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Abstract 
 
The following report has been produced to aid Book & Ride solve two problems on their 
database; Indexes & Fragmentation. The report begins by demonstrating how the database 
has been created. Example transactions have then been evaluated and appropriate indexes 
created. Finally, a distributed database solution has been prepared.  
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Database Creation 
 

1.1 Database Creation 
 
The following section of the report demonstrates, in the form of screenshots, the creation of 
the tables in the Book & Ride database. Including Primary Key creation, referential integrity 
constraints (Foreign Keys) for each table, and the check constraints implemented on certain 
fields. Full database creation SQL code can be found in accompanying SQL files. 
 
1.1.1 Region Table 

 
• Creation of region table, including Primary Key constraint with check constraint on 

RegionCode column. 
 

 
 
Check constraint test below; attempting to insert a RegionCode in the wrong format. 
 

 
 
Results in following error; 
 

 
 
Confirming that the check constraint implemented is working correctly. 
 
1.1.2 City Table 
 

• Creation of City table with Primary Key Constraint, and check constraint on CityID 
column. 

•  
Foreign Key reference to Region table also declared.  
 

 
 
Test on CityID check constraint; attempting to insert CityID in wrong format. 
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Results; 

 
1.1.3 Office Table 
 

• Creation of Office table, including check constraint on OfficeID. To avoid repetition, 
tests comparable to ones carried out previously in this report will not be repeated as 
they will yield the same results.  

 
Primary Key constraint can also be seen along with Foreign Key reference to City Table.  
 

 
 
 
1.1.4 Driver Table 
 

• Creation of Driver table, showing Primary Key constraint on DriverNo column. 
Foreign Key references implemented on OfficeID from Office table and CityID from 
City table. Five check constraints have been used to check the following important 
data; Driver Number, License Number, Account Number, Account Sort Code and 
National Insurance Number. 
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1.1.5 Member Table 
 

• Member table, Primary Key constraint on MemberNo column, including check 
constraint. Foreign Key reference on RegionCode to Region table. Customer’s 
payment details include checks to ensure correct entry for Card Number, Card CVV 
and Card Expiry Date.  

 

 
 
 
1.1.6 Booking Table 
 

• Booking table, Primary Key constraint on BookingNo column, including check 
constraint. Foreign Key references on AssignedDriverNo, MemberNo, PickUpCityID 
& DestCityId to Driver, Member and City tables respectively.  

 

 
 
1.1.7 Driver Schedule Table 
 
Driver Schedule table, two Primary Key constraints, DriverNo & StartDateTime. Foreign Key 
reference on DriverNo from Driver table.  
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1.1.8 ERD Diagram 
 
ERD Diagram created using Microsoft SQL Server 2017 diagram creator. 
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1.2 Database Population  
 
Region Table  
 

• For the assignment, the expansion of Book & Ride was focused to five different 
regions around Wales. 

  

 
 
City Table  
 

• Eleven cities were added to the database, 3 for South Wales and 2 for remaining 
regions. Wales has 6 recognised cities [1], other larger towns in Wales were used for 
the assignment.  

 

 
 
Office Table  
 

• One office for each region was inserted.  
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Driver Table 
 

• One driver for every city is added for each table, except for ‘C00010’, where three 
drivers exist for testing purposes. The screenshot below shows three example insert 
statements, full data insertion can be seen in the accompanying SQL file.  

 
 
Member Table 
 

• Three members are added for each region to ensure accurate testing on the 
database. Four examples are shown below.  
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Booking Table 
 

• Six bookings have been inserted. Care has been taken to ensure most of the cities 
are included for accurate testing. Three insert examples are shown below. 

