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[bookmark: _Toc1287300509]Introduction
This paper will be focusing on ‘AdventureWorks Cycles’ which is a bike manufacturer company. They would like to create an e-commerce website which this paper would focus on data infrastructure and database solutions. 
This paper would go through the database design, implementation and tuning of the AdventureWorks’ database infrastructure. Concluding with how the explained database would be suitable for the company as well. 
[bookmark: _Toc329132613]Entity relationship diagram
An Entity relationship diagram is a tool for database designing and implementation. A diagram can show different views, such as entity, relational and network model, but this paper will be focusing on entity relationships model.[1]
A diagram consists of a real-life correlation with entities and relationships which makes it best for a unified view of the data. Models such as the set and relation theory allow data independence with the diagrams.[1]
Entities can be labelled as a thing which are identified, examples can be companies, people or other things. Entities defines the function of the thing in the relationship. Theoretically, it is impossible to map all the relationship with all entities, but it gives a baseline for the map.
Relationships displayed could theoretically be anything, but these main relationships are used when creating an entity relationship diagram; one-to-one, or one-to-many. These can be mapped to any relationships in the entity relationship diagram.[1]
Displayed below is the two ERD for AdventureWorks to implement:
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[bookmark: _Toc1342065963]Rollbacks and commit in the SQL project
Rollbacks and COMMIT in SQL is an archive system that is embedded into the SQL code. ROLLBACK allows the undo the actions in the database while COMMIT saves the actions into the database. [2]
Transaction is a unit of work that is done on the database. This is done in order, logically. This is usually done via an automation or manually. [3]
ROLLBACK reverts the changes performed when the last permanent transaction happened. Like an undo command, if a table is accidentally removed or changed, a ROLLBACK can restore a backup of the last saved COMMIT command to the database and reverts it. Other factors such as invalid queries and processes may automatically roll back. This can be viewed as a save state in the database, as all transactions are saved, meaning if there were no successful transactions in the database, the rollback would bring you back to the starting point of the database. [3][4]
COMMIT allows the fast operation of permanently saving the transaction. This will save all commands into the database that were executed. All queries that are submitted should preferably use COMMIT. When using a COMMIT command, constraints are checked first to see if the query is valid. If a COMMIT fails to validate or process, the query is rolled backed automatically and the transaction is reversed. [4]
The implementation of the transactions is shown in the project. This is needed to save all the changes into the table in the database. This can be seen in the INSERT in the inserttable.sql file where it saves all the data submitted into the selected tables. It can also be seen in the file rollbackcommit.sql as it demonstrates and tests all the transactions that can be committed and rollbacked, giving the programmer a demonstration of the control of data in the database. The queries that are submitted are either inserts or edit. The other reason these transactions are implemented is to show what’s been submitted and what has been reversed so that other programmers can easily understand the data and the structure. The commit on the data insert allows all the data to be saved into the database permanently. 
[bookmark: _Toc1736566203]Performance enhancements in the SQL project
There are many performance enhancements techniques in SQL such as indexing which is utilized in this project. 
Indexing is important as it allows clear path access and views to the data, which creates order in the database. Indexing may change and affect queries committed in the database, which may alter the whole database, if not checked on. Indexes may need to be reviewed when time goes on, as this may affect accuracy if new data or queries are submitted. [5]
