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[bookmark: _Toc509191406]Abstract
This assignment is for the Database Management Systems module, the Database Management System (DBMS) used is Microsoft SQL Server and the scenario is based on around a Taxi company called “Book and Ride”. In this report, the creation of the database will be discussed alongside performance tuning tweaks that have been made to the database.
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[bookmark: _Toc509191407]1. Scenario
The scenario for the database is a small taxi company called “Book and Ride”, the company is based in Swansea but is expanding to other parts of the United Kingdom such as Scotland and the North West. To support the growth of the company, their IT systems are being upgraded and they would like to implement a distributed database model. The Database Management System used for the database is Microsoft SQL Server.
[bookmark: _Toc509191408]2. Microsoft SQL Server	Comment by Kemi Ademoye: You have a number of sections in this report that are not relevant to the assignment brief, so I have skipped over these. Sections 2 – 4. I asked you to comment your SQL files, which takes care of section 4.
Microsoft SQL Server was originally released in 1989[1], it is Microsoft’s version of a relational database management system. SQL Server is typically used for Windows-based applications, making it one of the most popular Database Management Systems. Although licensing for SQL Server can be expensive (over $900)[2], it is often used for creating large-scale business applications as it comes with additional features such as query cancellation and Windows Login integration. Microsoft SQL Server is also commonly used due to Microsoft SQL Server Management Studio (SMSS), a program that allows Database Administrators to easily design and control their databases.
[bookmark: _Toc509191409]3. Structured Query Language
The language used to create and modify databases is called Structured Query Language, which is often abbreviated to SQL.  The language is split into two sections, Data Definition Language and Data Manipulation Language. Data Definition Language (DDL) is used to create the database structure [3] and Data Manipulation Language (DML) is used to retrieve and update data.
[bookmark: _Toc509191410]4. Creating the Database
As mentioned above, the database is created using SQL’s Data Definition Language. To create a new database the “CREATE DATABASE” operator are used.
Code Example:
CREATE DATABASE BookAndRide;

[bookmark: _Toc509191411]4.1 Creating Tables
Once the database is created, the tables for the database can then be created. For the Book and Ride scenario 7 tables were required. To enforce referential integrity, each table contains at least one primary key field.
An example of table creation is below:
Code Example:
CREATE TABLE TableName
(
	ColumnName TINYINT NOT NULL,
);

The keywords “CREATE TABLE” is used to indicate a new table is being created, then the name of the table, after that each column name is listed. The “ColumnName” is the name of the column, TINYINT is the data type chosen and NOT NULL means the field cannot be empty.
[bookmark: _Toc509111263][bookmark: _Toc509111361][bookmark: _Toc509191412]4.1.1 Region Table
The region table contains a list of each region where by Book and Ride operates. The code for this table can be found in Appendix 1.1 of this report.
The region table contains two columns, Region Code and Region Name. The RegionCode column uses CHAR set to a length of 3, this is because the format for this column was R01 – R99 as there are only 11 regions inside the United Kingdom. The RegionName column is set to VARCHAR which means variable-length character, this data type is used when a fixed-length isn’t available.
[bookmark: _Toc509111264][bookmark: _Toc509111362][bookmark: _Toc509191413]4.1.2 City Table
The city table lists each city inside of a region. The code used for this table can be found in Appendix 1.2 of this report.
The primary key for this table is the CityId column, it is 7 characters long ranging from C000001 – C999999. A foreign key is used for this table, referencing the previously created Region table and the RegionCode column.
[bookmark: _Toc509111265][bookmark: _Toc509111363][bookmark: _Toc509191414]4.1.3 Office Table
The office table contains information about each Book and Ride offices. The code used to build this table can be found in Appendix 1.3 at the end of this report.
The primary key for this table was the OfficeId column, it uses the range O000001 – O999999, making it a fixed-length field. VARCHAR was used for the other columns within the table as the amount varies. There are 2 check constraints used in this table, the Postcode check constraint (CHK_Office_Postcode) ensures the Postcode length is between 6 and 8 characters long. The second check constraint (CHK_Office_PhoneNo) ensures the Phone Number for the branch is a number format which is 12 characters long. A foreign key is also used (FK_Office_CityId) relating to the City table and CityId column.
[bookmark: _Toc509111266][bookmark: _Toc509111364][bookmark: _Toc509191415]4.1.4 Driver Table
The driver table contains a list of drivers who are employed by Book and Ride, they each are attached to an Office. The code used to build this table can be found in appendix 1.4 at the bottom of this report.
For the Driver table, the DriverNo column was the primary key. Like the other tables, it uses a fixed-length of D000001 – D999999. In this table, multiple check constraints are used to validate the data that will be inserted later. The first check constraint (CHK_Driver_Postcode) checks that the Postcode is between 6-8 characters. The second check constraint (CHK_Driver_VehicleRegNo) checks the Drivers Registration Number is in the correct UK format[4]. The third and fourth check constraints are used to validate the Account Number and Sort Code for UK banking[5]. The final check constraint (CHK_Driver_NIN) is then used to validate National Insurance Numbers[6].
Two foreign keys are used for this table, the first (FK_Driver_CityId) is used to link the CityId column to the relevant City and the second (FK_Driver_OfficeId) is used to relate the driver to a relevant Office.


