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DATA MINING USING IN DIAGNOSIS OF THE CHRONIC RENAL
DISEASE IN DIABETIC PATIENTS

ABSTRACT

Recently, data mining applications became more popular and widely used in
many different sectors; also it became an important part of the health care industry.
Especially, the reduction in the cost of computer hardware, computers became more
accessible now, therefore computer-based solutions have been used in hospitals and
then the hospitals started to collect too many data about their operations. So,
hospitals have huge amount of data and making analysis on data and extract
meaningful information from this data became impossible. Therefore, a software
tool is required that analyzes the hospital data and provides useful data to health

professionals.

Hospital Information Systems are widely used by hospitals; it offers data access
without loss of time to healthcare professionals. However, it is not enough just
access to data at the time. The purpose of the Hospital Information Systems, ensure
that the data guidance for health professional and supports the decision making

process of health professionals.

Aim of the study is to develop web-based application that supports the decision
making process of health professional by determining the diabetic and hypertension

patients whether under risk of renal failure or not via using data mining techniques.

This application was developed using the diabetic and hypertension patients’ data
of Ege University Medical School Hospital’s Biochemistry Laboratory results.
Naive Bayes algorithm has used for data mining and 74322 pcs record were used to

construct model and the model tested on 7296 pcs record 78% successfully.

Keywords: Data mining, hospital information system (HIS), using data mining

techniques in healthcare industry.
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DiYABETIK HASTALARDA KRONIK BOBREK YETMEZLIiGININ VERI
MADENCILIiGI TEKNiKLERI KULLANILARAK TESHiSi

0z

Son zamanlarda oldukca yayginlasan ve bir¢ok farkli sektdrde kullanilmaya
baslanan Veri Madenciligi uygulamalar saglik sektoriiniin de onemli bir pargasi
haline gelmistir. Ozellikle bilgisayar donanimlarinin ucuzlamasi, bilgisayarlarin
arttk daha erigebilir hale gelmesiyle birlikte bilgisayar tabanli uygulamalar
hastanelerde kullanilmaya baglanmistir. Hastane verilerinin ¢ok biiyilk miktarda
olmasi, lizerinde analiz yapmay:r ve anlamli sonuglar c¢ikarmayr imkansiz
kilmaktadir. Bu sebeple, hastane verilerini analiz ederek, sakli kalan anlamli bilgileri

saglik uzmanlarimin erigimine sunacak bir yazilim araci gerekli olmustur.

Hastane bilgi sistemleri yaygin olarak hastaneler tarafindan kullanilmakta ve
saglik uzmanlarina aninda, zaman kayb1 olmadan veriye erisim sunmaktadir. Ancak
sadece veriye erismek yeterli olmamaktadir. Hastane bilgi sistemlerinin amaci bu
verilerin bir sekilde saglik uzmanina yol gosterici ve saglik uzmanin karar verme

stirecini destekler nitelikte olmasini saglamaktir.

Bu calismanin amaci, risk grubu igerisinde yer alan hipertansiyon ve diyabet
hastalarinin bobrek yetmezligi hastalig: riski tasiyip tasimadigina karar veren saglik
uzmaninin karar verme stirecini destekleyecek ve bunu yaparken de veri madenciligi

tekniklerini kullanacak web tabanli bir uygulama gelistirmektir.

Uygulama, Ege Universitesi Tip Fakiiltesi Hastanesi Biyokimya Laboratuvarinda
yer alan diyabet ve hipertansiyon hastalariin verileri kullanilarak gelistirilmistir.
Veri madenciligi islemleri i¢cin 74322 adet kayit iizerinde Naive Bayes algoritmasi

kullanilmistir ve 7296 adet kayit tizerinde %78 basari ile test edilmistir.

Anahtar kelimeler: Veri madenciligi, hastane bilgi sistemi (HBS), veri madenciligi

tekniklerinin saglik sektoriinde kullanima.
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CHAPTER ONE
INTRODUCTION

Rapidly developing technology leads increasing amounts of data on the world
such as satellite data, medical data, exchange data, automation data etc. Every small
organization start to collect data about their operations and more is coming every

day from new data sources.

Increasing amount of data leads collection and storage problems of data. Despite
these problems, a development in databases and file systems solution has been used.
Hardware become cheaper than the larger amounts of data can be stored. Especially

hospitals have begun to give more attention to storage of patients’ data.

Healthcare industry today generates large amounts of complex data about:
patients, hospital resources, disease diagnosis, electronic patient records, medical
devices etc. And to use these large amounts of data in favor of patients that data
need to be processed and analyzed for knowledge extraction that enables decision

making.

Nowadays, although Renal Failure (RF) disorder is treatable with early diagnosis,
it may result in completely lost kidney functionality. RF is the progressive loss of
kidney function. Patients’ renal is suffered in a way that cannot be cured. As a result
due to the loss of kidney function the need of dialysis and/or transplantation may

arise.

In our country which leads to RF among the top three causes of diabetes, high
blood pressure and glomerulonephritis. Especially, diabetic patients are under the
risk. Therefore with the scope of this thesis topic, diabetic patients’ data will be
analyzed and investigate that possibility of observation RF on diabetic patients.
Although not mentioned in the title of the thesis, hypertension patients’ data
included as it includes risk groups. This correction has been proposed by the expert

nephrologists.



Today, stored data has higher volume than traditional existing resources. These
mountains of data include too much data but too little information. There is a need to
extract useful information from the data and to interpret the data. So hospitals need
to use some tools to accelerate the critic treatment process to support decision

making and manage all these data. One of these tools is Data Mining.

The main purpose of this thesis, with the help of Data Mining algorithms extract
hidden information that hospitals can use for decision making process to prediction
of RF disease in diabetic patients. After that it provides accessing this valuable

information via WEB platform.

In first chapter concept of data mining, Oracle Data Mining components, Data

Mining techniques and performance analysis are described in detail.

In second chapter, widely used areas of Data mining (especially in Medicine),

related works and Data Mining process will be discussed.

In the third chapter, technologies used in this application are explained in detail:
N-Tier software architecture, Web Services, Visual Studio platform, TOAD and

Oracle Data Miner.
In fourth chapter, the phase of data preparation for data mining, creating data
model using applied activities, applying learned data mining techniques on data

using Oracle data miner and screen design criteria’s are discussed.

In the last part of thesis, conclusions and discussion topics about the thesis will be

explained in detail.

1.1 Literature Review

In the healing process of health industry, hospital management systems become

very important to finalizing the process. With software hospitals can investigate the



process and check it works well or not. Using data mining in diagnosis is based on
understanding the basic symptoms of the disease, classification of these symptoms
and composes a decision-maker system with tolerable mistake. Disease diagnose

software has become more important due to low tolerance in these software systems.

Data mining brings a set of tools and techniques that can be applied to this
processed data to discover hidden patterns that provide healthcare professionals an
additional source of knowledge for making decisions. The decision rests with health
care professionals. The widespread use of data mining in health care has become a
need not only a luxury. Due to simplify things, to ensure the correct progress and to
increase the confidence of patients against to hospitals, data mining software in

hospitals could be find wide area in this market place.

Data mining is a routine of automatically searching and seeking huge amounts of
data. The purpose of data mining is to discover patterns, trends and similarities. Due
to the nature of data mining it uses complicated and sophisticated algorithms to
divide problem into smaller data and interpret the situation and evaluate probability
of future events. Data mining is also known as Knowledge Discovery in Data

(KDD).

One of the earliest and most cited definitions of the data mining process, which
highlights some of its distinctive characteristics, is provided by Fayyad (1996), who
define it as “the nontrivial process of identifying valid, novel, potentially useful, and
ultimately understandable patterns in data.” According to Weiss & Davison (2010),
data mining described as “Data mining is a process that takes data as input and

outputs knowledge.”

Some of the other Data Mining definitions are as follows:

e Data mining which is define as extraction of hidden, valuable and useful

knowledge from big amount of data and its use for providing strategic

decision support has been giving a new perspective for usage of health data



and is becoming a method which is improving in all application domains
besides as an reply for problematic domains related with huge data
(Koyuncugil, & Ozgiilbas, 2010, p. 21).

e Data mining has been called exploratory data analysis, among other things.
Data mining refers to the analysis of the large quantities of data that are
stored in computers. Masses of data generated from cash registers, from
scanning, from topic specific databases throughout the company, are
explored, analyzed, reduced, and reused (Olson, & Delen, 2008, p. 5).

e Data mining is a tool, not a magic wand. It won’t sit in your database
watching what happens and send you e-mail to get your attention when it
sees an interesting pattern. It doesn’t eliminate the need to know your
business, to understand your data, or to understand analytical methods. Data
mining assists business analysts with finding patterns and relationships in the
data — it does not tell you the value of the patterns to the organization.
Furthermore, the patterns uncovered by data mining must be verified in real
world (Edelstein, 1999, p. 1).

e Data mining consists of the (semi-) automatic extraction of knowledge from
data. This amount of stored in databases continues grow fast. With an
extraction, this large amount of stored data contains valuable hidden
knowledge, which could be used to improve the decision-making process of
an organization such as hospitals. However, the number of human data
analysts grows at a much smaller than the amount of stored data. Thus, there
is a clear need for (semi-)automatic methods for extracting knowledge from

data (Freitas, 2009, p.2).

Data mining has captivated a huge deal of attention in the information industry
and in society as whole in recent years, due to the wide availability of huge amounts
of data and the imminent need for turning such data into useful information and
knowledge. The information and knowledge gained can be used for applications
ranging from market analysis, fraud detection, and customer retention, to production

control and science exploration.



This situation summarizes the emergence of need of a field called data mining

and knowledge discovery. Data mining field uses sophisticated methods to extract

valuable information hidden in datasets and high-level knowledge from real-world

data sets. In other words data mining is exploring the patterns, relationships,

changes, irregularities, rules and statistically significant structures.

Some of the data mining applications as follow (Albayrak, n.d.):

Association - 30% of customers who buy diaper buy beer too. (Basket
Analysis)

Classification — Despite young ladies buy small cars, aged wealthy men buy
luxury cars.

Regression — Credit Scoring. (Application Scoring)

Sequent Patterns — A customer who has paid late the first three of
installments, 60% probably cannot pay back loans. (Behavioral scoring,
churning)

Similar Time Sequence — The price of shares of Company X move similar to
the price of shares of Company Y.

Anomaly — Do my customers have different behavior than usual? (Fraud
Detection)

Web Mining — Seeking for similar of a specific document on the internet.

This application can be consider in the both classification and anomaly detection.

In the first stage of the development process the anomaly detection method is

consider to apply by using decision trees. But in the following sections it was

decided to use Naive Bayes classification method.

Figure 1.1 illustrates the phases of data mining process below. Each part of the

process represents iterative nature of a data mining project. Each phases trigger

another phases.
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Figure 1.1 The data mining process.

Data mining can be think as a result of the natural evaluation of information
technology (Han and Kamber, 2006). The database system industry has witnessed an

evolutionary path in the development of the following functionalities.

As seen in Figure 1.1: data collection and database creation, data management
(including data storage and retrieval, and database transaction processing), and

advanced data analysis (involving data warehousing and data mining).

The figure seen on above, the first step is accessing data and prepare data for
transactions, the second step is to create a model and learn model to apply it another
test data, and the last step is to apply the created model in previous step and produce

reports.



Data Collection and Database Creation
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b
New Generation of Integrated Data and
5| Information Systems <
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Figure 1.2 Evolution of database system technology (Han and Kamber, 2006).

1.1.1 Oracle Data Mining

A major research and development effort has been made by Oracle to add Oracle
RDBMS native pattern recognition algorithms. As a result, Oracle Data Mining

supports that development of (ODM) applications, integration and deployment as



part of the Oracle database environment. Data mining provides a comprehensive

collection of analytics.

This data mining has infrastructure as native SQL, and PL/SQL and PL/SQL
API, also it can be access from JAVA API or ODM. ODM intends to discover
hidden insights. ODM is strengthened RDBMS environment with its data storage,
data preparation and processing, information retrieval, security, process control,

parallelism, versioning, work flow and reliability capabilities (Maimon & Rokack,

2005).

Oracle provides many advantages such as state-of-the-art data mining. Oracle
Data Mining methods are implemented in the kernel of the database and it’s models
are first class data base objects. Oracle data mining can be used to efficiency usage

of system resources.

Data mining within Oracle Database offers many advantages (Oracle, 2014):

e No Data Movement: Some data mining data need to transform into a
specific format. With the help of Oracle data mining there is no data
movement. This situation makes the process less complex, time-consuming,
and error-prone.

e Security: In Oracle data mining data is protected by the oracle database
security mechanism. Also, a specific database needs special data mining
techniques. Only users that have the authority can mine.

e Data Preparation and Administration: Before data mined, the specific
data must be filtered, sampled, normalized, cleansed and transformed into a
specific format to provide a correct operation. With Oracle Data Mining data
preparing process can be manage automatically. 80% of the effort is used
usually to data preparation.

e Ease of Data Refresh: Oracle data mining has privilege to access the
refreshed data. So, oracle data mining provide results according to

maximizing its timelines and relevance.



