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1. PROPOSAL

This Personal Data Warehouse Application (PDWA) is based on the Private Practice
Management System for doctor/medical personnel. The objective of this application is to
provide solution for a Doctor to manage his/her private practice and to administer the
patient and practice data effortlessly. The main components of the application are
Patient record management, Practice details, Treatment records according to categories,
Hospitals or procedure/practice sites and Payment system.

Typical relational database can be used to perform normal day-to-day operations at a
private doctor surgery. Every new patient record will be maintained and can be used for
future diagnostics and analysis. An invoice will be issued against each treatment
performed on specific patient at any specific time. The record of payments received from
the patient will be maintained in a separate table.

To implement this application in a data warehouse scenario, following measures can be
taken:

e Charges for a patients from different area getting treatments for a certain period
of time

¢ Identify the treatments mostly performed for treating patients of different area
and ages

In this PDWA, | am using the sample data for radiology treatments. The information
gathered in building this PDWA is provided by a Consultant Radiologist currently working
in a hospital and who also provides private health services.

The PDWA will be implemented using Microsoft SQL Server 2000 Database system which
also supports OLAP, Data warehousing and Data mining techniques. The sample data for
the patients is generated using the actual data due to confidentiality of the personal
data. Any resemblance with any person will be accidental and coincidental.

Fahad Habib 3
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2. SCHEMA FOR PDWA

For creating a data warehouse, first we have to build a relational database. Based on
that database, we can create dimensions and fact table for the data warehouse. Those
dimensions and fact table will be used in the Star Schema for demonstrating the data
warehouse.

2.1 What is a Star Schema?

It is a relational database schema for representing multidimensional data. The data is
stored in a central fact table, with one or more tables holding information on each
dimension. Dimensions have levels, and all levels are usually shown as columns in each
dimension table N7%31,

2.2 Entity Relationship Diagram (ERD)

The scenario selected for the PDWA will contain following entities:

e Patients

e Practice

e Treatments
e Hospitals

e Payments
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Fig O1: ERD for PDWA with cardinality and relationships
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This ERD represents the entities and their relationship with each other. However, when
we start designing of the physical database design,

SB02G — Data Mining and Data Warehousing

entities represented in the above ERD.

For example, we can divide practice into 2 table i.e. practice and practice_details

and patient table has patientHistory.

2.2.1 Detailed ERD with Primary, Foreign Keys

it is possible to further expand the

Following ERD shows entities with their attributes including primary and foreign keys.
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2.3 Creating Database

Following command will create a relational database that will be used in the PDWA. The
database name given for it is fahad. After that we will add tables to this database.

CREATE DATABASE [fahad]

ON (NAME = N"fahad_dat®", FILENAME = N"C:\Program Files\Microsoft SQL
Server\MSSQL\data\fahad.mdf", SIZE = 2, FILEGROWTH = 10%)

LOG ON (NAME = N"fahad_log", FILENAME = N"C:\Program Files\Microsoft SQL
Server\MSSQL\data\fahad.ldf", SIZE = 2, FILEGROWTH = 10%)

2.4 Creating Tables

Following queries can be used in the creation of actual database tables and implementing
constraints between them.

2.4.1 Hospitals Table

CREATE TABLE [dbo].[Hospitals] (
[HospitalID] [int] IDENTITY (1, 1) NOT NULL,
[HospitalName] [nvarchar] (50) NOT NULL,
[Address] [nvarchar] (255) NOT NULL,
[Town] [nvarchar] (50) NULL,
[City] [nvarchar] (25) NULL,
[Province] [nvarchar] (20) NULL,
[PostCode] [nvarchar] (20) NULL,
[PhoneNumber] [nvarchar] (15) NULL,
[FaxNumber] [nvarchar] (15) NULL

) ON [PRIMARY]

2.4.2 Patients Table

CREATE TABLE [dbo].[Patients] (
[PatientID] [int] IDENTITY (1, 1) NOT NULL,
[FirstName] [nvarchar] (25) NOT NULL,
[LastName] [nvarchar] (25) NOT NULL,
[Address] [nvarchar] (255) NULL,
[Town] [nvarchar] (50) NULL,
[City] [nvarchar] (50) NULL,
[Province] [nvarchar] (20) NULL,
[PostCode] [nvarchar] (10) NULL,
[Country] [nvarchar] (50) NULL,
[Gender] [nvarchar] (8) NOT NULL,
[Birthdate] [smalldatetime] NULL,
[HospitalNo] [nvarchar] (25) NULL

) ON [PRIMARY]

2.4.3 Treatments Table
CREATE TABLE [dbo].[Treatments] (
Fahad Habib 6
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[TreatmentID] [int] IDENTITY (1, 1) NOT NULL,
[TreatmentDesc] [nvarchar] (250) NOT NULL,
[TreatmentRate] [money] NULL
[TreatmentType] [nvarchar] (50) NULL,

) ON [PRIMARY]

2.4.4 fact_table Table

CREATE TABLE [dbo].[fact_table] (

[PracticelD] [nvarchar] (50) NULL,
[PracticeDetailID] [int] NULL,
[PatientID] [int] NULL,
[TreatmentID] [int] NULL,
[PracticeDate] [datetime] NULL,
[total_fees] [money] NULL,
[age] [char] (10) NULL,
[symtoms] [nvarchar] (50) NULL,
[area] [nvarchar] (50) NULL

) ON [PRIMARY]

2.4.5 PatientHistory Table

CREATE TABLE [dbo].[PatientHistory] (
[Pat_HistID] [numeric](18, 0) IDENTITY (1, 1) NOT NULL,
[PatientID] [int] NOT NULL,
[PatSymtoms] [nvarchar] (100) NULL,
[PatCheckingDate] [datetime] NULL
) ON [PRIMARY]

2.4.6 Practice Table

CREATE TABLE [dbo].[Practice] (
[PracticelD] [nvarchar] (50) NOT NULL,
[PatientID] [int] NOT NULL,
[HospitalID] [int] NULL,
[InvoiceDate] [datetime] NULL,
[AdditionalNotes] [nvarchar] (200) NULL
) ON [PRIMARY]

