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1. [bookmark: _Toc123927090]Abstract
This report covers two main topics, namely the database model designed for the Abertawe Leisure Centre (ALU) business model and the key concepts of database design. Solutions details the database model built from ALU and the deployment details of the database. Concepts introduces seven key concepts in the database, which are Rollback, Commit, Functions, Triggers, Procedures, Transactions, Indexing.

2. [bookmark: _Toc123927091]Solutions
2.1 Entity relationship diagram
A simplified analysis based on the business model of Abertawe Leisure Centre (ALU):
· a member can join multiple courses, each of which can also be attended by multiple members;
· One instructor can teach more than one course, with only one instructor teaching each course;
· A minimum of 6 members and a classroom are required to start a course.
In conjunction with the 3NF principles of databases, the prototype database architecture is designed with reference to the following diagram:
[image: 表格

描述已自动生成]
Figure1 Entity relationship diagram

2.2 Tables
The database will create six tables: a membership information table, a membership type table, a instructor table, a classroom table, a class information table and an intermediate table that reflects the relationship between members and courses (the actual names of the tables created may vary slightly).
The membership type table and the classroom table are static tables and do not need to be added, deleted or checked after the data has been set up. In practice, membership types do not usually change, so membership types are set as enumerated types to check the validity of the data. In special cases, the two tables can be modified by the database administrator. The instructor table records the instructor's personal information, including id, name, address, telephone number four fields, of which id is a self-additive primary key, when inserting teacher information, automatically assigned id.
[image: ]
Figure2 member type table
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描述已自动生成]
Figure3 classroom table

The membership information table consists of 8 columns: id, name, address, telephone number, date_join, renewal, expiration, type, where the primary key is id, which is self-incrementing and does not need to be set by the staff. The name, address and number record customer information, and the date_join database automatically records the time when a new member is inserted. address, number records customer information, date_join database automatically records the time when the new member is inserted; considering the ALU membership for a year system, set the trigger to automatically update the expiration column, the value of date_join or renewal added a year. When inserting membership information, the trigger will assign the value of renewal to the date_join field, while setting the expiration field to the time after one year. When updating the renewal field in the membership information, the expiration is updated to the year after renewal; type is a foreign key, refer to the membership type in the membership type table.
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中度可信度描述已自动生成]
Figure4 member information table

The course information table records specific information about the course, a total of eight columns, respectively, class, start_date, start_time, end_date, end_time, room_number, instructor_id, number_of_class.
The class,start_date,start_time, is a composite primary key that identifies a course through these three columns. Considering the leisure centre will offer courses generally for a fixed period of time, so the duration of the class will be set to 3 months, a class duration is set to 2 hours, so end_date, end_time do not need to be set, by the trigger on the automatic update; room_number for foreign keys, reference classroom table, the default is empty, only when the number of subscribing members exceeds 6, the trigger will automatically query the free classroom and assign it to the course; instructor_id is a foreign key, refer to the instructor table, when the instructor selects the course, the instructor id will be inserted.
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Figure5 class information table

The intermediate table for the member-class relationship records only the primary key of the member information table and the composite primary key of the course information table, with a total of 5 columns. The insertion, deletion and update of this table are all done by triggers and no manual operations are required.
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Figure6 relationship table

2.3 Roles
According to the business use of ALU, there are 4 user roles set up in the database, namely Database Administrator, Instructor, Member and Staff. User roles are given different database permissions.
In addition, for security reasons, a course view was created on top of the 6 tables, with the aim of facilitating class selection for instructors and members. The course view records 7 columns, class,start_date,start_time,end_date,end_time,room_number,instructor_id. The database administrator has the highest level of access and is the owner of the database and has all permissions. Staff can select, insert, update and delete operations on the member information table by using the set procedure to achieve corrections to member information. A procedure is also created for staff to make an appointment for a class, which only requires that the user provides the course name and class time information, then the backend trigger will start comparing classes and class times automatically based on the information entered, and if conditions are met, the customer is added to the class. In other words, in the course information table, the number of people is added by one. And this time the information is recorded in the intermediate table of the course-member relationship.
The instructor can view the class view and select their classes in the classes view. Triggers are set in the database to detect view actions and turn the view into a table with insert functionality. It is worth noting that in real life, company employee information is usually created by the company before the employee joins, so to achieve this effect, the instructor's information is inserted, modified and deleted by the database administrator and not modified by the teacher themselves.
Considering the large number of ALU members and in order to avoid possible problems with multiple users accessing the database, the database restricts members to viewing their own course views only, without any permission to modify the data. Members need to book courses through staff, the process that meets ALU's business model. This way, avoiding errors in the database caused by multiple staff members booking courses at the same time.
In this database system, there are only four tables that are frequently used: the member table, the class information table, the classroom table and the relationship table. In these four tables, the information that is frequently queried is member information, class time information and class status, so three level 2 indexes are set to improve the query efficiency of the database. Although the relational table will also be often used, but its operations include not only select, but also insert and update, the establishment of index will lead to insert and update operations to reduce efficiency, so no index in the relational table to establish.
In addition, the insert, update and delete operations of the member table and course information table are implemented through procedures and triggers. In the procedure, the input data is checked for reasonableness, and if an error occurs, a rollback is executed to revert to the state before the procedure.
Once you have completed the database design section, the database need to fill in the mock data to test the simulation. For the classroom tables, membership type tables and basic class information, the amounts are small and can be inserted directly via sql statements. For instructor and membership information more mock data is required, so the mock data is generated using a python script written to automatically generate the person's name, address, phone number and other provincial information. (Python is done by myself, source files and sql files are packaged and compressed together and uploaded.)