Oracle Database Analytics: Oracle offers many features to business
intelligence. Oracle data mining can enlarge easily to other analytical
features such as OLAP.

Oracle Technology Stack: Oracle stack can be used in business intelligence,
scientific researches and any industry.

Domain Environment: Data mining models should be tested built and
managed their suitable environment. Data mining operation results stored
permanent so this storage provides pre and post data mining.

Application Programming Interfaces: You can directly access Oracle Data

Mining Functionality by using some SQL operations and Java APIs.

1.1.1.1 Data Mining Functions

The most important part of data mining operation is to decide which functionality

1s required. Each data mining function represents a specific domain of problem to

solve it. Generally it is thought that these functions are divided into two separated

area: supervised and unsupervised:

Supervised functions are used to predict a value, require a target. It aims to
provide predictive description by evaluating available data. For example
Naive Bayes algorithm is in this class.

Unsupervised functions are used to find real relations. These functions do not
need target, investigate the incidence of events. Clustering algorithms can be

used to accomplish this.

Oracle Data Mining supports the following data mining functions (Oracle Data

Mining Concepts 10g Release 2, 2005):

Supervised Data Mining:

Classification — Dividing elements in separate classes, predict the class of

and an element.



e Regression — Approximating values.

e Attribute Importance — Determine the most important features in predicting
the outcome.

e Anomaly Detection — Identify items that do not satisfy the characteristics of
"normal" data.

Unsupervised Data Mining:

e Clustering — Finding natural groups, similarities in data.

e Association Models — Finding relationships, connections between data.

e Feature Extraction — Crating new attributes as a combination of original

features.

Data mining can also be classified as predictive or descriptive. Data mining can
also be classified as predictive or descriptive  (Oracle  Data  Mining

Concepts 10g Release 2, 2005):

e Predictive data mining uses more than one model; these models are used to
predict results of data sets. Predictive data mining functions are classification
and regression. Naive Bayes is one algorithm used for predictive data
mining.

e Descriptive data mining define a data set. Descriptive data mining functions
are clustering, association models, and feature extraction. K-Means

clustering is an algorithm used for descriptive data mining.

In the beginning of the development process, the anomaly detection method was
considered to use but in the following sections it is decided to use Naive Bayes
instead of the decision trees. For this application Naive Bayes algorithm which is the
one of the algorithms of the predictive data mining techniques. This concept will be
discussed in the next section. Here the figure in the show below represents the

definition of the some data mining techniques.

10



Algorithm

Function

Description

Dercision Tree (DT)

Classification

Decision trees extract human under-
stand able rules hidden in the data and
construct an if-then-else structure to

predict the outcome.

Generalized Linear | Classification

GLM applies logistic regression for

Models (GLM) and dual objectives and continuous targets.
Fegression GLM classification supports
confidence limits for predicted

probabilities.
Minimum Description | Attribute MDL is a theoretic information model
Length (MDL) Importance selection principle. MDL  assumes

that, data is the in the simplest and

most compact form.

Naive Bayes (NB})

Classification

Naive Bayes makes predictions using

Bayes’ theorem.

(SVM)

Support Vector Machine | Classification

and

Fegression

Different versions of SVM use
different kemel functions to handle
different data sets. SVIM classification

works to distinguish targets with the

widest possible margin.

Figure 1.3 Oracle data mining algorithms for supervised functions.

Algorithm Function Description

Apriori (AP) Association Apriori performs market basket analvsis by
exploring co-occumring items in a set. Aprion
finds rules with specified min support and
greater confidence.

k- Means (KM) Clustering K-Means is a distance-based clustering
algorithm that divides the data into a
predetermined number of clusters. Each
cluster has a centroid (center of gravity).

Non-Negative Matrix Feature NMF constructs new features using linear

Factorization (NMF) Extraction combinations of the original natures. During
applving of the model, NMF model matches
into data array.

One Class Support Vector | Anomaly SVM creates a profile of class It aims to find

Machine (One—Class SVM) Detection the items do not compile the profile.

Orthogonal Partitioning Clustering OC creates hierarchical, grid-based clustering

Clustering (O-Cluster or OC)

model. Tts algorithm creates dense clusters in
space to identify areas.

Figure 1.4 Oracle data mining algorithms for unsupervised functions.
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CHAPTER TWO
RELATED WORK

Nowadays, the hospitals stored huge amount of data about their patients and the
patients’ test results. This huge amount of data is raw data, not includes the
meaningful data Therefore health professionals have some difficulties to interpret
the results about the patients. The interpretation of data takes long time and
sometimes human mistakes can occur. At this point to overcome all the
shortcomings, there is an assistant tool is required. This assistant tool is kind of
software and analyzes the data and summarize it into more understandable and

human readable form.

The most popular technique to interpret data in health industry is using data
mining techniques. With software uses the data mining techniques hidden
information can be extracting from huge data. Not only in medicine, is data mining

popular technique to simplify the data in much application area.

2.1 Data Mining Application Areas

Financial Industry: Today, finance and insurance are the fields that most in need
to data mining because of their products and services. In these sectors knowledge-
based management is a necessary because of the consequences of the economic
crisis. The basic application of the financial industry can be summarized as risk
grading, retaining existing customers, gain new customers, reduce costs, and prevent
losses and leaks, creating alternative channels. A company, who can estimate
customer profile, will have a big advantage of providing right offer. While company

profit increasing, customer satisfaction will be increase too.

Communication Sector: The most important problem is the loss of customers in
telecom sector. If they can pre-determine which customers could be losing, they can
develop as cost-effective strategies for retaining customers. Sending a message with

intends of ensure the retention of customer will increase the costs and make difficult
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user to understand the message. For example, America’s biggest wireless provider

Verizon made a work purpose of not to lose their customers.

Healthcare Industry: It is important and unquestionably the impact of accurate
and timely decision making on patient. The stored data in hospital database are used
to identification of factors to getting successful results, testing high-risk factors of
surgery, classification of patient data by age, gender, testing backwards terms of
patient’s health factors, developing treatment methods. Worldwide there are many
successful applications. For example in San Francisco Hearth Institute started a
worked that improving patient outcomes, reduction of length of stay in hospitals.

And they transform medical data into information.

State Applications: Public administrators have understood the importance of data
and information. Providing services tailored to the needs of the citizens is
understood. The most important applications for public administrators as follows;
ensure the correct use of resources, predict security problems the aim of ensure the
public safety, identify the tax-related corruptions simultaneously, medical payments,
implementation of programs, detection of suspicious matters and blocking the

millions of dollars damage.

2.2 Data Mining in Medicine

At the present time Hospital Information Systems collect many data about
patients and their medical conditions. Despite the abundance and richness of this
data valuable information is hidden in hospital and clinic databases. Hospitals and
medical centers need to be access useful information to improve own efficiency and
future planning (Yildirim, Uludag, & Goriir, 2008). With the help of data mining
techniques hidden information discovered. So this process provides the most

valuable information for researchers.

Due to it has a predictive and descriptive power data mining is widely used in

healthcare industry. Calculation of healthcare cost, insurance fraud, disease
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prognosis and length of stay (LOS) in a hospital can estimate easily. With the help of
data mining get frequent patterns from medical databases, such as relationships
between health conditions and a disease, relationships among diseases, and

relationship among drugs.

Data mining brings a set of tools and techniques and use to process and interpret
the data to provide healthcare professionals an additional source of knowledge for

making decisions.

Today, the most important part of market area of informatics consists of health
and medical fields. In last thirty years, major developments are occurred health
information systems in the world. Despite health is a new field for informatics, rapid

innovations has made in diagnosis tools (Kudyba, 2004).

The first usage of data mining techniques in medical information system has been
in the 1970s. In the following years, especially 1990 neural networks have started to
use to investigate issues such as future health status of patients in years and to cost

estimates.

Consequently, diseases should be managed by considering medical terms,
hospital resources and hospital costs. At this point classic queries are not sufficient
to provide this management. Using data mining methods the hidden valuable
information should be discovered. Discovered data must evaluate for medical

research and management plan (Yildirim, Uludag, & Goriir, 2008).
Now, to process the medical data using data mining techniques does not a luxury

it becomes a need. Using data mining discovered meaningful data eases the

managing medical data.
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CHAPTER THREE
USED TECHNOLOGIES

In this chapter, the technologies that are used during application development
process are described. Besides, this chapter associated with the used programming
techniques, algorithms and methods such as n-Tier Programming Architecture, Web
Services, Microsoft Visual Studio 2012 Platform, Asp.Net 4.0, and TOAD for

Oracle and Oracle Data Miner.

3.1 N-Tier Programing Architecture

To perform certain tasks application Framework which forming the basis of
software systems has to be developed to use with the pre-prepared libraries. Using
Framework speeds up the development process and creates a standard and support to
write clean understandable codes (Ozbek, ince, Turhan, & Onder, n.d.). The benefits

of using Framework during development process are shown below:

e System can be test by many testers and eliminate security and performance
problems.

e Speeds up and simplify the development process of the application.

e C(Creates a standard by providing clean and tiny code production.

e Simplifies the task-sharing between team members.

e Work easily with the database system through the database adapter that they

contain.

There are important considerations while designing software. Some of these

considerations that I referred from Ralph & Wand (2009) are given below:
e Compatibility — interoperability with on another product, hardware-

independent.

e Extensibility — New features and abilities can be added on software
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e Fault Tolerance — System continues operation in case of fault, is resistant to
recover error

e Maintainability — Easily problem solving and bug fixing.

e Modularity — Divide software into well-defined independent components.

e Reliability — Accuracy and completeness of the required functions.

e Reusability — System components suitable for reuse without modification.

e Robustness — Resistance to extreme conditions.

e Security — Resistance against attacks.

e Usability — User-friendly designs for target users.

e Performance — Complete tasks in user-acceptable time, reduce CPU
consuming.

e Portability — Usability of the same system on different environments.

e Scalability — Ability of adapting user number increasing.

To ensure these design specifications tiered architecture programming is
necessary. Using Framework developers avoid repeated codes. Tier (Layered)
Architecture is used to make the modifications easily and quick. This application
was developed using C# language on .NET platform based on n-tier software

architecture.

Flexibility and quality providing design pattern and technologies are used in the
framework. The most important factor made system flexible and extensible is the

application was developed by the n-tier software architecture (Figure 3.1).

The biggest benefit of the n-tier architecture is that it divides the program into
smaller parts and provides easier control. Also, it maintains the security of data in

highest level.
Using n-tier architecture reusable code capacity increases, programmers write a

function once for example an encryption function and use it many times in the

different parts of the project.
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Presentation Layer

32 13

Business Layer

2 1

Data Access Layer

System

Framework

1 1 1

Figure 3.1 N-tier architecture of the system.

N-tier architecture in an important programming technique that gained
importance with object-oriented programming and used by many programmer. It is
easy to managing and controlling the program by using n-tier architecture. N-tier
architecture consists of 4 separate layers: Data Access Layer, Business Layer and

Presentation Layer. Also a vertical layer called System Framework.

3.1.1 Evolution of Layered Architecture

The first written programs were written as a single-layer and called ‘Monolithic’.
In the single-tier applications, presentation layer, business layer and data layer were

located in the same computer (Figure 3.2). For example, systems such as Adabas.

Single-layer programs includes the design codes and data base connection codes

in the same section. The manageability of the program is too hard.
Adabas systems are composed of a database and form that directly querying on

the database (Thomas, 2005). The weaknesses of monolithic system are difficulty of

repairing failed components and any change can affect all system.

17



Client Computers

Figure 3.2 Single - tier architecture.

The two-tier architecture is like client server application. There are only two parts
communicated. There is a direct communication between server and client. There

are two different types of two-tier architecture:

Fat-Server, if we do transactions which belong to business layer in data layer

such as controlling suitability of the procedures in data layer.

In Fat-Server technology, only related presentation graphics and their control
software are included. Fat-Server i1s work-related software servers. It is important to
send less data from the communication channel. There is no problem such as
installing the software on computer. It can be used on different computers. For

example: WEB client-server and a client built with J2EE/J2ME architecture.

The second type is Fat-Client, if we do transactions which belong to business

layer in presentation layer such as controlling suitability of the procedures in
presentation layer (Figure 3.3). In Fat-Client architecture, software needs to install

on all clients from the server or any other media for each time. For example:

Microsoft Outlook.
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Client Tier Client Tier
{Fat Client) (Thin Client)
Application

Logic ¥
Applicatton Logic
l (Stored Procedure)
Drata Tier
Database Database

Figure 3.3 Two-tier architecture (Client/Server).

3.1.2 N-Tier Architecture

N-tier architecture is a software design pattern that data storage, data access
operation, functional progress logic and user interface included in and maintained as
independent modules on separate platforms. N-tier application allows update these

platforms independently.

N-tier architecture is a design trend and forming the basic dynamics of database
programming that becomes more popular with the object-oriented programming.
The basis of object-oriented programming consists of classes. A class is an
identification of an object in real time by coding. Figure 3.4 shows the basic

components of the n-tier architecture using class identification.