2.4.7 Payments Table

CREATE TABLE [dbo].[Payments] (
[PaymentID] [int] IDENTITY (1, 1) NOT NULL,
[PracticelD] [nvarchar] (50) NOT NULL,
[PaymentAmount] [money] NOT NULL,
[PaymentDate] [smalldatetime] NULL,
[PaymentType] [nvarchar] (50) NULL,
[ChequeNumber] [nvarchar] (60) NULL

) ON [PRIMARY]

2.4.8 PracticeDetails Table

CREATE TABLE [dbo].[PracticeDetails] (

Fahad Habib 7
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[PracticeDetailID] [int] IDENTITY (1, 1) NOT NULL,
[PracticelD] [nvarchar] (50) NOT NULL,
[TreatmentID] [int] NULL,
[Rate] [money] NULL,
[PDate] [smalldatetime] NULL

) ON [PRIMARY]

2.4.9 times Table

CREATE TABLE [dbo].[times] (
[timelD] [numeric](18, 0) IDENTITY (1, 1) NOT NULL,
[the_date] [datetime] NULL,
[the_day] [nvarchar] (50) NULL,
[the_month] [nvarchar] (50) NULL,
[the_year] [numeric](18, 0) NULL,
[day_of _month] [numeric](18, 0) NULL,
[week_of year] [numeric](18, 0) NULL,
[month_of _year] [numeric](18, 0) NULL,
[quarter_of _year] [nvarchar] (50) NULL
) ON [PRIMARY]

2.5 Constraints and Relationships between tables

After creating tables, next step is to assign Primary and Foreign keys and creating links
between them. This can be done by identifying foreign keys and enforcing integrity
constraints between them, so that data reliability remains intact.

2.5.1 Assigning Primary Keys

Following commands can be used in implementing Primary keys.

ALTER TABLE [dbo].[Hospitals] WITH NOCHECK ADD
CONSTRAINT [PK_Hospitals] PRIMARY KEY CLUSTERED

(
[HospitallD]
) ON [PRIMARY]

ALTER TABLE [dbo].[Patients] WITH NOCHECK ADD
CONSTRAINT [PK_Patients] PRIMARY KEY CLUSTERED

(
[PatientID]
) ON [PRIMARY]

ALTER TABLE [dbo].[Treatments] WITH NOCHECK ADD
CONSTRAINT [PK_Treatments] PRIMARY KEY CLUSTERED

(
[TreatmentiD]
) ON [PRIMARY]

ALTER TABLE [dbo].[PatientHistory] WITH NOCHECK ADD
CONSTRAINT [PK_PatientHistory] PRIMARY KEY CLUSTERED

[Pat_HistiD]
Fahad Habib 8
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) ON [PRIMARY]

ALTER TABLE [dbo].[Practice] WITH NOCHECK ADD
CONSTRAINT [PK_Practice] PRIMARY KEY CLUSTERED

(
[PracticelD]
) ON [PRIMARY]

ALTER TABLE [dbo].[Payments] WITH NOCHECK ADD
CONSTRAINT [PK_Payments] PRIMARY KEY CLUSTERED

(
[PaymentiD]
) ON [PRIMARY]

ALTER TABLE [dbo].[PracticeDetails] WITH NOCHECK ADD
CONSTRAINT [PK_PracticeDetails] PRIMARY KEY CLUSTERED

(
[PracticeDetail D]
) ON [PRIMARY]

2.5.2 Assigning Foreign Keys and Constraints

Following commands can be used in implementing foreign keys, relationships and
integrity constraints.

ALTER TABLE [dbo].[PatientHistory] ADD
CONSTRAINT [FK_PatientHistory_ Patients] FOREIGN KEY

(
[PatientlID]

) REFERENCES [dbo].[Patients] (
[PatientlID]

) ON UPDATE CASCADE

ALTER TABLE [dbo].[Practice] ADD
CONSTRAINT [FK_Practice_Hospitals] FOREIGN KEY

(
[HospitallD]
) REFERENCES [dbo].[Hospitals] (
[HospitallD]
) ON UPDATE CASCADE,
CONSTRAINT [FK_Practice_Patients] FOREIGN KEY

(
[PatientlID]

) REFERENCES [dbo].[Patients] (
[PatientlID]

) ON DELETE CASCADE ON UPDATE CASCADE

ALTER TABLE [dbo].[Payments] ADD
CONSTRAINT [FK_Payments_Practice] FOREIGN KEY

(
[PracticelD]

) REFERENCES [dbo].[Practice] (
[PracticelD]

) ON DELETE CASCADE ON UPDATE CASCADE

ALTER TABLE [dbo].[PracticeDetails] ADD
CONSTRAINT [FK_PracticeDetails_Practice] FOREIGN KEY

(

Fahad Habib 9
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[PracticelD]
) REFERENCES [dbo].[Practice] (
[PracticelD]
) ON DELETE CASCADE ON UPDATE CASCADE,
CONSTRAINT [FK_PracticeDetails_Treatments] FOREIGN KEY

(
[TreatmentlD]

) REFERENCES [dbo].[Treatments] (
[TreatmentID]

) ON UPDATE CASCADE

2.6 Database Schema

After creating my database, | use the Diagrams tool of SQL server to see the
relationships and constraints between the tables. Following figure shows the database
schema created.

PatientHistory Payments Treatments
| Pak_HistD T |PavmentiD —iE= F | Treatment]D
—ie PatiEnt D :‘F"ra.!i:uﬂ: jTreelmrnl.DE:c
PatSymioms Pavmientamoink TreabmentR abe
PatiTeckiralats :F'a'm:nlﬂcl:-e
Pt Ty
:U‘ﬂ.ﬂ:ﬂJ"hEr
PractceDetails
Practicoe =oa| | Practicslet sllD
Patients el T [BracticelD S— PracticelD
== lPstertil: s e = |PatierkiD Treatment1D
|| Frstiame | HompitslD Faba
_;,L!‘SI:N-HTE ey | Trveicelishe Efrab=
[ | Addrass T | addeionaisokes
— =
| Jchy
[ |Province Hospitals
Postnde | Hospital D s
: Coisnibry — :H:q:itdr.lmne |
zender Brkdrags
| Bithdate " [ Tewn
||
Proninsi
—|PostCode
| Preonehmber e