With indexing, it makes data delivery efficient which allows the programmer to access data in the quickest and most efficient way. Categories can be indexed in an ordered manner to allow easy data retrieval. To categorise the data, three types of indexes are used; Non clustered, clustered and heaps. With these indexes, only one of the types can be implemented. [5]
Non clustered is sorted based on data face value. Creating a shortcut to the data, instead of changing the order or the records of the data. This can give alternative routes to the data without allowing the user to traverse all the data in a table. This may be needed if the user may not have one section of information of data to search with. [5]
Clustered indexes allow direct access to the data using a section of information, for example a bike part for a bike. This is implemented by creating a key column of the index where it can be sorted. The key columns can be mapped to the most frequent data path the user might utilize. For example, the bike part for a customer. There cannot be more than one clustered index. [5]
Heaped indexing does not have a real order to the storage of data. Instead of having a key column, the user allocates each data for the table as a key. The row of the table would allocate to the index without any order meaning there is not data specification. This is the simplest index structure. This allows the implementation of a clustered index to be used. [5]
As an increase of data stored in the database, it would make it more difficult to manage and retrieve data, as well as impacting the fetch time of data. Thus, compression of data must be implemented onto the SQL database. [5]
Row-level compressions select each row and compresses it. This would decrease the information and the metadata but may increase overhead size. Examples like blank spaces in variables may be removed or nulls not being stored. Page-level goes across a whole group of rows, similarities in the rows are compressed. Limitations can be found when compressing as effectiveness can vary with time. [5]
In this project, I have implemented one index into every database to allow easier and more efficient access to the data. In the category and product table, the description is indexed. In the feedback table, the rating is indexed. In the customer table, the first name is indexed. In the manufacturer table, the company is indexed. In the order table, the productid is indexed. These datasets are the most accessible if searching and sorting the data. Using this information, this index can be labelled as a clustered index as it has a key column in the database which the programmer can utilise.
Secondary indexes can improve the tables in this database, making this a non-clustered index. Indexing the price of the product, the customerid of the order, the orderid of the feedback and the last name of the customer may allow the programmer an effective and efficient way of searching through the data as there are more fields to search and filter from. This also allows the retrieval of data to be faster as more fields are accessible due to the indexing. Due to the data being not unique, this offers the table to be more flexible when retrieving data. [6]
[bookmark: _Toc1955106060]Code screenshots of the project
SetUpTable.sql
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InsertData.sql
[image: ]CheckConstraints.sql
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Joins.sql
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RollbackCommit.sql
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[image: ]PerformanceTuning.sql
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[bookmark: _Toc2029413307]Conclusion
This paper has gone through the uses and the definitions of an ERD diagram, explaining on why the mapping of the dataflow is important for a database for AdventureWorks. The planning of the database that AdventureWorks Cycles could utilise as well as sample code that the company can implement for the database. 
The use of indexes and the advantages of the performance technique is also explained, along with the types of indexes that a programmer can employ in the database. The use of transaction using commit and rollback have also been regarding in this paper along with how its implemented and demonstrated in the project for AdventureWorks. 
Creating and implementing a database for AdventureWorks Cycles with all its parameters achieved as well as optimising it has been shown in this paper and the reasons for it. 
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-~ commit procedure

