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Abstract
This article uses the object-relational database - PostgreSQL to complete the design and implementation of ALC DataBase. A total of three tables are used, namely member, classes, classes_manager. In addition to these three main tables, member_audit and class_audit are added. Indexes are used in multiple tables to improve the performance of database queries, mainly to reduce query consumption. At the same time, triggers and functions are used together to add, delete, modify and query between multiple tables. In addition, TRANSACTION is used to ensure data consistency and atomicity and isolation of data operations. And in the subsequent chapters, the functions of INDEX, TRIGGER, TRANSACTION, etc. and how they are deployed and implemented in ACL DataBase are analyzed.
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1 [bookmark: _Toc123835771]Overview
1.1 [bookmark: _Toc123835772]Topic Background 
Abertawe Leisure Center (ALC) needs to manage members and courses, and the existing database can no longer meet the needs of ALC. On the one hand, the scale of ALC is getting bigger and more members. So now a new database is needed to maintain the business needs of ALC, and at the same time, it is necessary to ensure the security of the new ALC DataBase data and ensure the high efficiency of database use.

[bookmark: _Toc123835773]1.2 Topic requirements
Able to manage member joining, renewal and termination of membership contract, and at the same time operate a member to join a course or a member to withdraw from a course.
Secondly, Create Stored Procedures to implement Transactions for all Insert, Update and Delete operations making appropriate use of Rollback and Commit; At the same time, create an audit table to record and audit the additions, deletions, modifications and inquiries in the database.
At the same time, the overall database should follow the following characteristics：
i.  Should be normalised to 3NF;
ii. Should have appropriate attributes to demonstrate the design structure for
assignment purposes;
iii. Primary key for each table. Your database schema should feature at least one
composite primary key;
iv. Referential integrity constraints (foreign keys);
v. At least three check constraints.
vi. Functions;
vii. Triggers with an auditing feature;
viii. Stored Procedures;
ix. Transactions;
x. Indexes.

The design and implementation of the database fully complies with the above requirements and rules.



2 [bookmark: _Toc123835774]Design of the database 
2.1 [bookmark: _Toc123835775]System logic model 
[image: ] The logic model of the Zhenti system of the ALC database is mainly composed of three sections: the administrator section, the member section and the course section. The overall system logic model diagram is shown in Figure 1.
Figure 1 ACL Database system logic model diagram
It can be seen that the Manager is mainly responsible for the overall planning and allocation of courses for members, and at the same time manages the relevant information of the courses. The Member module allows members to modify some personal information, course inquiries, etc. on the website. The Classes module is responsible for coordinating course information.

[bookmark: _Toc123835776]2.2 Entity Relationship Diagram for Database（ERD）
In the entity relationship diagram of the database, the table "member_audit" is the audit table of the table "member", which is used to save the information of the "member" before and after modification, and at the same time determine whether the current member has stopped renewing the contract and whether the data of the member has been transferred from Deleted from table "member".
The table "class_audit" is the audit table of the table "classes", which is also used to store the change information in classes.
[image: ]The entity relationship diagram of the database is shown in Figure 2 below.
Figure 2 Database Entity Relationship Diagram

In the overall database architecture, there are many FOREIGN KEY constraints and CHECK constraints, etc., which will be introduced in Chapters 3 and 4.