Fig 03: Database Schema for PDWA

2.7 Database Schema with Attribute types and Size

The next figure shows the database schema with Primary keys, foreign keys and other
attributes with these Data Types and Sizes as specified during the database creation

process.
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Fig 04: Database Schema with Types and Size

2.8 Star Schema

After establishing relational database, we are now able to produce dimensions and a fact
table for those dimensions to start building our data warehouse. The following diagram
illustrates Star Schema for our personal data warehouse.

dbo.Patients dba.Practice
PatienkID — Practicell
FirstMarme PatientID
Lastharne HospitalID
Address Invoicelate
Town additionalotes
City dbo.fact_table
Province PracticelD
PostCode Practiceletailll
Country e |PatientiD dbo. PracticeCietails
Gender | TrEakmEREID PracticeDetaillD
Birthdate kimeID PracticeID
HospitalMo practicedate TreatmentID
fees Rate
ange PDate
treatmenttype
TreatrmenktID -— area
TreatmentDesc ~_dba.times
TreatmenktF.ate Lirnell
TreatmentType the_date
the_day
the_month
the_year

day_of_month
week_of year
month_of _wear
quarker_aof _year

Fig 05: Star Schema for PDWA
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2.9 SQL Queries

2.9.1 Insert command for Patients table

Following command can be used to populate patients table with data.

Input:

INSERT INTO patients (Firstname, lastname, address, town, city,
province, postcode, country, gender, birthdate,
hospitalno)

VALUES ("Fahad®", "Habib®", "123 London Road,", "Ilford", "London",
"Essex”, "IG2 6RY", "UK®", "Male-,

"1-Aug-1980", "K123456")

Output:

(1 row(s) affected)

2.9.2 Insert command for Fact Table

Following command can be used to populate our fact_table with data from various
tables.

Input:
INSERT fact_table

EXECUTE("
SELECT distinct p.PracticelD,
pd.PracticeDetaillD, pa.PatientlD, t.treatmentlD, ti.timeid,
pd.pdate, pd.rate, (Year(getutcdate())-Year(pa.birthdate))
AS age, t.treatmenttype, pa.town

FROM practice p, patients pa, practicedetails pd, treatments t

pd.practiceid

WHERE p.patientid = pa.patientid AND p.practiceid =
= ti.the_date

AND pd.treatmentid = t.treatmentid AND pd.pdate
")

Output:

(27 row(s) affected)

Fahad Habib 12
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Fig 06: Insert command for Fact Table

2.9.3 Select command for Patients table

Input:

SELECT patientid as pid, lastname, address, town, postcode
FROM patients

Output:
pid lastname

Walker
Bang
Brown
Margreat
Beckham
10 Butcher
11 Campbell
12 Blake

13 Gordon
14 William
15 Ferguson
16 Habib

O©CoO~NOUDAWNERF

Fahad Habib
ID: 02029881

address town postcode
15 Cheside Road East Ham E10 2CD
23 Wickford Gardens, Reebok Road Romford RM2 6SH

285 Hudson Close Dagenham RM11 6BL
29 Wisdom Road East Ham E6 2QJ

53 Stamford Park Avenue I11ford 1G2 7ER
34 Millford Avenue, Gants Hill 11ford 1G3 8JX
Trickfield Mansion, High Street Barking 1G1 4BC
71 Mystery Road Dagenham RM7 6DB
2 Fuller Gardens I11ford 1G3 5AK
Terriffic Court, Major Road Barking 1G11 2RQ
10 Fieldway Avenue Dagenham RM7 7TK
96 Hardrock Street I1ford 1G9 4wWD

13 Sydney Road Romford RM4 8KR

42 Speedy Drive, Gants Hill 11ford IG5 8WB

172 Bricken Road Barking 1G12 7TG
123 London Road I11ford 1G2 6RY

13

MSC Software Engineering



Coursework

2500 Qumry Anatyzer - [Query - UHL. privatePts, R \Fahad Flabib - U... = DUEd

TOomT
FROA pati=nt=

posCcode

pid | lascnams addre=ss cown

postoode

- - _‘
BR Fle Edt Query Took Window Heb X
= - @ BEHA o B v b 8o v
SELECT patientid ms pid, la=tnam=, sddre=s e

My

Cuery batch comp LHL (8.0} UL\Fahed Hateb (53)  preest=®es | 0:00002

Connactions: |

16 rowes  Lml, Col 1

LI

1 Moody 1% Che=ide Road Em=t Ham E10 ICD

F 2 Roth 23 Wickford Gardens; ... Romford EBEHz2 658

3 k] Clarike= 285 Hud=son Close Dagenham EH11 EBEL

4 & Bathe 259 Wisdom Foad Emst Ham E6 200

5 5 Walker 53 Stamford Park kvenus Ilford IGZ TER W
=0

Fig 07: Select command for Patient Table

2.9.4 Select command for Fact table

Input:

