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[bookmark: _Toc123837838]Abstract
In this report, I am supposed to come up with some solutions to solve ALC’s problems. First, this report suggests that several secondary indexes should be added to optimize the data query performance. Second, I propose a transaction to make INSERT, DELETE, and UPDATE simplified and integrate it for convenient operation. Subsequently, I have designed a comprehensive database system that includes members, enrollments, instructors, and other relevant components. This system is equipped with indexes, functions, procedures, and triggers that are thoughtfully implemented. This system will provide a solution to ALC as a reference.  

[bookmark: _Toc123837839]1.Secondary Indexes
Here are three potential secondary indexes that could be added to improve the performance of data queries on these tables:
1. A secondary index on the instructor_id column in the classes table. This would allow for faster filtering and sorting of classes based on instructor.
2. A secondary index on the start_date and end_date columns in the classes table. This would allow for faster filtering and sorting of classes based on date range.
3. A secondary index on the room column in the classes table. This would improve the performance of searching the class room.
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The transaction is within a procedure called "insertOrDeleteOrUpdate". The procedure starts a transaction and then checks the value of the "action" input parameter. If it is 'INSERT', the transaction inserts a new row into the "members" table with the provided values for the membership number, name, address, telephone number, date joined, and date of last renewal. If the action is 'DELETE', the transaction deletes the row from the "members" table that has a membership number that matches the provided C_membership_number. If the action is 'UPDATE', the transaction updates the telephone number, name, and address of the member with the provided membership number. If the action is none of these, the procedure rolls back the transaction. Finally, the procedure ends the transaction and returns control to the calling environment.
In PostgreSQL, a transaction is a unit of work that is performed against a database. Transactions are used to ensure data integrity and consistency by allowing multiple related SQL statements to be executed as a single unit of work. If any of the statements within the transaction fail, the entire transaction will be rolled back and the database will be restored to its previous state.
There are several important benefits to using transactions in PostgreSQL:
1. Data consistency: Transactions allow you to ensure that your data is consistent and accurate by rolling back any changes made by a transaction if an error occurs.
2. Isolation: Transactions provide isolation from other transactions, ensuring that the changes made by one transaction are not visible to other transactions until the transaction is committed. This helps to prevent conflicts and data corruption.
3. Atomicity: Transactions are atomic, which means that they are either fully completed or not completed at all. If a transaction fails, it will be rolled back and the database will be restored to its previous state.
4. Durability: Transactions are durable, which means that the changes made by a transaction are permanently stored in the database and are not lost in the event of a failure or crash.
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[bookmark: _Toc123837842]3.1 basic member tables
Each new member is allocated a unique membership number, together with Name, Address, Telephone Number, Date Joined, Date of Last Renewal. So, I create a database to store the information of all members, which is differentiated by the primary key membership number.

Members can join many classes. Classes such as Squash, Tennis, 5 a Side Football, Badminton, Netball are sorted by class_id, which is the primary key of the classes table. Classes need to be booked with Start Date, End Date, Start Time, End Time, and be allocated to a suitable room. they are stored in table classes too. What’s more, every class needs an instructor, so we define a foreign key instructor_id to relate table classes and table instructor. Then we are able to know who is responsible for the class. Instructors are the same to members, they also have instructor_id. name, qualifications.
After we have settled the people, we are supposed to take enrollments into consider. With an enrollments table, we are capable of counting the number that attending to some specific classes. Besides, It is simple to determine which individuals are enrolled in which courses.
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Members can join many classes, but for a class to be viable it must have at least 6 members enrolled. I think that we need a trigger that prevents the member joining the classes that is not viable. Then we have the min_enrollments trigger. This function and trigger will check the number of rows in the enrollments table where the class_id column is equal to the class_id of the row being inserted or updated. If there are fewer than 6 rows, the function will raise an exception with the message 'Class must have at least 6 members enrolled'.
The trigger min_enrollments will be enabled after all the members have enrolled the classes that they want. This can help ensure that the enrollments table contains only valid data and that the classes in the database have a sufficient number of enrolled students. Some specific advantages of using triggers include:
1. Automation: Triggers enable the automatic execution of predefined actions in response to specified events, such as insertions, updates, or deletions on a table. This can save time and reduce the risk of errors by eliminating the need for manual intervention.
2. Data integrity: Triggers can be used to enforce data integrity constraints, such as ensuring that a value is within a certain range, or that a foreign key value exists in the referenced table. This helps to maintain the accuracy and consistency of the data in the database.
3. Performance: Triggers can be used to improve the performance of certain tasks by offloading them to the database server. For example, if you have a large number of updates to perform on a table, you can use a trigger to update related tables in a single transaction, rather than performing separate updates for each row.
4. Auditing: Triggers can be used to track changes to data in the database, such as who made the change and when it was made. This can be useful for auditing purposes or for debugging issues.
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What’s more, ALC requires member bookings for classes, then I suppose that we need a function to count the number. Here we have the total_members function. This function defines a function called total_members that takes an integer input class id and returns an integer output. The function uses a SELECT statement to count the number of rows in the enrollments table that have a class_id matching the input id, and stores the result in a local variable total. The function then returns the value of total to the caller.
Functions are an important concept in computer science and programming, as they allow developers to modularize code and reuse it in multiple places. This helps to improve code readability and maintainability, and reduces the risk of introducing bugs when making changes to the code.
In database management systems like PostgreSQL, functions are also useful for encapsulating commonly used queries and performing data manipulation tasks. This can help to improve the performance of the database, as the same query does not need to be parsed and executed multiple times.