 
Driver Schedule 
 

• Data for 7 drivers has been added to the Driver Schedule table, each driver working 
different hours on defined weeks. Data has been entered to check the rule that no 
driver can work more than 40 hours each week. Triggers and Transactions have been 
implemented later in the report to enforce this rule on the database. 
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1.3 Primary & Foreign Key Referential Integrity Testing 
 
To test the existence of the primary key in the Book & Ride database, the following code was 
modified and executed [2] . To avoid test repetition, testing will be carried out on the City 
table. Further testing is evident in SQL files accompanying this report. 
 

 
 
When executed, the query displays a view containing a column of all the primary keys. To 
confirm accurate results, a screenshot of results is also provided when the same query is run 
on the Driver Schedule table, which has two primary keys.  
 
City Table      Driver Schedule Table 

 
 
 
 
 
 

 
The query is then further modified to search for foreign keys in the table.  
 
 
 
 
 
Once executed, the query displays the database, the foreign key constraint column and 
constraint type. Again, a screenshot is provided for the same query run on the City table and 
the Driver table which contains two foreign key constraints. 
 
City Table 
 

 
 
Driver Table 
 

 
 
To test the relationship integrity of the primary in the city table, join queries from the 
Primary Key CityID in the City table ON CityID as a foreign key in the office, driver and 
booking table have been written and executed. 
 

• Join CityID PK in City ON CityID FK in Office  
 
 
 



9 
 

 
 

• Join CityID PK in City ON CityID in Driver 
 
 
 
 

• Join CityID PK in City ON PickUpCityID AND DestCityId in Booking 
 

 
 
When executed the above queries display the matching PK CityID in tables Office, Driver and 
Booking which contain foreign key references to CityID in the city table.  
 
City ON Office   City ON Driver   City ON Booking  
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1.4 Database Indexes 
 
Database indexes are similar to indexes in a book, they allow a query to retrieve data from a 
database efficiently, and indexes drastically speed up retrieval of data. Indexes relate to 
tables in the DB and involve one or keys established on each tables columns. Small 
databases will not see the value of indexes, however, when the amount of data stored in a 
database grows, queries take longer, thus the need for correct indexes [3]. The indexes for 
this database are investigated and implemented in the section 2, page 16 of this report. 

 
1.5 Creating New Users 
 
1.5.1 Multi-user Access to Database 

 
Multi-user access can also be authorised on the database by two different methods.  
 
Method one – Using the GUI  
 
Right-click on the Book & Ride database and selecting properties > options > state and 
selecting MULTI_USER from the drop-down menu.  

 

 
 
Method Two - SQL 
 
 

 
 

 
 
 
 
 
 



11 
 

1.5.2 Creating Logon & Users 
 
In a real world scenario it would be beneficial to create logons and users for each member of 
staff in the office, each one with varying levels of rights on the database. In the Book & Ride 
assignment scenario it has been requested to create a logon and user account for one other 
database user, for this assignment, a logon and user has been created for the manager of 
the Swansea office. Joe Bloggs. 
 
To create access for multiple users the following steps are required.  
 
First, a login must be created.  
 
 

 
 
 
 
Second, a user is created for the login.  
 
 

 
 
 
It is now possible to connect to the database a new user by using ‘SQL Server 
Authentication’ at the login prompt.  
 
 
 
 
 
 
 
 
The new user can then be seen in the database explorer bar.  
 
 

 
 
However, the newly created user needs to be granted rights on the database to perform 
queries. To test this, a simple SELECT query is run. 
 

 
 
The user can be seen in the tab as (JoeBloggs (59))*, the above error message occurs when 
running the query. 
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1.5.3 Granting Select and Update Rights 
 
Once the new user created, it is then possible to grant the new user rights. For this 
assignment one other user is required to possess SELECT and UPDATE rights, to implement 
these rights, the following code is used. 
 

 
 
Test with SELECT statement 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
User JoeBloggs is now able to perform SELECT commands.  
 
Test with UPDATE statement 
 

 
 

BookingDateTime column has been updated from 10:00am to 8:00am. 
 