SELECT practiceid as pracid, practicedetailid as pdid,

patientid as pid, fees, age, area

FROM fact_table
Output:
pracid pdid pid total_fees age area
KGH/0001/03 2 1 289.00 65 East Ham
KGH/0001/03 3 1 360.00 65 East Ham
KGH/0002/03 4 2 360.00 68 Romford
KGH/0004/03 5 4 289.00 31 East Ham
KGH/0005/703 6 5 360.00 77 I11ford
KGH/0005/03 7 5 508.00 77 11ford
KGH/0006/03 8 2 508.00 68 Romford
KGH/0007/03 9 6 289.00 66 11ford
KGH/0008/03 10 7 249.00 38 Barking
KGH/0003/703 11 3 782.00 55 Dagenham
KGH/0009/03 12 8 782.00 79 Dagenham
KGH/0009/03 13 8 386.00 79 Dagenham
KGH/0010/03 14 9 386.00 61 11ford
KGH/0011/03 15 10 289.00 48 Barking
KGH/0012/03 16 9 548.00 61 11ford
KGH/0012/03 17 9 386.00 61 11ford
KGH/0012/03 18 9 400.00 61 11ford
KGH/0013/03 19 11 782.00 27 Dagenham
KGH/0013/03 20 11 400.00 27 Dagenham
KGH/0013/03 21 11 548.00 27 Dagenham
KGH/0014/03 22 12 360.00 78 11ford
KGH/0014/03 23 12 508.00 78 11ford
KGH/0015/03 24 13 360.00 67 Romford
Fahad Habib
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KGH/0016/03 25 13 508.00 67 Romford
KGH/0017/03 26 14 360.00 52 11ford
KGH/0017/03 27 14 508.00 52 11ford
KGH/0018/03 28 15 452 .00 84 Barking
DL Query Analyzer - [Query - UHL, privatePis, U W] T-IEEI_.‘E
File Edt CQuery Tools ‘Window Help - 0 X
D-FEE  CBREA 0 B v row [T ]
SELECT practiceid a= pracid, practicedetsilid as= pdid, L
patisntid s= pid, fes=, age, area m
FROM fact_tablef
4] ' | £
|pracia pdid pid feas moe Area [
1 _F."i‘rl.:"lillillill..l"lﬂ 2 1 £89.0000 &5 Emxat Ham —
& |EGH/DOD1/049 5 1 360,0000 &5 Ea=t Ham
3 EGH/ 0002 /03 4 z 140.0000 &A@ Aomford
:E‘GH.."I:IEID'M"IJ! 5 4 ZB§.0000 31 East Ham
5 |EGH/0005/03 6 5  350,0000 77 Ilfard [e

EMEHW|

Cuery batch com UHL (8.0} LML\Pahad Hatih (53} prvabefts | :i00:01  2Trows Lnd, ol 16

Connactions: 1 | MM |

Fig 08: Select command for Fact Table
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3. OLAP OPERATIONS

After creation of the database with fact table and inserting of sample records, now I am
able to perform certain On-line Analytical Processing (OLAP) operations on my database.

OLAP provides a user-friendly environment for interactive data analysis ["°!1, Some of
the typical OLAP operations are [M<011:

Roll-up
Drill-down
Slice and Dice

Pivot

o kDR

Others like
a. Drill across
b. Drill through

From these available OLAP operations, | will try to demonstrate drill-down and slice
operations on my logical data cube according to my scenario and information available.
First of all let me formulate my base cuboid, depending on that base cuboid I will
perform OLAP operations.

3.1 Base Cuboid

To make a base cuboid, following measure can be assumed according to my scenario.

“We want to calculate Average Fees (fees) earned from different Areas (towns) of the
city and of different Treatments (types) over specific amount of Time (quarters).”

The aim of this measure is to analyze the earnings and possible treatment from different
geographical location and to predict the future practice of patients from dissimilar areas.
After calculating this measure, by just asking area of the patient, we can assess that
what kind of treatment we may provide and how much practice we can expect from that
patient.

Following query based on my fact table will show the data required for this cuboid.

Input:

SELECT t.quarter_of _year AS Quarters, Avg(ft.fees) AS Avg Fees,
ft.Area, ft_TreatmentType

FROM fact_table ft, times t

WHERE ft.timeid = t.timeid

GROUP by ft.area, Tt.treatmenttype, t.quarter_of_year

ORDER BY t.quarter_of _year

Fahad Habib 16
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Output:

Quarters Avg_Fees
Q1 269.00
Q1 400.00
Q1 548.00
Q1 683.00
Q1 360.00
Q1 289.00
Q1 360.00
Q1 508.00
Q1 289.00
Q1 393.00
Q1 548.00
Q1 386.00
Q1 360.00
Q1 508.00
Q2 452.00
Q2 360.00
Q2 508.00
Q2 508.00

Barking
Dagenham
Dagenham
Dagenham
East Ham
East Ham
11ford
11ford
11ford
11ford
11ford
11ford
Romford
Romford
Barking
11ford
11ford
Romford

SB02G — Data Mining and Data Warehousing

TreatmentType
Biopsy
Nephrostogram
Other

Urinary
Angiogram
Biopsy
Angiogram
Angioplasty
Biopsy
Nephrostogram
Other

Urinary
Angiogram
Angioplasty
Drainage
Angiogram
Angioplasty
Angioplasty

The above output shows the result according to the scenario as described before. Now |
will formulate the cube that shows this data in form of a cube. The cube may look like

MSC Software Engineering

this:
East Ham 0 289 360 0 0
Area
(town) Dagenham 0 0 0 683 0 548
Barking 0 269 0 0
11ford
01 508 289 360 386 0 548
0
Q2 508 0 360 0 0 0
Time
(quarters)
Q4
Angi- Biopsy Angio- Urinary Drain- Other
oplasty gram age
Treatment (Types)
Fig 09: Base Cube showing Average Fees
Fahad Habib
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A4 soL Query Analyzer - [Query - UHL.privatePts.... E]@
[m File Edit Cuery Tools ‘Window Help o T

2 - = | & Edé o B~ v

SELECT t.guarter of year A3 Quarters, ;A
Lvg(ft.fees) A3 Avg Fees, il
ft.hrea, ft.TreatmentType

FROM fact tskhle ft, times t

WHERE ft.timeid = t.tCimeid

GEOUP by ft.area, ft.treatmenttype,
t.quarter of year

ORDEER BY t.cquarter of wyear ||

< *|
Quarters Avg Fees Area TreatmentType A

1 a1 269.0000 Barking EBiopsy .
2 o1 400.0000 Dagenhstn Nephrostogram
3 o1 545.0000 Dagenham Other
4 o1 633 .0000 Dagenham Urinary
5 o1 360.0000 East Ham Ahgiodra o

i ] Grids Messages

Quers UHL (8.0 |sa (54)  |privatePts | 0;00:00 1@ rows LnZ, Coll

Connections: 1 LM

Fig 10: Screenshot for Base Cube query

3.2 ROLAP Operations

ROLAP stands for Relational On-Line Analytical Processing. It is a product that provides
multidimensional analysis of data, aggregates and metadata stored in an RDBMS. The
multidimensional processing may be done within the RDBMS, a mid-tier server or the
client. A ‘merchant’ ROLAP is one from an independent vendor which can work with any
standard RDBMS [MNPO31,

Based on the above cube and query, following operations can be performed.