N-tier architecture offers a structure that separates database connection, database
transactions (insert, update, delete, etc.) and user interfaces in our projects. One of
the most important reasons of using tiered architecture is that eliminating the number

of repetitive rows. Multi-tier architecture approach provides to develop simple,
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manageable applications by separating responsibilities, functionalities according to

their tasks.

Web Forms(UI) User Controls(UI)
S User Controls Web Forms
(Code Behind)
\ Shared UI Codes /
A
<
~

Business Logic Layer > Value Objects
Data Access Layer
Storage XLST Others
Database Tables XML Files

Figure 3.4 Three-tier architecture diagram.

A class generally consists of the following structures:

e Includes methods, properties, fields that each called member (Figure 3.5).

e Methods are specific code block that that executes the function and belongs

to class.
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e Properties are specific codes that execute the function of fields.

e Properties can be read-only or updateable, however to make the fields
readable some special structures called property is needed to use instead of
methods.

e Methods, fields and properties can be accessed from only in the class scope
or from all classes. Therefore, the access identifiers are used such as Public,
Private, Internal, Protected, and External...

e Methods can be defined with same and different parameters (method

overloading).

OBJECT

PROPERTY METHOD
Attribute or state Function & Procedure

Figure 3.5 Basic components of object-oriented programming.

In n-tier architecture each tier consists of classes. These classes provide
reusability. Tier describes physically separation of various installation components
such as DLL, EXE on servers. Tiers can be prepared in .NET platform using classes
easily and can be used in other pages. N-tier architecture consists of 4 separated tiers
which are shown on Figure 3.1. Each tier has a specific function and each tier must

be managed and considered separately.

Data Access Layer, only responsible for providing access to physical database.
Database access methods, if necessary input/output interfaces and communication
protocols are written in data access layer. In my design Data Access Layer also
includes database connection string and some specific methods such as ‘RunSP’ and
‘LoadSQL". Briefly, RunSP is a method which takes two parameter
‘procedurename’ and ‘paramvalues’. RunSP is a method which executes the method

which name is given as parameter with the parameters which are given with an
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object array (Figure 3.6). It has a simple work just takes the name of the procedure

and the parameter array then executes the stored procedure on database.

Figure 3.6 Definition of RunSP.

RunSP method also encapsulate another method name of ‘ExecuteNonQuery’
which is a standard stored procedure executive method defined by Database

companies.

When the first appearance of the n-tier architecture the examples of the big

companies are like this and it is modelled again in this application (Figure 3.7).

Figure 3.7 Definition of ExecuteNonQuery method.
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According to recommended standard RunSP is used to execute Insert, Update,
Delete procedures that written as stored procedure and LoadSQL is used to execute

open Select statement.

public DataTable LoadSQL(string pSqlText)
1
OracleCommand command = new OracleCommand();
command .Connection = connection;
command . CommandType = CommandType.Text;
command . CommandText = pSqlText;
DataTable dt = new DataTable();
OracleDatafdapter da = new OracleDatafAdapter(command.CommandText, connection);
try
{

connection.Open();
da.Fill(dt);
return dt;

}

catch (Exception ex)

throw new Exception(ex.Message);
//return new DataTable();

b
finally

{

connection.Close();

b
b

Figure 3.8 Definition of LoadSQL.

Briefly, LoadSQL method takes and sql statement type of string then executes.
According to recommended standard Select methods do not transform into stored
procedures, they remain in simple sql statement form (Figure 3.8). LoadSQL method
also encapsulates another method name of ‘Fil/l’. This method is one of the methods
of ‘Dataset’ object. Inserts or refreshes rows in a specified range in the
‘System.Data.DataSet” to match those in the data source using the

‘System.Data.DataTable’ name. The name of the ‘DataTable’ used for table

mapping.

Business Layer, also called business logic, middle tier, logic tier and it controls
the application functionality. Business layer works as a bridge between the
presentation layer and data access layer. All data pass business layer for formatting
before proceeding to presentation layer. This layer manipulates the data and prepares
for presentation. Business layer formats the incoming data from database and
transforms it into a suitable form that can be used in the user interface. A business

layer consists of class libraries and this class must be suitable format with OOP.
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Business layer is added as Class Library form in Visual Studio. And each class
with particular tasks is added into this Class Library as a class. A business layer is
constructed as a class so it has a constructor that OracleDataHelper is initialized and

methods that execute the transactions (Figure 3.9).

In this project there is a business class name of MinerbyBF and a class library
name of ‘MinerSystem.cs’ contains methods for Select sql statements. To ensure
standardization method names begins with the operation name such as ‘Select’ and
continues with the objects’ name(tables) which affected the transaction such as
‘TableNames’ and followed with the parameter that identifies record which the

transaction will effect.

public class MinerSystem
1
ORADataHelper dhj
public MinerSystem()

1
try
1
dh = new ORADataHelper();
¥
catch (Excepticn)
1
dh = null;
¥
¥

Figure 3.9 A constructor example for business layer class for miner application.

Briefly, to associate business layer class with the web project, business layer
class must be added as reference to web project. Right click on the web project and
‘Add Reference’ option is selected. Then a window is open which included all
business layer classes, to see the related classes on the left tab ‘Solution’ option is
opened and ‘Projects’ is selected. Then the related classes are selected combo box
one or more classes can be selected and click ok button. We can also add outsource
classes to the project by choosing another tab from the left side of the window such

as ‘Assemblies’ or ‘COM .
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Reference Manager - MinerBY

b Assemblies Search Seolutic
4 Splution MName Path
: . . MName:
N |  MinerbyBF Chlsershuserl\decumentsivisual studio 201 MinerbyBE
Projects ORADatafccessHelper ChUsers\userl\documentstvisual studio 201
b COM ¥ SystemFramework ChUsers\userl\documentsivisual studio 201
P Browse

Figure 3.10 Business layer 'MinerBF' was added as a reference to application layer.

Business layer class is written once; if it is necessary some addition methods can
add in it. Written class can be used in another projects without need rewrite. This
situation helps to develop more effective, more consistent, faster programs by

reducing the workload.

Application Layer is the top level of the three-tier architecture model. Application
layer contains shared UI (User Interface) codes, code behind and design objects. The
purpose of the application layer is to translate tasks and results to something the user
can understand. Application layer consists of Aspx pages in ASP.NET and includes
user interface controls to show data to user and getting input from the user such as
buttons, textboxes, grids, labels. Also, application layer contains in code behind that
includes the codes that executes the business layer class methods. Application layer
use the business layer classes to retrieve data for user operations. Application layer

is the layer where users interact with the application.

MinerbyBF.MinerSystem marSys = new MinerbyBF.MinerSystem();
Figure 3.11 Creating instance of the business layer object.

Application layer also includes the instance of the business layer object as seen in
Figure 3.11 above. It is required to define instance of the business layer object to use
the select methods in the business layer. The example of the using select method via

business layer object is shown below in Figure 3.12.
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MinerbyBF.MinerSystem mnrSys = new MinerbyBF.MinerSystem();

DataTable dtGraph = null;

dtaraph = mnrsys.5elect ContentOf _Table ByGender ByICD
(dd1lTableNames.SelectedvValue. ToString(), mainTemp);

Figure 3.12 Accessing the business layer's select method from application layer via business layer

object.

Briefly, the route of the data is as described below:

Data layer communicates with the physical database,

Data layer encapsulates the some specific methods to communicate the
physical database (LoadSQL, RunSP),

Data layer transfers data coming from database to business logic to format
the data,

Business logic encapsulates some specific methods that executes the user
transactions on data,

Business logic process the data coming from data layer and formats the data,
Business logic transfers formatted data to Application Layer,

Application Layer encapsulates the Business Logic instance and can access
the its methods,

Application Layer executes the methods to present the data,

In Application layer, formatted data is bind to a component such as a grid or
a table to make user to see the data,

Application data presents data to user and provide user an interactive

environment with data.

System Framework is the vertical layer that can interact with each layer

(Figure3.1). System Framework contains anything that has universal scope across

the solution; specifically the definitions of data structures used to pass information

between components in the different layers (Kearns, 2010). System Framework can

be accessed from each layer. Some functions need to be accessed from each layer

such as an Encryption function. Consider Encryption function, in data access layer

connection string parameters password and username can be encrypt by using
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Encryption function (Figure 3.13). In business logic, Cryptology function can be
used to encrypt a parameter to hide. In Application Layer, Cryptology function can
be used to encrypt Patients’ protocol number while passing as parameter between
pages. System Framework offers functionality that is used by all layers; includes

shared functions.

public static string Encrypt(string clearText, string Password)

{
byte[] clearBytes =
System.Text.Encoding.Unicode.GetBytes{clearText);
PasswordDeriveBytes pdb = new PasswordDeriveBytes(Password,
new byte[] {@x49, @x76, @x6l, Bx6e, Bx28, Bxdd,
@x65, @x64, Bx76, Bx65, @xb4, Bx65, Bx76});
byte[] encryptedData = Encrypt(clearBytes,
pdb.GetBytes(32), pdb.GetBytes(16));
return Convert.ToBasesd4string(encryptedData);
¥
public static string Encrypt(string clearText)
{
return Encrypt(clearText, “"gqwerty™);
¥

Figure 3.13 Definition of Encrypt method in system framework.

Also, system framework can include some helper functions that make easier to
coding. For example, frequently using code block can written here as a method and
used from here many times such as FormatDLL method. In ASP.NET components

the top value of a drop down list has selected in default situation.

However, in some application this field can be leaved empty. Therefore it is
required to format DLL (Figure 3.14). An easy function can be written that format
the DLL, but this function is needed to be access each part of the application.
Therefore, this function must be written a layer which can communicate with

another layer, and this layer is System Framework.
System framework includes any helper class library such as ‘Enums’. In the big

companies, some classification can be required to identify the each application on

the system. For example in the hospital software 26 separated applications work
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together. And each application has their own ID to identify each other. This IDs are

stored as enums in the ‘Enums’ class library in hospital information system.

public static DataTsble FormatDDL(DataTable dt)

if (dt.Rows.Count > © &% dt.Rows[@][@].ToString() != "-1")

{
DataRow dr = dt.NewRow();
dr[e] = -1;
dr[1] = "------ "
dt.Rows.InsertAt(dr, 0);

}
else if (dt.Rows.Count == @)

{
DataRow dr = dt.NewRow();
dr[e] = -1;
dr[1] = *------";
dt.Rows.InsertAt(dr, 0);
}

return dt;

}

Figure 3.14 Definition of FormatDLL method in system framework.

Generally System Framework includes security, operational management and
communication issues. Security part can include components about authentication,
authorization and validation. Operational management part includes exception
handling process, configuration settings, tracing arrangements, logging and
performance. Communication part includes components such as services and

application to provide communication.

Finally, the most important tips to say about common layer (system framework),
it must be added as reference to each layer of the project (presentation layer,

business logic and data access later) to access from everywhere.

3.2 Web Services

Web services are APIs (integration methods) that based on XML messaging. The
most important intended use is to provide integration and communication between
the different systems to ensure messaging. Web services are platform independent,
therefore they are widely used. For example, a web service written in java can be
used in asp.net web applications. When you retrieve data from web service or send

data to web service, your computer opens a port to transport to data.
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Figure 3.15 Web service process diagram.

In this project some of the patient data such as laboratory results stored in
Ventura databases so my system need to be communicate Ventura database systems
via web services. Current system in hospital does not contain all details about
patients so it causes a problem such as the tables need to be joined with Ventura
tables via web services. In this project web services are used to retrieve patients’
laboratory results to examine the results to find renal failure evidence.

Adding a web service to application is described the pictures on following below:

s b — ] ==
Service Reference Settings e
Client
Access level for generated classes: Public vl

[#] Allow generation of asynchronous operations
@ Generate task-based operations

() Generate asynchrenous operations

Data Type

|| Always generate message contracts

Collection type: [System.Array 'l

Dictionary collection type: [System.Collections.Generic.Dictionary vl

[¥] Reuse types in referenced assemblies

@ Reuse types in all referenced assemblies

") Reuse types in specified referenced assemblies:

O AjaxControlToolkit &

AjaxMin (I
Antlr3.Runtime

AspMet.ScriptManager jQuery

Asphet.ScriptManager jQuery.ULCombined

DotMetOpenAuth. AspMNet

DotMetOpenAuth.Core -

e e

%%%%%%

Compatibility

Add a Web Reference instead of a Service Reference. This will generate code based on .NET Framework 2.0
Web Services technology.

Add Web Reference...

o ) [

Figure 3.16 Click advanced button at the bottom of the window and after that click add web reference

button at the bottom of the window.
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Add Web Reference P | eS|

Mavigate to a web service URL and click Add Reference to add all the available services.

c.|..mm

URL:  ttp://155.223.130.45/WebServices/CommonWebService/LabSonuclari¥ = =

+ | Web services found at this URL:
il LabSonuclariYeni || 1 senice Found -

The following operations are supported. For a formal definition, please review || - LabSonuclariYeni
the Service Description.