[bookmark: _Toc509111267][bookmark: _Toc509111365][bookmark: _Toc509191416]4.1.5 Member Table
The member table is a list of customers who have registered to Book and Ride, the table contains personal information and payment information. The code used to create the table can be found in Appendix 1.5 of this report.
The primary key for this table is the MemberNo column, it follows the same pattern as the rest of the primary keys ranging from M000001 – M999999. The only foreign for this table is for the “AddressRegionCode” column, this links the customer to a region. There are 3 check constraints used for this table, “CHK_Member_PhoneNumber” that validates the mobile phone numbers are in a proper format, “CHK_Member_CardNo” which validates card numbers are in the correct UK format[7] and “CHK_Member_CVV” which checks the CVV number on the back of the card is in the proper format[8].
[bookmark: _Toc509111268][bookmark: _Toc509111366][bookmark: _Toc509191417]4.1.6 Booking Table
The booking table contains details of each booking that has been made by members. The code used to create this table can be found in Appendix 1.6 of this report.
The primary key for this table is the BookingNo column, it uses the format B000001 – B999999. The table contains 4 foreign keys, the first foreign key “FK_BookingMemberNo” links the booking to a member. The second foreign key “FK_Booking_PickUpCityId” links the pickup location to the desired city. The third foreign key “FK_Booking_DestinationCityId” does the same by linking the booking to the final city location and the “FK_Booking_AssignedDriverNo” links the driver who completed the job. 2 check constraints were used and they both validated the same information. “CHK_Booking_PickupPostcode” and “CHK_Booking_DestinationPostcode” both validated that the postcodes were in the correct format. 
[bookmark: _Toc509111269][bookmark: _Toc509111367][bookmark: _Toc509191418]4.1.7 DriverSchedule Table
The DriverSchedule table contains details of each driver’s schedule. The code for this table can be found in Appendix 1.7 of this report.
As multiple primary keys were required, a composite primary key was used. A composite primary key is a combination of two or more columns in a table. For this table, the “DriverNo” column and “StartDateTime” column was the primary keys used.The “DriverNo” column was also used for a foreign key as it is used to link each driver to this table. 2 check constraints were used for this table, the first being “CHK_DriverSchedule_WeekNo” which can only be 2 numbers as the format used was 01-99, this is because there are only 52 weeks in a year. The second check constraint, “CHK_DriverSchedule_VehicleRegNo” this is used to validate the vehicle registration plate. The BIT data type was used for the “CurrentlyAvailable” column and only 1 and 0 can be used. This meant the column could be used as a Boolean with 0 meaning not-available and 1 meaning available.


[bookmark: _Toc509191419]4.2 Populating the Database
Once the database has been created, it then needs to be populated using relevant test data. This is done by using Data Manipulation Language (DML). There are 4 main statements used are. SELECT to query information inside of the database, INSERT to insert data inside the database, UPDATE to change data inside of a table and DELETE to delete data from a table.
To insert data into the database, the INSERT statement is used. An example of the query used for Book and Ride database is:
INSERT INTO Region (RegionCode, RegionName) VALUES ('R01', 'London')

The code above inserts into the Region table, the columns targeted are RegionCode and RegionName. The values of each column are then inserted matching each column name. If there were additional columns that were not included, they would have to accept NULL values or have a default value otherwise the SQL Server would display an error.
[bookmark: _Toc509191420]4.3 Testing the Database
Testing has been performed on the Book and Ride database to prove the referential integrity and check constraints are working as expected.
[bookmark: _Toc509191421]4.3.1 Testing Referential Integrity
The image that can be found in Appendix 2.1 is a database diagram of Book and Ride, it shows that primary keys and foreign keys working as expected. The second set of screenshots shows further testing of the primary key constraint. The DBMS does not allow the primary key field to be duplicated as expected. 
[bookmark: _Toc509191422]4.3.2 Testing Check Constraints
The appendix 2.2 shows multiple instances of check constraints being tested, as many of the check constraints are identical not every check constraint was shown. 


[bookmark: _Toc509191423]4.4 Multi-User Access to the Database
A task in the assignment was to allow multi-user access to the database, this means that separate staff members from the Book and Ride company could log in to the database and edit specific things. 
For the assignment 2 users were created, the first was called “BookAndRideAdmin”. This user is the Database Administrator, the user has full control over the database. The second user is called “BookAndRideStaff”, this user is limited to using the SELECT and UPDATE query. They are unable to DELETE records or INSERT records into the database.
SQL Server has integrated into SMSS Windows Login authentication, but the requirements for this assignment was to use standard SQL’s Access Control features.
To create the user “BookAndRideStaff”, the following code was used:
CREATE LOGIN BookAndRideStaff WITH PASSWORD = 'password01';
CREATE USER BookAndRideStaff FOR LOGIN BookAndRideStaff;

The first line creates a new login called “BookAndRideStaff” with the password “password01”[9]. The second line then creates the user account, allowing them to access the BookAndRide database[10].
At this point, the user is currently unable to run any SQL commands, so to give them access SELECT and UPDATE tables, the following commands are executed:
GRANT SELECT, UPDATE ON Booking TO BookAndRideStaff;
GRANT SELECT, UPDATE ON City TO BookAndRideStaff;
GRANT SELECT, UPDATE ON Driver TO BookAndRideStaff;
GRANT SELECT, UPDATE ON DriverSchedule TO BookAndRideStaff;
GRANT SELECT, UPDATE ON Member TO BookAndRideStaff;
GRANT SELECT, UPDATE ON Office TO BookAndRideStaff;
GRANT SELECT, UPDATE ON Region TO BookAndRideStaff;