3.2.1 Dirill-Down Operation

In drill-down, we navigate from less detailed data to more detailed data M<°Y. In my

scenario | have hierarchy on time as day < month < quarters < year, so on base cube, I
can move from quarters to months to each day records for more detail analysis.

Input:

SELECT t.month_of_year AS Months,
Avg(ft.fees) AS Avg_ Fees,
ft.Area, ft.TreatmentType
FROM fact_table ft, times t
WHERE ft.timeid = t.timeid
GROUP by ft.area, ft.treatmenttype, t.month_of _year
ORDER BY t.month_of_year

Fahad Habib 18
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Output:
Months Avg_Fees Area TreatmentType
1 360.00 East Ham Angiogram
1 289.00 East Ham Biopsy
1 360.00 Romford Angiogram
2 782.00 Dagenham Urinary
2 289.00 East Ham Biopsy
2 360.00 11ford Angiogram
2 508.00 11ford Angioplasty
2 508.00 Romford Angioplasty
3 269.00 Barking Biopsy
3 400.00 Dagenham Nephrostogram
3 548.00 Dagenham Other
3 650.00 Dagenham Urinary
3 360.00 11ford Angiogram
3 508.00 11ford Angioplasty
3 289.00 11ford Biopsy
3 393.00 11ford Nephrostogram
3 548.00 11ford Other
3 386.00 11ford Urinary
3 360.00 Romford Angiogram
4 360.00 11ford Angiogram
4 508.00 11ford Angioplasty
4 508.00 Romford Angioplasty
5 452.00 Barking Drainage
Area East Ham 0 289 360/ 0 0
town
(town) - genham 0 0 0 782/ 0 548
Barking 269/ 0 0 0
11ford
0]
1 508 | 289 | 360 | 386 |O 548 0
548
2 508 | O 360 | O 0 0] 0
0
Time 3 508 | 289 | 360 | 386 |O 548
(months) 0
508 | O 360 | O 0 0 0
4 0
508 | O 360 | O 0 0
5
Angi- Biopsy Angio- Urinary Drain- Other
oplasty gram age
Treatment (Types)
Fig 11: Drill-down operation data cube
Fahad Habib
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A soL Query Analyzer - [Query - UHL. privatePts.... g@
IJEF File Edit Cuery Tools ‘Window Help - 8 x

2 - =& | & Eéh v E- v >

SELECT t.wonth of year A5 Months, ||
Avg (fr.fees) A3 Avy Fees, '
ft.Area, ft.TreatmentType

FROM fact takhle ft, times ¢

WHERE ft.timeid = t.timeid

GROUFP hy ft.area, ft.treatmenttype,
t.month of year

ORDER BY t.mwonth of year W |
< L >
I Months Avg Fees Area Treatment Type ||
ik 1 360.0000 East Ham Angiogram
2 pE 289.0000 East Ham EBEiopsy
3 1 360.0000 Fomford Angiogram
4 2 782 .0000 Dagenham Urinary
5 2 289.0000 East Ham Eiopsy [ |

- = Grids Messages

Quers UHL (8.0 sa(54) |privatePts | 0:00:01 Z3rows |LnZ, Coll

Conneckions: 1 (ML

Fig 12: Screenshot for Drill-down operation

3.2.2 Slice Operation

This operation performs a selection on one dimension of the given cube, resulting in a
sub cube H<O1,

Input:

SELECT t.quarter_of_year AS Quarters,
Avg(ft.fees) AS Avg_Fees,
ft_Area, ft.TreatmentType
FROM fact_table ft, times t
WHERE ft.timeid = t.timeid AND t.quarter_of _year = "Q2°
GROUP BY ft.area, ft.treatmenttype, t.quarter_of _year

Output:

Quarter Avg_Fees Area TreatmentType

Q2 452 .00 Barking Drainage

Q2 360.00 11ford Angiogram

Q2 508.00 11ford Angioplasty

Q2 508.00 Romford Angioplasty

Fahad Habib 20
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Area
(town)
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11ford 508 0 360 0] 0 0
Barking 508 0 360 0] 452 0
0 0 0 0 0 0
Dagenham
0 0 0 0 0] 0
East Ham
Angi- Biopsy Angio- Urinary Drain- Other
oplasty gram age

Treatment (Types)

Fig 13: Slice Operation Data for Quarter = 'Q2’

A soL Query Analyzer - [Query - UHL privatePts.... g@@
IﬂF File Edit Query Tools ‘Window Help = | O x

2 - = | E i o - v

SELECT t.guarter of year A3 Quarters, | |
Ivgfr.fees) L3 blvg Fees, ["al
ft.Area, ft.TreatmentType

FRON fact table ft, times t©

WHERE ft.timeid = t.timeid LMD

C.quarter of year = 'Qz2
GROUFP EBEY ft.area, ft.tLreatmenttype,

t.guarter of year W

3 T @)

I Quarters |Avyg Fees |Area TreatmentType

1 o2 360.0000 Tlford Angiograrm

2 .Qz 505.0000 Ilford Angioplasty

3 o2 S505.0000 Romford Angioplasty

4 .Qz 452 .0000 Barking Drainage

[ B Grids Meszages

Query UHL (3.0) |sa(54) |privatePts | 0:00:00 |4 rows LnZ, Col 1

Connections: 1 (CAPS |[MUM

Fig 14: Screenshot of Slice Operation

MSC Software Engineering

21



Coursework SB02G — Data Mining and Data Warehousing

4. BITMAP INDEXING
4.1 What is Bitmap Indexing?

It is a method in OLAP products that allows quick searching in data cubes. In bitmap
index for a given attribute, there is a distinct bit vector, Bv, for each value v in the
domain of the attribute. If the domain of the given attribute consists of n values, then n
bits are needed for each entry in the bitmap index. If the attribute has the value v for a
given row in the data table, then the bit representing that value is set to 1 in the
corresponding row of the bitmap index. All other bits for that row are set to 0 M4,

4.2 Bitmap Indexing and PDWA

For our database, in PracticeDetails we have TreatmentType which represent the
treatments performed on patients during past times. If we use this attribute for bitmap

indexing then we will come across with the following table:

Input:

SELECT practiceid as pracid, practicedetailid as pdid,

patientid as pid, fees, treatmenttype, area
FROM fact_table

Output:

pracid pdid pid fees treatmenttype area
KGH/0001/03 2 1 289.00 Biopsy East Ham
KGH/0001/03 3 1 360.00 Angiogram East Ham
KGH/0002/03 4 2 360.00 Angiogram Romford
KGH/0003/03 11 3 782.00 Urinary Dagenham
KGH/0004/03 5 4 289.00 Biopsy East Ham
KGH/0005/703 6 5 360.00 Angiogram 11ford
KGH/0005/03 7 5 508.00 Angioplasty 11ford
KGH/0006/03 8 2 508.00 Angioplasty Romford
KGH/0007/03 9 6 289.00 Biopsy 11ford
KGH/0008/03 10 7 249.00 Biopsy Barking
KGH/0009/03 12 8 782.00 Urinary Dagenham
KGH/0009/03 13 8 386.00 Urinary Dagenham
KGH/0010/03 14 9 386.00 Urinary 11ford
KGH/0011/03 15 10 289.00 Biopsy Barking
KGH/0012/03 16 9 548.00 Other 11ford
KGH/0012/03 17 9 386.00 Nephrostogram 11ford
KGH/0012/03 18 9 400.00 Nephrostogram 11ford
KGH/0013/03 19 11 782.00 Urinary Dagenham
KGH/0013/03 20 11 400.00 Nephrostogram Dagenham
KGH/0013/03 21 11 548.00 Other Dagenham
KGH/0014/03 22 12 360.00 Angiogram 11ford
KGH/0014/03 23 12 508.00 Angioplasty 11ford
KGH/0015/03 24 13 360.00 Angiogram Romford
KGH/0016/03 25 13 508.00 Angioplasty Romford
KGH/0017/03 26 14 360.00 Angiogram 11ford
KGH/0017/03 27 14 508.00 Angioplasty 11ford
KGH/0018/03 28 15 452 .00 Drainage Barking
Fahad Habib 22
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Fie Edt Query Tools ‘Wirdow Help

= & X

& - & i E BEEM o B v b n [ prars =)
EELECT practiceid as pracid, practicedstaillid as pdid -
pacisncid ma pld, Lfaes, CESACHENTTYRER, ATER
FROH fwsce table
L
£ ¥
pracid pdid pid fees LreaCmanttype &Eea it
1 KGEHE/0001/501 2 1 2859 .0000 Biopsy Emst Ham
2 KGR/ 0001701 3 1 30,0000 Angrogram Em=t Ham
3 KERS0002,03 4 k4 60,0000 Angiogram Eomford
4 EFHS 0004503 5 4 50,0000 Biopey East Ham
5 KGR/ DO005/03 6 5 F60,. 0000 Anglogoam Ilfoxd
B KFR/DQQs/ /03 7 5 S0E . 0000 Angloplastcy Tifard 2
™ Giids [ Messages]

auery bstch comp UHL (8,00 UL Fahad Hatsh (530 prevabePts | 0o00:00

Conmecions! 1 LM

¥ roms Lo, Col 80

Fig 15: Fact table for Bitmap Indexing

4.2.1 Bitmap Indexing Table

For each practice record e.g. KGH/0001/03, we have one or more type of treatment
type. There are total 18 rows in the Practice table, which have 27 corresponding rows
in practicedetails table. Therefore we have 27 rows in fact_table, consisting of all
records. Following table indicates treatment type appearing in each Practice.

Angiogram | Angioplasty | Biopsy | Drainage | Nephrostogram | Urinary | Other

1 1 0 1 0 0 0 0
2 1 0 0 0 0 0 0
3 0 0 0 0 0 1 0
4 0 0 1 0 0 0 0
5 1 1 0 0 0 0 0
6 0 1 0 0 0 0 0
7 0 0 1 0 0 0 0
8 0 0 1 0 0 0 0
9 0 0 1 0 0 1 0
10 0 0 0 0 0 1 0
11 0 0 1 0 0 0 0
12 0 0 0 0 1 0 1
13 0 0 0 0 1 1 0
14 1 1 0 0 0 0 0
15 1 0 0 0 0 0 1
16 0 1 0 0 1 0 0
17 1 1 0 0 1 0 0
18 0 0 0 0 0 1 0
Fig 16: Bitmap Index Table
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4.3 Advantages

Some of the advantages of the bitmap index are as follows [V¢9°1:

e It is simple to represent and consume less disk space as compared to other
techniques.

e It is quick and CPU-efficient as it uses bitwise operators.
e It is easy to update bitmap index table after addition of new data.
e It is suitable for data warehouses where we have low-cardinality columns.

e It can be used as an alternate method of the row ids representation.

4.4 Disadvantages

Some of the disadvantages of the bitmap index are [V¢°:

e It creates large number of spare/unused data that’s never needed.
e It is not suitable for warehouses with high cardinality columns.

e More query processing time and space needed to build and answer queries
involving high cardinality columns.
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5. HIGH LEVEL LANGUAGE IMPLEMENTATION
5.1 What is MOLAP?

MOLAP (multidimensional online analytical processing) is online analytical processing
(OLAP) that indexes directly into a multidimensional database. In general, an OLAP
application treats data multidimensionally; the user is able to view different aspects or
facets of data aggregates such as sales by time, geography, and product model. If the
data is stored in a relational data base, it can be viewed multidimensionally, but only by
successively accessing and processing a table for each dimension or aspect of a data
aggregate 7931,

5.2 Front End Application

The application to demonstrate multidimensional array for MOLAP operation is designed
using Visual Basic 6. The simple interface of the application requires user input for the
array to be filled and shows data in the form that resembles with the ROLAP operations
performed using SQL queries.

