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[bookmark: _Toc30881]Abstract
This paper realizes ALC‘s requirements for this matter, and completes its ERD design and database design. In the design part, the requirement analysis is considered as an important part of the database implementation, and the relationship between each individual is described and helped to establish a relationship. Through the creation of the chart, the data is filled in the table, and functions such as functions and triggers are created to achieve the expected goals. Constraints are added to demonstrate transaction rollback and commit operations, and retrieval is added to improve efficiency.
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1. [bookmark: _Toc19219]Main tables
Membership_Type (Typename, Fee)

Member(Membership_ID,Name,Address,Telephone,Join_Date,LastRenewal_Date,Typename)

Room(Room_No,Room_name)

Instructor (Instructor_ID,Instructor_name)

Class(ClassID, ClassName, MinofMembers, StartDate, EndDate, StartTime, EndTime, Room_NO, Instructor_ID)

Enrollment(ClassID, Membership_ID)

instructor_QualifiedActivities (instructor_ID, QualifiedActivities)

[bookmark: _Toc26320]2.Create Database
[bookmark: _Toc9488]2.1 Tables 
CREATE TABLE Membership_Type (
	    Typename VARCHAR(20) PRIMARY KEY,
    Fee NUMERIC(10,2)
);


CREATE TABLE Member (
	    Membership_ID VARCHAR(20) PRIMARY KEY,
    Name VARCHAR(20),
    Address VARCHAR(20),
    Telephone VARCHAR(20),
    Join_Date DATE,
LastRenewal_Date DATE,
Typename VARCHAR(20),
	FOREIGN KEY (Typename) REFERENCES Membership_Type(Typename)
);

CREATE TABLE Room (
	    Room_No VARCHAR(10) PRIMARY KEY,
    Room_Name VARCHAR(20)
);


CREATE TABLE Instructor (
	    Instructor_ID VARCHAR(20) PRIMARY KEY,
    Instructor_Name VARCHAR(20)
	
);

CREATE TABLE Class (
	    ClassID VARCHAR(20) PRIMARY KEY,
    ClassName VARCHAR(20),
    MinOfMembers INTEGER,
    StartDate DATE,
    EndDate DATE,
    StartTime TIME,
    EndTime TIME,
	    Room_No VARCHAR(10),
	FOREIGN KEY (Room_No) REFERENCES Room(Room_No),
    Instructor_ID VARCHAR(20),
	FOREIGN KEY (Instructor_ID) REFERENCES Instructor(Instructor_ID)
);

CREATE TABLE Enrollment (
    ClassID VARCHAR(20),
	FOREIGN KEY (ClassID) REFERENCES Class(ClassID),
    Membership_ID VARCHAR(20),
	FOREIGN KEY (Membership_ID) REFERENCES Member(Membership_ID),
    PRIMARY KEY (ClassID, Membership_ID)
);


CREATE TABLE Instructor_QualifiedActivities (
	
    QualifiedActivities VARCHAR(20) ARRAY,
       Instructor_ID VARCHAR(20),
	FOREIGN KEY (Instructor_ID) REFERENCES Instructor(Instructor_ID),
    PRIMARY KEY (Instructor_ID, QualifiedActivities)

);
[bookmark: _Toc5594]2.2 keys constraints
FOREIGN KEY (Typename) REFERENCES Membership_Type(Typename)

FOREIGN KEY (Room_No) REFERENCES Room(Room_No)

FOREIGN KEY (Instructor_ID) REFERENCES Instructor(Instructor_ID)

FOREIGN KEY (ClassID) REFERENCES Class(ClassID)

FOREIGN KEY (Membership_ID) REFERENCES Member(Membership_ID)

FOREIGN KEY (Instructor_ID) REFERENCES Instructor(Instructor_ID)
[bookmark: _Toc24844]2.3 Check constraints

-- Add check constraints to the Class table to ensure that the end time is later than the start time
ALTER TABLE Class ADD CHECK (EndTime > StartTime);
-- Add a check constraint to the Member table to ensure that the LastRenewal_Date is later than the Join_Date
ALTER TABLE Member ADD CHECK (Join_Date <= LastRenewal_Date);
-- Add a check constraint for a class. A course must have at least 6 members registered
ALTER TABLE Class ADD CHECK (MinOfMembers >= 6);

