The Smile Factory Database Assignment Report
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[bookmark: _Toc63454026]Abstract
This report outlines the creation and structure of the database, as well as identifying and building secondary indexes for the purposes of performance tuning in regards to the data queries. It also contains a proposed distributed database design based on the requirements for The Smile Factory, including a fragmentation schema for the system and a fragmentation strategy that will be applied to each table with explanations as to why it was designed that way.
[bookmark: _Toc63454027]Database Design And Structure
Before creating a Microsoft SQL Server database to implement The Smile Factory database, a relational database schema had to be created in order to gauge the relationships between the tables within the database. These were done in 3NF (third normal form) [1] so as to simplify management of data, reduce duplication of said data and ensure that the referential integrity of the database would not be compromised when creating the database with SQL.
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There are a total of eight tables within the database: TreatmentType, TreatmentAttribute, Treatment, UserProfile, UserLogin, Patient, MedicalHistory and Appointment. UserProfile and UserLogin were created to allow the user, that being one of the dentists, to see only their own patients. UserLogin is a foreign key in the Patient, MedicalHistory and Appointment tables because of that design choice. TreatmentType was created to prevent a many to many relationship that would have resulted from Treatment and Treatment Attribute.
After developing the relational schema the database itself was then constructed in Microsoft SQL Server using SQL statements based on said schema. As I had went into detail within the previous schema the information was already there for the creation of the tables with their respective primary keys, foreign keys and constraints.
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[bookmark: _Toc63454028]Performance Tuning
The most important transactions within The Smile Factory Database involve patient details, their medical histories, what treatments are available and their prices, and appointment details such as who is assigned and the date/time of the appointment. These will be important for data queries as the users will want to find out such details to find out what treatment they will need to use on their patient, their medical history including allergies and previous medication (and if they are pregnant in the case of female patients) and when their appointment will take place.
Based on that reasoning, these indexes were created for TheSmileFactory database to improve query performance in these key areas [2]. Indexes are useful in that they are used to identify a specific set of rows that helps the SQL Serve Engine function faster through navigation of rows based on the index keys as opposed to scanning through the entirety of the table records.
Index_PatientFullName, which contains the ID and full name of the patients.
Index_Treatment, which contain ID, price and date of treatments.
Index_TreatmentType, which contains ID for treatment type.
 Index_TreatmentAttribute, which contains ID, name and value of the treatment attribute.
Index_MedicalHistoryDetails, which contain the entire medical histories of the patients.
Index_AppointmentDetails, which contain the important parts of the Appointment table, that being the appointment Number, the medic assigned to the appointment, and the date and time of the appointment.
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[bookmark: _Toc63454029]Testing Rollback and Commit Operations: Booking In A Private Patient
As part of developing the database, testing the rollback and commit operations is important especially when the user is inserting data values. In this case we were tasked to create a transaction that could book in a private patient as well as test transaction rollback and commit functions. To do this we created a TRY and CATCH transaction [3] to handle any errors that could arise due to data value constraints.
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Testing commit operations by inserting data (patient, treatment, appointment) into The Smile Factory Database. As shown the transaction was successful and the data inserted.
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Testing rollback operations by inserting same data a second time into The Smile Factory Database. As shown there was a violation and the transaction was rolled back.
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The results of the violation of the transaction.
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The distributed database solution that this report proposes will involve a centralised strategy, which consists of a single database and management system stored at one site with the users being distributed over the network. The reasons why this report proposes this strategy is because it will be easier to maintain and update as opposed to a fragmented solution assigned to multiple sites in the network, because said solution would require additional work to avoid issues of data redundancy.
[bookmark: _Toc63454031]Fragmentation
The fragmentation schema for The Smile Factory Database system will be comprised of the fragmentation strategy applied to each table. The fragmentation strategy that will be applied for each table is horizontal fragmentation [4] which consists of a subset of rows divided from a single relation R, the reasons as to why this report chose this strategy over others such as vertical, mixed and derived fragmentation are as follows:
1. This strategy reduces query processing costs by selecting the fragments that are created from the horizontal fragmentation.
2. The tables within the database are more suited for horizontal fragmentation as it involves appointment lists and patient details, which can be fragmented into rows so that the data can be more easily parsed based on certain attributes (e.g the Appointment table based on medicAssigned, Patient table based on first name, Treatment table based on treatmentPrice).
The fragmentation strategy that will be applied in The Smile Factory database will need to have a set of predicates that will be used to form the horizontal fragments for each table. The set of predicates this report has identified are as follows:
1. TreatmentType will be fragmented based on treatmentTypeID where treatmentTypeID equals 5 (the char limit set in the table).
2. TreatmentAttribute will be fragmented based on the predicates such as treatmentValue where treatmentValue equals or is greater than ‘£100’.
3. Treatment will be fragmented based on the predicates such as:
4. [bookmark: _GoBack]UserProfile will be fragmented based on the predicates such as description where description is equal to ‘Dentist’.
5. UserLogin will be fragmented based on the predicates such as dateCreated where dateCreated equals ‘2020-07-10’.
6. Patient will be fragmented based on the predicates such as insurancetype where insurancetype equals either ‘NHS’ or ‘Private’ which allows the user to see which patients have NHS or private insurance.
7. MedicalHistory will be fragmented based on the predicates such as medicationPrior where medicationPrior equals ‘Yes’.
8. Appointment will be fragmented based on the predicates such as appointmentTime where appointmentTime is greater than ’12:00’.


