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[bookmark: _Hlk133014661]Abstract


Creating a database in SQL for Abertawe Leisure Centre (ALC) to manage bookings made by their customers. Proposing a database schema using entity relationship diagram. Creating appropriate tables to store data regarding their members, instructors, classes and bookings in PostgreSQL database. Filling the database with realistic records and test the functionality of the database using stored procedures along with auditing features.
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1. [bookmark: _Toc134070110]Proposal of Database
I propose a database which consists of two schemas, and they are ALC and audit. In ALC there will be 6 tables and they are a table which contains the details of the member along with a member ID, the table which contains the details of an instructor, details of the class, details of membership plan, a booking stable which contains the details of which member takes which class along with the date and the assigned instructor and a table to keep track of viable classes. In audit schema we have audit logs which store the details of a particular table whenever any modification occurs.


2. [bookmark: _Toc134070111]Importance Concepts
2.1. [bookmark: _Toc134070112]Rollback
Rollback is a tool used to undo any changes made to a database. It can be helpful when someone has accidentally deleted or changed the data, as it allows them to restore the database to what it was before. This is especially important because some changes are irreversible, like when data is deleted. It also helps protect the security and accuracy of the data, as it can undo any malicious actions taken. Additionally, it can help to identify issues or errors in the database.


2.2. [bookmark: _Toc134070113]Commit
Commit in SQL is a command used to make sure that our changes are saved and implemented in the database. Once the changes are committed, the database is updated with the changes so that the changes are permanent. Without commit, the database would not be updated, and the changes would not be saved this only works in a transaction. Without commit, we would have no way to know if the changes have been successfully applied or not.
2.3. [bookmark: _Toc134070114]Functions
Function in SQL are used because it allows us to perform actions on database instantaneously. It can be used to perform complex operations such as calculations, sorting and complex. We can use functions to access data across any table in the database which makes it important in certain cases.

2.4. [bookmark: _Toc134070115]Triggers
As the name suggests triggers are like functions but in order to activate the commands inside a trigger block, we need to satisfy the trigger condition that may include a specify type of query by a specific user. Triggers make auditing very easy; they can also be used as complex integrity constraints too.


2.5. [bookmark: _Toc134070116]Procedures
procedure is a group of SQL statements which are stored in the database so that they can be executed all at once. They can be used to restrict access to sensitive data, and they can be reused without slowing the database as they are already compiled and stored inside the database.

2.6. [bookmark: _Toc134070117]Transactions
Transactions are used to enable multiple users to access the database at the same time without complications like concurrency issues. The transaction is read onto the database only after commit is called which reduces number of disk reads and writes therefore increasing performance.

2.7. [bookmark: _Toc134070118]Indexing
Indexing is a method used to enable faster searching operations on a column. This is done by creating a index file which contains list of keys and pointers to the actual data records in table. This can significantly improve the performance of a query as it reduces the time to retrieve the data from an indexed data


3. [bookmark: _Toc134070119]Creation of Database
3.1. [bookmark: _Toc134070120]Entity Relationship Diagram
[image: Diagram
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3.2. [bookmark: _Toc134070121]Creating database and schemas
[image: Graphical user interface, text, application
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Above query creates the database ‘alc’ and two schemas ‘alc’ and ‘audit’. This is done using PGadmin4 in PostgreSQL.

3.3. [bookmark: _Toc134070122]Creating table
[image: Graphical user interface
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In figures we have SQL commands to create the schema ‘alc’ and tables inside that schema. All the tables have at least on primary key and there are 3 sequences which are “instructor_id_seq”, “member_id_seq” and “booking_id_seq”. 

3.4. [bookmark: _Toc134070123]Creating triggers
[image: Text
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		The commands used in the above figure are used to create a trigger named member_details_audit_trigger which s set to activate upon using insert delete and update commands o the member_details table and for each row created in this table member_details_audit function is executed.
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		The figure shows that a new table member_detailks_audit is created in audit schema. This table has same columns and datatypes as input with 2 additional columns which store the action taken along with timestamp. The function member_details_audit has if else statements with insert, update and delete as conditions. When rows inserted or deleted to member_details table will be copied into the members_details_audit table and upon updating both the new and old rows will be added to the audit table.