To test user JoeBloggs only has SELECT and UPDATE rights, an INSERT query is be used. 
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And error message is shown when the above INSERT query is executed as user JoeBloggs has 
not been granted rights to INSERT. 
 
It is also possible to grant a user rights to the database using ‘DataReader’ and ‘DataWriter’ 
commands. This command can grant rights across all tables in the database, thus eliminating 
code repetition.  
 
 

 
 
 
 
 
However, the ‘db_datawriter’ command permits the selected user INSERT, UPDATE & 
SELECT rights and therefore obsolete for the task required in this assignment.  
 
The rights can be reversed with the following SQL query. 
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1.6 Enforcing 40 Working Hour Business Rule 
 
Book & Ride enforces a policy of where drivers cannot work over 40 hours in one week. To 
enforce this rule in the database two methods have been provided.  

 
1.6.1 Weekly Hours Worked Transaction 

 
Firstly, a transaction has been created which would act as a stored query, to be used to 
enter new bookings which checks a driver’s working schedule. 
 

 
The transaction attempts to insert a new record into the Booking table, then using an if-
statement, the driver’s hours are checked, if greater than or equal to 40 the transaction is 
rolled back and an error message displayed. 
 

 
 
It is possible to test the rollback has performed correctly by running the following query and 
ensuring a new record has not been entered. 

 

 
 
It can be seen from the query results below that a record has not been inserted and the 
rollback has been performed.  
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1.6.2 Weekly Hours Worked Trigger 

 
The second method uses a trigger which is stored on the database and called if an INSERT or 
UPDATE is attempted on the Booking table.  
 

 
The trigger is tested by attempting to insert a record to the Booking table.  

 
Results of the test shown below.  
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Performance Tuning 
 

2.1 Example Data Query Requirements 
 
The following queries have been identified as important to the Book & Ride database; 
 

1. Identifying drivers available for hire in specific regions and cities.  
 

• Busiest at weekends when customers may be out and unable to drive due to 
alcohol.  

 
2. Drivers listing their bookings for the day. 

 

• Most searched during the start of each working day due to most drivers 
working day shifts, however, as many drivers start at different times 
throughout the day this transaction will be frequent throughout. 

 
3. Swansea office reading customer payment details, based on their bookings in 

specific regions. (Finance remains in Swansea office). 
 

• Busy transaction throughout the day as bookings come in, payment will 
need to be processed as soon as possible.  

 
4. Swansea office searching driver payment details, total earned and to be paid. 

 

• Weekly transaction, busiest at the end of the Book & Ride working week 
(Saturday) when drivers will be paid for their bookings from the week.  

 

2.2 Analysis of Examples 
 
The following analysis of the transactions identified follows an example found in the book 
Database Systems by Connolly & Begg [4]. 
 
2.1.2 Base Tables Identified  
 
To identify the base tables used in the important example queries for Book & Ride a 
transaction/relation cross-reference matrix is used to determine the tables on which to 
create secondary indexes. 

 
 1 2 3 4 

Tables C R U D C R U D C R U D C R U D 

Region                 

City      X    X       

Office                 

Driver  X    X        X   

Member      X    X       

Booking      X    X    X   

DriverSchedule  X            X   
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Analysis of the table shows the base tables; Driver, Booking, Driver Schedule, Member, City 
are used with Driver and Booking the most frequent.  
 
2.2.2 Additional Access Operations & Actioned Columns 
 
From results found in 2.1.2, it is possible to identify the interactions between the base tables 
and query transactions, thus identifying which columns the query will act on and which 
operations should be added to the SELECT statement. 
 
*Frequency figures estimated based on current small amount of database entries.  