START TRANSACTION;
- create a new customer

INSERT INTO customertable (firstname, lastname, addressl, postoode,contactinfo)
VALUES ('Mayrick', 'Blander’, '123 Broken Avenue', '23T 7UB', '07335668432');
—— Update another customer postcode

UPDATE customertable

SET postcode = 'SPE 1NS'

WEERE customerid = 3;

— Commit the tramsaction to save changes

comrT.

START TRANSACTION.
- insert a new product

INSERT INTO producttable (manufacturerid, catergoryid, description, price, stock)
VALUES (2', '3', 'Hardtail bike frame w/front suspension’, '170.00%, '2507);

— create a new order with the product

INSERT INTO ordersable (customerid, productid, quantity, cotal)

VALUES ('5', '6', '1', '230.60');

pesvvicy

START TRANSACTION;
- edit the menufactuer location, name and contactinfo

UPDATE manufacturertable

SET company = 'FIXBIKE', compaddress = '33 Sugar Lane, Manchester, MA33 SUK', contactinfo = 'sales@fixbike.co.uk’
WEERE manufacturerid = 5;

comrT.

- rollback procedure

START TRANSACTION;
- create new customer

INSERT INTO customertable (firstname, lastname, addressl, postcode, contactinfo)
VALUES ('Mayrick', 'Blander’, '123 Broken Avenue', '23T 7UB', '073356684327);
—— Update another customer postcode

UPDATE customertable

SET postcode = 'SPE 1NS'

WEERE customerid = 3;

— rollback the transaction to undo the changes

ROLLBACK;

START TRANSACTION.
- insert a new product

INSERT INTO producttable (manufacturerid, catergoryid, description, price, stock)
VALUES (2', '3', 'Hardtail bike frame w/front suspension’, '170.00", '255.50');
— create a new order with the product

INSERT INTO ordersable (customerid, productid, quantity, cotal)

VALUES ('5', '6%, '1', '230.60');

ROLLBACK;

START TRANSACTION;
- edit the menufactuer location, name and contactinfo

UPDATE manufacturertable

SET company = 'FIXBIKE', compaddress = '33 Sugar Lane, Manchester, MA33 SUK', contactinfo = 'sales@fixbike.co.uk’
WEERE manufacturerid = 5;

ROLLBACK:
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‘Arjun’, 'Ubhee’, 'UWISD SAL Waterfront Campus', 'Swensea', 'SAL SEW', '079383393044'),
"Tom', 'Harrod', '73 Version lane’, 'Manchester’, 'M5 1AB', 'tom.harrod@hotmail.com’),
'Taliah', 'Rimona’, 'S5 Rendon lane’, 'Swindon', 'SW12 1CE', 't.roming23444@skymail.com’);

INSERT INTO customertable (firstname, lastname, addressl, postcode, contactinfo)
VALUES

( "Melanie', 'Hudges', '34 Brecon Beacon', 'LAl SUE', '0173255584"),

( *Brennan’, ‘Rether’, 'Floor 6 Tupler Apt', 'TUE 220", '07368854665');

INSERT TNID catergorysable (description)
\aLuzs

("Mountain bike Wneels"),

{"Mountain bike Parts'),

{"Mountain bike Frames'} |

(“Biking accessories’);

INSERT INTO menufacturertable

VALUES

('1',"ProBike INC','35 Green Lane NORTHAMPTON NNES 6VU','sales@probike.co.uk'),
('27,"BikeTec",'7 St. John's Road KILMARNOCK KAT2 OWA',"01792 555846'),
('3","GetBike LTD','563 Park Avenue WIGAN WNS7 SFP','buydgetbike.com'),
(*47,"LocBike', "7 St. John's Road KILMARNOCK KAT2 OWA',’01792 558858'),

('S, 'BreakBike','5 Yellow Brick Lane York YK23 4WK','salesrep@brekabike.con');

INSERT INTO producttable (manufacturerid, catergoryid, description, price, stack)

VALUES

(*2",71',"Full bike helmet','20.00",'200"),

('37,74","Full suspension bike frame w/springs’,'250.50°,'300%),
(*1',72',724 inch bike wheel rims','50.75','150%),

(147,73","5 Speed drivetrain’,'270.98",'500"),

('57,13',"8 Speed driverrain','65.00°,'600"),

(*47,73',"Disc break and mount’,'230.60",'400);

INSERT INTO ordersable (customerid, productid, quantity, cotal)
VALUES

(17, r1v, 2r, ra2.50),

(137, 27, 111, 1260.501),

(rar, '3, 121, '105.501),

(*s7, rar, '1r, '155.001),

(127, '17, 1av, +85.001)

INSERT INTO feedbacktable (customerid, orderid, rating, description)

VALUES

(rar, rar, "Order arrived early. Godd service and fast checkout time.’),

TETAREY "Package included a sample. Good service and good delivery'),

(3r, 2, *Packing was slobberly. Delivery was elright but it wes throun'),

(21, r1r, "Delivery was late and wasnt informed sbout the lateness. Package was sloppy and I hated everything.
(51, r5e) "Order arrvied on time and package well');
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.enchancements indexing

CREATE INDEX idxcategorydescription ON
catergorytable (description) ;

CREATE INDEX idxfeedbackrating ON
feedbacktable (rating) ;

CREATE INDEX idxcustomerfirstname ON
customertable (firstname) ;

CREATE INDEX idimanufacturercompany ON
manufacturercable (company) ;