[bookmark: _Toc63454032]Reconstruction of Tables from Fragments
An important part of fragmentation is reconstructing the tables from the fragments. As our strategy is through horizontal fragmentation we can reconstruct the tables through a union of the fragments. 
P1: insurancetype = ‘NHS’ (Patient)
	patientNo
	userloginID
	firstName
	lastName
	dateOfBirth
	phoneNo
	email
	pAddress
	insurancetype

	P0001
	UL001
	Daniel
	Hartman
	1996-07-06
	01457463721
	danhart@hotmail.com
	10 Heart Street, Haverfordwest
	NHS

	P0003
	UL001
	Jenny
	Jenkins
	1998-08-07
	01112345634
	jennyj@hotmail.com
	5 North Lane, Pembroke
	NHS

	P0004
	UL002
	Thomas
	Smith
	1996-07-06
	01234215678
	thomsmith@hotmail.com
	23 North Lane, Pembroke
	NHS

	P0006
	UL003
	Henry
	Davidson
	1996-07-04
	01335562181
	henrydavid@hotmail.com
	10 Church Street, Tenby
	NHS



P2: insurancetype = ‘Private’ (Patient)
	patientNo
	userloginID
	firstName
	lastName
	dateOfBirth
	phoneNo
	email
	pAddress
	insurancetype

	P0002
	UL001
	Brian
	Davidson
	1987-02-02
	01876544872
	thebrian@hotmail.com
	15 Heart Street, Haverfordwest
	Private

	P0005
	UL003
	George
	Jones
	1998-08-20
	01237845632
	georgejones@hotmail.com
	4 Bank Lane, Tenby
	Private

	P0007
	UL004
	Jack
	Miller
	1999-07-04
	03459871231
	jackmiller@hotmail.com
	43 Castle Square, Tenby
	Private



As the horizontal fragments adhere to the original design of the table, we are then able to reconstruct the table using the fragments without running into issues of completeness, reconstruction and disjointness [5]. Adhering to these three rules ensures that there is no loss of data, that functional dependencies are preserved and that there is minimal data redundancy in the process of fragmenting and reconstructing the tables.
Reconstructed Patient Table
	patientNo
	userloginID
	firstName
	lastName
	dateOfBirth
	phoneNo
	email
	pAddress
	insurancetype

	P0001
	UL001
	Daniel
	Hartman
	1996-07-06
	01457463721
	danhart@hotmail.com
	10 Heart Street, Haverfordwest
	NHS

	P0003
	UL001
	Jenny
	Jenkins
	1998-08-07
	01112345634
	jennyj@hotmail.com
	5 North Lane, Pembroke
	NHS

	P0004
	UL002
	Thomas
	Smith
	1996-07-06
	01234215678
	thomsmith@hotmail.com
	23 North Lane, Pembroke
	NHS

