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[bookmark: _Toc123906201]1.introduction
To support Abertawe Leisure Centre's business model requirements, this article redesigns its database. It mainly includes the following points:
1 Types of members
2 Member's information
3 Course Information
4 Information on booking courses for members
[bookmark: _Toc123906202]2.Conceptual model design
In order to make the data model better reflect the entities and their relationships in the real world, the entity - relationship diagram is used to represent. There are three basic components in the diagram: entities E, relationships between entities R, and attributes. Using E-R model to describe the real world, do not have to consider the information storage structure, access path and other computer-related problems, E-R model is a problem-oriented, conceptual model, has nothing to do with the database management system, it does not consider how to implement the data in the DBMS, is closer to the real world than the general data model. The steps of the resume E-R model are: ① determine the entity type ② determine the connection type ③ determine the attributes ④ draw the E-R diagram.
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[bookmark: _Toc123906203]3.Logical model design
Transformation of E-R graph to relational model
The E-R diagram of the overall conceptual structure is transformed into a relational model. The transformed relationship pattern is optimized to reach the third normal form.
Class Table (ClassNo, InstructorID, StaffNo, Squash, Tennis, Football, Badminton, Netball, ClassNum)
Instructor Table (InstructorID, InName, Insex, Inaddress, Inphoner)
Joins Table (ClassNo, Membership_number)
Staff Table (StaffNo, StaffName, StaffTell, Staffsex, StaffSalary) 
Member Table (Membership_number, Name, Address, Telephone_Number, DateJoined, Dateof_last_Renewal, Type)
Basic table structure
The structure of each table is designed according to the overall structure diagram, and the corresponding table is defined as follows:
Table1 Class Table
	Field name
	Data type
	length
	constraint
	description

	ClassNo
	INT4
	
	Primary key
	Primary key

	InstructorID
	INT4
	
	
	Teacher id

	StaffNo
	INT4
	
	
	Staff id

	Squash
	varchar
	100
	
	One of the crouse

	Tennis
	varchar
	100
	
	One of the crouse

	Football
	varchar
	100
	
	One of the crouse

	Badminton
	varchar
	100
	
	One of the crouse

	ClassNum
	INT4
	
	
	Classroom number



Table2 Instructor Table
	Field name
	Data type
	length
	constraint
	description

	InstructorID
	INT4
	
	Primary key
	Primary key

	InName
	varchar
	100
	
	Name of teacher

	Insex
	varchar
	2
	
	Teacher sex 

	Inaddress
	varchar
	100
	
	Teacher address

	Inphone
	char
	13
	
	Phone number



Table3 Joins Table
	Field name
	Data type
	length
	constraint
	description

	ClassNo
	INT4
	
	Primary key 
	Class number

	Membership_number
	INT4
	
	Primary key 
	Membership number

	StartDate
	DATE
	
	
	Start date

	EndDate
	DATE
	
	
	End date

	Room
	char
	20
	
	Room number



Table4 Staff Table
	Field name
	Data type
	length
	constraint
	description

	StaffNo
	INT4
	
	Primary key
	Staff number

	StaffName
	varchar
	100
	
	The name of staff

	StaffTell
	char
	13
	
	Staff telephone number

	Staffsex
	char
	4
	
	Staff sex

	StaffSalary
	real
	
	
	Staff salary



Table5 Member Table
	Field name
	Data type
	length
	constraint
	description

	Membership number
	INT4
	
	Primary key
	primary key

	Name
	varchar
	100
	
	Member name

	Address
	varchar
	200
	
	Member address

	Telephone_Number
	varchar
	13
	
	Telephone number

	DateJoined
	date
	
	
	[bookmark: _Hlk122958427]join Time

	Dateof_last_Renewal
	date
	
	
	expiration time

	Type
	varchar
	100
	
	



[bookmark: _Toc123906204]4.Establishment of database
[bookmark: _Toc123906205]4.1.Database creation
[image: ]
Create database ALC;
[bookmark: _Toc123906206][bookmark: OLE_LINK2]4.2.Database base table creation
1 Class Table
create table Class (
   ClassNo              INT4                 not null,
   InstructorID         INT4                 not null,
   StaffNo              INT4                 not null,
   Squash               VARCHAR(100)         null,
   Tennis               VARCHAR(100)         null,
   Football             VARCHAR(200)         null,
   Badminton            VARCHAR(200)         null,
   Netball              VARCHAR(200)         null,
  ClassNum         INT4    null,
   constraint PK_CLASS primary key (ClassNo)
);

