1; delete from user where id = 1(Thomas et al. 2009)
delete from user where id = 1;
Then the undo log will record a corresponding insert statement [reverse operation statement] to ensure that when the transaction is rolled back, the data will be restored.
Another example is to execute an update statement: update user set name
update user set name = "Li Si" where id = 1; --- modify the previous name = Zhang San
At this point undo log will record an opposite update statement, as follows.
update user set name = "Zhang San" where id = 1;
If there is an exception to this modification, you can use the undo log to achieve a rollback operation to ensure the consistency of the transaction.
2、Provide multiple version control (MVCC) [undo log to achieve multiple version concurrency control (MVCC)
MVCC, which is multiple version control. In the MySQL database InnoDB storage engine, undo log is used to achieve multiple version concurrency control (MVCC). When a row read is locked by another transaction, it can analyze from the undo log what the previous version of data in that row record is, so that the user can read the data before the current transaction operation [Snapshot Read].
The following explains what a snapshot read is, and the corresponding one is --- current read.
Snapshot Read.
The data read by SQL is the snapshot version [visible version], that is, the historical version, without locking, and the ordinary SELECT is the snapshot read.
The data read by SQL is the latest version. The lock mechanism is used to ensure that the read data cannot be modified by other transactions UPDATE, DELETE, INSERT, SELECT ... LOCK IN SHARE MODE, SELECT ... FOR UPDATE are all current reads.
The storage of undo log is implemented by the InnoDB storage engine, and the data is stored in InnoDB data files. In the InnoDB storage engine, undo log is stored by segmentation. The rollback segment is called the rollback segment, and each rollback segment has 1024 undo log segments. Before MySQL 5.5, only 1 rollback segment was supported, that is, only 1024 undo operations could be logged. After MySQL 5.5, it can support 128 rollback segments from resg slot0 - resg slot127, each resg slot, that is, each rollback segment, consists of 1024 undo segments, that is, a total of 128 * 1024 undo operations can be recorded.
The undo log not only stores the records before the data update, but also records the RowID, transaction ID, and rollback pointer. The transaction ID is incremented each time, and the rollback pointer is NULL for the first time if it is an insert statement, and the rollback pointer of the undo log after the second update will point to the undo log just now, and so on, forming a rollback chain of the undo log, which is convenient to find the historical version of the record.
Before updating the data, MySQL will generate the undo log in advance, and when the transaction is committed, the undo log will not be deleted immediately because the rollback operation may be needed later, and the data will be read from the cache when the rollback operation is executed. undo log deletion is processed by recycling through the background purge thread.
1、Transaction A performs an update operation, at this time, the transaction has not been committed, the data will be backed up to the corresponding undo buffer, then the undo buffer is persisted to the undo log file in the disk, at this time, the undo log saves the operation log before it is committed, then the operation data, that is, the data of the Teacher table is persisted to the InnoDB data file. to InnoDB's data file IBD.
2. At this time, transaction B performs query operations and reads directly from the undo buffer cache, at which time transaction A has not yet committed the transaction, and if it wants to rollback the transaction, it does not read the disk, but first reads directly from the undo buffer cache.
A simplified process for implementing atomic and persistent transactions with undo log.
Suppose there are two data A and B with values 1,2 respectively.
A. Transaction starts
B. Record A=1 in undo log
C. modify A=3
D. Record B=2 in the undo log
E. Modify B=4
F. Write undo log to disk -------undo log persistence
G. Write data to disk ------- data persistence
H. Transaction commit ------- commit transaction
The reason why atomicity and persistence are guaranteed at the same time is because of the following features.
The undo log is recorded before updating the data.
To ensure persistence, the data must be written to disk before the transaction is committed, and as soon as the transaction is successfully committed, the data must have been persisted to disk.
The undo log must be persisted to disk before the data. If a system crash occurs between G and H, the undo log is complete and can be used to roll back.
If a system crash occurs between A - F, the data on disk remains in the same state as it was before the transaction started because the data is not persisted to disk.
Disadvantage: Writing data and undoing logs to disk before each transaction commits causes a lot of disk IO, so performance is poor. If you can cache the data for some time, you can reduce IO to improve performance, but then you lose the persistence of the transaction.
The undo log belongs to the logical log, the redo is the physical log, and the so-called logical log is undone log is to record an operation process, will not physically delete undo log, sql execution delete or update operation will record a undo log.
innodb_undo_directory
Specifies the directory where the undo log is stored, the default value is. /.
 innodb_undo_logs 
After MySQL 5.6, you can customize the number of rollback segments with this parameter, the default value is 128.
 innodb_undo_tablespaces 
Specifies how many tablespaces the undo log is distributed to. The default value is 0, which means all of them are written in one file. It is not recommended to change it to a non-zero value, we can just use the default value.