I » Bakterivolojiliste

Biyokimyalmage

Biyokimyaliste
Web reference name:

BiyokimyaTestSonuc
WebReference

I » BivokimyaTestSonucTarihAralik

:
BivokimyaTiimListe

BiyokimyaTiimTestSonucTarihAralik

EndokrinListe

EnfeksivonHastahklariListe

EnfeksivonHastahklanSonuc -

P T = » Cancel
|

Figure 3.17 Enter URL of the web service then go after that name the web reference and click add

reference.

In this project BiyokimyaListe and BiyokimyaTestSonucTarihAralik methods are
used to retrieve biochemistry laboratory results of the patients’. The purpose of
using web services in this operation is overcoming the barriers about platform
differences retrieving data from another system and maps them with data in our

database. We will discuss the contents of the methods in following chapters.

3.3 Visual Studio 2012 & Asp.Net

Visual Studio is a comprehensive collection of tools and services to help you to
create variety of applications runs on Microsoft platform and another platform.
Visual Studio is a program compiler that developed by Microsoft. Visual Studio
support many programming languages. In addition, Visual Studio provides link
between all projects, project team and participants. Current versions of Visual
Studio, no matter where your team, team can operate using Eclipse or Xcode

development tools with greater flexibility.
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Visual Studio is used to developed windows form applications, web sites, web
applications, web services, console applications and user interfaces for the platforms
that supported by Microsoft windows, windows mobile, windows CE, .NET
framework, .Net Compact framework and Microsoft Silverlight. Besides including
IntelliSense, includes code editor supporting ‘code refactoring’. Integrated debugger

works both source-level and machine-level.

Visual Studio support different programming languages, its code editor and
debugger provide support for all programming languages. Internal languages are

C/C++ (via Visual C++), VB.NET, and C #and F # (Visual Studio 2010 onward).

3.3.1 Visual Studio Features

Code Editor, Visual Studio IDE like any other contains syntax highlighting and
code completion function and methods and also includes loops, queries. It supports
XML, Java Script and CSS in development of web applications. Code editor also

supports bookmarks for quick navigation.

Debugger, visual studio includes both source-level and machine-level debugger.
It can also use for application written in any language. In addition to this, it can
observe the process. Debugger allows execution to stop temporarily at a certain

position and execution progresses, keeps the track of the values of variables.

Designer provides a number of visual designers help to develop applications in
visual studio. These tools are followed below:

e  Windows Form Designer is used to create GUI applications.

e WPF Designer, was introduced in 2008 and supports drag and drop
metaphor.

e Web Designer/Development, visual studio also includes a web-site editor and
provides user to create applications by using drag and drop technology. Used
for ASP.NET applications and also supports HTML, JavaScript and CSS. It

uses code behind model to provide connection ASP.NET code.
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e Class Designer, creates classes using UML models, and creates the outline
classes and methods for C #and VB.NET codes.

e Data Designer, used to organize database schema and data tables.

e Mapping Designer, starting with visual studio 2008 it is used to design
database schema that contained by LINQ and SQL.

Extensibility, visual studio allows developers write extensions to expand the
program capabilities. These extensions are plug-into visual studio and aims to

expand its functionality. Packages are created using visual studio SDK.

3.3.2 .NET Framework

.Net Framework is an application development platform developed by Microsoft
and based on open internet protocols and standards. .Net framework consists of two
basic components: Common language runtime (CLR) execution engine that handles

running applications; and .NET framework class library which provides developers

reusable codes.

VB C+H C# JSenpt J#

Common Language Specification

ASPMNET Windows
Web Forms Web Services Forms
Mobile Internet Toollat

ADONET and XML

LN @S st

Bage Class Library

Comm on Language Runtime

Cperating System

Figure 3.18 .NET framework components.

NET framework provides following services for running applications:
e Memory management,

e Common type system,
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e A comprehensive class library,

e Development frameworks and technologies,
e Cross language interoperability,

e Version compatibility and

e Multi version support.

3.4 TOAD for Oracle

Toad is an application development tool; the full name is “tool for oracle
application  developers”. Toad is a quest software product and
administration/development interface of oracle. Using Toad, developers can
construct PL/SQL packages, procedures, triggers and functions, test and debug.
Developers can create database objects such as tables, views, indexes, constraints

and users and also developers can change them.

Toad’s sql editor provides the opportunity to easily write scripts and queries and
tests Oracle data view and data grid. Briefly using Toad developers can create and
browse or alter objects (tables, views, indexes etc.), graphically build, execute and
tune queries, edit and debug PL/SQL and stored procedures (functions, packages,
triggers), search objects, seek and fix the constraints, triggers, extents, indexes and

database problems.

The hospital database has vital importance; therefore the data in the EUTF
connection has copied in a test environment for programmers to test their application
without cause a problem. Figure 3.19 illustrates the connection the EUTFZTEST

database.

During the development process in this application HASTA_TANI_HAREKET
and HASTA_MASTER tables are used in the EUTFDBA schema (Figure 3.20). It
will be discussed in the later sections content and the structure of the tables and how

they are used.

33



:

(RS

User [ Schema:
EPDBA

Password:

[EPDEA  OraClient EUTFZTEST  25.08.2014 10:4 NORMAL [} u

EFDBA  OraClient EUTFZ 08.08,2014 10:1 NORMAL O 1 SEE88,

TS Direct | LDAP
Database:
EUTFZTEST -

Connect as: Color:

Owes -

Instzlled Clients
Connect Using:
OraClient11g_homel

- [

| mm 3

Oracle Home: OraClientllg_homel (version: 11.2.0.1.0)

Figure 3.19 Toad for oracle can be logged in with a username and password.

In this application the related tables and views rests in EUTFZ database. And I
connect to database with username and password. After the entrance is guaranteed
the window will be opened. By clicking the schema browser button each table can

be seen in each schema.

@ Toad for Oracle - [EPDBA@EUTFZTEST - Schema Browser (EPDBA)] V——
‘% File Edit Search Grid Editor Session Database Debpug Yiew Utilities Window Help
BR231%(e8Y (%0 B -6 LA LI #-x-|o [ e g
| EPDBAGEUTFZIEST
‘ @ Editor | % Schema Browser
[EpoBA ] @-| 5 AL PH| s
Zr . -
| Img Table = Schema Tablespace Last Analyzed Num Rows
Packages | Triagers [ Indexes [ Constraints | Sequences| | ETKIN_MADDELER2 EPDBA EPIKRIZ  01.04,2014 22:00:18 3.295
DBLinks | Users Types | Tablespaces ETKIN_MADDELER3 EFDBA EPIKRIZ  01.04.2014 22:00:23 2.705
Materialized Views | Roles | Recycle Bin | sched. Jobs EUL_GW_COLS EPOBA EPIKRIZ  12.06.2014 22:00:02
Tables | views | Synonyms | Functions | Procedures EUL:GW:FILTERS EPDEA EPIKRIZ  12.06,201422:00:02
FIRL e EUL_GW_FK_COLS EPDEA EPIKRIZ  12.06.2014 22:00:02
EUL_GW_FKS EPDBA EPIKRIZ  12.06.201422:00:02
| 07§ ‘ E & EUL:GW:DBJ_FK_USGS EPDBA  EPIKRIZ 12.05.2014 22:00:02
| Img Table a EUL_GW_OBIS EPDEA EPIKRIZ  12.06,2014 22:00:02
AMEL_GERCEKLESMEME_NEDEN = ELL_GW_SCHEMAS EPDBA  EPIKRIZ 12.06.2014 22:00:02 1
AMELIYATHANE_ANES_TUR_HRK A ELL_GW_UK_COLS EPDBA  EPIKRIZ 12.06.2014 22:00:02
AMELTYATHANE_BILGI_HAREKET 3 ELL_GW_UKS EPDBA  EPIKRIZ 12.08.2014 22:00:02
AMELTYATHANE_DURUM FORMO14 EPDBA  EPIKRIZ 03.04.2014 01:39:35 25
AMELTYATHANE_EKIP_HRK G55 _RAPOR_DOKTOR_UNVAN EPDEA EPIKRIZ  01.04.201422:01:09 18.365
AMELTYATHANE_EKIP_MASTER G55_RAPOR_TANI_TETKIK EPDBA  EPIKRIZ 03.04.2014 01:39:37 227
AMELTYATHANE_ESLIK_EKIP_HRK G55_RAPOR_TAMI_TETKIK_ESKI EPDBA EPIKRIZ  03.04,201401:39:45 425
AMELTYATHANE_GUN_CALISILMAYAN GS5_RAPOR_TEDAVI FTR2 EPDBA  EPIKRIZ 01.04,2014 22:01:55 14,283
AMELIYATHANE_MASA_HAREKET GUNUBIRLIK_EPIKRIZ EPDBA EPIKRIZ  01.04.2014 22:06:37 134.416
AMELTYATHANE_PERS_HAREKET GUNUBIRLIK_EPIKRIZ_ONKO_ILAC EPDBA EPIKRIZ  01.04.201422:00:18
AMELTYATHANE_PERS_TUR GUNUBIRLIK_EPIKRIZ_ONKOLOJI EPDBA EPIKRIZ  03.04.201401:39:36 3
AMELTYATHANE_TANI_HAREKET GUNUBIRLIK_EPIKRIZ_OP_RAPORU EPDBA  EPIKRIZ 01.04.2014 22:03:02 67.226
AMELTYATHANE_TETKIK_HAREKET GUNUBIRLIK_EPIKRIZ_OP_RPR_TET EPDBA EPIKRIZ  01.04.20142Z:01:29 83.223
ANESTEZI_MASTER GUNUBIRLIK_EPIKRIZ_TANIKODU EPDBA  EPIKRIZ 01.04.2014 22:03:51 191.792
ARASTIRMA_HASTALARI GUMUBIRLIK_EPIKRIZ_UYGULAMALAR EPDEA EPIKRIZ  01.04.201422:06:24  229.364
C_D_PERSOMEL_PUANLART HEYS_RAPOR_GRUP_MASTER EPDBA  EPIKRIZ 03.04.2014 01:39:32 437

Figure 3.20 This figure represents the tables in EUTFDBA schema.
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CHAPTER FOUR
DEVELOPMENT PROCESS

The first stage of the development process was to prepare data, data elimination
and extract the useful data. Hospital databases contain very large amounts of data

inside. Querying this crowded data is quite a difficult task.

4.1 Preparing Data for Data Mining

Data are backbone of data mining and knowledge discovery; however real-world
business data usually are not available in data-mining-ready form (CRC, n.d.). Even
if the data has already stored in database, it could be troublesome to retrieve the
correct data. The biggest challenge for data miners, is preparing data suitable for
modelling. Roughly 70% of data mining operation time is spent on preparing data
obtained from different sources, therefore considerable time and effort should be

spent on preparing data tables to be suitable for data mining modelling.

In this study, it is needed to obtain urinalysis and blood analysis results from the
patients that diagnosed with diabetes and hypertension. Hence the structure of
hospital’s the database is too complicated data acquisition process was quite

difficult.

The current database does not include all details of the data. It is need to join the
tables in hospital database with view (EULIS.V_ALIS_SONUC) from a company
name of Ventura. This view includes some determinative data such as “sender
material” which specify the type of material that which will be analyzed in

laboratory.

The tables and views join with patients’ protocol which is a unique number and
identifies the patient and patient’s number of repetition which specifies how many
times patients arrived. Because a patient may arrive more than once so the analysis

must be related with both “protocol” and “number of repetition” to reach the exact
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record. Since hospital database has huge amount of data and analyze these data

would take very long time, time interval set to one week.

Also, it is need to filter EUTFDBA.HASTA_TANI HAREKET table like
according “patient diagnosis code” which is used to indicate the diagnosis of the
patients. Such as EIl1, 110 etc. E11 code indicates diabetes and I10 indicates
hypertension. In this study only interested in patients who were diagnosed E11
(diabetes) and I10 (hypertension) because these patients generate risk group for
Chronic Renal Failure. So it is guaranteed to achieve more accurate results in this

narrowing data pool.

In the first stage of data preparation part the rows usually contain information of
patients. The columns describe the attributes such as ‘Test_Code’, ‘Diagnose_Code’,
‘Test_Name’, ‘Date’, ‘High_Low’, ‘Test_Result’, ‘Unit’, ‘Reference_Range’ etc.
Because of the first version of the analysis includes a column name of ‘Test_Name’,
all the tests carried out scope of the all analyzes were shown in a separate row. For
instance, a patient subjected to urinalysis; “Bilirubin, Density, Epithelial Cells, RBC,
Glucose, Urine Microscopy, Ketone, Leukocytes, Nitrite, pH, Protein, Urobilinogen”

values are measured.

In the next stage of data preparation the private information about patients’
identity have been hidden not to violate the privacy of the patients. This specific
information was determined as patients’ name, surname, date of birth, protocol, ID
numbers. For the implementation of these changes queries had to be manipulated.
All the information was being open via the previous queries. These queries have

needed to be manipulated and run again on the data sets.