2 Instructor Table
[bookmark: _Hlk123482325]create table Instructor (
   InstructorID         INT4                 not null,
   InName               VARCHAR(100)         null,
   Insex              VARCHAR(2)    CHECK(Insex='M' OR Insex='F' )       null,
   Inaddress            VARCHAR(200)         null,
   Inphone              CHAR(13)             null,
   constraint PK_INSTRUCTOR primary key (InstructorID)
); 
3 Joins Table
ClassNo              INT4                 not null,
   Membership_number  INT4                 not null,
   StartDate            DATE                 null,
   EndDate              DATE                 null,
   Room                 CHAR(20)             null,
   constraint PK_JOIN primary key (ClassNo, Membership_number)
);

4 Staff Table
StaffNo              INT4                 not null,
   StaffName            VARCHAR(200)         null,
   StaffTell            CHAR(13)             null,
   Staffsex             CHAR(4)              null,
   StaffSalary   real        null,     
   constraint PK_STAFF primary key (StaffNo)
);

5 member Table
create table Member (
   Membership_number  INT4                 not null,
   Name                 VARCHAR(100)         null,
   Address              VARCHAR(200)         null,
   Telephone_Number   CHAR(13)             null,
   DateJoined           DATE                 null,
   Dateof_last_Renewal DATE                 null,
   Type VARCHAR(100)  CHECK(Type='Week Day' OR Type='Weekend' OR Type='All week')      null,
   constraint PK_MEMBER primary key (Membership_number)
);

[bookmark: _Toc123906207]5.Database optimization
[bookmark: _Toc123906208]5.1.The creation of stored procedures
CREATE OR REPLACE FUNCTION audifunc() returns Trigger as $example_table$
BEGIN
insert into audit ( STA_ID, ENTRY_DATE) VALUES (NEW.StaffNo,current_timetamp);
RETURN NEW;
END;
$example_table$ LANGUAGE plpgsql;

[bookmark: _Toc123906209]5.2.CHECK constraint
CHECK(Insex='M' OR Insex='F' )
CHECK(Type='Week Day' OR Insex='Weekend' OR Insex='All week')
In the first example, you can only fill in F or M with the check constraint

[bookmark: _Toc123906210]5.3.NOTNULL constraint
Non-empty constraints can be added at table creation time or after creation. Here is an example of not leaving the address information in the member information empty.
ALTER TABLE t_membership_information
ALTER COLUMN address 
SET NOT NULL;

[bookmark: _Toc123906211]5.4.Flip-Flop
Create a trigger to act as an audit and automatically record the timestamp when a record is added to the employee table.
CREATE OR REPLACE FUNCTION audifunc() returns Trigger as $example_table$
BEGIN
insert into audit ( STA_ID, ENTRY_DATE) VALUES (NEW.StaffNo,current_timetamp);
RETURN NEW;
END;
$example_table$ LANGUAGE plpgsql;

Create Trigger tr_1
AFTER INSERT ON Staff
FOR EACH ROW EXECUTE PROCEDURE audifunc();