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3.1 Commit
Commit, for oracle, is a commit action, that is, you submit your changes to the Oracle database to the database, tell the database, you have determined to modify these things, and then the database saw your commit, the content of the modified, in the commit inside it, involves a concept of oracle database, that is, transaction, the characteristics of the transaction, there are four ACIDATOMIC: atomicity, that is, this is the smallest unit, there is a no smaller unit than this either commit. The transaction, the characteristics of it, there are four ACIDATOMIC: atomicity, that is, this is the smallest unit, there is no smaller unit than this either commit.Tuning 2: The second use of the trigger is when the VIP customer joins the corresponding class, each class will correspond to a room, and when a new class is generated, the trigger will generate a room for each new class. When the class expires, the trigger will spontaneously delete the room information, to better provide the next new class. If the number of rooms is less than the number of classes, the class insertion statement will be rolled back and the corresponding log will be prompted.
3.2 Function
Not only does MySQL implement these explanations, but the names are identical. Perhaps this is not surprising, since these are the basic numeric functions of the database product and programming language.
Since these functions are identical in both DBMSs, it makes no sense to retell how they are used. Instead, we will move on to explore other useful numeric functions in MySQL.
3.3 AVG
You probably already know what the average or arithmetic mean is. You may even know that it is calculated by adding up all the values in a dataset and dividing that result by the number of data points in that dataset. So if we have five numbers, say 4, 5, 6, 5, 3, we would calculate their average as follows
(4 + 5 + 6 + 5 + 3) / 5 = 4.6 
This is a simple way to handle a small number of values, but what happens when you have 10,000 rows? The answer or course is to use MySQL's built-in AVG function (which, by the way, is named the same in SQL Server). All we need to do is to provide it with a numeric expression and it will return its average value. Here is its simple syntax.
AVG(expression) 
Most of the time, you will have entered a column name whose average value you want to calculate. For example, here is a query that gives us the average length of all movies in the Sakila sample database.
GROUP BY breaks down the values by category_id so that the calculated average is based on each movie type, i.e. "Action", "Drama", etc.
Bypassing the results of the AVG function to ROUND, we can omit some extra decimal places.
In this article, we used Navicat 16 for MySQL as our database client to introduce some useful numeric functions in MySQL, including AVG, MIN, and MAX.
3.4 Trigger
A trigger is an event that triggers an operation. These events include INSERT statements, UPDATE statements and DELETE statements. When the database system executes these events, it will activate the trigger to perform the corresponding operation. I. Create a trigger
The trigger is triggered by events such as insert, update and delete to trigger a specific operation. When the trigger conditions of the trigger are met, the database system will execute the program statements defined in the trigger. Doing so ensures consistency between certain operations. For example, when a student's information is added to the student table, the total number of students must be changed at the same time. You can create a trigger here to execute an operation to calculate the total number of students every time a student record is added. This will ensure that the total number of students is the same as the number of records each time a student record is added. A trigger may have only one execution statement or multiple execution statements.
1、Create a trigger with only one execution statement
In MySQL, the basic form of creating a trigger with only one execution statement is as follows.
create trigger name before | after trigger event on table name for each row Execute statement (Kulkarni et al. 1999)
where the trigger name parameter refers to the name of the trigger to be created; the before and after parameters specify the trigger execution time, "before" means execute the triggering statement before the trigger event, after means execute the triggering statement after the trigger event; the "trigger event" parameter refers to the trigger conditions, including insert, update and delete; "table name" parameter refers to the name of the table that triggers the event operation; for each row means that any operation on a row satisfying the trigger event will trigger the trigger. The "execute statement" parameter refers to the procedure to be executed after the trigger is triggered.
The following creates a trigger dept_trig1 triggered by the insert.
The result shows that the trigger dept_trig1 has been created successfully. When an insert operation is executed into the department table, the database system inserts the current time into the trigger_time table before the insert statement is executed. The following insert a row into the department table and then check whether the trigger_time table executes the insert operation.
The execution result shows that the current system time is inserted in the trigger_time when the insert operation is executed to the department table. From this example, we can see that the insert successfully triggered the trigger.
2. Creating a Trigger with Multiple Execution Statements
In MySQL, there may be more than one execution statement triggered by a trigger. The basic form of creating a trigger with multiple execution statements is as follows.
create trigger name before | after trigger event on table name for each row begin to Execute statement list end 
The "list of executable statements" parameter directly between begin and end indicates the contents of multiple executable statements to be executed. The different execution statements are separated by semicolons.
Note: In general, MySQL defaults to ";" as the end execution statement. You need to use ";" in the process of creating triggers. To solve this problem, you can use the delimiter statement. Such as "delimiter&&", you can change the ending symbol to "&&". When the trigger is created, you can use the command "delimiter;" to turn the end symbol into ";".
The following code creates a trigger dept_trig2 with multiple execution statements triggered by delete.
The execution result shows that the trigger is created successfully. When the delete operation is executed in the department table, two rows will be inserted in the trigger_time table.
The execution result shows that two rows are inserted in the trigger_time when the delete operation is executed to the department table. From this example, you can see that the trigger can execute multiple execution statements at the same time.
Note: In MySQL, only one trigger can be created for a table with the same trigger condition at the same trigger time. For example, in the department table, there can be only one trigger with trigger event insert and trigger time after. However, it is possible to define a trigger with a trigger event BEFORE. If the insert statement is executed in that table, then this trigger will be executed automatically.