The above three methods can help us avoid three information registration errors. 1. The end time of the course is earlier than the start time of the course to avoid errors in the course duration. 2. The minimum number of people who choose the course is less than 6. The course is also run to avoid wasting teacher resources. 3. The customer's personal information is recorded later than the last update time to avoid errors in customer information.
[bookmark: _Toc1588]2.4Realistic sample data
[bookmark: _Toc9268]2.4.1Membeship_type
call insert_membership('Week Day',550);
call insert_membership('Weekend',800);
call insert_membership('All week',1200);

select * from membership_type;
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[bookmark: _Toc31927]2.4.2instructor
call insert_instructor(1,'Aibhe');
call insert_instructor (2,'Arnie');
call insert_instructor (3,'Edric');
call insert_instructor (4,'sam');
call insert_instructor (5,'Ruth');
call insert_instructor (6,'Alex');


select * from instructor;
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[bookmark: _Toc2776]2.4.3Member


call insert_member('leo’,'42 Green Street', '123456',current_date,current_date,’week Day’ );
call insert_member('jack’,'55 Blue Street', '234566',current_date,current_date,’weekend’ );
call insert_member('winnie',98 Black Street', '778976',current_date,current_date,’ALL week’ );
call insert_member('joe’,'45 Red Street', '546445',current_date,current_date,’weekend’ );
call insert_member('yami','78 Yellow Street', '124512',current_date,current_date,’weekend’ );
call insert_member('zoe','96 White Street', '564789',current_date,current_date,’ALL week’ );


select * from member;
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[bookmark: _Toc19430]2.4.4Class 
call insert_class(1,'Squash',6,,current_date,2023-01-14,,current_time,21:40:37,1,1);
call insert_class(2,'Tennis',6,,current_date,2023-01-14,,current_time,21:53:58,2,2);
call insert_class(3,'5 a Side Football,6,,current_date,2023-01-21,,current_time,21:54:51,3,3);
call insert_class(4,'Badminton',6,,current_date,2023-01-13,,current_time,21:55:24,4,4);
call insert_class(5,'Netbal',6,,current_date,2023-01-13,,current_time,21:55:47,5,5);
call insert_class(6,'UFC',6,,current_date,2023-01-13,,current_time,21:56:00,6,6);


select * from class;
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[bookmark: _Toc28437]2.4.5ROOM

call insert_room(1,'Squash room');
call insert_room(2,'Tennis room');
call insert_room(3,'5 a Side Football room,);
call insert_room(4,'Badminton room',);
call insert_room(5,'Netbal room',);
call insert_room(6,'UFC room',);
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[bookmark: _Toc6254]2.5Transaction

-- Create a function to log member activity
CREATE OR REPLACE FUNCTION logmember_ac()
RETURNS TRIGGER AS $$
BEGIN
	
    IF (TG_OP = 'DELETE') THEN
		--In  logmember_ac Insert a new row with activity type "Insert" and new row data in the log table
        INSERT INTO member_ac_log (activity, Membership_ID, Name, Address, Telephone, Join_Date, LastRenewal_Date, Typename)
        VALUES ('DELETE', OLD. Membership_ID, OLD.Name, OLD.Address, OLD.Telephone, OLD.Join_Date, OLD.LastRenewal_Date, OLD.Typename);
        RETURN OLD;
    ELSIF (TG_OP = 'INSERT') THEN
        INSERT INTO member_ac_log (activity, Membership_ID, Name, Address, Telephone, Join_Date, LastRenewal_Date, Typename)
        VALUES ('INSERT', NEW.Membership_ID, NEW.Name, NEW.Address, NEW.Telephone, NEW.Join_Date, NEW.LastRenewal_Date, NEW.Typename);
        RETURN NEW;
    ELSIF (TG_OP = 'UPDATE') THEN
        INSERT INTO member_ac_log (activity, Membership_ID, Name, Address, Telephone, Join_Date, LastRenewal_Date, Typename)
        VALUES ('UPDATE', NEW.Membership_ID, NEW.Name, NEW.Address, NEW.Telephone, NEW.Join_Date, NEW.LastRenewal_Date, NEW.Typename);
        RETURN NEW;
    END IF;
END;
$$ LANGUAGE plpgsql;


