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Abstract
This report first describes the needs of ALC to expand the current new business to establish a database, and proposes corresponding solutions to establish a database and present an Entity Relationship Diagram(ERD). Then, with the help of three secondary indexes, the functionality of data queries is improved. Finally, the understanding and importance of related concepts in actual database operation are discussed.
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1. Introduction
ALC proposed a membership plan to the public, which requires a larger database system to support this member information, for member use, query and work arrangement, etc., and should be created through a prototype of an entity relationship diagram adapted to ALC's current needs.
2. Performance Tuning and Transaction
2.1. Performance Tuning
I would like to take this opportunity to say that data queries are a database transactions that are used to query database information, and data queries are also a way of retrieving data from the database. Among the most frequently used and important operations in database operations, this is one of the most common and important. There are different query methods that users can use, depending on their data requirements, and a variety of data can be gathered using these query methods.
According to my understanding of the database set up for this task, it is possible to optimize the data query of the database in the following areas in terms of performance. The following enhancements will improve the function of data query: first, we will query member information based on the member name information in the database, or we will find member information based on the mobile phone number registered by the member; second, we will be able to find course information in the database based on the course name already in the database; and third, we will be able to find data information about members booking courses based on the booked course date information already.
In my opinion, by choosing these secondary indexes as a method of improving the function of data query, we can locate the target more accurately than if we chose other secondary indexes. We can reduce the complexity and errors that may occur in the built database, increase the efficiency of data querying, and simplify the steps that need to be followed in order to query data.
2.2. Transactions
Transactions can be defined as multi-step operations managed by a single transaction such that if a multi-step business operation is managed by a single transaction, then it is possible for the multi-step business operation to succeed or fail. As a general rule, a transaction can be considered as a multi-step business operation managed by a transaction, so these operations will either succeed or fail at the same time as a consequence of their management.
To demonstrate evidence of transaction rollback and commit operations, SQL code has been included in the task in order to demonstrate those operations. Having seen these codes that demonstrate transactions being committed and rolled back, we can infer from them that in the first case, when an operation is committed, it is saved permanently by the code in the database we have created, which is in the first case. Second of all, when an operation is rolled back by the code of a transaction, then the operation of the transaction will be returned by the code to the original point, which is also understandable given that the data we entered will not be further manipulated by the code.
3. ALC solution
[bookmark: OLE_LINK5][bookmark: OLE_LINK6]It is stated in the Abertawe Leisure Centre mission statement that the membership program must be able to organize and save member-related information by creating a database containing information such as member name, member address, telephone number, sports type, sports course date, membership staff information, and other information related to members. As shown in Figure 1, in order to make the database run efficiently and stably, I built a total of eight tables and expressed them in the form of Entity Relationship Diagrams (ERD) according to the Entity Relationship Diagram specification. The names of the 8 tables are: course type, course, instructor, member course servation, member, employee, member payment and member type. As well, the Entity Relationship Diagram can also serve as a representation of the primary keys, external keys, and allnon-key attributes of each table that I have built for it.
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4. Concepts
4.1. Rollback
The Rollback statement rolls back the transaction, undoes work that was performed but not committed, decrements the transaction level counter, and releases the lock, which is used to restore the database to a previously consistent state. Transaction rollback means that when a subtransaction of a distributed transaction fails, the execution of all subtransactions is undone to restore the system to the state before the execution of the entire distributed transaction. 
It is also important to note that the information of the rollback segment is also stored in the redo log file, which in my opinion is important in recording the rollback of transactions that have not yet been committed when a transaction fails. In the event of a failure, rollback segment information, including the transaction's rollback entry, is automatically recovered as part of recovery, and transactions that were not committed or rolled back at the time of failure can be rolled back using the rollback segment after recovery is completed the next time the database is opened [1]. 
There is a difference between a rollback and an undo. A rollback restores the state of a database operation to where it was before the operation was performed. Rollback is when some kind of failure occurs while a transaction is running, the transaction cannot continue, and the system undoes all completed operations on the database in the transaction and rolls back to the state it was in when the transaction began (Performed before submission). Undo is the forcibly rolling back of a transaction without affecting the operation of the transaction, undoing any modifications to the database that the transaction has made (after committing). In contrast the first, the second is a fast state of the transaction in question. The rollback occurs as soon as the transaction has been fully completed, while the undo occurs after the transaction has been executed. Both of these are security mechanisms that exist to solve the failure of a transaction. 