It also shows the results we get with our base cuboid. The application establishes a link
with our SQL Server database, fetch data according to our base cube query and display
results in a textbox. The interface of the application is as follows:

:
|1 Persomal Data Warehouse %]
Fia Help
brco: Wi, WA LAF Dpendion

Conbhe [quistestt  [q 04 2 Aipa .4
Trestrent Tepe: |15 Fagy [—
Trmaiment Types Jumar
1 = Arapoplasiy 1 = | Fond
2 = Bopsy 2 u Blaaking
3 = Feragigi A 3 = D aganham
4 = Urinay & = Exsl Ham
5 = Dranags
B = O thed Fall Ay
ROLAF D sbon
SIIL O ke (b S |

SELECT Lguaitia_sl_waa A5 Dusriar,

Ewplit fepz] A5 A eeg, HAsea, 1 hesbreentipo:

FRiJM Fact_tabds it Gres HWHERE & bmsid) = | lresd

GROUP by 1, 10 bissdoresndippss, | ousrion_of_yssa o aral
ORDEA B Lguaner_ol_ves Exsgide

Fig 17: Front-end Application screenshot
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5.3 MOLAP Operation

The application requires user interaction by asking for the values for multidimensional
array. The array accepts the values within certain limits so that |1 can demonstrate
according to my scenario with some values.

After getting desired input values, the data will be stored in a 3-dimensional array of
fixed length. The length of the array is set according to the scenario and base cube
requirements. We can add as many values as we want. All relevant data will be updated
according to the values provided.

After inserting values, we can view the contents of the multidimensional array in the
form of an array data table. The array data table resembles with the actual base cube
results as in ROLAP operation.

E1 Personal Data Warehousa
Fie Help

Irveert ' sy, MO LAF [ paestion

[iale fiquanes| |17 der [
Tresimant Tips: [ Fesz:  [mpg

Trestment Types: Aeas Emely

1 = Angoplasty 1 = lFoed e ——

2 = Biiopay 2= bakrg Ko Ay,

3 = Angogeam 3= [lagenham e

4 = Uvinany 4 = Emst Ham

g:th-m Fill vy
FliLAP Opeeration

SlL Qusiy [base cbond]

SELECT Louarter_of A5 Quaters,
gl esscs] 45 AP e, BAusa, L inatmerilype
FROM Esci_labls i lme: FWHERE R limsid = Limeid

GROUP &y i srea, B bestmenthores |guate;_of_pssr Comiect ad
DORDER &Y' &t quaiter_of_pea Ematats
Dustacubail 1 1= SO0 ~

Dnahaziohi avangisd i Foom of tabde

Dty | AygFess | Ares | TrestmentT ppe

Fig 18: MOLAP Operation, inserting and retrieving values

To demonstrate the resemblance with actual base cube, we can establish link with the
actual database and fetch the base cuboid data. After fetching data, the application will
show values in the textbox in the form of a table. The information retrieved resembles
with the multidimensional array values we just created.
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-

[ Persomal Data Warehouse %
Fir Help
Irged shams, MOLAP Opersion

it [quartes |1 Sy ||
Timaimerd Tipee [7 Foet  [B00
Errm-‘"a'g

Trestmerd Tppas: Brags |
1 = fingioplashy 1 = | Foed
2 = By £ = Bailang |
3 = Angicgian 3 = Dagenhan Sh"""""':""q"j
;. E-.-!.y, 4 = Eauf Hamn

= [
b = Dafe Fll &g i

RAOLAP Dperatory

SOL Gussny [barse pubadp

SELECT Louarier_of_peesr 45 Qusrtees.

Siwgli besmg| A5 fueg Fews, fiea I heatmantipps
FROM Psca_labds 1. irvas WTHERE B s = | brssd
GROUF by It sins, 1 ssineniygss, b quaite_of_pas

ORDER BY L ouaite_of_year Daconnect |
Quaie | ArwgFens | Fuimg | Tisslmani T yps | -
m—— | — — | e
ai I i = B Bakng | Bopsy |
U | 400 | L1 sgehiann Rhephinos | B Em |
o | R&b | D agenhann Do | =

Fig 19: MOLAP vs ROLAP, Getting data from database

After performing required operations on our multidimensional array, we can empty and
fill it again with new data to test again. Similarly, we can disconnect with our SQL server
database and free the system resources.

5.4 Comparison between ROLAP and MOLAP

Following points can be noticed between two operations M3,

e MOLAP processes data that is already stored in a multidimensional array whereas
in case of ROLAP we have to fetch data from database ["™31,

e MOLAP reflects all possible combinations of data, each in a cell that can be
accessed directly whereas in case of ROLAP we have to formulate our data
according to our required to create potential arrangement ["7°%1,

For these reasons, MOLAP is, for most uses, faster and more user-responsive than
relational online analytical processing (ROLAP) [T7%31,

There is also hybrid OLAP (HOLAP), which combines some features from both ROLAP and
MOLAP [T7031,

Fahad Habib 27
ID: 02029881
MSC Software Engineering



Coursework SB02G — Data Mining and Data Warehousing

5.5 Conclusion

In my opinion, the MOLAP operation is more difficult than ROLAP operation. The reason
behind this the uncertain size of our multidimensional array. For small database, we can
perform MOLAP operation easily, but for large and complex databases, MOLAP operation
looks difficult to implement.

On the other hand ROLAP operation looks much simpler and easier to understand and
implemental on databases of all sizes. But according to experts [ as mentioned
earlier, the MOLAP is faster than ROLAP.
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6. SPARSE MATRIX PROBLEM

6.1 What is Sparse Matrix?

It is a matrix with small number of non-zero values P°?!, Thus, only a small proportion
of potential data cells actually occupied in a multidimensional structure MN"°31,

6.2 Example

For my PDWA, following cube shows a sparse data cube:

East Ham 0 289 360 0 0 0
Area
(town) Dagenham 0 0 0 683 0 548
Barking 0 269 0 0 0 0
11ford
0
01 508 289 360 386 0 548 o
0
0
Q2 508 0 360 0 0 0
0
0
Time 0
(quarters) 0 0 0 0 0 0
0
Q4 0
0 0 0 0 0 0
Angi- Biopsy Angio- Urinary Drain- Other
oplasty gram age

Treatment (Types)

Fig 20: Sparse Data Cube

It is obvious from the above example, that we have large amount of useless data in the
cube. There are more zero values than non-zero ones, hence making our cube inefficient

and sparse.