[bookmark: _Toc123906212]5.5.Indexes
[bookmark: _Toc123906213]PK(primary key)
create unique index Staff_PK on Staff (
StaffNo
);
[bookmark: _Toc123906214]FK(foreign key)
create  index Join_FK on Joins (
ClassNo
);
create unique index Join_PK on Joins(
ClassNo,
Membership_number
);
[bookmark: _Toc123906215]6.Data addition
Class table
[image: ]
Insert or update table "class" violates foreign key constraint "fk_class_manage_staff" 
DETAIL: Key-value pair (staffno)=(1) does not appear in table "staff".
After entering data into the staff table:
[image: ]
Instructor table
[image: ]
Check constraints have been added to both the sex field and the telephone field. The telephone number cannot exceed 13 digits and the gender can only be F or M
Joins table 
[image: ]
Staff table 
[image: ]
The inserted procedure penalizes the trigger, as shown below:
[image: ]
Member table
[image: ]
The check constraint is added to the type field, which can only be one of the three types: week day, weekend, and all week.
[bookmark: _Toc123906216]7. The importance of several operations
[bookmark: _Toc123906217]7.1.Rollback
Task rollback is a common functional requirement in business processes. When a user completes a task and wants to complete it again, the user can roll back the task and complete it again.
When rolling back a task, you need to specify a source task and a destination task. The source task is a task in the current to-do task list, and the destination task is a task in the completed task list. In addition, the following two relation conditions should be satisfied between the source task and the destination task:
1) The destination tasks must precede the source tasks in the process
2) The process branch in which the destination task resides must be the same as the process branch in which the source task resides or a parent of the process branch in which the source task resides.
When a task is rolled back, if the source task and the destination task are two tasks on the same flow branch, the engine deletes the source task. If source Shi Fang Long machine press the right subprocess branch on the user's current to-do task. , the engine deletes the user's current backlog tasks on all subprocess branches under the parent process branch. The deleted task is stored in the historical task record table, and the cause of the deletion is marked as Task Rollback. After the task is deleted, the engine creates a new destination task for the user to complete again.
[bookmark: _Toc123906218]7.2.Commit
The commit of a transaction refers to the actual writing of the data you just performed to the database. The committed transaction cannot rollback
[bookmark: _Toc123906219]7.3.Functions
SQL provides similar high-level language program structure, such as branch structure (if statement), loop structure (while, for statement, etc.) can complete complex "business logic", and stored in the database, and then called in SQL. For example, in the face of some data management applications, the definition of some business rules and the realization of some functions that can be invoked through parameters can be realized by using stored procedures. When the rules change, you don't need to change other code. When parameters change, there is no need to write code repeatedly.
The function is defined as follows:
Create function dept_count(dept_name varchar(20))
 Returns integer
   Begin
         Declare d_count integer
         Select count(*) into d_count
         From instructor
         Where instructor.dept_name=dept_name
         Return d_count
   end
A function has a name, arguments (arguments), return value, and body (what the function implements). The example function is named dept_count, takes an argument dept_name, is of type varchar (20), and returns an integer. The statement in Begin-end parentheses is the body of the function, and the return keyword indicates the return value of the function.
SQL also supports a function that returns a relationship as a result: table function.
[bookmark: _Toc123906220]7.4.Triggers
A trigger is a stored procedure that is executed when data in a specified table is modified. Triggers are often created to enforce referential integrity or consistency of logically-related data in different tables. Because users cannot bypass triggers, they can be used to enforce complex business rules to ensure data integrity. Triggers are defined on a created table and can also be defined on a database.
The difference between a trigger and a stored procedure:
1） Triggers are executed mainly by events
2） A stored procedure can be called directly by its name
Advantage：
1） Triggers execute automatically. They are activated immediately after any changes are made to the table's data
2） Triggers can make cascading changes through related tables in the database. This is safer and more reasonable than simply offloading the code to the foreground
3） Triggers can enforce restrictions that are more complex than those defined with CHECK constraints. Unlike the constraints of CHECK, triggers can refer to columns in other tables.
Types of triggers：
1） DDL trigger: For a database, a DDL trigger is triggered when a table is created or modified or deleted. This trigger can prevent some changes to the database schema, expect something to happen in the database in response to the changes in the database schema, and record the changes or events in the data schema.
2） DML Triggers: A data manipulation language that contains three types of triggers: INSERT trigger，UPDATE trigger，DELETE trigger
[bookmark: _Toc123906221]7.5. Procedures
An SQL statement needs to be compiled and then executed. A stored procedure is a set of SQL statements that accomplish a specific function. It is compiled and stored in a database.
Stored procedures are programmable functions that are created and saved in a database and can consist of SQL statements and control structures. Stored procedures are useful when you want to execute the same function across different applications or platforms, or encapsulate specific functionality. Stored procedures in a database can be thought of as emulating object-oriented approaches to programming, allowing control over how data is accessed.
The difference between stored procedures and custom functions：
1） Stored procedures implement more complex functions and more specific functions;
2） Stored procedures can return multiple values. Functions can return only one value；
3） Stored procedures are usually executed independently. Functions can be implemented as part of other SQL statements.
Advantages of stored procedures:
1） Enhance the function and flexibility of SQL language: Stored procedures can be written with control statements, have strong flexibility, can complete complex judgments and more complex operations.
2） By creating stored procedures, you can not only call them multiple times but also avoid rewriting the related sql statements. And database professionals can make changes to the stored procedure at any time without affecting the application source code.
3） Faster execution: If an operation involves a lot of Transaction-SQL code or is executed multiple times separately, stored procedures are much faster than batch processing. Because stored procedures are precompiled. When a stored procedure is queried the first time it is run, the optimizer analyzes and optimizes it and gives the execution plan that is eventually stored in the system table. Batch transactions-SQL statements are slower to compile and optimize each time they are run.
4） Reduce network traffic: For operations (such as queries and modifications) on the same database object, if the Transaction-SQL statement involved in the operation is organized into a stored procedure, only the call statement is transmitted over the network when the stored procedure is called on the customer's computer, greatly reducing network traffic and reducing network load.
5） As a security mechanism to make full use of: by restricting the permission to execute a stored procedure, can realize the restriction of the corresponding data access permission, avoid unauthorized users to access the data, to ensure the security of the data.
Disadvantage：
In China, many Internet companies prohibit the use of stored procedures. There are several reasons:
1) Stored procedures are not easy to debug.Positioning can be tricky when very complex logic is involved.
2) The portability of stored procedures is poor. For example, when migrating from oracle to mysql, the entire stored procedure needs to be rewritten when some of the database's unique features are involved. Not only is the cost high, but it may also affect the upstream business.
3) The management of stored procedures is difficult, once the amount of stored procedures is relatively large, it will fall into a state of confusion.
4) The optimization and maintenance of the stored procedure is very troublesome. With the development of the business, the table results of the database may change, and these changes need to be synchronized to the stored procedure. Moreover, the original execution plan of sql language is not optimal, so we need to re-maintain. Internet company business iteration update very fast, put business logic in the application instead more flexible.