[bookmark: _Toc509191424]4.5 Business Rules (Rollback and Commit Transaction)
Business Rules are different per organisation, they are defined rules by the organisation that must be followed. Using a database management system can help manage and follow these rules, for the Book and Ride scenario. A driver was not allowed to work for more than 40 hours a week, to prevent this. A check was added using a rollback and commit transaction. 
BEGIN TRANSACTION AddNewDriverSchedule
INSERT INTO DriverSchedule (DriverNo, StartDateTime, EndDateTime, WeekNo, VehicleRegNo, CurrentlyAvailable) VALUES ('D000002', '2018-03-14 09:00', '2018-03-14 22:00', '10', '55RZ 942', 1)
	IF (SELECT SUM(DATEDIFF(hour, StartDateTime, EndDateTime)) FROM DriverSchedule WHERE WeekNo = 10 AND DriverNo = 'D000002') >= 40
	BEGIN 
		ROLLBACK TRANSACTION AddNewDriverSchedule
		RAISERROR('Error: Staff member is already working more than 40 hours a week.', 16, 1);
	END
	ELSE
		COMMIT TRANSACTION AddNewDriverSchedule;

The “BEGIN TRANSACTION” starts the transaction. A new row is added to the DriverSchedule table for DriverNo D000002, but this driver has worked over 40 hours for week 10. The transaction then runs an IF statement using the aggregate functions SUM and DATEDIFF to calculate the number of hours per Driver D000002 has worked.
If the IF statement returned true (which it did), the transaction reverts the INSERT query and raises an error which states the driver has worked over 40 hours. If the IF statement is false, the query gets committed to the database.

[bookmark: _Toc509191425]5. Database Improvements
In tThis part of the assignmentreport will discuss how , the database will be tuned for better performance. This is possible by using indexes and fragmentation.
[bookmark: _Toc509191426]5.1 Performance Tuning
As Book and Ride are an expanding company, their database is forever growing bigger. As more records get entered into the database, the longer it takes for the DBMS to perform operations such as querying for information. To fix this, specific indexes have been created to ensure the most important transactions can be completed with minimal waiting time.
In SQL, an index provides accelerated access to a specific number of tables defined[3]. By using indexes, the performance time can be improved greatly. They work similarly to an index in a book, instead of having to search through hundreds of pages. The reader can simply read the index to find their desired page number and skip to it.
Five data transaction queries have been identified for the Book and Ride scenario, they are:
1.  Find information about an office 
2.  List how many drivers are currently available for picking up customers per city
3.  Find the total profit made per city on a specific date
4.  Find contact information for a specific driver
5.  Get a list of all bookings that have been cancelled
	Table
	Query Transaction
	Columns Involved

	Office
	1. Find information about an office
	JOIN: City on CityId	Comment by Kemi Ademoye: This query would also include a WHERE clause e.g.
WHERE OfficeId = …

	DriverSchedule
	2. List how many drivers are currently available for picking up customers per city
	JOIN: Driver on DriverId
JOIN: City on CityId
WHERE: CurrentlyAvailable = 1	Comment by Kemi Ademoye: While this is correct, you have to be careful about indexing the CurrentlyAvailable column as this is currently being updated all day as drivers pick up and drop off passengers. It is not recommended to index columns that are frequently updated.

	Booking
	3. Find the total profit made per city on a specific date
	JOIN: City on CityId
WHERE: CAST(b.DeliveredDateTime AS DATE) = '2018-03-09'

	Driver
	4. Find contact information for a specific driver
	JOIN: City on CityId
WHERE: FirstName = ‘Jayden’ AND LastName = ‘Burgess’

	Booking
	5. Get a list of all bookings that have been cancelled
	WHERE: CancellationCharge IS NOT NULL



As the adapted from[3], the table above lists each table and its desired transaction. The table then lists any columns involved in the transaction process.	Comment by Kemi Ademoye: Good and relevant examples of what would be popular data queries on the database

But you have not shown what columns you have subsequently chosen to index.

Looking at your SQL code, although you have identified good examples of relevant data queries that would be important, you have misunderstood how to choose your indexes from these queries. It is not the columns SELECTED to display in the query results, instead it is the columns involved in the WHERE, ORDER BY, JOIN etc. that are good candidates for indexes, excluding columns that are frequently updated.

Also, when creating indexes, even if you determine that a table needs multiple columns to be indexed, it does not mean they must all be indexed as one big group – you index the columns separately, grouping together only relevant columns e.g. Firstname and Surname, Surname and DOB

You would also not index columns made up of long character strings such as the Address column. The postcode is a better column to index.


Once the transactions have been analysed and chosen, the indexes for these query transactions can be created.