Table Transaction Field Frequency (Per Day) 

Driver 

(1) 
 
 

(2) 
 

(4) 

Predicate: CityID 
Join: DriverSchedule ON DriverNo 
 
Join: Booking ON AssignedDriverNo 
 
Join: Booking ON AssignedDriverNo 

100’s 
 
 

10 - 50 
 

1 - 5 

Booking 

(2) 
 
 

(3) 
 

(4) 

Predicate: AssignedDriverNo, 
PickUpDateTime 
 
Join: Member ON MemberNo 
 
Predicate: AssignedDriverNo 

10 - 50 
 
 

100’s 
 

1 - 5 

Driver Schedule 

(1) 
 

(4) 

Predicate: StartDateTime 
 
Predicate: WeekNO 
Join: Driver On DriverNo 

100’s 
 

1 - 5 

Member 
(2) 

 
(3) 

Join: Booking ON MemberNo 
 
Join: City ON RegionCode 

10 - 50 
 

100’s 

City 

(2) 
 
 

(3) 

Join: Booking ON PickUpCityID 
Join: Booking ON DestCityID 
 
Predicate: RegionCode 

10 – 50 
 
 

100’s 

 
 
2.2.3 Completed Queries 
 

1. Identifying drivers available for hire in specific regions and cities.  
 

 
 

2. Drivers listing their bookings for the day. 
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3. Swansea office reading customer payment details, based on their bookings in specific 
regions. (Finance remains in Swansea office). 

 

 
 

4. Swansea office searching for driver payment details, their total earnings for a given 
week and calculating how much the driver is to be paid. (Based on the scenario that 
Book & Ride pays 50% commission to drivers for each fare.) 

 

 
 
The aim of the above query was to sum the total of the of the FareAmount column and 
divide by two to allow the Swansea office to calculate the 50% commission for each fare, 
then SUM the total of the alias TotalOwed column to show total owed to each driver at the 
end of each week. However, as there are for records for driver ‘D0001’ in week 7, the SUM 
function is multiplying by 4, giving inaccurate results. As a workaround, the summed column 
FareAmount is first divided by 4 to give original FareAmount, then divided by 2 to result in 
the drivers 50% commission figure. More research into this type of transaction problem is 
required. The query above has been taken further in the SQL files, including comments. As it 
is not possible to reference research in Microsoft SQL Server, references are included in the 
report [5]–[7]. 
 

2.3 Secondary Indexes 
 
The table below shows the additional indexes to be created. The Member table is indexed 
on the MemberNo column which is also a primary key. It is understood that Microsoft SQL 
Server automatically creates a clustered index on all primary key fields [8] and therefore an 
index will not need to be created for this table. To demonstrate that it can be created it has 
been included in the interest of thoroughness.  
 

Table Index 
Driver CityID, DriverNo 

Booking 
AssignedDriverNo, PickUpDateTime, MemberNo, PickUpCityID, 
DestCityID 

Driver Schedule DriverNo, StartDateTime, WeekNo 

Member MemberNo 

City RegionCode 
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2.3.1 Creation of Indexes 
 
Creation of indexes in SQL for section 1.3 
 
An index is shown for the Member table, however, Microsoft SQL Server indexes all primary 
key fields automatically and therefore this index is not needed.  
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Distributed Database Solution 
 

3.1 Fragmentation Schema & Reconstruction of Fragments 
 
It is requested that a fragmentation schema is derived to distribute Book & Rides data at a 
regional level.  
 
As tables Region, Office and City contain a nominal amount of data which is unlikely to be 
modified regularly, these tables will be left out of the fragmentation schema. Due to this 
replication across all sites on these tables, it can be said that the fragmentation schema used 
for Book & Ride will be that of selective replication; where some data will be fragmented to 
achieve good locality of reference and tables which are not regularly updated will be 
replicated [4].  
 
Driver Table 
 
As driver information is stored in the driver table it is desirable to have this information 
stored regionally, therefore, horizontal fragmentation is utilised, with the fragment based on 
the OfficeID as each region has one office. However, it could be considered that the 
Swansea office retains a complete replication of the Driver table to retain all payment and 
HR details, as per assignment brief. 
 