3 [bookmark: _Toc123835777]Implementation of the database
3.1 [bookmark: _Toc123835778]Use indexes to improve performance
3.1.1 [bookmark: _Toc123835779]Basic Concepts of Indexing
An index is a separate, physical special database structure that sorts the values ​​of one or more columns in a database table. It is a collection of values ​​in one or several columns in a table and corresponding pointers to physical identifiers for these values ​​in the table. A list of logical pointers to data pages. The function of the index is equivalent to the catalog of the book, and you can quickly find the required content according to the page number in the catalog.
In many databases, indexes can usually be divided into clustered indexes and nonclustered indexes. The physical order of the records in the table in the aggregated index is the same as the index order of the key values; while using a non-aggregated index, the physical order of the records in the table has nothing to do with the index order of the key values.
However, every index in PostgreSQL is "nonclustered". PostgreSQL does not have clustered indexes. If you run create index, it will create a (non-clustered) B-tree index. That is to say, the underlying logic of postgresql to create indexes directly is B-tree, which also explains why using indexes can effectively improve the efficiency of queries. 
3.1.2 [bookmark: _Toc123835780]index selection
1. The higher the value dispersion of a field in the table is, the more suitable the field is to be selected as the keyword for the index.
2. Fields that occupy less storage space are more suitable as keywords for indexing. For example, integer fields take up less storage space than strings and are therefore better candidates for index keys.
3. Fields with fixed storage space are more suitable to be selected as index keywords. Compared with text type fields, char type fields are more suitable to be selected as index keywords.
4. The frequently used fields in the Where clause should be indexed, the grouping field or sorting field should be indexed, and the connection fields of the two tables should be indexed.
5. Fields that are updated frequently are not suitable for creating indexes, and fields that do not appear in the where clause should not be indexed.
6. The leftmost prefix principle.
7. Try to use prefix indexes.
[bookmark: _Toc123835781]3.2 Triggers and Functions
[bookmark: _Toc123835782]3.2.1 The use and function of triggers
A trigger is a special stored procedure that cannot be called explicitly, but is activated automatically when a record is inserted into a table, a record is updated, or a record is deleted. So triggers can be used to implement complex integrity constraints on tables.
Triggers are stored as independent objects in the database. Unlike stored procedures, stored procedures are started by other programs, while triggers are started by an event. That is, when a certain event occurs, the trigger runs automatically and implicitly. Also, triggers cannot accept parameters.
SQL supports 3 types of triggers: INSERT (insert), UPDATE (update) and DELETE (delete). The trigger test table is shown in Figure 3 below.[image: ]
Figure 3 Trigger test table
It can be seen that when using INSERT to trigger, the row in the inserted table is a copy of the new row in the trigger table. When triggering with delete, these related rows are moved from the trigger table to the deleted table. But when UPDATE is triggered, the UPDATE effect is equivalent to a DELETE plus an INSERT; first, the old row is copied to the deleted table, and then the new row is copied to the trigger table and the inserted table.

3.2.2 [bookmark: _Toc123835783]use of functions
In general, you can create functions in the following ways:
create sql function <function_name>(@<parameter_in1> <datatype>[,
 @<parameter_in2> <datatype>...]) 
[returns @<parameter_out> <datatype>] 
as [begin] 
<function_expression> 
[end];


3.2.3 [bookmark: _Toc123835784]The role of triggers and functions in ALC DataBase
It is common to use functions with triggers, such as executing functions before or after inserting. In the ACL Database, the classes table contains two interrelated columns, namely member_num and is_vialbe, which respectively represent the number of members of the current course and whether the current course can be started (only the number of members > 6 can start the course); so we can After inserting or updating member_num, is_vialbe is automatically set through triggers and functions to identify whether the current course can start.

[bookmark: _Toc123835785]3.3 TRANSACTION
[bookmark: _Toc123835786]3.3.1 Overview of TRANSACTION
TRANSACTION is a logical unit in the execution process of the database management system, consisting of a limited sequence of database operations.
When we read and write operations on the database, we usually want to maintain data consistency. Even if multiple users and programs access the database, we can provide an isolation method between these users and applications to prevent mutual interference between operations. , so as to maintain the data integrity and data security of the database.
That is to say, in a group of routine operations on the database ((SELECT, UPDATE, DELETE, INSERT, etc.), this group of operations either all succeed or all fail, and some successes and some failures are not allowed. Such a set of operations is called Transaction. When a transaction is submitted to a database management system (DBMS), the DBMS needs to ensure that all operations in the transaction are successfully completed and the results are permanently stored in the database. If there are operations in the transaction If it is not successfully completed, all operations in the transaction need to be rolled back to return to the state before the transaction is executed; at the same time, the transaction has no effect on the execution of the database or other transactions, and all transactions seem to be running independently.
Transactions have four standard attributes to ensure the normal operation of transactions, usually called ACID, which are Atomicity (to ensure that transactions are executed as a whole), Consistency (data in the database must satisfy integrity constraints), Isolation (between transactions Independent operation, independent of each other), Durability (committed transactions should have persistence and be able to be stored permanently).
The transaction isolation level of Transaction Isolation has the following four levels:
(1) READ UNCOMMITTED (2) READ COMMITTED (3) REPEATABLE READ (4) SERIALIZABLE
To understand these four isolation levels, they correspond to three inconsistent situations: dirty reads; non-repeatable reads; phantom reads (phantom reads).

3.3.2 [bookmark: _Toc123835787]3.3.2 Transaction Commit and Rollback
Use the following commands to control transactions:
BEGIN TRANSACTION: Start a transaction.
COMMIT: transaction confirmation, or you can use the END TRANSACTION command.
ROLLBACK: Transaction rollback.
Transaction control commands are only used with INSERT, UPDATE, and DELETE. They cannot be used when creating a table or dropping a table, because these operations are automatically committed in the database.