3.5. [bookmark: _Toc134070124]Creating functions
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		In above figure we create a function named count_classes using create function and the input is the member id from member_details table. The function counts number of times the id is repeated in that table since it the class id and member id are a composite key, they only exist in a unique combination so counting the member id is enough.


3.6. [bookmark: _Toc134070125]Features of database
3.6.1. [bookmark: _Toc134070126]Normalized to 3NF
· To achieve first normal form, we ne need to make sure a single cell must contain only a single value also known as atomicity and every table must contain at least a single primary key. There should not be any duplicate rows or columns and no two rows should be same (primary key constraint does not allow this to happen).
· In second normal form we must make sure all non-key attributes are totally dependent on the primary key.
· In third normal form transitive dependency should not occur i.e. every non key attribute value should only be dependent on the primary key of that table

3.6.2. [bookmark: _Toc134070127]Referral Constraints
· Foreign key, it is a referral constraint which checks the value inserted into the foreign key, exist inside referred table as a primary key. This vastly improves the integrity of data.
· Check constraint, this is used to impose rules as to which type of values are to be inserted into the table. We can avoid SQL injection attacks in most cases by using a check constraint.
· Not Null, this command is used when the value cannot be null in a table.

3.6.3. [bookmark: _Toc134070128]Composite keys
Composite keys are used to maintain unique rows when individual columns may repeat the values. The table class_assign is made of two columns, both member_id and class_id together make a composite key. By making them a composite key we can make sure that combination of these columns remains unique.


3.6.4. [bookmark: _Toc134070129]Auditing feature
As mentioned in 3.4 this feature is created using triggers and functions to create and automatically update the audit table. The audit table stroes the changes made on the member details.
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The above query inserts a new row in member details activating the audit function the figure below shows that the action is recorded in the audit table
[image: Graphical user interface, text, application

Description automatically generated]


4. [bookmark: _Toc134070130]Performance tuning
[image: Graphical user interface, text, application, Word

Description automatically generated]
The query took 220 milli seconds and after adding an index to the second name column the query time is reduced to 118 milliseconds.
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5. [bookmark: _Toc134070131]Transactions
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CREATE TRIGGER member details_audit_trigger

AFTER INSERT OR UPDATE OR DELETE ON alc.member_ details
FOR EACH ROW

EXECUTE FUNCTION member_details_audit();
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251 ====h. SQL code to implement and test functions and triggers

252 1. Trigger

253 | CREATE SCHEMA audit_log;

254 SET SCHEMA 'audit 10g';

255

256 | CREATE TABLE member_details_audit

257 H(

258 audit_id SERIAL PRIMARY KEY,

259 member_id TEXT,

260 first_name VARCHAR(50) ,

261 second_name VARCHAR(50) ,

262 address VARCHAR (100) ,

263 phone_number VARCHAR (20) ,

264 date_joined DATE,

265 date_last_renewal  DATE,

266 plan_id VARCHAR (2) ,

267 action VARCHAR (10) NOT NULL,

268 action_date TIMESTAMP  NOT NULL

269 1);

270

271

272 CREATE OR REPLACE FUNCTION member details audit() RETURNS TRIGGER AS Smember details audit$

273 BEGIN

274 IF (TG_OP = 'INSERT') THEN

2175 INSERT INTO member details_audit (member_id, first name,second name, address, phone_number, date_joined, date_last_renewal, plan_id, action, action_date)
276 VALUES (NEW.member id, NEW.first_name,NEW.second name ,NEW.address, NEW.phone number, NEW.date_joined, NEW.date_last_renewal, NEW.plan id, 'INSERT', NOW());
277 RETURN NEW;