[bookmark: _Toc123906222]7.6. Transactions
A transaction is a completed unit of business logic. Transactions have four properties (ACID):
1) Atomicity: A transaction is the smallest unit of work and cannot be subdivided
2) Consistency: Transactions must ensure that multiple DML statements succeed or fail simultaneously
3) Isolation: Transaction A is isolated from transaction B
4) Persistence: Persistence says that the final data must be persisted to the hard disk file for the transaction to end successfully.
There are four isolation levels for transactions:
1) read uncommitted: The other party is not committed. The current transaction can read the uncommitted data from the other party.
2) read committed, we can read the data after the other party commits. This isolation level resolves dirty reads, but does not allow repeated reads.
3) repeatable read, this isolation level solves the problem of unrepeatable read, but the read data may be illusory.
4) Serialized reads solve all the problems, but it is inefficient and requires transaction queuing.
The default isolation commitment is read committed for oracle database, and the default isolation commitment is repeatable read for MySQL database.
[bookmark: _Toc123906223]7.7. Indexing
Database index is a sorted data structure in the database management system to assist in quick query and update the data of tables in the database. Index implementations usually use B trees and variants of B+ trees (which is what MySQL commonly uses for indexes). In addition to the data, the database system maintains data structures that are designed to satisfy a particular lookup algorithm and that refer to the data in some way, which is the index. In short, an index is like a table of contents for a book or dictionary.
Advantages:
1) You can create indexes to improve system performance during query
2) By creating a unique index, you can maintain the uniqueness of each row of data in a database table
3) When you use the grouping and sorting clauses for data retrieval, you can reduce the time spent grouping and sorting in the query
Disadvantages:
1) Indexes are time consuming to create and maintain, and the time increases with the amount of data
2) Indexes take up physical space, even more if you want to build a cluster index
3) It takes more time to add or delete the data in the table because the index is also maintained dynamically
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[bookmark: _Toc123906225]SQL
create table Class (
   ClassNo              INT4                 not null,
   InstructorID         INT4                 not null,
   StaffNo              INT4                 not null,
   Squash               VARCHAR(100)         null,
   Tennis               VARCHAR(100)         null,
   Football             VARCHAR(200)         null,
   Badminton            VARCHAR(200)         null,
   Netball              VARCHAR(200)         null,
  ClassNum         INT4    null,
   constraint PK_CLASS primary key (ClassNo)
);
create table Instructor (
   InstructorID         INT4                 not null,
   InName               VARCHAR(100)         null,
   Insex              VARCHAR(2)    CHECK(Insex='M' OR Insex='F' )       null,
   Inaddress            VARCHAR(200)         null,
   Inphone              CHAR(13)             null,
   constraint PK_INSTRUCTOR primary key (InstructorID)
); 
create table Joins(
   ClassNo              INT4                 not null,
   Membership_number  INT4                 not null,
   StartDate            DATE                 null,
   EndDate              DATE                 null,
   Room                 CHAR(20)             null,
   constraint PK_JOIN primary key (ClassNo, Membership_number)
);
create table Staff (
   StaffNo              INT4                 not null,
   StaffName            VARCHAR(200)         null,
   StaffTell            CHAR(13)             null,
   Staffsex             CHAR(4)              null,
   StaffSalary   real        null,     
   constraint PK_STAFF primary key (StaffNo)
);
create table Member (
   Membership_number  INT4                 not null,
   Name                 VARCHAR(100)         null,
   Address              VARCHAR(200)         null,
   Telephone_Number   CHAR(13)             null,
   DateJoined           DATE                 null,
   Dateof_last_Renewal DATE                 null,
   Type VARCHAR(100)  CHECK(Type='Week Day' OR Type='Weekend' OR Type='All week')      null,
   constraint PK_MEMBER primary key (Membership_number)
);
create table audit(
STA_ID INT4 NOT NULL,
ENTRY_DATE TEXT NOT NULL
);
alter table Class
   add constraint FK_CLASS_MANAGE_STAFF foreign key (StaffNo)
      references Staff (StaffNo);