Removing properties that identifying the patients and retrieving multiple records
(rows on database) for the same patient have led a new need: New identifier for each
patient. This identifier must be unique for each patient but not include any protocol,
ID number, name or surname of the patient. While concealing the identity of the

patient, on the other hand notifying that is important if two discrete records belongs
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the same patient and it is necessary to generate a new number to resolve this

ambiguity.

8 Toad for Oracle - [EPDBA@EUTFZ - Schema Browser (EPDBA.PROTOKOLDEGISTIR)] V——

B2 Fle Edit Seach Grid FEditor Session Database Debug View Utiities Window Help
BEEYRTI Y- B B -&8-5F0O%F SE |4 X0 bl - 8-
-~F EPDBA@EUTFZTEST | _~F EPDBA®EUTFZ

@ Editor @Schema Browser

EPDEA Y] @-l2 A28 %8| & s~
? T PROTOKOLDEGISTIR: Created: 23.05.2014 16:09:27 Last DDL: 23.05.2014 16:30:30 Status: Valid
Packages ]Tr\ggers iﬂlnde)ges jConswajnts !WSeqﬁuancesr Source | Arguments 5 Deps {Uses) I Deps (Used By) | Errars I Grants !Synonyms i Auditing |
DB Links f Users E Types i Tablespaces @ ;»‘ -
Views ; Roles | Recyde Bin | sched. Jobs
Tables | Views | Synomyms | Functions | procedures |  ||! CREATE OR REPLACE FUNCTION EFDBA.PROTOKOLDEGISTIR(pProtokol VARCHARZ ) RETURN VARCHARZ 1S
EDETRPP 3 __donusDeger VARCHAR2(12) ;
; ‘ 3 BEGTH
e § Q| 28
TS AMELIYAT CERR_PERS.DONDUR - & donusDeger := SUBSTR( pProtokol, 2. 7 ).
[ AMELTYAT_DURUM_DONDUR g
BAMELI\’ATJANLDONDLIR 9 Return(donusDeger) ;
[ amELTYAT TETKIK_DONDUR 10 END:
%%ANESEZI,TUR,DONDUR 1
[YC_D_PERSONEL_MAX_ETKIMLIK_PUAN
[ GBIRLIK_EPIKRIZ_AM_TANIKODLARI
[ GUNUBIRLIK _EPIKRIZ_TANIKODLARI 4

Figure 4.1 Definition of ProtokolDegistir function.

To resolve this problem a function name of ‘“ProtokolDegistir” was created to
identify each user with a number. It was necessary to provide results in output
depends on patients’ protocol numbers. Therefore this function takes the patients’
protocol number as an input and apply Substring operation on the parameter.
Definition of the “ProtokolDegistir” function is seen in the Figure 4.1. Thus hiding
the some parts of the protocol numbers and producing results depends on these

protocol numbers a new identifier number was created.

4.2 Applying Data Mining Methods Using Oracle Data Miner

The data used in the applications is located in the Oracle database. Therefore,
software that can interact more conveniently with Oracle database was suitable to

use.
Oracle Data Miner is and Oracle SQL Developer extension that provides applying

data mining techniques on data provides data analysis, applying Oracle Data mining

models.
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Oracle Data miner works interact with Oracle database. Using Oracle Data
Miner, data in excel format can be transferred to Oracle database. It is mentioned in
the Preparing Data for Data Mining section that data was retrieved and filtered

according to appropriate format.

Oracle Data Miner : EPDBA

File View NeCEW Activty Tools Help
avigetD Cony Table... I o)
Create Table From View... ﬁE' Views
(1 Tables
Create View...
[+ Generate SQL...
'

Show Lineage...

Show Summary Single-Record
Showv Summary Multi-Record...
Transform »
Predict...

O g
- Oy euTFoBA
i 1% BFsvs
i3 LABDBA
% MDSYS
o By oLAPSYS
1 3 oRDSYS
1 3y ouTLN

- O pERDBA
- % sEvspEA
-3 srRvDBA

H
X
+
[
#
&
B
@
M
e
&
=
&
5

Figure 4.2 Data can be import to Oracle database.

In this study, I have data in excel format after my pre studies. The excel data
consists of the diabetic and hypertension patients Creatinine results from blood test.
Determining parameter is Creatinine value in blood and the excel data includes the

filtered data to apply data mining techniques on.

First the excel format must be translated into csv file to apply by the oracle data

¢

miner import operation. The common separator assign as ‘;’ for csv file. Import
operation do not accrue directly on excel file, it accrues state that transformed into

csv format.
After the csv format data file included by the Oracle, a new table created in

Oracle database name of KAN_SONUC KREATININ. And the process statistics are

given by Oracle Data Miner during the process.
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P ik
% File Import Wizard - Adim 4 / 4: Destination. [

Specify a newy table or an existing table to perform data impoart.

(%) Impart to Mew Table

Erter Table MName |KAN_SONUC_KREATININ |

() Append to Existing Table

Table [c_p_pUan_ETHINLIMLER =

ardim | < Geri || leri= ' ifatal

Figure 4.3 Csv file imported to create table name of KAN_SONUC_KREATININ.

As seen in the images above, the csv file selected as import file and the separator
specified as “;’. The first row of csv file specifies the column names so oracle miner

takes the column names and types.

A small adjustment was made at this stage: REFMIN, REFMAX and RESULT
columns type changed to Number (Figure 4.3). And specify a new table name import

csv data into as KAN_SONUC_KREATININ.

Name | Type | Size | Allow NULLS
CISIVET WARCHARZ 4000 v
REFERANS_HASTA NUMEER 22 v
YAS MUMEER 22 v
TEHRAR NUMBER 22 v
TANKODU WARCHARZ 40080 v
TEST o0 MUMEER 72 v
TEST_ADI WARCHARZ 4000 v
ISTEK_TARHI WARCHARZ 4000 v
SOMUC_TARE WARCHAR2 4000 v
DLISUK_YUKSER WARCHAR? 4000 v
SONUC MUMBER 10 v
BiRiM WARCHARZ 4000 v
REFHIN MLMEER 10 v
REFMAX NUMBER 10 v

Figure 4.4 Table created successfully.
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4.2.1 Process of Import External Data

A specific formula applied during diagnosis of renal failure. This formula varies
depending on gender. Further, this formula delivers results depending on such
patients’ creatinine levels in the blood, height and weight. However, data such as
height and weight of the patients’ do not store in hospital databases. Because of

these limitations a new more simplified approach was used.

Here are the formulas that used for diagnosis of renal failure by doctors in

hospital:

w: Weight of the patient (kg).
a: Age of the patient.

c: Creatinine level in blood of patient (mg/dl).

Formula for females Formula for males

w
[140—a]*72*c*0,85 [140—a]*72*c

Figure 4.5 Formulas for females and males that determining to renal failure.

In the first phase of the study it was predicted this formula used. But as the time
progressed it is understood that such data cannot be obtained. Because of these
limitations a new more simplified approach was used: Creatinine level in blood of

patient.

Although creatinine level in blood is not the most decisive parameter for chronic
diseases, least it will show the patient is under renal failure risk or not. Laboratory
results of the patients are needed. This subject was mentioned in detailed in
Preparing Data for Data Mining section. At Figure 4.6 table can be access from

TOAD for Oracle tool.
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KAN_SONUC_KREATININ: Created: 07.08.2014 11:54:50 Last DDL: 07.08.2014 11:56:14

Columns | Indexes | Constraints | Triggers | Dt [script | Grants | synonyms | partitions | subpartitions | Stats/Size | Referential | used By | Policies | Auditing|

7oy

% CINSIVET [REFERANS_HASTA [¥AS | TEKRAR [TANKODU |

» G 140352
[ 140352
140239
140230
120187
120197
120197
130455
130455
140239
140230
50241
120197
120197
130455
130455
130455
130455
130455
130455
140305
140352
140352
130455
130669
120197

AM A MM R R AR AR AR AR A A A RS A A AT

0
0
55

bbl-l-—Af"X'(‘éé

2110
2110
2110
2611
9110
9 10
9110
26 110
26 110
2110
2611
210
9 110
9110
26 110
26 110
26 110
26 110
26 110
26 110
110
2110
2110
26 110
10110
9110

EST_KODU [TEST_ADt |

667 Kreatinin
667 Kreatinin
667 Kreatinin
667 Kreatinin
667 Kreatinin
667 Kreatinin
667 Kreatinin
667 Kreatinin
667 Kreatinin
667 Kreatinin
667 Kreatinin
667 Kreatinin
667 Kreatinin
667 Kreatinin
667 Kreatinin
667 Kreatinin
667 Kreatinin
667 Kreatinin
667 Kreatinin
667 Kreatinin
667 Kreatinin
667 Kreatinin
667 Kreatinin
667 Kreatinin
667 Kreatinin
667 Kreatinin

10.3.14 1:04
17.3.14 1:04
18.2.14 1:26
18.2.14 1:26
21.3.14 3:37
26.3.14 3:37
2414 3:15
11.5.14 6:37
19.5.14 6:45
17.2.14 4:31
17.2.14 4:31
25.4.14 10:04
20.3.14 21:20
14.4.14 3:57
16.5.14 7:35
17.5.14 7:22
18.5.14 7:19
22.5.14 7:19
24.5.14 7:00
26.5.14 11:37
5.3.14 8:43
6.3.14 17:53
24.3.14 0:18
23.5.14 7:30
1514 1:31
16.4.14 3:03

ISTEK_TARTHI | SONUC_TARIHI

10.03.2014 00:57:38
17.03.2014 00:57:31
18.02.2014 01:20:38
18.02.2014 01:20:38
21.03.2014 03:31:05
26.03.2014 03:30:57
02.04.2014 03:08:50
11.05.2014 06:30:57
19.05.2014 06:38:10
17.02.2014 04:24:38
17.02.2014 04:24:38
25.04.2014 09:56:44
20.03.2014 21:14:06
14.04.2014 03:49:56
16.05.2014 07:28:19
17.05.2014 07:15:03
18.05.2014 07:12:46
22.05.2014 07:11:48
24.05.2014 07:02:37
26.05.2014 11:29:10
05.03.2014 08:36:18
06.03.2014 17:47:16
24.03.2014 00:11:58
23.05.2014 07:23:42
01.05.2014 01:24:04
16.04.2014 02:55:53

DU DUOUDUDUOUDUODUUODUUDOUUCDUDUDOODoOOO

0,1 mgfdL
0,1 mg/dL
0,18 mg/dL
0,18 mg/dL
0,19 mg/dL
0,19 mg/dL
0,19 mg/dL
0,19 mg/dL
0,19 mg/dL
0,19 mg/dL
0,19 mg/dL
0,2 mg/dL
0,2 mg/dL
0,2 mg/dL
0,2 mg/dL
0,2 mg/dL
0,2 mg/dL
0,2 mg/dL
0,2 mg/dL
0,2 mg/dL
0,2 mg/dL
0,2 mg/dL
0,2 mg/dL
0,21 mg/dL
0,21 mg/dL
0,22 mg/dL

Figure 4.6 Contents of KAN_SONUC_KREATININ table.

0,3
0,3
0,6
0,6
0,6
0,6
0,6
0,6
0,6
0,6
0,6
0,6
0,6
0,6
0,6
0,6
0,6
0,6
0,6
0,6
0,3
0,3
0,3
0,6
07
0,6

0,7
0,7
1,1
11
11
1,1
11
11
1,1
11
11
11
1.1
11
11
1,1
1.1
11
11
1,1
07
07
07
1,1
13
11

|DUSUK YUKSEK | SONUC | BIRIM  REFMIN REFMAX_ | BOBREK VETMEZLIGL

L S e

After the csv format model data included in the Oracle database as a table name

of KAN_SONUC_KREATININ a specific model created that will be descriptive

model of renal failure.