D1: OfficeID = 'OF00001' (Driver) / Swansea Office / South West Wales Region  

 

 
 

D2: OfficeID = 'OF00002' (Driver) / Cardiff Office / South East Wales Region 

 

 
 

D3: OfficeID = 'OF00003' (Driver) / Aberystwyth Office / Mid Wales Region 

 

 
 

D4: OfficeID = 'OF00004' (Driver) / Bangor Office / North West Wales Region  

 

 
 

D5: OfficeID = 'OF00005' (Driver) / St. Asaph Office / North East Wales Region 
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Reconstruction is achieved with the use of a UNION. 
 

D1  D2  D3  D4  D5 
 
Member Table 
 
Mixed fragmentation is used to fragment the Member table. As learnt from the assignment 
brief, Swansea retains the finance department for Book & Ride, therefore the table is first 
split vertically to separate members payment details.  
 

M1: MemberNo, CardNo, CardCVV, CardExpDate (Member)   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

M2: MemberNo, RegionCode, FirstName, Surname, DOB, PhoneNo, Email (Member)   
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Fragment M2 is then split horizontally based on RegionCode to allocate members to their 

specific region.  
 

M21: RegionCode = 'R00001' (M2) 

 

 
 
 

M22: RegionCode = 'R00002' (M2) 

 

 
 

M23: RegionCode = 'R00003' (M2) 

 

 
 

M24: RegionCode = 'R00004' (M2) 

 

 
 

M25: RegionCode = 'R00005' (M2) 

 

 
 
Reconstruction is achieved first by a UNION to restore the Regional fragment, then a 
NATURAL JOIN is used to restore the full Member table. 
 

M1 ⋈ (M21 ∪ M22 ∪ M23 ∪ M24 ∪ M25) 
 
Booking Table 
 
Considering the rule stated in the brief that ‘If drivers have not been allocated the next 
passenger, they wait within close vicinity of their last drop of point until they are allocated 
another passenger’ no fragmentation is implemented on the Booking table, complete 
replication is preferred. This is because all regions will wish to see all drivers operating at any 
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given time, especially if said driver picks up from one region, drops to another, and waits in 
that new region for another passenger.  
 
Vertical fragmentation was considered to fragment the payment details from the Booking 
table to the Swansea office finance department, however, a VIEW or TRANSACTION for 
these details would be preferential to avoid compromising database performance.  
 
Driver Schedule Table 
 
Derived fragmentation is used on the Driver Schedule table. The Driver table is a parent 
relation to the Driver Schedule table and has already been fragmented horizontally by region 
(OfficeID); therefore, it is useful to store the Driver Schedule data by using the same 
fragmentation as the parent, whilst also horizontally fragmenting the Driver Schedule Table 
by the CurrentlyAvailable column to show which drivers are or are not available in a specific 
region. 
 
This fragmentation system is based on the scenario where customers and employees will 
need to see information from the Driver Schedule table based on their office region (in case 
of employees), or GPS location (in case of customers booking through mobile app and 
accessing regionally fragmented database data based on their location). 
 

DS1: CurrentlyAvailable = DS ⊳OfficeID D1 (D1 is a horizontal fragment OfficeID = OF00001) 

 

 
 

DS2: CurrentlyAvailable = DS ⊳OfficeID D2 (D2 is a horizontal fragment OfficeID = OF00002) 

 

 
 

DS3: CurrentlyAvailable = DS ⊳OfficeID D3 (D3 is a horizontal fragment OfficeID = OF00003) 
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DS4: CurrentlyAvailable = DS ⊳OfficeID D4 (D4 is a horizontal fragment OfficeID = OF00004) 

 

 
 

DS5: CurrentlyAvailable = DS ⊳OfficeID D5 (D5 is a horizontal fragment OfficeID = OF00005) 

 

 
 

 
 
 

Reconstruction is achieved with the use of a UNION. 
 

DS1  DS2  DS3  DS4  DS5 
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