	P0006
	UL003
	Henry
	Davidson
	1996-07-04
	01335562181
	henrydavid@hotmail.com
	10 Church Street, Tenby
	NHS

	P0002
	UL001
	Brian
	Davidson
	1987-02-02
	01876544872
	thebrian@hotmail.com
	15 Heart Street, Haverfordwest
	Private

	P0005
	UL003
	George
	Jones
	1998-08-20
	01237845632
	georgejones@hotmail.com
	4 Bank Lane, Tenby
	Private

	P0007
	UL004
	Jack
	Miller
	1999-07-04
	03459871231
	jackmiller@hotmail.com
	43 Castle Square, Tenby
	Private



[bookmark: _Toc63454033]Conclusion
In conclusion, the proposals and solutions that this report has provided will help to fix the two major problems of the Smile Factory database, that being performance tuning and the design of the distributed database. The indexes identified will help to improve the speed of data query performance within the database and the fragmentation schema and strategy will create a database that can be distributed without running into issues of data loss, preservation and data redundancy.
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USE TheSmileFactory;
Y
BEGIN TRANSACTION BookingPrivatePatient;

BEGIN TRY

--insert record into treatment type table
INSERT INTO [dbo]. [TreatmentType] (treatmentTypeID) VALUES ('TT007")

--insert record into treatment attribute table
TNSERT TNTO [dbo] . [TreatmentAttribute] (treatmentAttributelD, treatmentTypelD, treatmentName, treatmentValue) VALUES ('TA007', 'TT007', ‘Dental Sealant Premium’, '90°)

--insert record into treatment table

INSERT INTO [dbo].[Treatment] (treatmentID, treatmentTypelD, treatmentPrice, comments, treatmentDate) VALUES (‘TR0G9', 'TT007', '180°, ‘Needs dental sealant on tuo teeth.', '2021-61-23')

--insert record into patient table
INSERT INTO [dbo].[Patient] (patientNo, userloginID, firstiame, lasthame, dateOfBirth, phoneNo, email, pAddress, insurancetype) VALUES ('PB00S', 'ULG02', 'David', ‘Meenan', '1996-08-06', '01457463723', ‘davidr@hotmail.com’, '12 Heart Street, Haverfordwest', ‘Private’)

--insert record into medical history table
INSERT TNTO [dbo]. [MedicalHistory] (medHistoryNo, patientlio, userloginID, xray, allergy, disease, pregnant, pregiieek, medicationPrior, prescription, prescriptionlist, currentiealth, physcian) VALUES (‘HB003', 'POBOS","UL0G2", Yes', Celery’,'N/A',"N/A", "N/A', "o, 'N/A', "N/A', 'Ok', 'Dr. Srisn Williams')

--insert record into appointment table
INSERT INTO [dbo] . [Appointment] (appointmentNo, patientNo, treatmentID, userLoginID, medicAssigned, appointmentDate, appointmentTime) VALUES ('AP009', 'PO00S’, 'TRODS', 'ULG02', 'JohnLanfield’, '2021-01-23', '13:00')
B TRY

BEGIN CATCH

seLecT

ERROR_NUBER() AS ErrorNunber

LERROR_SEVERITV() AS ErrorSeverity

LERROR_STATE() AS ErrorState

LERROR_PROCEDURE() AS ErrorProcedure

LERROR_LINE() AS ErrorLine

LERROR_MESSAGE() AS Errorfiessage

LGETOATE() AS Error_DateTime;

TF GETRANCOUNT > 8
PRINT(*TRANSACTION HAS BEEN ROLLBACK')
ROLLBACK TRANSACTION;

END CATCH;

TF GETRANCOUNT > 8
PRINT("TRANSACTION HAS BEEN COMMITED')
COMMIT TRANSACTION;

(]
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USE TheSmileFactory;
o
SIBEGIN TRANSACTION BookingPrivatePatient;

SIBEGIN TRY

--insert record into treatment type table
INSERT INTO [dbo].[TreatmentType] (treatmentTypeID) VALUES ('TTe@7')