POBA
Tables

?-,

EDSE®ERX B
B v & ook | 8K

Img Table =

KAN_SOMNUC_KREATININ &

@-| 28

ACH- TR

KAN_SONUC_KREATININ: Created: 07.08.2014 11:54:50 LastDOL: 07.08.2014 11:56:14

[ columns [1ndexes [ Constraints [ Triggers [Data |5

v @

| B~

| Grants | Synonyms | Partitons | subpartitons | Stats/Size | Referentil [ usedBy |

Figure 4.7 Bobrek_Yetmezligi column added to table.

| IR
| [column ame vl []lk [v][muiz [+]|Data Type v |[Defauit [||Hstogram [+ [Encryption alg [+ ][salt [+]]
| [emstver 1 ¥ VARCHAR2 (4000 Byte) None |
| [RerERAns_HasTA 2 ¥ NUMBER None
|[as 3 Y NUMEER None
|| TexRar 4 ¥ NUMEER None
|| TantxoDU 5 ¥ VARCHARZ (4000 Byte) None
|| esT_kooU 6 ¥ NUMBER None
|| EsT_aDr 7 ¥ VARCHAR? (4000 Byte) None
| | 1STEX _TARIHI 8 ¥ VARCHARZ (4000 Byte) None
|| somuc_TartH 9 i VARCHAR 2 (4000 Byte) MNone
|| pusuk_yuksex 10 ¥ VARCHAR2 (4000 Byte) None
SONUC 1n ki NUMBER (10,2) None
SIRIM 12 ¥ VARCHARZ (4000 Byte) None
REFMIN 13 ¥ NUMBER (10,2) None
REFMAX 14 ¥ NUMBER (10,2) None
||sosrex_renvenIaL 15 ¥ NUMBER 0 None

This column updated depending on the creatinine level in blood of the patient. A

simple query is used for this. The query compares the creatinine results with

reference value boundaries. If the result is out of the reference range the
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Bobrek_Yetmezligi column of the specific patient is updated as 1 otherwise updated

as 0.

oad for Oracle - - Editor (update kan_sonuc_kreatinin set rel mezligi =1 where 50|

Toad for Oracle - [EPDBA@EUTFZTEST - Editor (upd kal ki bobrek_yet: figi =1 whe

[ File Edit Search Grid Editor Session Datsbase Debug View Utilities Window Help

B2 1% 089 -wl-B - a0 sl | ¥ -0 | -8

-~k EPDBA@EUTFZTEST < EPDBA@EUTFZ

[ cdtor  Bg Schema Browser  Bg, Schema Browser [ Editor [Eg] schema Browser

e R == ] & 4 -8 BB bt [#l .|| Deskiop: SQL - | &3 -~ ¥ _ | CurrentSchema: EPDBA -

by A~ - F ol § . : BOY i - } || B |t 2 .

<No name> |

1. update kan sonuc kreatinin

2 set bobrek_yetmezligi =1

where sonuc ¢ refmin or sonuc 3 refnaz
KAN_SONUC_KREATININ: Created: 07.08.2014 11:54:50 Last DDL: 07.08.2014 11:56:14
Columns | Indexes | Constraints | Triggers | D2t | Saript | Grants | Synonyms | Partitions | Subpartitions | Stats/size | Referential | Used By [ poicies | Auditing|
Sortby Primary Key [ | Desc

T A& «r b= a 'eéé['?geadomy

@2 CINSIYET |REFERANS_HASTA |YAS | TEKRAR |TANIKODU |TEST_KODU |TEST_ADI |ISTEK_TARIHI | SONUC_TARIHI DUSUK_YUKSEK |SONUC |BIRIM |REFMIN |REFMAX | BOBREK_YETMEZLIGI
E 140155 55 5110 667 Kreatinin ~ 9.4.14 4:00  09.04.2014 03:53:06 D 0,39 mg/dL 07 1,3 3
K 140203 71 210 667 Kreatinin  20.2.14 8:19  20.02.2014 08:13:15 D 0,39 mg/dL 0.6 11 1
K 140373 62 4110 667 Kreatinin ~ 9.4.14 9:19  09.04.2014 09:12:14 D 0,39 mg/dL 0,6 1,1 i
K 9920003 85 81 IL0 667 Kreatinin ~ 6.3.14 11:11  06.03.2014 11:05:27 D 0,39 mg/dL 0.6 11 1
K 9920184 85 353 110 667 Kreatinin  15.3.14 1:17  15.03.2014 01:10:44 D 0,39 mg/dL 0,6 11 i
K 9920744 46 73 110 667 Kreatinin ~ 4.3.14 10:09 04.03.2014 10:02:24 D 0,39 mg/dL 0,6 14 1
K 9940096 26 24 E11 667 Kreatinin ~ 7.4.14 11:59  07.04.2014 11:52:25 D 0,39 mg/dL 0,6 11 3
K 9970826 66 10 o 667 Kreatinin 8.5.14 7:15 08.05.2014 07:08:14 D 0,39 mg/dL 0,6 14 1
K 9970926 76 121 E11 667 Kreatinin ~ 20.4.14 7:11  20.04.2014 07:03:45 D 0,39 mg/dL 0,6 11 1
K 9970926 76 121 o 667 Kreatinin 20.4.14 7:11 20.04.2014 07:03:45 D 0,39 mg/dL 0,6 14 1
K 30715 64 5 EIL 667 Kreatinin  12.4.14 2:03  12.04.2014 01:56:13 D 0,4 mg/dL 0,6 11 1
K 30715 64 5110 667 Kreatinin  12.4.14 2:03  12.04.2014 01:56:13 D 0,4 mg/dL 0,6 1,1 1
K 40217 25 38 E11 667 Kreatinin  13.3.147:01  13.03.2014 06:55:15 D 0,4 mg/dL 0.6 1,1 1
E 50891 13 410 667 Kreatinin ~ 2.6.14 10:14  02.06.2014 10:06:35 N 0,4 mg/dL 0,3 07 i
E s0s00 8 31 L0 667 Kreatinin  8.4.14 0:05  07.04.2014 23:58:47 N 0,4 mg/dL 03 07 0
K 70228 84 47 110 667 Kreatinin  8.5.14 22:40  08.05.2014 22:33:58 D 0,4 mg/dL 0,6 1,1 1
K 81253 34 11 E1L 667 Kreatinin ~ 10.2.14 10:21 10.02.2014 10:14:29 D 0,4 mg/dL 0.6 1,1 1
K 100725 10 40110 667 Kreatinin  15.4.14 9:43  15.04.2014 09:36:13 N 0,4 mg/dL 0,3 07 i
K 100725 10 41110 667 Kreatinin  27.5.14 8:33  27.05.2014 08:26:14 N 0,4 mg/dL 03 0.7 0
K 110377 68 5ElL 667 Kreatinin ~ 19.2.14 0:13  19.02.2014 00:06:56 D 0,4 mg/dL 0,6 1,1 1
K 110507 4 21 1o 667 Kreatinin 20.5.14 12:09 29.05.2014 12:01:56 N 0,4 mg/dL 03 0,7 o
E 120209 15 10 1o 667 Kreatinin ~ 14.4.14 14:12  14.04.2014 14:05:12 D 0,4 mg/dL 07 1,3 1
K 120427 80 6 110 667 Kreatinin 2.3.14 0:09 02.03.2014 00:02:41 D 0.4 mg/dL 0,6 ;| 1
K 120427 80 6 110 667 Kreatinin ~ 3.3.14 0:31  03.03.2014 00:24:57 D 0,4 mg/dL 0,6 1,1 1
K 120427 80 6 110 667 Kreatinin ~ 4.3.14 0:11 04.03.2014 00:05:07 D 0.4 mg/dL 0,6 3 | 1

Figure 4.8 Bobrek_Yetmezligi column is updated depending on creatinine level in blood.

The data model is ready for learn and study by the data mining tool. The next

steps include the views about learning such model and applying it.

4.2.2 The Process of Implementing Data Model for Data Mining

After creation of the model data, go back to Oracle Data Miner tool again. This
model data must be learned by the system. Remember that, it was mentioned that the
data import process at previous section. Now, it is time to examine this model and
understand the behavior of model. It is needed to create a model to learn the
behavior of this data set. To create this model Oracle Data Miner’s Activity menu is
used. Build option is selected in Activity menu to create a model. While
implementing a model one of the Classification algorithms must be chosen. A lot of

algorithm in the classification domain can be used when implementing a model.
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= ¥ 3
& New Activity Wizard - Adim 1/ 5: Model Type =

Select Mining Activity Type

Choosze a model function type and algorithm. Review the descriptions to be sure you have picked the most appropriate
selections. Click the Help button for additional details.

Function Type: |chssiﬁcaﬁun i ‘I

Algorithm: Decision Tree -

Descriptiony |Adaptive Bayes Network
Decision Tree

[Support Vector Machine
Decision Tree algorithm:

- Used when you need explict rules explaining predictions

Usage:

In & classification problem, you have a number of cases (examples) and wish to predict which of several
classes each case belongs to. Each case has multiple sttributes; each atfribute takes on one of several
pozssible values. The attributes consist of muttiple predictor attributes (independent variables) and one
target aftribute (dependent variable). Each of the target sttribute's possible values is a class to be
predicted on the basis of that case’s predictor atiribute values.

Figure 4.9 Naive Bayes algorithm was chosen to implement model.

First, because of the structure of the application, determinative parameters
follows an if-then-else path and this structure is most related with the decision tree

algorithm.

Therefore the first option was decision tree algorithm. But the recommended
algorithm in the Oracle Data Miner User Guide is Naive Bayes. Therefore Naive

Bayes algorithm was chosen.

Bobrek_Yetmezligi column was signed as target column that which specifies the
result. As well as other decisive parameters were selected: Gender (CINSIYET),
reference (DUSUK_YUKSEK), upper limit (REFMAX), lower limit (REFMIN),
diagnosis code (TANI_KODU), and age (YAS).

Any different data mining algorithm can be selected from drop down list. For this
application decision tree algorithm could be selected. Because of the knowledge

extraction follows the if-then-else path. But Naive Bayes was used.
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[ 1|
% New Activity Wizard - Adim 3 / 5: Data Usage [

Review Data Usage Settings

Select the target column, and review the column settings. You can change the column settings to better match your
understanding of the data. The default settings have been determined for each column based on the activity type and the
characteristics of the data. The options of changing input and mining type vary based on the algorithm choosen. Click
Help for more details.

Data Summary.

Mame Alias |Target |Input |Data Type | hdining Type | Sparsity |
1 EIEPDBAKAN_SOMUC_KR... |

BIRIM BIRIM ] [T |¥aARCHARZ categarical |
ECEREK_YETMEZLIGI |BOBREK YETMEZLIGI | @ | E [NUMBER | | o |
CINSIVET CINSIVET (& ¥ VARCHARZ2 categarical r
DUSUK_YUKSEK DUSUK_YUKSEK e ¥ YARCHAR2 categarical C
ISTEK_TARIHI |ISTEK_TARIHI « [T YARCHARZ categarical r
REFERANS_HASTA | REFERANS_HASTA o T NUMEER nurnerical r
REFMAX REFMAX C M NUMEER nurnerical ]
REFMIN REFMIN 8 V¥ |NUMBER numerical J
SONUC SONUC &) M NUMEER numerical [
SOMUC_TARIHI | SONUC_TARIHI (& [T WARCHARZ categarical [
TANIKODL TAMIKODL C M VARCHAR2 categarical r
TEKRAR TEKRAR o T MNUMEBER | numetical [}
TEST_ADI | TEST_ADI (el ©  VARCHARZ categorical r
TEST_KODU TEST_KODU (& T MNUMEBER categorical r
YAS YAS & ¥ NUMEBER numetical ]

Include Al | | Exclude Al |
Yardim | = Geri " ileri = J | intal |

Figure 4.10 Target table and target attributes are selected.

Preferred target value is selected as 1, which represents the patients under the risk
of renal failure. The model implemented depending on the specified target, means
that the results are examined the patients which they have 1 at their
Bobrek_Yetmezligi  column. After that mining activity named as

KAN_SONUC_KREATININ_BA.

To accomplish this it is need to add another column to table to specify the model
patients under risk of renal failure or not. Bobrek_Yetmezligi column added to

KAN_SONUC_KREATININ table using Toad.
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Alfribute Mame | Value | Probability

USUK_YUKSEK | [1,0000000000
TANIKODU 10 0,6663225806
REFMAX [7.11] 0,5316129032
REFMIN 1.3, 6] 0,5316129032
CINSIVET K 0,5294193548
CINSIYET E 0,4705806452
REFMAX (111,3  D,4683870968
REFMIN (B.7] 0,4683870968
YAS (57,69] 0,3713548387
YAS 5,57] 0,3412903226
TANIKODU E11 0,3336774194
SONUC (66,,8] 0,3126774194
YAS (69,94 0,2873548387
SONUC (8211] 0,2549677419
SONUC (8,93 0,2441280323
SONUGC (11,14  0,0963870968
SONUC .2, 66] 0,0908387097

Figure 4.11 Activity completed.

As seen as the images above, if the target class was chosen as O it refers the
healthy people, it can be calculate correctly depending on DUSUK_YUKSEK
column. Oracle data miner statistics says that, depending on the DUSUK_YUKSEK
column in KAN_SONUC_KREATININ table it can be found easily healthy people
with the probability 1 (certainty) if the target class is chosen as 0.

In the picture below, the target class was assigned as 1 to refer people who under
the risk of renal failure. The Oracle data miner tries to produce a model to identify
the ill people and after the studies it calculated the depending on DUSUK_YUKSEK
column with 0,786219 probabilities.

Also it noticed that TANIKODU column dependency has almost the same
probability (0, 711465) to identify. And also it can be said according to results of
Oracle data miner, gender is the determining factor too, if the patient is female
according to results it can be classify under renal failure risk with 0,532365

probabilities.