3. [bookmark: _Toc123927092]Concepts
When computer programs first emerged, people stored and transferred data through file systems and the file systems were independent of each other from application to application, resulting in data not being interoperable between data applications. With the development of society and the advancement of information technology, the definition of database has changed. Referring to existing tutorials on database principles, the definition of a database is as follows: A database is a collection of relevant data that is stored within a computer for a long period of time, organized and managed in a unified manner. Databases can be shared by a variety of users and are characterized by a small degree of redundancy, strong links between data and a high degree of data independence [1].
From the above definition, it is clear that a database is a collection of data with several characteristics such as persistent storage, organization, ease of sharing, and large scale. In addition, data in a database system is characterized by volatility, with constant changes occurring through data updates (i.e. operations such as additions, deletions and modifications).
In order to achieve these characteristics, the database has created some important concepts, namely Functions, Procedures, Triggers, Transactions, Rollback, Commit, and Indexing.
We will then explain each of these concepts in order to understand their importance.

3.1 [bookmark: _Toc123927093]Functions
A function is a structure that encapsulates some database statements that implements a certain action. The definition of a database shows that data in a database is not only stored for a long time, but also supported by constant data updates. Function reduces redundant code for those using the database and increases the efficiency of code reuse. In addition to this, the database itself has a small number of statements that can only partially meet real life needs, which is compensated by Function, which allows user-defined operations to be combined with basic database operations (eg. add, delete, modify and find) to achieve a more complex task. User-defined Functions are also more in line with the current software development principle of object-orientation.

[bookmark: _Toc123927094]3.2 Procedures
Procedure is similar to but not identical to Function in that it is a structure that contains several database operations.
However, unlike Function, Procedures are a series of pre-compiled instructions that are compiled at the time of creation and do not need to be compiled again even if they are reused, saving time in database operations and increasing the efficiency of the database. This is very important for large-scale databases. Procedures can be seen as a more powerful 'Function'.

3. [bookmark: _Toc123927095]Triggers
Trigger is an important tool for maintaining the integrity and rationalization of database data. For a database system, data is not just a haphazard pile. Data is stored in an organized, regular manner within the computer. This means that the data is interconnected with each other. When a part of the data is modified or deleted, the data associated with it needs to be changed as well. This is where Trigger is needed, a special structure that can be automatically executed to maintain the integrity and validity of the data in question, based on pre-defined trigger conditions and actions[2]. In addition to this, Trigger can also be set up to audit operations. When new data is inserted, Trigger automatically checks whether the inserted data meets the requirements, maintaining the reasonableness of the database. If these elements were to be operated entirely by humans, it would result in a huge waste of resources.

on track with quick fixes.
Secondly, the Scrum methodology is guided by an agile approach where the entire workflow places a high value on communication between people, not only within the team but also between the Scrum team, the product owner and the customer. Individuals and interactions take precedence over processes and tools. The Scrum approach uses user stories to gather user requirements, and each user story requires a face-to-face meeting between the product owner, the Scrum team and the customer to determine the final version. This happens throughout the development cycle, not just at the beginning. This approach helps the team to avoid the problem of following the requirements document to the exclusion of user communication in the traditional approach and even to identify potential requirements that the users actually need but have not articulated clearly. In addition to this, the Scrum approach requires that the Sprint Planning, Daily Scrum, Sprint Review and Sprint Retrospective meetings in the sprint workflow are held to facilitate communication between the people involved in the project.

3. [bookmark: _Toc123927096]Transactions
[bookmark: _Toc123927097]Transaction is a central concept in protecting the security and integrity of a database. According to the definition of the database system, the database system can be used by multiple users at the same time, such as system developers and maintainers, legitimate users and illegal users who need to be prevented, etc., when the security of the database will be threatened[3]. Transaction creates the conditions for the subsequent solution. Database Transaction has four principles: atomicity, consistency, isolation and durability (ACID). Atomicity means that a Transaction is an atomic unit of work, where either all or none of its internal operations are performed. For example, in a payment system, one party debits a payment while the other should receive it; the two steps are bound together. Consistency means that the Transaction must maintain the integrity of all data at the time of completion. This means that all internal operations are only visible to the outside world when the Transaction ends. Isolation ensures that when a concurrent operation is performed, all modifications it produces need to be isolated from other transactions and will not affect each other. Durability means that the impact on the system is permanent once the Transaction has completed. So when multiple users access at the same time, the database system implements a concurrency control mechanism through Transaction to prevent disorderly operations from occurring.

3. [bookmark: _Toc123927098]Rollback and Commit
Rollback and Commit are further extensions to Transaction and are two important control statements in Transaction[4]. Their most important effect is to help the database Transaction to isolate and recover data. For example, when multiple users are connected to a database system, commit ensures that previous operations do not affect other users, as if all transactions were running independently; rollback ensures that when a database error occurs, the database is restored to the state it was in when the operation was not performed.

3. [bookmark: _Toc123927099]Indexing
Index is a data structure that helps a database system to access data efficiently[5]. Usually, database systems store a large amount of data internally. Although this data is organised and stored in a regular manner, it still takes a lot of time for users to select the information they need. This is why databases introduce indexes, which are usually built on columns of information that are frequently requested, so that they point to the data in some way to improve the efficiency of the request, just like adding a table of contents to a book, so that the reader can find what he or she wants very quickly. Often, database designers will create indexes to frequently selected columns for the purpose of speeding up searches, but not all data needs to be indexed. Creating indexes consumes some hardware resources, and indexes speed up select while slowing down the speed of modifying data, so more indexes are not better.
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