-- Create the member activity log table
CREATE TABLE member_ac_log (
    activity VARCHAR(10),
    -- Membership_ID is the primary key
    Membership_ID VARCHAR(20) PRIMARY KEY,
    Name VARCHAR(20),
    Address VARCHAR(20),
    Telephone VARCHAR(20),
    Join_Date DATE,
    LastRenewal_Date DATE,
    Typename VARCHAR(20)
);


-- Create a trigger that logs member activity after an INSERT, UPDATE, or DELETE statement on the Member table
CREATE TRIGGER member_ac_trigger
AFTER INSERT OR UPDATE OR DELETE ON member
FOR EACH ROW
EXECUTE PROCEDURE logmember_ac();




-- Create a stored procedure to insert new members into the member table
CREATE OR REPLACE PROCEDURE insert_member (
    IN p_Membership_ID VARCHAR(20),
    IN p_Name VARCHAR(20),
    IN p_Address VARCHAR(20),
    IN p_Telephone VARCHAR(20),
    IN p_Join_Date DATE,
    IN p_LastRenewal_Date DATE,
    IN p_Typename VARCHAR(20)
)
LANGUAGE plpgsql
AS $$
BEGIN
    INSERT INTO member (Membership_ID, Name, Address, Telephone, Join_Date, LastRenewal_Date, Typename)
    VALUES (p_Membership_ID, p_Name, p_Address, p_Telephone, p_Join_Date, p_LastRenewal_Date, p_Typename);
END;
$$;
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If we need to update some places, such as using our insert statement, there will be a table to record our insert, delete and update operations on the statement. It can be clearly seen in the figure that we updated 23456 users and inserted user 1. This way we can easily know what we are doing.
[bookmark: _Toc20963]3. Advice
[bookmark: _Toc31353]3.1 Indexes
Indexing in the database system mainly has the following functions:
(1) Quickly fetch data;
(2) Ensure the uniqueness of data records;
(3) Realize the referential integrity between tables;
(4) When using ORDER by and group by clauses for data retrieval, using indexes can reduce the time for sorting and grouping.
For example, we can create an auxiliary index on the member's phone. If in some cases we find a member's lost mobile phone and use his mobile phone to call us, we can get his phone number. Through the index, we can confirm the member's information according to the phone number, and return the mobile phone or other personal items to the member at the first time, It is very convenient to create an index by phone to greatly speed up our query in this direction.
[bookmark: _Toc24968]3.2 Evaluation of Design and Implementation
The database designed in this paper has reflected the requirements of ALC in the ER diagram very well, and the basic requirements have been met. For the requirements of starting classes, the requirement that six or more members should report for classes at the same time has also been met. Besides, the designed functions are very simple, and the trigger for starting the audit function has also met the requirements, The addition of deletion and update information is also very clear from the er diagram.
And the ALC database designed in this paper can be used in many scenarios. We can improve the level of the database to avoid repeated reading, so as to ensure that the information in the database will not be lost or the data on the first floor due to multiple updates and deletions. We classify permissions as: first, data access permissions, usually including entry, browsing, modification, and deletion; second, functions, which can include all indirect data access operations, such as statistics; in addition, we may limit the access of certain fields in some key data tables. A perfect permission design should be fully extensible, that is, the addition of new functions to the system should not bring about major changes to the entire permission management system. To achieve this goal, the database design should be reasonable, followed by the application program interface specification.

[bookmark: _Toc10961]4.Several important concepts 
[bookmark: _Toc12488]Rollback 
The ROLLBACK statement will rollback the transaction, undo the work that has been executed but not yet committed, reduce the $TLEVEL transaction level counter, and release the lock.
ROLLBACK is used to restore the database to the previous consistent state.
ROLLBACK rolls back all work completed during the current transaction, resets the $TLEVEL transaction level counter to 0, and releases all locks.
This restores the database to the state it was in before the transaction started.
ROLLBACK and ROLLBACK WORK are equivalent statements;
Both versions support compatibility.
ROLLBACK TO SAVEPOINT pointname will rollback all work completed since the specified savepoint, and subtract the number of outstanding savepoints from the $TLEVEL transaction level counter.
When all savepoints are rolled back or committed, and the transaction level counter is reset to zero, the transaction completes.
If the specified savepoint does not exist or has been rolled back, ROLLBACK will issue an SQLCODE-375 error and roll back the entire current transaction.
Rollback to SAVEPOINT must specify a point name.
Otherwise, SQLCODE-301 error will be caused.
If the transaction operation fails to complete successfully, an SQLCODE-400 error will be issued.[1].  