4.2. Commit
The insert, delete, and modify operations on a database are only completed once the transaction has been committed to the database. SQL statement submission data can be categorized into three types: explicit commits, implicit commits, and autocommits.
Typically, transaction processing refers to the mechanism used to manage SQL operations that must be executed in batches in order to ensure that the database is not filled with incomplete results as a result of the operation. By using transaction processing, you can be assured that a set of operations will not be stopped half way through, either completely or not at all (unless explicitly instructed to do so). As long as no errors are encountered during the execution of the statements, the entire set of statements is committed to the database table. If an error is detected, a rollback is performed in order to restore the database to a known and safe state.
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Fig.2. Transaction commit flowchart
As shown in Figure 2, in order for the new in-memory database system to be able to keep up with the demands of ever-increasing complexity and high-concurrency transactions, the new system will not be able to achieve the throughput required to meet the application's needs. Hu S[2] compiled and analyzed transaction commit technologies such as group commit, asynchronous commit, early release lock and pipeline commit, which made use of multicore characteristics, and proposed that with the complexity of massive data processing and the rapid update of computer hardware equipment, it will be difficult for a traditional service delivery mechanism to meet the system requirements[3]. As a result of their limitations, traditional service submission mechanisms have gradually become a systemic performance bottleneck, and multiple module management structures of the database system for business negotiations, and those modules, such as buffer management, lock management, and others, have become increasingly problematic. It is necessary to trade off between these two factors[4][5].
4.3. Fuctions
In SQL, a function is a subroutine that is composed of one or more SQL statements that encapsulates code and provides the ability to share and reuse it. A user-defined function is a routine that receives parameters, performs operations, and returns the results of those operations as a value. A user-defined function is conceptually similar to a function defined in a general programming language[6]. 
In addition to improved code reuse and simplicity of operations, functions also reduce compilation times and increase efficiency by reducing the number of connections to the data server. In addition to using the functions that come with the system (time functions, aggregate functions, string functions, etc.), you can also customize those functions to your liking. It is possible to use modular design in custom functions, because you only need to create a function once and store it in the database, and then use it as many times as you like in the program, and user-defined functions can be altered independently of the source code of the program. As with stored procedures, execution is faster, as are user-defined functions that execute plans through the cache and reuse cached execution plans when reexecuted repeatedly. There is no need to recompile and re-optimize each time a user-defined function is used, which greatly reduces the execution time of the program. A function can be used to represent an operation such as reducing network traffic, which filters data based on some complex constraint that cannot be expressed using a single scalar expression[7]. 
4.4. Triggers
A trigger consists of three parts: an event, a condition, and an action. When an event occurs and the condition holds, the action is carried out[8]. Use triggers to allow or restrict modifications to tables, automatically generate columns, enforce data consistency, provide auditing and logging, prevent invalid transactions, and initiate complex business logic using triggers[9].
The role of triggers can be summarized in the following points: maintaining row-level data integrity, rather than returning results, modifying data in database related tables in a series; Restrictions that are more complex than CHECK constraints can be implemented. Unlike CHECK constraints, triggers can reference other data. For example, a trigger can use SELECT to get data from other tables to compare with the data to be inserted or updated, and then take it a step further, modify the data or display user-defined error messages; It is possible to compare the pre-modification and post-modification status of the data, and take action according to the differences; Data modification statements (INSERT, UPDATE, or DELETE) on a table allow multiple triggers, so that the same data modification statement can produce multiple different effects[9][10]. 
4.5. Procedures
In MySQL database management, stored procedures are one of the most important technologies, and a set of SQL statements can be written under the stored procedure structure to complete more complex functions; It is equivalent to making SQL statements have the ability to process in a procedural language. After the execution of the stored procedure is completed, it also needs to be called to verify whether the function is implemented, and the call of the stored procedure with input and output parameters must have both input parameters and session variables to receive the value output through the output parameter, and after receiving it, it must also use the select statement to output, and finally you can see the result[11]. 