[bookmark: _Toc123835788]3.3.3 Transaction ensures data consistency of ALC DataBase
	In this ALC DataBase design, TRANSACTION and triggers are used to cooperate with each other, and there is a set of operations inside the function corresponding to the trigger. After the trigger is triggered, if an error occurs, then perform a rollback operation to roll back all the operations performed in the function to ensure data consistency; if the trigger does not have an error and everything is normal, execute the commit operation , which means that this set of operations is completed normally.
This can be done with similar code below：
/* Create trigger */
CREATE TRIGGER class_audit_trigger BEFORE INSERT ON class_manager 
FOR EACH ROW EXECUTE PROCEDURE tri_class_audit() ;

BEGIN TRANSACTION 
/* The insert raises a trigger to update the table "class_audit" */
NSERT INTO class_manager(member_id, class_id, operation) VALUES(10, 6, 1);
IF @@error <>0 /* Indicates an error occurred during triggering */ THEN
	ROLLBAK TRANSACTION;
ELSE /* Otherwise, commit transaction */
	COMMIT TRANSACTION;
EDN IF;

[bookmark: _Toc123835789]3.4 constraint
[bookmark: _Toc123835790]3.4.1 Concepts and Kinds of Constraint	
The concept of constraints is easy to understand, just like the name "constraints", we create constraints to specify the data rules in the table. Only when the inserted or updated data conforms to the constraints we set, the data will be inserted or updated normally. If there is a behavior that violates the constraints, the current behavior will be stopped immediately and an error will be reported.
Usually we can directly add constraints when creating a table, such as create table temp(id int check(conditions)); or we can use the ALTER TABLE statement to add or delete constraints after the table is created.
There are two levels of constraints: column-level constraints (applies only to columns); table-level constraints (applies to tables only).
There are usually several types of constraints, namely: NOT NULL constraints, UNIQUE constraints, PRIMARY KEY constraints, FOREIGN KEY constraints, CHECK constraints, EXCLUSION constraints.

[bookmark: _Toc123835791]3.4.2 FOREIGN KEY constraints and REFERENCE
FOREIGN KEY constraints are often used to maintain referential integrity between two tables. For two tables with an association relationship, the table where the primary key in the associated field is located is the main table (parent table), and the table where the foreign key is located is the secondary table (child table).
When a record is deleted from the master table, the corresponding record in the slave table must also be changed accordingly. A table can have one or more foreign keys, and the foreign key can be null. If it is not null, the value of each foreign key must be equal to a value of the primary key in the main table.
The method of use is usually：
[CONSTRAINT < Foreign Key Name >] FOREIGN KEY Field name [，Field name 2，…]  
REFERENCES < Primary table name > primary key column 1 [，primary key column 2，…]  

[bookmark: _Toc123835792]3.4.3 check constraints
The Check constraint is just like its name - check the input value: CHECK constraint ensures that all values ​​in the column meet a certain condition, that is, check the input of a record. If the condition evaluates to false, the record violates the constraint and cannot be entered into the table.
The method of use is also relatively simple. If the condition is relatively simple, you can add check constraints when creating the table; if the condition is more complicated, you can use ALTER TABLE to add constraints later. The method of use is usually as follows:
ALTER TABLE table_name
ADD CONSTRAINT MyUniqueConstraint CHECK (CONDITION);

4 [bookmark: _Toc123835793]Performance Tuning and Functional Testing
[bookmark: _Toc123835794]4.1 The basis for choosing an index
As mentioned in section 3.1, the fields with high discreteness should be used for index selection, because the data structure used by PostgreSQL when creating common indexes is B-tree, so using fields with high discreteness is conducive to query and search. Therefore, "member_id" is used as an index in the table "member", and the index is automatically grown as a primary key to ensure the principle of uniqueness. By default, the index name is the unique index field name.
At the same time, you should choose a field with small storage space and fixed. For example, "member_id" is an INT type, which is more suitable than a VARCHAR type; at the same time, if a field is updated frequently, then this field is not suitable as an index.

[bookmark: _Toc123835795]4.2 Performance improvements from testing indexes
In the table "member", have "member_id" as index as below：
CREATE INDEX Ind_Member_id ON member (member_id ASC);
Use the "EXPLAIN ANALYSE" keyword for performance testing, mainly to observe the time consumption of each query. Use the following statement to test.
EXPLAIN ANALYSE SELECT * FROM member where member_id = xx;
Before the index is created, the data analysis of the query is as follows：
QUERY PLAN

Index Scan using ind_member_id on member  (cost=0.14..8.16 rows=1 width=1152) (actual time=0.007..0.008 rows=1 loops=1)
  Index Cond: (member_id = 2)
Planning Time: 1.655 ms
Execution Time: 0.035 ms
It can be seen here that the start consumption of the evaluation is 0.14, and the total consumption of the evaluation is 8.16; while the startup time of the query is 0.007ms, the completion time of the query is 0.008ms, and the total execution time is 0.35ms.
After the index is created, the data analysis for the query is as follows：
QUERY PLAN

Seq Scan on member  (cost=0.00..1.13 rows=1 width=1152) (actual time=0.007..0.007 rows=1 loops=1)
  Filter: (member_id = 4)
  Rows Removed by Filter: 9
Planning Time: 0.529 ms
Execution Time: 0.014 ms
It can be seen that after the index is added, the start consumption of the evaluation will be 0 directly, and the completion consumption will be greatly reduced to 1.13; and the final execution time will also be reduced to 0.014ms, which is a significant improvement compared to before.