-insert record into treatment attribute table
INSERT INTO [dbo].[TreatmentAttribute] (treatmentAttributeID, treatmentTypeID, treatmentName, treatmentValue) VALUES ('TAG7', 'TT@7', 'Dental Sealant Premium’, '99')

--insert record into treatment table
INSERT INTO [dbo].[Treatment] (treatmentID, treatmentTypeID, treatmentPrice, comments, treatmentDate) VALUES ('TRO@9', 'TT@7', '180', 'Needs dental sealant on two teeth.’, '2021-01-23')

--insert record into patient table
INSERT INTO [dbo].[Patient] (patientNo, userLoginID, firsthame, lastName, date0fBirth, phoneNo, email, pAddress, insurancetype) VALUES ('POGGS’, 'ULGG2', 'David’, 'Meenan', '1996-08-06', '01457463723', 'davidnGhotmail.com’, '12 Heart Street, Haverfordwest', 'Private’)

—-insert record into medical history table
INSERT INTO [dbo]. [MedicalHistory] (medHistorylo, patientNo, userloginID, xray, allergy, disease, pregnant, pregheek, medicationPrior, prescription, prescriptionlist, currentHealth, physcian) VALUES ('160S', 'PGGS','ULGG2',"Yes','Celery’, 'N/A','N/A', 'N/A', 'No', 'N/A', 'N/A', 'Ok', 'Or. Brian Will

“-insert record into appointment tabld
INSERT INTO [dbo] . [Appointment] (appointmentilo, patiento, treatmentID, userLoginID, medicAssigned, appointmentDate, appointmentTine) VALUES ('APO0S", 'P000S", 'TRO0S', 'UL0G2', ‘JohnLanfield', '2021-01-23, '13:0')
210 TRY
BEGIN CATCH

EseLecT

SRROR_NUMBER() AS Errortmber
LERROR_SEVERITY() 4S ErrorSeverity
LERROR_STATE() AS Errorstate
ERROR_PROCEDURE() AS Errorprocedure
LERROR_LTNE() AS ErrorLine
_ERROR_MESSAGE() AS Errorhessage
LGETOATE() AS Error_DateTine;

BIIF @ETRANCOUNT > @

(1 zow affected)

(1 zow affected)

(1 zow affected)

(1 zow affected)

(1 zow affected)

(1 zow affected)
TRANSACTION HaS BEZN COMMITED

Complecion time: 2021-01-26T20:07:03.0365743400:00

» [
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USE TheSmileFactory;
o
SIBEGIN TRANSACTION BookingPrivatePatient;

SIBEGIN TRY

insert record into treatment type table
INSERT INTO [dbo].[TreatmentType] (treatmentTypeID) VALUES ('TTe@7')

insert record into treatment attribute table
INSERT INTO [dbo].[TreatmentAttribute] (treatmentAttributeID, treatmentTypeID, treatmentName, treatmentValue) VALUES ('TAG7', 'TT@7', 'Dental Sealant Premium’, '99')

insert record into treatment table
INSERT INTO [dbo].[Treatment] (treatmentID, treatmentTypeID, treatmentPrice, comments, treatmentDate) VALUES ('TRO@9', 'TT@7', '180', 'Needs dental sealant on two teeth.’, '2021-01-23')

insert record into patient table
INSERT INTO [dbo].[Patient] (patientNo, userLoginID, firsthame, lastName, date0fBirth, phoneNo, email, pAddress, insurancetype) VALUES ('POGGS’, 'ULGG2', 'David’, 'Meenan', '1996-08-06', '01457463723', 'davidnGhotmail.com’, '12 Heart Street, Haverfordwest', 'Private’)

insert record into medical history table
INSERT INTO [dbo]. [MedicalHistory] (medHistorylo, patientNo, userloginID, xray, allergy, disease, pregnant, pregheek, medicationPrior, prescription, prescriptionlist, currentHealth, physcian) VALUES ('160S', 'PGGS','ULGG2',"Yes','Celery’, 'N/A','N/A', 'N/A', 'No', 'N/A', 'N/A', 'Ok', 'Or. Brian Will

insert record into appointment table
INSERT INTO [dbo] . [Appointment] (appointmentilo, patiento, treatmentID, userLoginID, medicAssigned, appointmentDate, appointmentTine) VALUES ('APO0S", 'P000S", 'TRO0S', 'UL0G2', ‘JohnLanfield', '2021-01-23, '13:0')