The syntax for creating an in Microsoft SQL Server index is:
CREATE INDEX indexName
ON TableName (Column1, Column2, Column3)

The first line is used to create and name the index, the second line is to define what table is being indexed and the columns involved.
The SQL queries used to add indexes to the transactions above can be found in Appendix 3.
[bookmark: _Toc509191427]5.2 Distributed Database Solution
As Book and Ride are expanding to a regional level, a distributed database solution is required. There are many ways of distributing a database, but as Book and Ride have offices around the United Kingdom fragmentation seems the most sensible way.
Fragmentation divides the tables inside of a database into smaller tables, they are often referred to as fragments. There are 4 ways to fragment a table, these are:
Horizontal Fragmentation: This form of fragmentation divides rows into separate fragments.
Vertical Fragmentation:  This form of fragmentation divides columns of a table into different fragments.
Mixed Fragmentation: This form of fragmentation is a mixture of horizontal and vertical fragmentation.
Derived Fragmentation: This form of fragmentation divides fragments based upon the parent relations.[3]
The fragmentation decisions used for the Book and Ride database are:
[bookmark: _Toc509111279][bookmark: _Toc509111377][bookmark: _Toc509191428]5.2.1 Region Table
The region table was not fragmented as it is small and not updated frequently.
[bookmark: _Toc509111280][bookmark: _Toc509111378][bookmark: _Toc509191429]5.2.2 City Table
The city table was not fragmented as it is small and not updated frequently.	Comment by Kemi Ademoye: But consider replicating this table instead at the multiple fragmentation sites as it is related to almost all the tables and would be accessed frequently. Otherwise you may have bottlenecks as everyone is trying to read city names from one location.
[bookmark: _Toc509111281][bookmark: _Toc509111379][bookmark: _Toc509191430]5.2.3 Office Table
The office table was not fragmented as it is small and not updated frequently.
	Comment by Kemi Ademoye: You may want to consider replicating this table too or fragmenting it by region (based on its CityId).
[bookmark: _Toc509111282][bookmark: _Toc509111380][bookmark: _Toc509191431]5.2.4 Driver Table
The decision was made to fragment this table using mixed fragmentation, this is because the payroll and HR departments each need to see different data. Each individual office also needs to see driver information to check their current status, so using mixed fragmentation seemed the most suitable method of fragmentation.
Vertical Fragmentation:
D1:	πDriverNo, FirstName, Surname, VehicleRegNo, CarSize, Status, OfficeId(Driver)
D2:	πDriverNo, FirstName, Surname, EmailAddress, AccountNo, AccountSortCode, NIN(Driver)
D3:	πDriverNo, FirstName, Surname, CityId, Postcode, LicenseNo, LicenseExpiryDate, DateRegistered(Driver)	Comment by Kemi Ademoye: Good but remember that in Vertical fragmentation only the PK is duplicated across fragments to allow for reconstruction.

Horizontal Fragmentation
D11:	σOfficeId = ‘O000001’(D1)
D12:	σOfficeId = ‘O000002’(D1)
D13:	σOfficeId = ‘O000003’(D1)
D14:	σOfficeId = ‘O000004’(D1)
D15:	σOfficeId = ‘O000005’(D1)
D16:	σOfficeId = ‘O000006’(D1)
D17:	σOfficeId = ‘O000007’(D1)
The Driver table is divided into a mixed fragment. D1 is what is fragmented to each office, D2 is what the Payroll Department receives and D3 is what the Human Resources (HR) department receives.	Comment by Kemi Ademoye: Although you have correctly identified that the Driver fragment should be further fragmented based on their Office. You should also add that this will be done on a regionally basis.
Fragmentation Reconstruction
If the table needs to be reconstructed, it is possible by using the UNION operator when selecting each table. This combines the results of 2 or more SELECT statements[11]. The table could then be reconstructed using a natural join. A natural join does not require a comparison operator, natural joins only work if there is a common column within the two tables. To reconstruct the Driver table the following expression is used:
D1 ⋈ D2 ⋈ D3 (D21 ∪ D22 ∪ D23 ∪ D24 ∪ D25 ∪ D26 ∪ D27) = Driver	Comment by Kemi Ademoye: Very good
[bookmark: _Toc509111283][bookmark: _Toc509111381][bookmark: _Toc509191432]5.2.5 Member Table
The decision was also made to fragment the member table using vertical fragmentation. This is because the HR and payment department each need quick access to the member information.	Comment by Kemi Ademoye: Also consider fragmenting the Members by region to meet Book and Ride’s requirements using the AddressRegionCode column. This way member records are located near their primary contact office.
Vertical Fragmentation
M1:	πMemberNo, FirstName, Surname, DOB, AddressRegionCode, PhoneNumber, EmailAddress(Member)
M2:	πMemberNo, FirstName, Surname, EmailAddress, CardNo, CardCVV, CardExpiryDate(Member)
Fragmentation Reconstruction
To reconstruct the fragmented tables, a natural join is used similarly to the Driver table:
M1 ⋈ M2 = Member