CREATE OR REPLACE FUNCTION audifunc() returns Trigger as $example_table$
BEGIN
insert into audit ( STA_ID, ENTRY_DATE) VALUES (NEW.StaffNo,current_timestamp);
RETURN NEW;
END;
$example_table$ LANGUAGE plpgsql;

Create Trigger tr_1
AFTER INSERT ON Staff
FOR EACH ROW EXECUTE PROCEDURE audifunc();

begin ;
delete from staff where  StaffSalary=15000;
rollback;

begin ;
delete from staff where  StaffSalary=15000;
commit;

create unique index Staff_PK on Staff (
StaffNo
);
create  index Join_FK on Joins (
ClassNo
);
create unique index Join_PK on Joins(
ClassNo,
Membership_number
);

insert into staff values('1','Tom1','4008587878','M','15000');
insert into staff values('2','Tom2','4008587878','M','15000');
insert into staff values('3','Tom3','4008587878','F','15000');
insert into staff values('4','Tom4','4008587878','M','15000');
insert into staff values('5','Tom5','4008587878','M','15000');

insert into instructor values(1,'teacher1','M','ld','1111111111111');
insert into instructor values(2,'teacher2','F','ld','1111111111111');
insert into instructor values(3,'teacher3','M','ld','1111111111111');
insert into instructor values(4,'teacher4','F','ld','1111111111111');
insert into instructor values(5,'teacher5','M','ld','1111111111111');

insert into joins values(1,1,'2023-1-2','2023-10-2',604);
insert into joins values(2,1,'2023-1-2','2023-9-2',504);

insert into member values(1,'jack1','NY','123','2022-1-1','2022-10-1','Week Day');
insert into member values(2,'jack2','NY','123','2022-1-1','2022-10-1','Weekend');
insert into member values(3,'jack3','NY','123','2022-1-1','2022-10-1','All week');
insert into member values(4,'jack4','NY','123','2022-1-1','2022-10-1','Week Day');
insert into member values(5,'jack5','NY','123','2022-1-1','2022-10-1','Week Day');
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,'2022-1-1"
,'2022-1-1"
,'2022-1-1"

'2022-10-1",
'2022-10-1",
'2022-10-1",
'2022-10-1",
'2022-10-1",

"Week Day');
"Weekend') ;
AL week')
"Week Day');
"Week Day');
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