Since this PDWA is not big as compared to the actual, real-time scenario, but still it
creates problem of useless values for us. So for real life situations, this problem will
increase many times as we have large amount of data. Hence it is clear that we will get
huge sparse data cubes for actual data warehouse applications.
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6.3 Solution

To overcome this problem, we may implement linked lists. In linked lists we allocate
values dynamically, hence more space efficient than multidimensional arrays. With
arrays, we have to mention size before assigning values, therefore it consume huge
amount of disk space and also reduce the efficiency of data cube by adding useless data.

On other hand with linked lists, we can add only those values which are non-zero and
useful for us, hence eliminating the problem of sparse data cube.

6.4 Alternative Solution

According to Jong Kim PX°2 the pointers can be used to overcome the sparse matrix
problem in multidimensional OLAP. Following example shows Kim’s view about sparse
matrix implementation.

6.4.1 Example

Suppose we have ¢021:
¢ 1000 X 1000 matrix with 2000 entries
e 2-dimensional array implementation
e 1000 * 1000 * 8 byte = 8M byte
e Matrix inversion requires temporary matrices
e Pointer implementation

e 2000 * (4(row pointer) + 4(column pointer) + 2(row number) + 2(column
number) + 8(value)) = 40Kbyte

This example illustrates how Kim overcome the problem of sparse matrix using pointers
and reduces the large useless space to small useful data.
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7. THE 4D CUBE

For showing 4D cube according to my scenario, | will add another measure age in my
base cuboid measures. By adding this new measure | can generate different cubes
according to my base cube criteria, and will show values for different ages or age ranges.

It will help me in creating a series of 3D cubes and enable me to demonstrate 4D cube
visualization for my PDWA.

7.1 Series of 3D Cubes

For generating series of 3D cubes to represent a 4D cube, following queries are used:

Input:
Queryl, Age <= 35:

SELECT t.quarter_of_year AS Quarters,
Avg(ft.fees) AS Avg Fees, "<=35" AS Age Range,
ft.area, ft.treatmenttype
FROM fact_table ft, times t
WHERE ft.timeid = t.timeid AND ft.age <=35
GROUP BY ft.area, ft.treatmenttype, t.quarter_of _year
ORDER BY t.quarter_of _year

Query2, Age >35 and Age <= 65:

SELECT t.quarter_of_year AS Quarters,
Avg(ft.fees) AS Avg Fees, ">35 and <=65" AS Age_Range,
ft.area, ft.treatmenttype
FROM fact_table ft, times t
WHERE ft._timeid = t.timeid AND (ft.age > 35 AND ft.age <= 65)
GROUP BY ft.area, ft.treatmenttype, t.quarter_of _year
ORDER BY t.quarter_of _year

Query3, Age > 65:

SELECT t.quarter_of_year AS Quarters,
Avg(ft.fees) AS Avg_Fees, ">65" AS Age_Range,
ft.area, ft.treatmenttype
FROM fact_table ft, times t
WHERE ft.timeid = t.timeid AND ft.age >65
GROUP BY ft.area, ft.treatmenttype, t.quarter_of _year
ORDER BY t.quarter_of _year

Output:
Queryl, Age <= 35:

Quarters Avg_Fees Age Town TreatmentType

Q1 400.00 <=35 Dagenham Nephrostogram

Q1 548.00 <=35 Dagenham Other

Q1 782.00 <=35 Dagenham Urinary

Q1 289.00 <=35 East Ham Biopsy
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Query2, Age >35 and Age <= 65:

Quarters Avg_Fees Age Town TreatmentType
Q1 269.00 >35 and <=65 Barking Biopsy

Q1 782.00 >35 and <=65 Dagenham Urinary

Q1 360.00 >35 and <=65 East Ham Angiogram

Q1 289.00 >35 and <=65 East Ham Biopsy

Q1 393.00 >35 and <=65 11ford Nephrostogram
Q1 548.00 >35 and <=65 11ford Other

Q1 386.00 >35 and <=65 11ford Urinary

Q2 360.00 >35 and <=65 11ford Angiogram

Q2 508.00 >35 and <=65 11ford Angioplasty
Query3, Age > 65:

Quarters Avg_Fees Age Town TreatmentType

Q1 584.00 >65 Dagenham Urinary

Q1 360.00 >65 11ford Angiogram

Q1 508.00 >65 11ford Angioplasty

Q1 289.00 >65 11ford Biopsy

Q1 360.00 >65 Romford Angiogram

Q1 508.00 >65 Romford Angioplasty

Q2 452 .00 >65 Barking Drainage

Q2 508.00 >65 Romford Angioplasty

<4501 Query Anatyzer - [Query - UHL privatePts.sa - C:\Documents and Set... |- |2

[E fie Edt Query Tock Window Hep - & %
B -3 | & BEA - [(F- v b w|[Dprmers =
4D cubhEE Guscy
SELECT ©.Guattar of year A3 CUACTRES
bvgifc.fess| A3 Avg Fess, '<=35' AZ Apge Rangs,
fr . area, IT.CTEATHENTLYRE
FROA facc cable T, Timea T
WHERE fr.timeid t.oim=id LND fo.age s
GROOF EY It.arsa, IT.Ireatmenctiype, C.guarter of pear
OFDERE ET :.qu-u.:l:e::_-::i!_]re-:l:
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Fig 21:4D Cube query screenshot
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Age <= 35 Age > 35 AND Age <= 65
gast an /0 /280 /0 /0 o/ o East Han /0 /289 /360 / O o/ o »
Area Area
(town) Dagenham 0 0 0 782 0 548 (town) Dagenham 0 0 0 782 0 0
Barking 0 0 0 0 0 0 Barking 0 269, 0 0 0 0
11ford 1iford
AR 1pf1---»
0 0
Q1 0 0 0 0 0 0 o Q1 0 0 0 386 0 | 548 o
9 0
Q2 0 0o 0 0o 0 9 Q2 360 0 0 0o 0 0
Time Q3 Time Q3
(quarters) (quarters)
Q4 Q4
Angi- Biopsy Angi- Urinary Drain- other " "77 Angi- Biopsy Angi- Urinary Drain- Other >
oplasty ogram age oplasty
Treatment (Types) Treatment (Types)

Fig 22: Series of 3D cubes

7.2 Conclusion

Thus, it is possible to show the 4D cube using a series of 3D cubes to overcome the
tricky problem of showing data in the form of 4D cube.
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