[bookmark: _Toc509111284][bookmark: _Toc509111382][bookmark: _Toc509191433]5.2.6 Booking Table
The booking table was chosen to be fragmented using horizontal fragmentation, this is because each office will need to access the bookings made by members. If the data isn’t there in quickly the drivers could potentially be late the chosen pickup time.	Comment by Kemi Ademoye: Okay, but you could also use a derived fragmentation strategy so that the bookings are located at the same location as the parent Member records as you have suggested.
Horizontal Fragmentation
B1:	σOfficeId = ‘O000001’(Booking)
B2:	σOfficeId = ‘O000002’(Booking)
B3:	σOfficeId = ‘O000003’(Booking)
B4:	σOfficeId = ‘O000004’(Booking)
B5:	σOfficeId = ‘O000005’(Booking)
B6:	σOfficeId = ‘O000006’(Booking)
B7:	σOfficeId = ‘O000007’(Booking)
Fragment Reconstruction
To reconstruct the table, a UNION operator can be used to combine each of the tables back into its original form as shown below:
M1 ∪ M2 ∪ M3 ∪ M4 ∪ M5 ∪ M6 ∪ M7 = Booking
[bookmark: _Toc509111285][bookmark: _Toc509111383][bookmark: _Toc509191434]5.2.7 DriverSchedule Table
For the DriverSchedule table, a derived horizontal fragmentation was used. This is because it makes sense to divide each drivers schedule by its office, so the office staff know which drivers are working and are available. But it's it is not possible to do that using a horizontal fragmentation because there is no column to fragment, so a derived fragmentation is needed.	Comment by Kemi Ademoye: Good	Comment by Kemi Ademoye: 
Avoid using contractions (shortened form of a word combination using the apostrophe (') e.g. don't, isn't)!

Reference(s):http://grammar.about.com/od/words/a/EnglishContractions.htm
Derived Horizontal Fragmentation
D1:	σOfficeId = ‘O000001’(Driver)
D2:	σOfficeId = ‘O000002’(Driver)
D3:	σOfficeId = ‘O000003’(Driver)
D4:	σOfficeId = ‘O000004’(Driver)
D5:	σOfficeId = ‘O000005’(Driver)
D6:	σOfficeId = ‘O000006’(Driver)
D7:	σOfficeId = ‘O000007’(Driver)
DS1 = DriverSchedule ▻ OfficeId D1
DS2 = DriverSchedule ▻ OfficeId D2
DS3 = DriverSchedule ▻ OfficeId D3
DS4 = DriverSchedule ▻ OfficeId D4
DS5 = DriverSchedule ▻ OfficeId D5
DS6 = DriverSchedule ▻ OfficeId D6
DS7 = DriverSchedule ▻ OfficeId D7
Fragment Reconstruction
Reconstructing the fragmented tables involves the same process as a horizontal fragmentation:
DS1 ∪ DS2 ∪ DS3 ∪ DS4 ∪ DS5 ∪ DS6 ∪ DS7 = DriverSchedule
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[bookmark: _Toc509191436]Appendix	Comment by Kemi Ademoye: Again not, needed.
[bookmark: _Toc509111287][bookmark: _Toc509111385][bookmark: _Toc509191437]1.1 Region Table
CREATE TABLE Region
(
	RegionCode CHAR(3) NOT NULL CONSTRAINT PK_Region PRIMARY KEY (RegionCode),
	RegionName VARCHAR(50) NOT NULL
);

[bookmark: _Toc509111288][bookmark: _Toc509111386][bookmark: _Toc509191438]1.2 City Table
CREATE TABLE City
(
	CityId CHAR(7) NOT NULL CONSTRAINT PK_City PRIMARY KEY (CityID),
	CityName VARCHAR(50) NOT NULL,
	RegionCode CHAR(3) NOT NULL CONSTRAINT FK_City_RegionCode REFERENCES Region(RegionCode)
);

[bookmark: _Toc509111289][bookmark: _Toc509111387][bookmark: _Toc509191439]1.3 Office Table
CREATE TABLE Office
(
	OfficeId CHAR(7) NOT NULL CONSTRAINT PK_Office PRIMARY KEY (OfficeId),
	[Name] VARCHAR(50) NOT NULL, 
	[Address] VARCHAR(100) NOT NULL,
	CityId CHAR(7) NOT NULL CONSTRAINT FK_Office_CityId REFERENCES City(CityId), 
	Postcode VARCHAR(8) NOT NULL CONSTRAINT CHK_Office_Postcode CHECK(Len(Postcode) >= 6),
	PhoneNo VARCHAR(12) NOT NULL CONSTRAINT CHK_Office_PhoneNo CHECK(PhoneNo LIKE '[0-9][0-9][0-9][0-9][0-9] [0-9][0-9][0-9][0-9][0-9][0-9]'),
	ManagerName VARCHAR(50) NOT NULL,
);