END TRY
BEGIN CATCH

SIsELECT
ERROR_NUVBER() AS ErrorNumber
LERROR_SEVERITY() AS ErrorSeverity
LERROR_STATE() AS ErrorState
LERROR_PROCEDURE() AS ErrorProcedure
LERROR_LTNE() AS ErrorLine
LERROR_MESSAGE() AS Errortessage
LGETDATE() AS Error_DateTime;

BIIF @ETRANCOUNT > @
c . .

w0% -4
BB Resuts B Messages

(0 zous affected)

(1 zow affected)

TRANSACTION HAS BEZN ROLLBACK

Msg 3902, level 16, State 1, Line 42

The COMMIT TRANSACTION request has mo corresponding BSGIN TRANSACTION.

5.5007001400:00

Complevion vime: 2021-01-26T21
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/*Table to prevent a many to many relationship between Treatmentttribute and Treatment tables®/
FICREATE TABLE TreatmentType(

treatmentTypeID CHAR(S) NlOT NULL CONSTRAINT PK_TreatmentType PRIMARY KEY,

)5

/*Table for name of treatment and value®/

FICREATE TABLE Treatmentattribute(

treatmentattributeID CHAR(S) NOT NULL CONSTRAINT PK_TreatmentAttribute PRIMARY KEY,

treatmentTypeID CHAR(S) NOT NULL,

treatnentliame VARCHAR(50) NOT NULL,

treatnentValue DECIMAL(7,2) NOT NULL,

CONSTRAINT FK_TreatmentTypeAttribute FOREIGN KEY (treatmentTypeID) REFERENCES TreatmentType(treatmentTypeId)
)5

/*Table for treatment, type of treatment, cost and date of treatment. Uses TreatmentType to get the specific treatment type from Treatmentattribute.®/
FICREATE TABLE Treatment(

treatmentID CHAR(S) lOT NULL CONSTRAINT PK_Treatment PRIMARY KEY,

treatmentTypeID CHAR(S) NOT NULL,

treatmentPrice DECIMAL(7,2) NOT NULL,

comments VARCHAR (100),

treatmentDate DATE NOT NULL,

CONSTRAINT FK_TreatmentType FOREIGN KEY (treatmentTypeID) REFERENCES TreatmentType(treatmentTypeId)

)5

/*Table for user account profile, including full name and description about them.*/

FICREATE TABLE UserProfile(
userProfileID CHAR(S) NOT NULL CONSTRAINT PK_UserProfile PRINARY KEY,
Firstllame VARCHAR(30) NOT NULL CONSTRAINT CHK UserProfile firstName CHECK (firstName not like 'X[*A-Z]%'),
Lasthame VARCHAR(38) NOT NULL CONSTRAINT CHK UserProfile lastName CHECK (lastMame not like "¥[*A-Z]¥'),
description VARCHAR(6@) NOT NULL
)5

/*Table for user account login details, such as username, password and date user account was created.*/
FICREATE TABLE UserLogin(

userLoginID CHAR(S) NOT NULL CONSTRAINT PK_UserLogin PRIMARY KEY,

userProfileID CHAR(S) NOT NULL,

username VARCHAR(45) 1OT NULL,

password VARCHAR(20) NOT NULL CONSTRAINT CHK_UserLogin_password CHECK (password like '¥[*A-Z]%' and password like '¥[!@#S%a"&"()-_+=.,i:
dateCreated DATE 0T NULL,

CONSTRAINT FK_Profile FOREIGN KEY (userProfileID) REFERENCES UserProfile(userProfileId)