[bookmark: _Toc8676]Commit 
Commit is to submit data (here it is to release the lock rather than the lock table). Before submitting, your previous operations update the memory, not the physical file. From the user's perspective, executing commit means updating to the physical file
Whenever possible, use COMMIT as much as possible in the program, so that the performance of the program can be improved and the requirements will be reduced because of the resources released by COMMIT: resources released by COMMIT.

[bookmark: _Toc3129]Indexing  
In addition to data, database systems also maintain data structures that meet specific search algorithms.
These data structures refer to (point to) data in some way.
In this way, advanced search algorithms can be implemented on these data structures.
——This data structure is called index.
Database index is a sort data structure in database management system. To help quickly query and update data in database tables.
Setting an index for a table comes at a cost,
First, it increases the storage space of the database.
Second, it takes more time to insert and modify data (because the index will change accordingly).2].

[bookmark: _Toc44]Triggers 
A trigger is a database object related to a table. It is triggered when the defined conditions are met, and the statements defined in the trigger are executed. This feature of triggers can help to ensure the integrity of data in the database side.
For example, you now have two tables [User Table] and [Log Table]. When a user is created, you need to insert the created log into the log table. If you do not use triggers, you need to write program language logic to achieve this, but if you define a trigger, The function of the trigger is to help you insert a log message in the log table after you insert a piece of data in the user table. Of course, triggers can not only be inserted, but also modified and deleted.[3].
Three common triggers
1. INSERT trigger: trigger is activated when a line is inserted. It may be activated by INSERT, LOAD DATA REPLACE statement trigger (The load data statement is to insert the contents of a file into a table, which is equivalent to an insert statement, while the replace statement is generally similar to an insert statement. However, if there is a primary or unique index in the table, if the inserted data is the same as the original primary key or unique, the original data will be deleted, and then a new data will be added. Therefore, sometimes executing a replace statement is equivalent to executing A delete and insert statement);
2. UPDATE trigger: The trigger is activated when a line is changed, which may be triggered through the UPDATE statement;
3. DELETE trigger: The trigger is activated when a row is deleted, which may be triggered by DELETE or REPLACE statements.

[bookmark: _Toc1966]Transactions 
A database transaction is a sequence of database operations that access and may operate various data items. These operations are either all or none, and are an indivisible unit of work. A transaction consists of all database operations performed between the beginning and end of a transaction. For example, a transfer is a transaction consisting of two operations:
Transfer money from the first account.
Deposit money into a second account.
These two operations either succeed or fail.
If the first operation succeeds and the second operation fails, you need to roll back the first operation.
To ensure data consistency.[4].

[bookmark: _Toc4741]Functions 
SQL provides program structures similar to high-level languages, such as branch structures (if statements) and loop structures (while, for statements, etc.), which can complete complex "business logic", store it in a database, and then call it in SQL. For example, when faced with some data management applications, some business rules can be defined and some can be realized through the function of parameter call. In this case, stored procedures can be used. When the rules change, it is not necessary to modify other codes. When the parameters change, there is no need to write code repeatedly.There have two functions:
1.Scalar function: the operation of a scalar function faces a single value and returns a single value based on the input value.
2.Aggregate function: aggregate function operates on the value list and returns a single value.
[bookmark: _Toc27548]Procedures 
Stored procedures In Oracle, subprograms can be defined in the database, and such program blocks are called stored procedures. It is stored in the data dictionary and can be shared among different users and applications to achieve program optimization and reuse. The advantages of using stored procedures are: (1) processes run on the server side and execute quickly; (2) Once the procedure is executed once, the code will reside in the cache. In future operations, just call the compiled code from the cache to execute, which can improve system performance. (3) Ensure the security of the database. You cannot authorize users to directly access some tables in the application, but authorize users to perform the process of accessing these tables. Non table authorized users cannot access these tables unless they go through the process. (4) Automatically complete tasks that need to be executed in advance. This process can be executed automatically when the system starts, rather than manually after the system starts, and can automatically complete some tasks that need to be executed in advance.[6].
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