CREATE INDEX idxproductdescription ON
productteble (deacription) ;

CREATE INDEX idxorderorderid ON
ordertable (productid) ;

select
SELECT
SELECT
SELECT
SELECT
SELECT

shous

B3]

indexed tables

catergorytable WHERE description
producttable WHERE description
feedbackzable WHERE rating = 'S';
customercable WHERE firstname
ordertable WHERE productid = '1';
manufacturercable WHERE company
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create table customertable(
customerid INTEGER primary key AUTO_INCREMENT,
firstname VARCEAR(200) NOT NULL CHECK (LENGTH(firstname) > 1),
lastneme VARCEAR(200) NOT NULL CHECK (LENGTH(lastname) > 1),
addressl VARCEAR(200) NOT NULL CHECK (LENGTH(sddressl) > 1),
address2 VARCHAR(200),
postcode VARCHAR(12) NOT NULL CHECK (LENGTH(postcode) > 1),
contactinfo VARCHAR(200) NOT NULL CHECK (LENGTH(contactinfo) >
’:

create table catergorytable(

catergoryid INTEGER primary key AUTO_INCREMENT,

description VARCHAR(500) NOT NULL CHECK (LENGTH (description)
’:

create table manufacturertable(
manufacturerid INTEGER primary key AUTO_INCREMENT,
Ccompany VARCHAR(200) NOT NULL CHECK (LENGTH (company) > 1),
compaddress VARCHAR(300) NOT NULL CHECK (LENGTH (compaddress) > 1),
contactinfo VARCHAR(500) NOT NULL CHECK (LENGTH(contactinfo) > 1)
’:

create table producttable(
productid INTEGER primary key AUTO_INCREMENT,
manufacturerid INTEGER NOT NULL,
catergoryid INTEGER NOT NULL,
description VARCHAR(500) NOT NULL CHECK (LENGTH (description) >
price DECIMAL(S,2) NOT NULL CHECK (price > 0.00),
stock INTEGER CHECK (stock >= 0),
FOREIGN KEY (manufacturerid) REFERENCES manufacturercable (manufacturerid),
FOREIGN KEY (catergoryid) REFERENCES catergorytable (catergoryid)
stock and price cannot go below 0
description cannot be null

create table ordertable(
orderid INTEGER primary key AUTO_INCREMENT,
customerid INTEGER NOT NULL,
productia INTEGER NOT NULL,
quantity INTEGER NOT NULL CHECK (quantity >= 1),
total DECIMAL(S,2) CHECK (zotal > 0.00),
FOREIGN KEY (customerid) REFERENCES customertable (customerid)
FOREIGN KEY (productid) REFERENCES productcable (productid)
not allow less than 1 order of item
not allowed 0.00 toral

create table feedbacktable(
feedbackid INTEGER primary key AUTC_INCREMENT,
customerid INTEGER NOT NULL,
orderid INTEGER NOT NULL,
rating INTEGER NOT NULL CHECK ((rating >= 1) AND (rating <= 5)),
description VARCHAR(500),
FOREIGN KEY (customerid) REFERENCES customertable (customerid) ,
FOREIGN KEY (orderid) REFERENCES ordertable (orderid)
rating is betwsen 1 and 5
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18I Join OL CALergory and product
SELECT producttable.productid, producttable.description, producttable.price, catergorytable.description, productiable.stock
FROM productzable

LEFT JOIN catergorytable ON catergorycable.catergoryid = producttable.catergoryid;

right join of order and manufactuer
SELECT manufacturertable.manufacturerid, producttable.description, producttable.price, manufacturertable.company, manufacturercable.compaddress, manufacturertable.contactinfo
FROM proguctzable

RIGHT JOIN manufacturertable ON menufacturertable.manufacturerid = producttable.manufacturerid;