[bookmark: _Toc509111290][bookmark: _Toc509111388][bookmark: _Toc509191440]1.4 Driver Table
CREATE TABLE Driver
(
	DriverNo CHAR(7) NOT NULL CONSTRAINT PK_Driver PRIMARY KEY (DriverNo),
	FirstName VARCHAR(20) NOT NULL,
	Surname VARCHAR(50) NOT NULL,
	DOB DATE NOT NULL,
	[Address] VARCHAR(100) NOT NULL,
	CityId CHAR(7) NOT NULL CONSTRAINT FK_Driver_CityId REFERENCES City(CityId), 
	Postcode CHAR(8) NOT NULL CONSTRAINT CHK_Driver_Postcode CHECK(Len(Postcode) >= 6),
	PhoneNumber VARCHAR(12) NOT NULL CONSTRAINT CHK_Driver_PhoneNo CHECK(PhoneNumber LIKE '[0-9][0-9][0-9][0-9][0-9] [0-9][0-9][0-9][0-9][0-9][0-9]'), 
	EmailAddress VARCHAR(50) NOT NULL,
	LicenseNo CHAR(16) NOT NULL,
	LicenseExpiryDate DATE NOT NULL,
	VehicleRegNo CHAR(8) NOT NULL CONSTRAINT CHK_Driver_VehicleRegNo CHECK(VehicleRegNo LIKE '[0-9][0-9][A-Z][A-Z] [0-9][0-9][0-9]'),
	CarSize TINYINT NOT NULL,
	OfficeId CHAR(7) NOT NULL CONSTRAINT FK_Driver_OfficeId REFERENCES Office(OfficeId), 
	AccountNo CHAR(8) NOT NULL CONSTRAINT CHK_Driver_AccountNo CHECK(AccountNo LIKE '[0-9][0-9][0-9][0-9][0-9][0-9][0-9][0-9]'), 
	AccountSortCode CHAR(8) NOT NULL CONSTRAINT CHK_Driver_AccountSortCode CHECK(AccountSortCode LIKE '[0-9][0-9]-[0-9][0-9]-[0-9][0-9]'), 
	NIN CHAR(13) NOT NULL CONSTRAINT CHK_Driver_NIN CHECK(NIN LIKE '[A-Z][A-Z] [0-9][0-9] [0-9][0-9] [0-9][0-9] [A-Z]'), 
	DateRegistered DATE NOT NULL,
	[Status] VARCHAR(50) NOT NULL
);

[bookmark: _Toc509111291][bookmark: _Toc509111389][bookmark: _Toc509191441]1.5 Member Table
CREATE TABLE Member
(
	MemberNo CHAR(7) NOT NULL CONSTRAINT PK_Member PRIMARY KEY (MemberNo),
	FirstName VARCHAR(20) NOT NULL,
	Surname  VARCHAR(30) NOT NULL,
	DOB Date NOT NULL,
	AddressRegionCode CHAR(3) CONSTRAINT FK_Member_AddressRegionCode REFERENCES Region(RegionCode),
	PhoneNumber VARCHAR(12) NOT NULL CONSTRAINT CHK_Member_PhoneNumber CHECK(PhoneNumber LIKE '[0-9][0-9][0-9][0-9][0-9] [0-9][0-9][0-9][0-9][0-9][0-9]'),
	EmailAddress VARCHAR(50) NOT NULL,
	CardNo VARCHAR(19) NOT NULL CONSTRAINT CHK_Member_CardNo CHECK(CardNo LIKE '[0-9][0-9][0-9][0-9] [0-9][0-9][0-9][0-9] [0-9][0-9][0-9][0-9] [0-9][0-9][0-9][0-9]'),
	CardCVV VARCHAR(3) NOT NULL CONSTRAINT CHK_Member_CardCVV CHECK(CardCVV LIKE '[0-9][0-9][0-9]')
	CardExpiryDate DATE NOT NULL
)

[bookmark: _Toc509111292][bookmark: _Toc509111390][bookmark: _Toc509191442]1.6 Booking Table
CREATE TABLE Booking
(
	BookingNo CHAR(7) NOT NULL CONSTRAINT PK_Booking PRIMARY KEY (BookingNo),
	MemberNo CHAR(7) NOT NULL CONSTRAINT FK_Booking_MemberNo REFERENCES Member(MemberNo), 
	BookingDateTime DATETIME NOT NULL,
	PickupDateTime DATETIME NOT NULL,
	PickupAddress VARCHAR(50) NOT NULL,
	PickupCityId CHAR(7) NOT NULL CONSTRAINT FK_Booking_PickUpCityId REFERENCES City(CityId),
	PickupPostcode VARCHAR(8) NOT NULL CONSTRAINT CHK_Booking_PickupPostcode CHECK(Len(PickupPostcode) >= 6),
	DestinationAddress VARCHAR(50) NOT NULL,
	DestinationCityId CHAR(7) NOT NULL CONSTRAINT FK_Booking_DestinationCityId REFERENCES City(CityId),
	DestinationPostcode CHAR(8) NOT NULL CONSTRAINT CHK_Booking_DestinationPostcode CHECK(Len(DestinationPostcode) >= 6),
	JourneyMilage FLOAT NOT NULL,
	CarSize TINYINT NOT NULL,
	AssignedDriverNo CHAR(7) NOT NULL CONSTRAINT FK_Booking_AssignedDriverNo REFERENCES Driver(DriverNo),
	DeliveredDateTime DATETIME NOT NULL,
	FareAmount MONEY NOT NULL,
	CancellationDateTime DATETIME,
	CancellationCharge MONEY,
	PaymentDetails VARCHAR(100) NOT NULL,
)

[bookmark: _Toc509111293][bookmark: _Toc509111391][bookmark: _Toc509191443]1.7 DriverSchedule Table
CREATE TABLE DriverSchedule
(
	DriverNo CHAR(7) NOT NULL CONSTRAINT FK_Driver_Schedule REFERENCES Driver(DriverNo),
	StartDateTime DATETIME NOT NULL,
	EndDateTime DATETIME NOT NULL,
	WeekNo TINYINT CONSTRAINT CHK_DriverSchedule_WeekNo CHECK(Len(WeekNo) = 2) NOT NULL,
	VehicleRegNo CHAR(8) NOT NULL CONSTRAINT CHK_DriverSchedule_VehicleRegNo CHECK(VehicleRegNo LIKE '[0-9][0-9][A-Z][A-Z] [0-9][0-9][0-9]'), 
	CurrentlyAvailable BIT NOT NULL,
	CONSTRAINT PK_DriverSchedule PRIMARY KEY(DriverNo, StartDateTime)
)