[bookmark: _Toc123837845]3.4 member termination question
However, member staff need to look after member joining, renewal and termination of membership. So, I propose a procedure may be helpful to this problem. 
The procedure add_year_to_date adds one year to the date_of_last_renewal column of the members table for the row where membership_number is equal to the input member_id. It then stores the resulting date in the output parameter modified_date, which can be accessed using the SELECT statement after calling the stored procedure. Stored procedures can help to ensure that data is accessed and modified in a consistent and predictable way, which can be particularly important in a multi-user environment.

In PostgreSQL, a procedure is a named block of code that can be executed by calling its name. Procedures are a useful tool for encapsulating complex logic and for reusing code in multiple places within a database. Procedures can be used to encapsulate complex logic, making it easier to understand and maintain. This can be especially useful for long or complex queries, or for logic that is used in multiple places within the database. By encapsulating this logic within a procedure, it can be easily invoked by calling the procedure's name, rather than having to repeat the entire logic each time it is needed.

[bookmark: _Toc123837846]3.5 all operation questions
If we want to create stored procedures to implement transactions for all Insert, Update and Delete operations, we are able to create a procedure called insertOrDeleteOrUpdate to implement a transaction. As we have discussed it briefly before, so we won’t repeat it here. 
But we are still supposed to talk about the ROLLBACK and COMMIT that used in this transaction.

In PostgreSQL, the ROLLBACK and COMMIT commands are used to manage transactions. The ROLLBACK command is used to undo any changes made during a transaction. If a transaction is rolled back, all of the changes made during the transaction are discarded and the database is restored to its state before the transaction began. This is useful for ensuring the consistency and integrity of the data in the database, especially if an error occurs during the execution of a SQL statement.
The COMMIT command is used to end a transaction and make any changes permanent. Once a transaction has been committed, the changes made during the transaction cannot be undone. This is useful for ensuring that any changes to the database are permanent and can be accessed by other users or applications.
In the insertOrDeleteOrUpdate procedure, the ROLLBACK and COMMIT commands are used to manage the transaction around the INSERT, DELETE, or UPDATE statement. If the action parameter is not recognized or if an error occurs during the execution of the stored procedure, the transaction is rolled back using the ROLLBACK command. If the action parameter is recognized and the INSERT, DELETE, or UPDATE statement is successfully executed, the transaction is committed using the COMMIT command. This ensures that the data in the members table is consistent and correct, even if an error occurs during the execution of the stored procedure.

[bookmark: _Toc123837847]3.6 An audit of all activities on the membership table.
The database manager from ALC needs an audit of all Insert, Update and Delete activities, and stores them to a new table. Hence, I have built a trigger and a function that help to do this job. 
First, "CREATE TRIGGER membership_audit", creates a trigger called "membership_audit" that will execute the "membership_audit_function" function when a specific event occurs on the "members" table. The trigger is defined to execute "AFTER" the event, and it will be activated by "INSERT", "UPDATE", or "DELETE" operations on the table. The "FOR EACH ROW" clause specifies that the trigger function should be executed once for each row affected by the triggering event.
Second, "CREATE OR REPLACE FUNCTION membership_audit_function()", defines the "membership_audit_function" function. This function is a trigger function, as indicated by the "RETURNS TRIGGER" clause. It is defined to execute the code contained within the BEGIN and END block when the trigger is activated.
It inserts a row into the "membership_audit_log" table with the following steps:
OPRATION : a string that describes the type of operation that triggered the function (either "INSERT", "UPDATE", or "DELETE"). The value is determined using a CASE statement that checks the value of the special variable "TG_OP". 
VALUE: "membership_number", "name", "address", "telephone_number", "date_joined", "date_of_last_renewal". 

By logging changes to the "members" table in a separate audit table, it is possible to track the history of changes to the data over time. This can be useful for ensuring data integrity, as it allows you to see who made what changes and when. If the data in the "members" table is accidentally deleted or otherwise lost, the data in the "membership_audit_log" table may be used to recover the lost data.
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We have defined one index and three secondary indexes. But we are supposed to discover why do we need an index? What is the importance of it?
At first, we need to discover what is index. In PostgreSQL, an index is a data structure that is used to improve the performance of database queries by allowing faster search and retrieval of data. Indexes can be created on one or more columns of a table, and they allow the database to quickly locate and retrieve specific rows of data based on the values in the indexed columns.
There are several types of indexes available in PostgreSQL, including:
1. B-tree indexes: These are the most common type of index in PostgreSQL, and they are used to index data stored in a sorted order. B-tree indexes are efficient for both equality and range queries.
2. Hash indexes: These indexes use a hash function to map data values to specific locations in the index, allowing for fast lookups of specific values. However, hash indexes are not efficient for range queries.
3. GiST indexes: These indexes use a generalized search tree data structure to support a wide range of data types and query types, including spatial and full-text search.
4. SP-GiST indexes: These indexes are similar to GiST indexes, but they use a space-partitioning data structure to support efficient queries on large data sets.
In PostgreSQL, an index is a data structure that is used to speed up the performance of database queries. One of the main effects of an index is to reduce the amount of work that the database server has to do in order to execute a query. When a query is executed, the database server must scan the table to find the relevant rows. If the table is large, this can take a significant amount of time. However, if an index is available, the database server can use the index to quickly locate the relevant rows, which can significantly reduce the time it takes to execute the query.
Another effect of an index is to improve the scalability of a database. As the size of a table increases, the time it takes to execute a query can also increase. By creating an index on the table, the database server can more quickly locate the relevant rows, which can help to mitigate the impact of table size on query performance.
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