278 ELSIF (TG_OP = 'UEDATE') THEN

279 INSERT INTO member_details_audit(member_id, first_name,second name, address, phone_number, date_joined, date_last_renewal, plan_id, action, action_date)
280 VALUES (OLD.member_id, OLD.first_name,OLD.second name , OLD.address, OLD.phone number, OLD.date_joined, OLD.date_last_renewal, OLD.plan id, 'UEDATE', NOW());
281 INSERT INTO member details_audit (member_id, first_name,second name, address, phone_number, date_joined, date_last_renewal, plan_id, action, action_date)
282 VALUES (NEW.member_id, NEW.first_name NEW.second name , NEW.address, NEW.phone number, NEW.date_joined, NEW.date_last_renewal, NEW.plan id, 'UEDATE', NOW());
283 RETURN NES

284 ELSIF (TG_OP = 'DELETE') THEN

285 INSERT INTO member_details_audit(member_id, first_name,second name, address, phone_number, date_joined, date_last_renewal, plan_id,action, action_date)
286 VALUES (OLD.member_id, OLD.first_name,OLD.second name, OLD.address, OLD.phone number, OLD.date_joined, OLD.date_last_renewal, OLD.plan id, 'DELETE', NOW());
287 RETURN OLD;

288 |- END IF;

289 RETURN NULL;

290 |- END;

201 Smember details audit$ LANGUAGE plpgsql;
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—-- Function

CREATE OR REPLACE FUNCTION count_classes(input_member_id TEXT)
RETURNS INTEGER AS
33

DECLARE
class_count INTEGER;
BEGIN
SELECT COUNT(*) INTO class_count
FROM class_assign
WHERE class_assign.member_id = input_member_id;

RETURN class_count;
END;

$$ LANGUAGE plpgsql;
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INSERT INTO alc.member_details (first_name, second_name, address, phone_number, date_joined, date_last_renewal, plan_id)
VALUES ('james', 'Smith', '143 Man St', '655-5678', '2021-01-01', '2022-01-01', 'P2');

1
2
3
4
5 SELECT * FROM alc.member_details
6 WHERE phone_number = '655-5678";
7
8
9

Data Output Messages Notifications

B0 8 8 ¢ &~

member_id _ first_name . second_name , address . phone_number , datejoined date_last_renewal , plan_id .
[PKItext “ character varying (50) ¢  character varying (50) 4  character varying (100) ¢  character varying (20) 4 date 7 date /" character varying (2) ¢

1 M1034 james Smith 143 Man St 655-5678 2021-01-01 2022-01-01 P2
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12
13 SELECT * FROM audit_log.member_details_audit
14
15

Data Output Messages Notifications

S BRvO0as 8 &~

auditid , member_id | first.name second_name address phone_number date_joined , date_last_renewal , plan_id action action_date

[PK] integer #_ text /| character varying (50) #| character varying (50) character varying (100) 4 character varying (20) date 7 Gate 4" character varying (¢ character varying (10) 4 timestamp without time zone

1 1 M1034 james Smith 143 Man St 6555678 2021-01-01 20220101 P2 INSERT 2023-05-04 12:09:47.075225
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21
22 SELECT * FROM alc.member_details

23 WHERE second_name = 'Smith';
24

Data Output Messages Notifications

+ RvO § 8 &~

member_id _ first_name second_name _ address phone_number . date_joined date_last_renewal  plan_id
[PKltext # character varying (50) ¥  character varying (50) 4 ' character varying (100) | character varying (20) ¢  date date character varying (2) ¢
1 M1034 james Smith 143 Man St 655-5678 2021-01-01 2022-01-01 P2

+ Successfully run. Total query runtime: 220 msec. 1 rows affected. X

Total rows: 1 of T Query complete 00: Ln 22, Col 1
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17

18 CREATE INDEX second_name_indx ON alc.member_details(second_name);
19

20 SELECT * FROM alc.member_details

21 WHERE second_name = 'Smith';

Data Output Messages Notifications M
S BvOes 8 2 ~

member_id _ first_name second_name . address phone_number . datejoined , date_lastrenewal  plan_id

[PKltext # character varying (50) ¥  character varying (50) 4 ' character varying (100) | character varying (20) ¢  date date character varying (2) ¢
1 M0 james Smith 143 Man st 6555678 20210101 20220101 P2