[bookmark: _Toc509111294][bookmark: _Toc509111392][bookmark: _Toc509191444]2.1 Testing Referential Integrity
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Region Table:
[image: ]
City Table:
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Office Table:
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Driver Table:
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Member Table:
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Booking Table:
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DriverSchedule Table:
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[bookmark: _Toc509111295][bookmark: _Toc509111393][bookmark: _Toc509191445]2.2 Testing Check Constraints
Postcode length is greater than 8 characters:
[image: ]
Postcode length is less than 6 characters:
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Phone Number contains letters:
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Vehicle Registration Number is in the incorrect format:
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Account Number is in the incorrect format:
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Sort Code in the incorrect format:
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National Insurance Number in the incorrect format:
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Bank Account Number in the incorrect format:
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Bank CVV in the incorrect format:
[image: ]


[bookmark: _Toc509191446]3. Indexes
-- Transaction 1
-- Find information about an office
CREATE INDEX idxOffice
ON Office ([Name], Address, PhoneNo, ManagerName)

-- Transaction 2
-- List how many drivers are currently available for picking up customers per city
CREATE INDEX idxDriver
ON DriverSchedule (StartDateTime, EndDateTime, WeekNo, CurrentlyAvailable)

-- Transaction 3
-- Find the total profit made per city on a specific date
CREATE INDEX idxBooking
ON Booking (FareAmount, DeliveredDateTime, PickupCityId)

-- Transaction 4
-- Find contact information for a specific driver
CREATE INDEX idxDrive2
ON Driver (FirstName, Surname, DOB, [Address], PhoneNumber, EmailAddress)

-- Transaction 5
-- Get a list of all bookings that have been cancelled
CREATE INDEX idxBooking2
ON Booking (MemberNo, CancellationDateTime, CancellationCharge)


	
                 MARKING CRITERIA AND STUDENT FEEDBACK



This section details the assessment criteria. The extent to which these are demonstrated by you determines your mark. The marks available for each criterion are shown. Lecturers will use the space provided to comment on the achievement of the task(s), including those areas in which you have performed well and areas that would benefit from development/improvement.

	[bookmark: assessmentComponent]Common Assessment Criteria Applied  (Assignment 1)
	Marks available
	Marks 
awarded

	1. Research-informed Literature 
Extent of research and/or own reading, selection of credible sources, application of appropriate referencing conventions.
	
	

	[bookmark: feedbackRIL] Demonstrates an excellent level of research with a very good range and application of research material. Although, I am not sure the AA reference gave you good information - see comment below. (Grade mark: 90.00%)
	[bookmark: totalRIL]5
	[bookmark: markRIL]4.5

	
	
	

	2. Knowledge and Understanding of Subject
Extent of knowledge and understanding of concepts and underlying principles associated with the discipline.
	
	

	[bookmark: feedbackKUS]Generally, demonstrates an excellent understanding of the SQL Data Definition Language. Your implementation of indexes, however, is quite poor - see comments below. Just a few small points to note - see comments under practical application. (Grade mark: 85.00%)
	[bookmark: totalKUS]20
	[bookmark: markKUS]17

	
	
	

	3. Analysis
Analysis, evaluation and synthesis; logic, argument and judgement; analytical reflection; organisation  of ideas and evidence
	
	

	[bookmark: feedbackANA]Although your identification of what data queries would be important and common is good, it appears you have misunderstood how to select what columns to index from your analysis of these queries. It is the columns involved in the WHERE, JOIN, ORDER BY, etc. clauses that are good candidates for secondary indexes. You have also misunderstood the concept of multi-column indexes - see your report.
The case study scenario has been very well analysed, with good application of missed and derived fragmentation strategies. Also, while you have correctly identified small tables that do not need to be fragmented, note that sometimes it is necessary to replicate rather than centralise such fragments. For example, a replication strategy would be more appropriate for the City table as it is related to multiple tables and would be accessed frequently to retrieve city names. As it would not be updated frequently, replicating this fragment would be okay. (Grade mark: 66.67%)
	[bookmark: totalANA]30
	[bookmark: markANA]20

	
	
	

	4. Practical Application and Deployment
Deployment of methods, materials, tools and techniques; application of concepts; formulation of innovative and creative solutions to solve problems.
	
	

	[bookmark: feedbackPAD]An excellent implementation, with code that is well documented and a good range of sample data. You have also implemented and explained the use of the transaction to test the business constraint. A few minor things to note: you have used quite an interesting format for vehicle registration numbers. I am not sure many UK registered cars will pass :). What country's AA did you look at? Consider adding CHECK constraint for allowed options for columns such as the Status column. CardCVV - note that some cards use 4 numbers. It is also better to use decimal or one of the other numeric types instead of float.  Be careful with your use of NOT NULL - most of your choices are very good and you have provided good reasons in your comments, but take note of those columns whose values may not be specified when first inserting the data. For example, AssignedDriverNo - in some scenarios it may not be possible or necessary/practical to assign a driver immediately e.g. all drivers may be currently booked out at the time of booking or if the customer is making the booking way in advanced. (Grade mark: 87.50%)
	[bookmark: totalPAD]40
	[bookmark: markPAD]35

	
	
	

	5. Skills for Professional Practice 
Attributes in professional practice: individual and collaborative working; deployment of appropriate media; presentation and organisation.
	