Second, view the trigger
To view triggers means to view the definition, status, and syntax of the existing triggers in the database. The method to view triggers includes show triggers statements and querying the triggers table under the information_schema database.
1、show triggers statement to view trigger information
In MySQL, you can execute the show triggers statement to view the basic information of triggers. The basic form is as follows.
show triggers; 
Copy after login
The result of the following show triggers statement is as follows.
The result shows the basic information of all triggers. Since there are only two triggers in the database for the time being, only the basic information about these two triggers is displayed.
Tips: show triggers statement cannot query the specified triggers, the statement can only query the information of all triggers. If there are many triggers in the database system, a lot of information will be displayed. This is not convenient to find the information about the trigger you need. Therefore, when there are few triggers, you can choose to show the triggers statement.
2、Check the trigger information in the triggers table
In MySQL, the definitions of all triggers are in the triggers table under the information_schema database. Query the triggers table to see the details of all triggers in the database. The query statement is as follows.
select * from information_schema.triggers; 
Copy after login
where "*" means query all the columns; "information_schema.triggers" means the triggers table under the information_schema database. .
The following is a select statement to query the information in the triggers table.
The result shows the details of all the triggers. Also, this method can query the details of a specified trigger. The basic form of the statement is as follows.
select * from information_schema.triggers where trigger_name='trigger_name'; 
where the "trigger_name" parameter refers to the name of the trigger to be viewed, which needs to be enclosed in single quotes.
The following is the information of trigger dept_trig1 using a select statement.
The result shows the details of the trigger dept_trig1. This way can query the specified trigger, which is more convenient and flexible to use.
Tip: The information of all triggers is stored in the triggers table under the information_schema database, and you can use the select statement to query the information of triggers from the triggers table. If there are more triggers in the database, then there will be more records in the triggers table. When using the select statement, it is best to query through the trigger_name field.
III. Use of Triggers
In MySQL, the order of trigger execution is before the trigger, table operations (insert, update and delete), and after the trigger. The following is a sample to demonstrate the order of execution of these three.
The following two triggers, before insert and after insert, are created on the department table. When inserting data into the department table, observe the trigger order of these two triggers. The code to create the triggers is as follows.
//create before insert trigger create trigger before_insert before insert on department for each row insert into trigger_test values(null, "before_insert"); // create after insert trigger create trigger after_insert after insert on department for each row insert into trigger_test values(null, "after_insert"); (Yang and Zheng 2010)
After the triggers are created, insert a row into the department table. The code is executed as follows.
The execution result shows that the record was inserted successfully. Now you can view the records in the trigger_test table. Code execution is as follows: IV. Delete Trigger
The drop trigger statement is used in MySQL to delete a trigger that already exists in the database. Its basic form is as follows.
drop trigger Trigger Name; 
where the "trigger name" parameter refers to the name of the trigger to be deleted. If only the trigger name is specified, the database system will look for the trigger under the current database. If it is found, the deletion will be executed. If you specify a database, the database system will go to the specified database to find the trigger. For example, job.worker_trig means the trigger worker_trig under the job database.
Note: If a trigger is no longer needed, be sure to delete it. If the trigger is not deleted, the execution statement in the trigger will be executed every time the trigger event is executed. Execution statements perform certain operations on the data in the database, which can cause changes to the data. Therefore, it is important to delete the trigger that is not needed.(Krogh and Okuno 2017)
The following is the drop trigger statement executed to delete the trigger dept_trig1.
The result shows that the deletion was successful. To determine if the trigger is deleted, you can query the information of 'dept_trig1' with the select statement. the select statement is executed as follows.
The execution result shows that the record does not exist. This indicates that the trigger dept_trig1 has been deleted successfully.
3.5 Performance Tuning
Stored procedure A set of SQL statements that perform a specific function, stored in the database, and called again without compilation after the first compilation (more efficient).(Zhu et al. 2019)
3.6 Affairs
A transaction is a single unit of one or more sql statements, in which each sql statement is interdependent. The entire individual unit exists as an indivisible whole, similar to an atom in physics (an indivisible minimum unit).
In layman's terms, a transaction is a whole in which everything is either executed successfully or unsuccessfully. There cannot be a situation where part of the execution is successful and part of it is unsuccessful.
3.7 Index
The read-to-write ratio of a website is typically 10:1, so queries will always be the bulk of the database.
If a site has only tens of thousands of data, then there is no need for indexing at all. But once it reaches a million or more, without indexes, every query will cause seconds of waiting! This is something that users should not tolerate.
To speed up the search speed, the database will generally have an index function, that is, similar to the index of the book number in the library.
The index in the database is a special file that stores the reference to all records in a database table.
And the implementation of indexes in databases is much more complicated than building indexes for books. (Generally do not need to know in depth)
The purpose of creating indexes in databases is: so that you do not have to traverse every piece of information to find the results. And to achieve this effect, it is obvious that trees in data structures are specialized to do this kind of thing.
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