Also continue to interpreting results it can be said that Hypertension (E11)

patients under more risk according to Diabetic (I10) patients.
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Attribiute Mame Yalue Frobakbility

DUSUE_YUKSEK | 0,7862119013
TAMIKODL no 07114658926
REFMAY [7.1.1] 0,5325108843
REFMIN [,3,6] 0,6325108853
CINSMET K 0,8323647474
CIMSIMET E 04676342525
REFMA 1,1,1,3] 04674291147
REFMIN GE.7] 04674291147
YAS (69,94] 0,4093693759
YAS (67 69 0,3336710284
sONUC (2099824 032MM7I7 14
sONUC {1,4,2,09] 0,2955007 257
TAMIKODL E11 0,2885341074
YAS [5,57] 0,2564536357
DUSUK_YUKSEK D 0,21378304987
SONUC [2,66] 01933236574
SoNUC (1,1,1,4] 01612451858
soNUC (,6A,, 8] 0,0206095791
sONUC (92,1.1] 0,0001441379

Figure 4.12 Target class changed O to 1.

Oracle data miner calculates the probability depending on the value of the
attributes and generated a table contains attribute name, value and probability

columns.

Activity results shows that the main decisive attribute is DUSUK_YUKSEK.
Actually this shows that the result is whether range. Activity results also confirmed
that being under risk of renal failure directly depend on creatinine level in blood if it

is too high or too low than the upper and lower limits there is a problem.

As seen the analysis below if DUSUK YUKSEK column includes ‘N’, it means
the result value is normal, and then probability equals to 1. As because the target
class was assigned as O (show not under risk), if DUSUK_YUKSEK is normal the

probability of not being under risk equals to 1.

The target class can be set as different value after the process. But when the

target class was changed the applied process should apply again.
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4.2.3 Apply Data Mining Model

First, a completed build activity is selected to be used for apply activity. At the
previous section, it was mentioned about how to create a build activity and its

phases. Generally apply activity is the testing part of the application.

Remember that at the previous sections, the data prepared for data mining and the
related record are retrieved, then the first model data implemented by assigning 1 or

0 to Bobrek_Yetmezligi column of the KAN_SONUC_KREATININ table.

After that this data examined in build activity to implement a model to learn the
behavior of the data set and have ability to decide the risk groups for new data sets.
The model was implemented and it was ready for the study with new data sets. This
part of the study is the testing part, it is assumed that the test data satisfies the

previous model rules and generates the same results.

4 New Apply Activity Wizard - Adim 1/ 5: Build Activity 83T % New Apply Activity Wizard - Adim 2/ 6, Data E

Select a Build Activity Select the Apply Table

Select & completed build activity to be used for creating an apply activity. You
may sslect a stancislone model it the modsl vas not bult using Data Miner.

Select the table containing the "cases" (individual recordsirows) that will be input
o your mining sctivky.

() Build Activity Schema: ‘EpDBA - |

(5) Made! Mot Crested Through @ Buid Activity Teblefview: [ TESTVERI -

[ o) &nomaly Detection
1[5} Classification
[ IKAN_SONUC_KRES2929_ME
[ Clustering
[ Festure Extraction
[ Regression

| =T | o | el = | (e

Figure 4.13 Created model applied on test data.

Firstly, a new data set that has not been used before was required. To provide that
the same query was written to retrieve another data set. This new data set required

for the test process to ensure the system produces the correct results (Figure 4.13).
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| Apply Output || Apply Settings | Task

Apply Cutput Table: TESTVERITS8273367_A
Fefch Size: |4000 || Refresh |

DMRSCASE_ID EYAS SONUC TANIKODU CINSIVET REFMIN DUSUK_YUKS... | REFMAX PREDICTION | PROBABILITY |
5T — |63 (1) TETT F [IA] L. T.T u g9y
578 35 0,66 E11 K 0.6 N 1,1 0 0,9999
579 53 066 1o K 0,6 M 1.1 1] 0,9399
580 38 066 1o K 0.6 M 11 (1] 0,9399
581 28 066 1o K 0.6 ] 11 (1] 0,9893
582 7T 066 El1 K 0,6 M 11 (1] 0,93499
583 49 066 1o K 0,6 M 11 (1] 0,99499
584 71 0,66 E11 K 0,6 N 11 0 0,989
585 25 0,66 El1 K 0,6 N 11 0 10,0009
586 71 0,66 1o K 06 N 11 0 10,9099
587 55 0,66 1o K 0.6 N 11 0 0,3899
588 68 066 no K 0.6 ] 11 0 0,9839
589 a5 0,66 1o E 07 D 1,3 1 0,9999
5080 65 0,66 1o K 06 N 1.1 L] 0,9699
501 44 066 1o K 06 N 1.1 0 0,9999
592 45 0,66 E11 K 06 N 11 0 0,9%99
593 60 0,66 1o K 06 N 11 0 0,939
534 52 0,66 1o K 06 M 11 0 0,9939
535 59 066 E11 K 0,6 M 11 0 0,9999
596 4 066 1o K 0.6 M 11 1] 0,9999
597 49 066 "o kK 0.6 M 11 (1] 0,9999
538 70 066 "o K 0.6 il 1.1 (1] 0,9399
539 39 066 El1l E o7 D 13 1 0,9999
600 63 0,66 10 £ o7 8] 13 1 0,9889
01 a2 0,66 1o K 0,6 N 11 0 0,9999
602 68 0,66 El1 E 07 D 13 1 0,0099
503 68 0,66 1o E 07 D 13 1 0,9899
604 7T 066 1o E 07 D 1.3 1 0,9839
605 48 066 El1 K 0.6 ] 11 0 0,9399
606 84 0,66 1o K 0,6 N 11 0 0,9999
507 49 0,66 Ell E 07 =] 1,3 1 0,9699
608 64 0,66 E11 E 07 =] 1,3 1 0,9%99
609 32 0,66 1o E 07 =] 1.3 1 0,9%99
610 63 066 El1 K 06 N 1.1 0 0,939
611 72 0,66 no E 0,7 ] 1,3 1 0,9999
612 Al 0,66 El1 K 0.6 M 11 0 0,9699

Figure 4.14 Apply output of the test data.

The same operations have done to process test data and after the operation was
completed another result table created by the Oracle data miner. This table can also
be accessed from TOAD. Before start to testing the target value selected as 1

because of we are interested in patients that under risk of renal failure.

After the operation completed under the applied output tab the generated table
can be seen. This table also includes prediction and probability columns. Prediction
column updates depending on the previous model as 1 or 0 and the probability
column updates depending on the result accuracy. As seen in Figure 4.14 the

probability approaches almost to 1, it means results are almost accurate.

4.3 User Interface Implementation

Oracle data miner tool operates integrated with oracle database. The result tables

and result analyzes stored in the oracle database. The result data can be accessed via
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Toad for this application. Therefore implementation of user interface part depends

on the tables that produced in the Oracle database as result of data mining operation.

-~ —

. e
call | hitp: /localhosk 59455/ Default aspx P~ J| | HomePage

View Grid | View Graph View Statistics

Select Owner & Table Name

Select Table Space Name R v

Select Table Name : | ~] Show Grid
|

Renal Failure Status R -

Figure 4.15 Home page of the project.

As seen above in Figure 4.15, the project consists of three sections: View Grid,
View Graph, and View Statistics. And each section has its own tasks. That’s why it

1s divided into separate sections.

Home page includes three separate drop down lists. The first drop down list
includes the owner names (table space names) in Oracle database. Remember that in
the data mining process the tables are created in Oracle database under given owner
name (table space) and within given table name. The required owner name can be

selected from the first drop down list.

Each lower drop down list’s content fills up dynamically depending on the upper

drop down list on the Selected_Index_Change event.
These drop down formatted with the help of the System Framework class library

class, Helpers.cs. This topic was explained in detail in the used technologies section

under the n-tier architecture title.
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Select Owner & Table Name

Select Table Space Name : ﬁ_
. Show Grid

Select Table Name

Renal Failure Status

Figure 4.16 The selection process of the required owner.

In this project, tables have been created under the EPDBA table space during data

mining process. This is entirely a matter of the designer.

S —
Select Owner & Table Name

Select Table Space Name : |EPDBA v

Select Table Name : i Show Grid
~

Renal Failure Status H

KAN SONUC KREATIN

ALY

-

Figure 4.17 Select the KAN_SONUC_KREATININ table under the EPDBA owner.

The second drop down list’s content is dynamically generated depending on the
selected owner. The table names under the selected owner are listed in the second

drop down list.

The third drop down list optional and it is for eliminate the results depending on

their Bobrek_Yetmezligi state. Third list include only Yes and No, yes means return
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the patients under the risk of renal failure, no means return the patients not under
risk. As seen below, if selected value is yes that the system returns the patients with
Bobrek_Yetmezligi column is 1, and if the selected value was no than the system

returns Bobrek_Yetmezligi column as 0. And the determination process completed.

[Yes ~

Renal Failure Status -

TANIKODU ISTEK_TARIHI

BOBREK_YETMEZLIGI

E 140352 0 2 110 1 10.3.14 1:04
E 140352 0 2 110 1 17.3.14 1:04
K 140239 55 2 110 1 18.2.14 1:26
K 140239 55 2 E11 1 18.2.14 1:26
K 120197 55 9 110 1 21.3.14 3:37
K 120197 55 9 110 1 26.3.14 3:37
K 120197 55 9 110 1 2.4.14 3:15
K 130455 47 26 110 1 11.5.14 6:37
Renal Failure Status : [No [~

TANIKODU BOBREK_YETMEZLIGI ISTEK_TARIHI
E 50891 13 3 110 [t} 2.4.14 5:10
E 100546 4 17 110 o] 3.5.14 8:27
E 101463 4 3 110 [ 5.5.14 23:45
E 120373 4] 3 110 0 7.3.14 10:49
K 130254 1 23 110 0 18.3.14 9:35
E 130498 1 24 110 o] 14.2.14 7:24

Figure 4.18 View of result grid according to selected value in third drop down list.

. Y N T I N &

@SW\‘ http://localhost50458/Default aspx 2~ 0|1 HomePage x ‘

B & -
= -

L2 L3

Figure 4.19

Select Table Space Name ] EPDBA [w]
Select Table Name KAN_SONUC_KREATININ ~]
Renal Failure Status ;= ~]
_________ A
TEST_KODU TEST_ADIL ISTEK_TARIHI SONUC_TARIHI DUSUK_YUKSEK SONUC ‘ BIRIM | REFMIN | REFMAX BOBREK_YETMEZLIGI
K 140185 25 1 110 667 Kreatinin 4.2.14 5:33 04.02.2014 09:26:30 D 0,47 mg/dL 0,60 1,10 1
K 140219 57 2 E11 667 Kreatinin 10.2.14 14:57 10.02.2014 14:50:18 D 0,47 ma/dL 0,60 1,10 1
E 140234 76 2 110 667 Kreatinin 27.2.14 17:07 27.02.2014 17:01:10 D 0,47 mg/dL 0,70 1,30 1
E 140252 86 1 110 667 Kreatinin e ETE D 0,47 mg/dL 0,70 1,30 1
K 140257 51 % 110 657 Kreatinin D 0,47 ma/dL 0,60 1,10 1
K 140304 42 1 E11 657 Kreatinin D 0,47 mag/dL 0,60 1,10 1
K 140458 52 1 Eil 667 Kreatinin D 0,47 mg/dL 0,60 1,10 1
K 140463 55 2 110 67 Kreatinin S o 047 | mo/dl | 060 1,10 1
K 140463 55 2 Eir 67 Kreatinin Qperavon in Progress:. ) 047 | mo/dl | 060 1,10 1
K 140465 48 4 110 667 Kreatinin D 0,47 mag/dL 0,60 1,10 1
K 140465 48 4 110 667 Kreatinin D 0,47 mg/dL 0,60 1,10 1
K 140511 33 1 E11 667 Kreatinin 8.4.14 11:27 08.04.2014 11:19:57 D 0,47 mg/dL 0,60 1,10 1
K 140524 56 3 E11 857 Kreatinin 21.4.149:59 21.04.2014 09:51:49 D 0,47 mg/dL 0,60 1,10 1
K 140524 56 3 110 557 Kreatinin 21.4.14 9:59 21.04.2014 09:51:49 D 0,47 ‘mg/dL 0,60 1,10 1
3 140677 &7 5 =8 67 Kreatinin | 27.5.147:23 27.05.2014 07:15:36 ) 047 | m/d | o070 1,30 1
K 140784 18 1 E11 667 Kreatinin 4.6.14 8:46 04.06.2014 08:39:02 D 0,47 mg/dL 0,60 1,10 1
K 9920318 91 144 110 667 Kreatinin 19.3.14 16:55 19.03.2014 16:48:40 D 0,47 mag/dL 0,60 1,10 1
K 9920745 58 100 110 667 Kreatinin 11.2.14 9:40 11.02.2014 09:33:37 D 0,47 mg/dL. 0,60 1,10 1
K 9931738 23 110 667 Kreatinin 10.2.14 11:50 10.03.2014 11:44:31 D 0,47 ma/dL 0,60 1,10 1

View of grid that third drop down list remains in default mode.
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Because of there are many records, retrieving patients’ result data form database
takes long time, it is required a control that show the user that operation in
progressed. For this a user control component is created name of UpdateProgress.

UpdateProgress operates when the ‘Show Grid’ button’s event fire.