	

	[bookmark: feedbackSPP]The report is generally well-written and presented, but you have lost some marks for including irrelevant content in the report as it is important to learn how to write concisely. (Grade mark: 70.00%)
	[bookmark: totalSPP]5
	[bookmark: markSPP]3.5

	
	
	



	Assignment Mark (Assessment marks are subject to ratification at the Exam Board.  These comments and marks are to give feedback on module work and are for guidance only until they are confirmed. )
	Late Submission Penalties (tick if appropriate)
	[bookmark: totalMark]80%

	
	Up to one week late
	[bookmark: fourWeeksLate]
	

	
	1st/2nd/3rd attempt?
	[bookmark: firstAttempt]
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Msg 2627, Level 14, State 1, Line 23
Violation of PAIMARY KSY comstraint 'BK_Office’. Canmot insert duplicate key in object 'dbo Office’. The duplicate key value is (0000001).
The statement has besn terminsted.
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Msg 2627, Level 14, State 1, Line 35
Violation of PAIMARY KSY comstraint 'BK Driver’. Canmot insert duplicate key in object 'dbo Driver’. The duplicate key value is (D0DDOD1) .-
The statement has besn terminsted.
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Msg 2627, Level 14, State 1, Line 73
Violation of PAIMARY KSY comstraint 'BK Member'. Canmot insert duplicate key in object 'dbo Member'. The duplicate key value is (M0DODO1) .
The statement has been terminated.
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Msg 2627, Level 14, State 1, Line 110
Violation of PAIMARY KSY constraint 'BK Booking'. Canmot insert duplicate key in object 'dbo Booking'. The duplicate key value is (B000001) .
The statement has besn terminsted.
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Msg 2627, Level 14, State 1, Line 144
Viclation of BRIMARY KEY comstraint 'BX DriverSchedule'. Canmot insert duplicste key in object 'dbo.DriverSchedule’. The duplicste key valus is (D000001, Mar 10 2018 S:00AM).
The statement has besn terminsted.
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Msg 8152, Level 16, State 14, Line 31
Scring or binary dava would be truncated.
The statement has besn terminsted.
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Msg 547, Level 16, State 0, Line 31
The INSERT statement conflicted with the CHECK comstraint "CHK Offics Posteods®. The conflict occurred in dstsbase "BookhndRide, table "dbo.Office", column 'Dosteods’.
The statement has besn terminsted.
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Msg 547, Level 16, State 0, Line 31
The INSERT statement conflicted with the CHECK comstraint "CHK Offics Phonelo”
The statement has besn terminsted.

The conflict occurred in database "BookAndRide”, table "dbo Office”, column 'Bhomelo' -





image12.png
Msg 547, Level 16, State 0, Line 75
The INSEAT statement conflicted with the CHECK comstraint "CHE Driver_VehicleReglo”. The conflict occurred in database "BookandRide”, table "dbo Driver”, colum 'VehicleReglio'-
The statement has besn terminsted.
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Msg 547, Level 16, State 0, Line 75
The INSERT statement conflicted with the CHECK comstraint "CHK Driver Accountlo". The conflict occurred in dstsbase "BockhndRide”, table
The statement has besn terminsted.

‘dbo Driver”, colum 'Accountiie’-
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Msg 547, Level 16, State 0, Line 75
The INSERT statement conflicted with the CHECK comstraint "CHK Driver AccountSorcCods”. The conflict occurred in detabase "BookBndRide”, table "dbo.Driver”, colum 'AccountSorcCoda’.
The statement has been terminated.
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Msg 547, Level 16, State 0, Line 75
The INSERT statement conflicted with the CHECK comstraint "CHK Driver NIN'. The conflict occurred in dstabase "BookhndRide, table "dbo.Driver”, column 'NIN'.
The statement has been verminated.
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Msg 2627, Level 14, State 1, Line 106
Violation of PAIMARY KSY constrainc 'BK Member'. Cannot insert duplicate key in object 'dbo Member'. The duplicate key value is (MODO023)-
The statement has been terminated.
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Msg 547, Level 16, State 0, Line 106
The INSERT statement conflicted with the CHECK comstraint "CHK Member CardCUV". The conflict occurred in dstabase "BockhndRide”, table
The statement has been terminated.

‘dbo Member®, column 'CardCUV
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Msg 2627, Level 14, Steve 1, Line 4
Violation of PAIMARY KSY comstraint 'BK Region’. Canmot insert duplicate key in object 'dbo Region’. The duplicate key value is (R01).
The statement has been terminated.
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Msg 2627, Level 14, State 1, Line 12
Violation of PAIMARY KSY comstraint 'BK_City’. Canmot insert duplicate key in object 'dbo.City’. The duplicate key value is (COD00DL) -
The statement has besn terminsted.