[bookmark: _Toc123835796]4.3 Test triggers and functions
Two triggers and corresponding functions are created on the table "class_manager". The rules for ALC to create courses are: 6 members must join the course before the course can start, and the "is_viable" in the table corresponding to the class can be converted to TRUE; so we set up a trigger, when we use "class_manager" to the corresponding member When performing the operation of adding courses, the trigger performs the following operations: (1) Add courses to the "classes" field of the corresponding member; (2) Increase the count to the "member_num" field of the corresponding class; (3) Monitor the "member_num" field of the class "Field is greater than or equal to 6, if the condition is met, set the "is_viable" field in the class to TRUE. Similarly, if you want to cancel the operation of the corresponding course, the trigger performs the opposite operation.
The second trigger adds data to the audit table "class_audit". Here, it is triggered before and after the table "class_manager" is inserted, and records the information modification content of members and courses, which can be provided to the administrator for audit.
/* Insert one pieces of data */
EXPLAIN ANALYSE INSERT INTO class_manager(member_id, class_id, operation) VALUES(5, 3, 1);

QUERY PLAN

"Insert on class_manager  (cost=0.00..0.01 rows=0 width=0) (actual time=4.716..4.717 rows=0 loops=1)"
"  ->  Result  (cost=0.00..0.01 rows=1 width=16) (actual time=0.043..0.044 rows=1 loops=1)"
"Planning Time: 0.031 ms"
"Trigger for constraint class_manager_class_id_fkey: time=0.161 calls=1"
"Trigger class_audit_trigger: time=2.102 calls=1"
"Trigger modify_record_trigger: time=0.995 calls=1"
"Execution Time: 5.883 ms"
[image: ] It can be seen that the triggers have been successfully run, and the review table has also successfully inserted and updated data, and there are corresponding changes in multiple tables, but because of space issues, they will not be displayed one by one.
Figure 4 Audit table：class_audit

[bookmark: _Toc123835797]4.4 Simultaneous testing of constraints and TRANSACTION
Here, TRANSACTION is used to cooperate with FOREIGN KEY and CHECK to measure each other. If the modified data does not meet the constraint conditions, PostgreSQL will report an error, which will cause the ROLLBACK of TRANSACTION, which can ensure the security of the data; if the modified data meets the constraint conditions, then TRANSACTION will execute COMMIT.
The test code is as follows：
BEGIN TRANSACTION;
INSERT INTO class_manager(member_id, class_id, operation) 
VALUES(10, 5, 1);
/*  The first statement is correct, that is, members and classes are inserted and changed normally */
update member set subscription_fee = 333 where member_id=3;
/*  The second statement violates the check constraint and automatically executes ROLLBACK. */
COMMIT;
First set up TRANSACTION, then after the first statement, INSERT INTO executes successfully, but the second statement violates the CHECK constraint and outputs the following error：
OUTPUT：

ERROR: Error: New column of relation "member" violates check constraint "memberfeecheck"
DETAIL: fails, line contains (3, clifton, Room23, White Street, 19876529561, 2022-10-08, 2022-11-20, week day, 333, {f,f,f,f,f}, null).
Immediately after that, the following information is output, indicating that PostgreSQL automatically executes the ROLLBACK operation：
OUTPUT：

ERROR: Error: current transaction is aborted, queries before the end of the transaction block are ignored





5 [bookmark: _Toc123835798]Conclusion
A brand new ALC DataBase is built to meet the business needs of ALC. Indexes are used in multiple tables in the data to enhance the efficiency of queries. At the same time, it has been verified in the article that choosing the appropriate field as an index can greatly reduce the consumption of queries and the execution time of queries. Second, make full use of TRIGGER and FUNCTION to perform data-related operations. Secondly, TRANSACTION is used to maintain the atomicity, consistency and isolation of each routine data operation, which fully guarantees the data security of ALC DataBase. At the same time, many constraints are used, including FOREIGN KEY constraints and CHECK constraints, which also provide great help to the data security of the database. To sum up, the database built this time can meet the growing business needs of ALC, and can satisfy a large number of members to join. At the same time, more novel technologies can be used to upgrade the database in the future, so as to provide more perfect services for ALC.
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