+ Successfully run. Total query runtime: 118 msec. 1 rows affected. X
Ln2 Col1

Totalrows: 1of 1T Query complete 00:
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====g. SQL code to demonstrate evidence of transaction rollback and commit operations:

225

226 —-- Start a transaction

227 [-JBEGIN;

228

229 | -- Insert a row into a table

230 | INSERT INTO alc.member_details (first name, second name, address, phone number, date_joined, date_last_renewal, plan_id)
231 | VALUES ('jhonny', 'Smith', '123 Main St', '555-5678', '2022-01-01', '2022-01-01', 'E1');
232

233 ROLLBACK ;

234

235 | --gives out last row in member_details table

236 SELECT * FROM alc.member_details WHERE member_ id=(SELECT max (member_id) FROM alc.member details);
237

238

239 —-- Start another transaction

240 [-JBEGIN;

241

242 | INSERT INTO alc.member_details (first_name, second name, address, phone number, date_joined, date_last_renewal, plan_id)
243 | VALUES ('hardik', 'Smith', '123 Main St', '555-5678', '2022-01-01', '2022-01-01', 'E1');

244

245 | commrT;

246

247 | --gives out last row in member_details table

248 SELECT * FROM alc.member_details WHERE member_ id=(SELECT max (member_id) FROM alc.member details);
249
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Query  Query History

1 CREATE DATABASE alc;
2 CREATE SCHEMA alc;

3 CREATE SCHEMA audit;
4
5
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--====a. SQL code used to generate each table structure

CREATE

FILE 2:

SCHEMA alc;

SET SCHEMA 'alc';

CREATE
(«

CREATE
SELECT

CREATE

);

CREATE
SELECT

CREATE
(«

TABLE membership_plan

plan_id VARCHER(2) ~ PRIMARY KEY,
plan_name VARCHAR (50) NOT NULL,
price DECIMAL(S,2) NOT NULL

SEQUENCE instructor_id_seq;
setval ("instructor_id seq’,l);

TABLE instructor

instructor_id VARCHER (4) PRIMARY KEY,
first_name VARCHER (50) NOT NULL,
second_name VARCHER (50) NOT NULL,
phone_number VARCHER (20) NOT NULL,
gender VARCHER (10) NOT NULL
SEQUENCE member_id_seq;

setval ('member_id seq',1000);

TABLE member_details

member_id text DEFAULT 'M'
first_name VARCHER (50) NOT NULL,
second_name VARCHER (50) NOT NULL,
address VARCHER (100) NOT NULL,
phone_number VARCHER (20) NOT NULL,
date_joined DATE NOT NULL,
date_last_renewal DATE NOT NULL,
plan_id VARCHER (2) NOT NULL,

CHECK (date_last_renewal >= date_joined)

|1 nextval('member id seq') PRIMARY KEY,




image5.png
a4
45
46
a7
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74

=]

=]

=]

CREATE TABLE classes

(«

);

class_id VARC]
class_name VARC]
room VARC]

HAR (4) PRIMARY KEY,
HAR(50) NOT NULL,
HAR(3)  NOT NULL

CREATE SEQUENCE booking_id seq INCREMENT BY | START WITH 1;

CREATE TABLE bookings

(«

);

booking_id INT
TEXT
class_id VARC]
booking_date DATE
instructor_id VARC]

FOREIGN KEY (member_id)
FOREIGN KEY (class_id)

DEFAULT nextval('booking id seq') PRIMARY KEY,

NOT NULL,
HAR(4) NOT NULL,
NOT NULL,
HAR(4) NOT NULL,

REFERENCES member_details (member_id),
REFERENCES classes (class_id),

FOREIGN KEY (instructor_id) REFERENCES instructor (instructor_id)

~-COMPOSITE KEY TABLE
CREATE TABLE class_assign

(«

member_id  TEXT
class_id VARCHAR (4)
PRIMARY KEY (class_id, m
FOREIGN KEY (member_id)
FOREIGN KEY (class_id)

NOT NULL,

NOT NULL,

ember_id),
REFERENCES member_details (member_id),
REFERENCES classes (class_id)