)5

1%,
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/*Table for patient details such as full name, DO, phone number, email, address and type of insurance. UserloginID is a foreign key used to let dentists see only their own patient’s details.®/
FICREATE TABLE Patient(

patientho CHAR(S) NOT NULL CONSTRAINT PK_Patient PRIMARY KEY,

userloginID CHAR(S) NOT NULL,

Firstllame VARCHAR(30) NOT NULL CONSTRAINT CHK_Patient_firstName CHECK (firstName not like 'X[*A-Z]%'),

lasthame VARCHAR(38) NOT NULL CONSTRAINT CHK Patient lastName CHECK (lastMame not like "¥[*A-Z]¥'),

date0fBirth DATE 0T NULL,

phoneNo CHAR(11) NOT NULL CONSTRAINT CHK_Patient_phoneNo CHECK (phoneNo not like '%["0-9]%'),

email VARCHAR(100) NOT NULL,

pAddress VARCHAR(5@) NOT NULL,

insuranceType VARCHAR(45) NOT NULL,

CONSTRAINT FK_LoginPatient FOREIGN KEY (userloginID) REFERENCES UserLogin(userloginID)

)5

51/*Table for medical history of patient, such as allergies, diseases, if they are pregnant or have had medication, as well as current health and physcian. patientlio is a foreign key used to identify the patient’s medical history and works in tandem with userLoginID to let dentists
see their own patient's medical histories./
SICREATE TABLE Medicaltistory(
medHistoryllo CHAR(S) lOT UL CONSTRAINT PK_MedicalHistory PRIMARY KEY,
patientho CHAR(S) NOT NULL,
userLoginID CHAR(S) NOT NULL,
xray VARCHAR (200),
allergy VARCHAR (200),
disease VARCHAR (200),
pregnant VARCHAR (5),
pregieek VARCHAR (5),
medicationPrior VARCHAR (200),
prescription VARCHAR (5),
prescriptionlist VARCHAR (300),
currentHealth VARCHAR(10) NOT NULL,
physcian VARCHAR (45),
CONSTRAINT FK_PatientMH FOREIGN KEY (patientlio) REFERENCES Patient(patientlio),
CONSTRAINT FK_Login®H FOREIGN KEY (userloginID) REFERENCES UserLogin(userloginID)
)5

/*Table for dental appointments, uses foreign keys to identify the patient, treatment and which dentist is assigned to said appointment. Also details date and time of appointment. UserloginID is a foreign key used to let dentists see only their own scheduled appointments./
FICREATE TABLE Appointment(

appointmentlio CHAR(S) 10T NULL CONSTRAINT PK_Appointment PRIMARY KEY,

patientho CHAR (5) NOT NULL,

treatmentID CHAR (5) NOT NULL,

userloginID CHAR (5) NOT NULL,

medicAssigned VARCHAR(69) 10T NULL CONSTRAINT CHK_Appointment_medicAssigned CHECK (medicAssigned not like 'X[*A-Z]%'),

appointmentDate DATE 0T NULL,

appointmentTine TIME NOT NULL,

CONSTRAINT FK_Patient FOREIGN KEY (patientlio) REFERENCES Patient(patientiio),

CONSTRAINT FK_AppointmentTreatnment FOREIGN KEY (treatmentID) REFERENCES Treatment(treatmentID),

CONSTRAINT FK_LoginAppointment FOREIGN KEY (userloginID) REFERENCES UserLogin(userloginID)

)3

)
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/*Index for full name of patient*/
CREATE INDEX Index PatientFullliame

ONl Patient(patientlio, Firstnane, lastname);
@

/*Index for treatment, treatment price and date®/
CREATE INDEX Index Treatment

ONl Treatment (treatmentID, treatmentPrice, treatmentDate);
@

/*Index for treatment type 10%/
CREATE INDEX Index_TreatmentType
ONl TreatmentType(treatnentTypeId) ;
@

/*Index for treatment attribute, name and value®/
CREATE INDEX Index Treatmentattribute

ONl TreatmentAttribute(treatnentAttributeID, treatnentliane, treatnentValue) ;
@

/*Index for medical history details®/
CREATE INDEX Index MedicalHistoryDetails

ON MedicalHistory(medHistoryllo, xray, allergy, disease, pregnant, pregiieck, medicationPrior, prescription, prescriptionList, currentHealth, physcian);
@

/*Index for appointment details®/
CREATE INDEX Index AppointmentDetails

Ol Appointment (appointmentlio, medicAssigned, appointmentDate, appointmentTime);
60