--union join of fesdback and customer
SELECT customertable.custonerid, customertable.firstname, customercable.lastname,
feedbacktable.rating, feedbacktable.description FROM customertable LEFT JOIN fesdbacktable ON
feedbacktable. customerid = customertable.custonerid

uNION

SELECT customertable.custonerid, customertable.firstname, customercable.lastname,
feedbacktable.rating, feedbacktable.description FROM custorertable RIGHT JOIN feedbacktable ON
feedbacktable.customerid = customertable.customerid;

—-left join of order, product and customer
SELECT ordercable.orderid, producttable.description, customerctable.firstname, customercable.lastname, ordertable.quantity, ordertable.total
FROM ordertable

LEFT JOIN customersable ON customercable.customerid = ordertable.customerid

LEFT JOIN proguctzable ON ordertable.productid = producttable.productid;
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SELECT CONSTRAINT NAME, CONSTRAINT TYEE
FROM INFORMATION_SCHEMA.TASLE_CONSTRAINTS
WHERE TABLE_NAME='ordertable’;

SELECT CONSTRAINT_NAME, CONSTRAINT_TYPE
FROM INFORMATION_SCHEMA.TASLE_CONSTRAINTS
WHERE TAELE_NAMES' feedbacktab

SELECT CONSTRAINT_NAME, CONSTRAINT_TYPE
FROM INFORMATION_SCHEMA.TASLE_CONSTRAINTS
WEERE TABLE_NAME='producttable’;

SELECT CONSTRAINT_NAME, CONSTRAINT_TYPE
FROM INFORMATION_SCHEMA.TASLE_CONSTRAINTS
WEERE TABLE_NAME='customercable’;

SELECT CONSTRAINT_NAME, CONSTRAINT_TYPE
FROM INFORMATION_SCHEMA.TASLE_CONSTRAINTS
WHERE TAELE_NAMES'catergoryrabl

SELECT CONSTRAINT_NAME, CONSTRAINT_TYPE
FROM INFORMATION_SCHEMA.TASLE_CONSTRAINTS
WHERE TABLE_NAME='nenufactertable’;

--a11 queries should fail due to invalid constraints
INSERT INTO customertable (firstname, lastname, addressl, postcode, contactinfo)
VALUES

INSERT INTO catergorytable (description)

VALUES

1)

INSERT INTO manufacturertable (corpany, compaddress, contactinfo)

VALUES

e

)

INSERT INTO producttable (manufacturerid, catergoryid, description, price, stock)
VALUES

[CEEPN

INSERT INTO ordersable (customerid, productid, quantity, cotal)
VALUES

e

INSERT INTO feedbacktable (customerid, orderid, rating, description)
VALUES
AEICEIRPIIN

ORI
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STORED PROCEDURE
DELDAITER $8
|CREATE PROCEDURE updatestock (IN newproductid
INT, IN newstock INT)
BEGIN
UPDATE progucttable
SET stock = newszock
WHERE productid = newproductid:
D 55
DELTMITER

DELDAITER $8
|CREATE PROCEDURE updateprice (IN newproductid
INT, IN newprice DECIMAL(S,2))
BEGIN

UPDATE progucttable

SET price = newprice

WHERE productid = newproductid:
D 55

DELTMITER

DELDAITER $8
|CREATE PROCEDURE updatecustomerpostood (IN newsustomerid
INT, IN newpostcode VARCHAR(12))
BEGIN

UPDATE customercable

SET postcode = newpostcode

WHERE customerid = newcustomerid;
D 55

DELTMITER

CALL updateprice (3, 60.00);
CALL updatestock(L, 300);
CALL updetecustomerposteode (2, 'MYS 6

—-TRIGGER note triggers does mot work in onecomplier due To BRIVILEGES
DELDAITER 55
CREATE TRIGGER stocktrigger
AFTER INSERT ON orderctable
FOR EACH ROW
BEGIN
DECLARE customerquantity INT;
SELECT SUM(quantity) INTO customerguantity
FROM ordercable
WHERE productid = NEW.producti

UPDATE progucttable
SET stock = stock - customerquantity
WHERE productid = NEW.productid;

D 55
DELIMITER ;