Stored procedures reduce the amount of communication between the client and the server. As long as the application on the client sends the name and parameters of the call stored procedure to the server over the network, the relational database management system can execute multiple lines of SQL statements and perform data processing. It is also convenient to implement corporate rules[12]. The algorithm of enterprise rules can be written as stored procedures and put into the database server, managed by the relational database, which is conducive to centralized control and easy maintenance. When enterprise rules change, simply modify the stored procedure. The ability of stored procedures greatly enhances the functionality and flexibility of the SQL language. Stored procedures can be written with flow control statements, which have strong flexibility and can complete complex judgments and more complex operations.
The stored procedure is essentially a type of database object that stores complex programs in a database for external programs to use. Stored procedures are SQL statements that are compiled, created and saved in a database that complete a specific function. By specifying the name of the stored procedure and giving parameters, the user can call and execute the stored procedure. It is very simple to comprehend the concept of stored procedures, which are code encapsulation and reuse at the database SQL language level.Stored procedures have many advantages, they encapsulate and hide complex business logic. Stored procedures can pass values back and can accept parameters. A stored procedure cannot be run using the SELECT directive because it is a subprogram, unlike viewing tables, data tables, or user-defined functions. Stored procedures can be used for data validation, implementing business logic, etc. 
On the other hand, stored procedures have some disadvantages, such as the fact that they are usually tailored to the particular database because of the various programming languages that are available. When switching to a database system from another vendor, you have to rewrite the original stored procedures. There are limitations imposed by different database systems as to the performance tuning and composition of stored procedures. 
[bookmark: OLE_LINK16][bookmark: OLE_LINK17][bookmark: OLE_LINK7][bookmark: OLE_LINK8][bookmark: OLE_LINK15]4.6. Transactions
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]The meaning of a transaction is that if a multi-step business operation is managed by a transaction, then these multi-step business operations are either successful or unsuccessful. As a general rule, a transaction is thought of as a multi-step business operation managed by a transaction, which means that these operations either succeed or fail at the same time. In the event that an SQL statement in a cell fails or produces an error, the whole cell will be rolled back (reverted back to its original state if it contains any errors). It is expected that all affected data will return to the state it was in before the transaction started, but if all SQL statements in the cell are executed successfully, then the transaction will be completed successfully. 
Liu D S[13]proposed a distributed transaction processing approach. For local transactions, traditional relational databases are well supported through techniques such as locking and multi-version concurrency control (MVCC)[14-16]. Cross-database distributed transactions are a core difficulty in the field of distributed systems, and it is almost impossible or extremely inefficient to achieve the four characteristics of transactions at the same time in a distributed environment, and some features must be trade-offs to reduce the difficulty of implementation and improve system performance [17], and the proposed BASE theory of distributed systems[18] makes the processing of distributed transactions can adopt the strategy of abandoning strong consistency and ensuring eventual consistency. 
[bookmark: OLE_LINK9][bookmark: OLE_LINK10]4.7. Indexing
There are a wide variety of indexes in MySQL, including ordinary indexes, unique indexes, full-text indexes, federated indexes, and primary key indexes. Among them, ordinary indexes can speed up queries; Unique indexes can speed up queries while limiting the uniqueness of field values and allowing null values; Full-text indexing mainly performs word segmentation for text content to speed up the query speed of text-based information. In the case of federated indexes, the index consists of multiple columns, and the query efficiency is higher than that of multiple one-column index mergers. Primary key indexes are similar to unique indexes in the sense that they are unique, therefore speeding up queries, but cannot be null[19]. 
Indexes consume a certain amount of memory space, and the data will also maintain them when they are updated, and they will also consume performance, so it is important to use the index correctly, and to establish an index in line with the specific query business planning of the company[20]. The more indexes there are, the more efficient they are, and they should be created according to the specific query business planning. I have found that there are several cases where indexes are not recommended, such as fields that are not very differentiated, fields that are updated frequently, string-type fields, and indexes that do not appear in the Where column. 
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