%@ Control Language="C#" AutoEventWireup="true" CodeBehind="UpdateProgress.ascx.cs” Inherits="MinerBY.UpdateProgress" %>
%@ Register Assembly="AjaxControclToclkit" Namespace="AjaxControlToolkit" TagPrefix="ccl" ¥
:asp:UpdateProgress ID="updateProgressl" runat="server"” DisplayAfter="1880">
<ProgressTemplate>
<asp:Panel ID="panelProgress" runat="server” Height="1888" Width="180%" >
</asp:Panel>
<asp:Panel ID="panelProgressInner” runat="server" Height="158"
Width="388" style="top: 48%; left: 40X;position: fixed;text-align: center;vertical-align:middle;"
BackColor="#804B88">
<br />
<br />
<asp:Image ID="imgBekleyiniz" runat="server” ImageUrl="~/Images/bekleBar.gif" />
<br />
<br />
<asp:Label ID="1blBekleyiniz" runat="server" Text="Operation in Progress.."
Font-Names="Verdana” ForeColor="White" Font-Bold="true"></asp:Label>
<fasp:Panel>
<ccl:AlwaysVisibleControlExtender ID="alwaysProgress” runat="server" TargetControlID="panelProgress":
<fccl:AlwaysVisibleControlExtenders

</ProgressTemplate>

TEST_ADI ISTEK_TARIHI SONUC_TARIHI DUSUK_YUKSEK

110 667 Kreatinin 2.4.14 9:10 02.04.2014 09:03:45 N 0,30 | mg/dL 0,30
110 667 Kreatinin 5.5.14 8:27 05.05.2014 08:20:04 N 0,30 | mg/dL 0,30
110 667 Kreatinin 5.5.14 23:45 05.05.2014 23:38:26 N 0,30 | mag/dL 0,30
110 667 Kreatinin N 0,30 | mg/dL 0,30
110 667 Kreatinin N 0,30 | mag/dL 0,30
110 667 Kreatinin N 0,30 | mg/dL 0,30
E11 667 Kreatinin N 0,30 | mg/dL 0,30
110 667 Kreatinin .. N 0,30 | mg/dL 0,30
110 857 Kreatinin Operation in Progress.. N oiso mz;’dl_ 0:30
110 667 Kreatinin N 0,30 | mg/dL 0,30
110 667 Kreatinin N 0,32 | mgfdL 0,30

Figure 4.20 Codes and the view of UpdateProgress.

Also in the first tab View Grid, one of the important operations is to viewing the
test data results. By using Oracle data miner tool after the data mining operations the
data mining model applied on test data. The applied process determine the each
patient under risk of renal failure or healthy. Creating model process was discussed
in the previous section. After the model applied on test data the result table named
by user and I named it TEST VERI PROB A. “PROB” tag indicates the table
create by the result of test operation. “A” tag indicates that this is an applied

operation.
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Vil-U'Rels .l View Graph | View Statistics

Select Owner & Table Name

Select Table Space Name :  [EPDBA [v]
Select Table Name :  |[TESTVERI_PROB_A ~] Show Grid
|

Renal Failure Status : [—

PREDICTION PROBABILITY CINSIYET REFMIN DUSUK_YUKSEK
0,995994553209838870 0,60
0,995993860721568130 0,60
0,995994553209838870 0,60
0,995993860721588130 0,60
0,99595938650721588130 0,60
0,9959993850721588130 0,60
0,995904053200838870 0,80
0,999934953209838870 0,60
0,999993860721568130 0,60
0,999994553209838870 0,60
0,995994553209836670 0,60
0,995993860721588130 0,60
0,9959938607215688130 0,60
0,955994553209838870 0,60
0,9959594553200838870 0,60
0,9959094553200838870 0,60
0,999994953209838870 K 0,60

Figure 4.21 Representation of the TEST_VERI_PROB_A table.

AlIR|IB|(R|AB[(R|A|[R|AR|R|AR|R|A|R|K|R

b ||| | [ [ || e [ | | [ [ | | |
olojo|o|o|o|o|jo|o|o|o|o|o|o|o|o|ol

This table in Figure 4.21 includes ‘Prediction’ and ‘Probability’ columns. During
the data mining process, the ‘Prediction’ column of the test data updated depending
on the previously created model. System has learned the model on previous data

than applied the learned model on the test data.

After doing the calculations it updates the ‘Probability’ column what percentage
of accurate calculation. Generally, browsing on the ‘Probability’ column the values

almost approach to 1 and 1 represents accuracy in probability concept.

Another important subject in this study is to observe the distribution of the
results. To make easier to read of distribution for users visuals are required. The
graphics are one of the visual components in software. To use the graphics in
software you should have already included the specific library in your project. In this

project ASP Charting component is used provide visual.
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Figure 4.22 Codes of ASP.Net Charting component.

In the second tab of the application is View Graph, and it provides user to
viewing statistical graphs about the results. The codes of the ASP.Net charting are
given below. This screen offers some parameters such as Gender (Female, Male),
ICD Code (I10 and E11) and health state (healthy or under risk) and generates

statistical graphs depending on these parameters.

The graphs in the View Graph tab, filter the results according to selected
parameters, and draw the distribution graph of results according to age range. Also,

the reference range is located on the graph.
Sometimes, it is very difficult to make sense or understand something just

looking at the numbers. So, these graphs were designed to solve this. It is possible to

make an inference watching the falling and rising places in the chart.
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View Graph |RUEATES =Tl
View graphics

Select gender : MFemale OMale g

Select ICD Code  : []I10 OE11 FiEhEEIA B 1&5 iy Wf
Health State : Renal Faiure [1Healthy -
. 7

Max <11

Min 85,6
05— #- - - - - - - - - —

0

T T T T T T T T T T T
-5 5 15 25 35 45 55 65 75 8 95 106 ‘115 125

Figure 4.23 Graph represents the female and under risk patients.

The red line in the graph represents the maximum must value of the creatinine
and the blue line represents the minimum must value of the creatinine. Because of
the selected cluster includes the patients under risk the graphs bars are higher than

the maximum must value or more less than the minimum must value.

And we can say that in the 35 age range has the highest creatinine value and
equals to 1.92, and the 5 age range includes the minimum creatinine value 0.63 and

it’s a normal value.

The normal acceptable values are resides between blue and the red line. If the
patients’ value resides in the blue and red line it can be said that not under risk.
Otherwise if the result is under the blue line or upper to red line it can be said that

under risk of renal failure.

Female and under failure risk group were selected from the combo boxes from

the left side the values exceed the must maximum value.
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View Graph |EYETESE Gl

View graphics
Select gender : [OFemale M Male 15
Select ICD Code : [JI10 OE11 Show Graph i J/f

Health State :  MRenal Faiure [JHealthy
2,
-
/ x{z‘ : 254
25 - K‘\ZL
2 1 ?[

Max 413 /
1

Min =[0,7 -4
0.5 - - - - - - - - —

0

T T T T T T T T T T
-5 5 15 25 35 45 55 65 75 85 95 105 115 125

Figure 4.24 Graph represents the male and under risk patients.

If we compare two graphs, it can be said that the gender is the significant factor
that identifying the risk of renal failure. Male results have higher values. As seen
above the highest value of creatinine in the 95 age range and equals to 3.35. It is
really a high value because the maximum value for male is 1.30. As seen in the

Figure 4.24 for males the bars higher and they almost reach to 3 and 4.

It is quite difficult process to make out this analysis on the grid in first tab. But
with the help of the graphs, it is easy to identify and determine which age range is
under risk of renal failure and what the maximum and minimum values are reached.
Also this screen offers opportunity to user to observe creatinine level in differential

diagnosis codes separately.

Because of the Renal Failure check box was checked as seen in Figure 4.24 the
creatinine level of the patients reaches extremely high values. It can be said that
almost there is no patient who has normal creatinine level in his/her blood. If the
E11 check box was check as seen in Figure 4.25 the creatinine level reaches almost
4.5 values. It shows the effect of diabetic disorder on creatinine level. To make the
interfaces more attractive graphs are colored depending on the gender. To operation

was done only to improve the visual appearance.
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Figure 4.25Graph represents the under risk males and the diagnosed diabetes.

It is the part of the application does not concern the technical operation. When the
female and the male check boxes checked together it means that return the results

that belong to all patients not depending on gender. In this state the bar color is

assigned as different value.
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Figure 4.26 Graph represents the results for both female and male patients under risk of renal failure.
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It can be generated more different graphs by marking the different combination
of the checkboxes on this screen. The graph updates itself dynamically when the
‘Show Graph’ button’s event fire. The creatinine maximum must and minimum must
value depend on the gender, therefore there is not pre-defined general maximum and
minimum values for the all gender so there is no blue line and no red line on the

orange graph.

Finally, the third graph includes some statistic data about the results. These
operations can be conducted on more than one data table; one data table must be

selected before each operation.

The name of the tables that generated during data mining process names depends
of the designer of the system, so I named the table which includes the statistic data
about the result as KAN SONUC STA A. “STA” tag indicates the table is a
statistical data table and “A” tag indicated that the table generated after applied

operation.

View Graph View Statistics

View Results & Statistics
Select Statistic Table : |KAN_SONUC_STA A [~

ATTRIBUTENAME VALUE PROBABILITY
DUSUK_YUKSEK N 1,000000
TANIKODU 110 0,666322
REFMAX [0,7-1,1] 0,531512
REFMIN [0,3-0,6] 0,531512
CINSTYET K 0,529419
CINSIYET E 0,470580
YAS (57-69] 0,371354
YAS [5-57] 0,341290
TANIKODU E11 0,333677
SONUC (0,66-0,8] 0,313677
YAS (69-94] 0,287357
SONUC (0,92-1,1] 0,254967
SONUC (0,8-0,92] 0,244129
SONUC (1,1-1,4] 0,006387
SONUC [0,2-0,66] 0,090838

The number of Hypertension patients are 16989 and the number of Diabetic patients are 7743.
The activity applied on 13099 number of female patients and 11633 number of male patients. Total record count is 24732.
According to test results 11534 number of patients under the risk of Renal Failure and 13198 number of patients not under risk.

Figure 4.27 Representation of the statistical table generated after applied operation.
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It can be inferred from this statistical table: the primary determinant parameter is
DUSUK_YUKSEK attribute which indicates the level of the creatinine. If the
creatinine level more than the maximum must value DUSUK_YUKSEK attribute
value is “Y”. If the creatinine level less than the minimum must value
DUSUK YUKSEK attribute is “D” and if creatinine level is the acceptable range if
it is between the minimum must and maximum must level than the
DUSUK YUKSEK attribute is “N”. DUSUK_YUKSEK attribute is N it can be said

that the patient not under risk.

It can be also inferred from the statistical table TANIKODU attribute has the
second priority identifying the risk of renal failure. If TANIKODU attribute equals
to I10 (hypertension) than the prediction assigned as 1 with probability 0.666.

The third tab also includes other statistics such as the number of record and the
number of female or male number of the hypertension patient and number of

diabetic patients.

The table is shown above illustrates that the important attributes order by their
importance to identify the renal failure disease. As seen in the table, gender attribute

has importance degree of 4.

And it can be said that according to state of the gender if patient is female the

probability of being health higher than the under risk.

Another table which generated as result of the data mining operation is
TESTVERI_EXPLAIN_A table which can be seen in Figure 4.28 . During the data
mining operation Oracle data miner tool analyzed each attribute’s importance on

identifying risk of renal failure.
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View Grid View Graph | View Statistics

Select Owner & Table Name

Select Table Space Name :  |EPDBA v]

Select Table Name :  |TESTVERI_EXPLAIN_A |
[~

Renal Failure Status : |—

ATTRIBUTE_NAME EXPLANATORY_VALUE RANK
DUSUK_YUKSEK 0,5930584166388830 1
SONUC 0,74562395224855 2
BIRIM 0 3
REFMIN 0 3
ISTEK_TARIHI 0 3
TANIKODU 0 3
CINSIYET 0 3
TEKRAR 0 3
REFERANS_HASTA 0 3
YAS 0 3
SONUC_TARIHI 0 3
TEST_KODU 0 3
TEST_ADI 0 3
REFMAX 0 3

Figure 4.28 Representation of TESTVERI_EXPLAIN_A table.

In the table which is shown above, the attributes ordered by the importance of the
identifying renal failure. The RANK attribute shows that the attribute’s importance.
As seen in the table BIRIM, REFMIN, TEST_KODU_TEST_ADI, REFMAX
attributes are not important in identifying process. And it can be said that the most
determinative attribute is DUSUK_YUKSEK and its determinative probability
approaches to 1. TESTVERI_EXPLAIN_A table can be accessed from the first tab

view grid.

As a result of this process, two attributes came forward: DUSUK_YUKSEK and
SONUC attributes. The most explanatory attribute was DUSUK_YUKSEK and the
second explanatory attribute was SONUC. Explanatory value of DUSUK_YUKSEK
equals to 0.993 and the explanatory value of SONUC equals to 0.745.
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CHAPTER FIVE
CONCLUSION AND DISCUSSION

Nowadays, increasing amount of data in hospitals leads to increase need for a
new tool to interpret and process this huge data. Because of the computer hardware
became cheaper and more accessible, computer-based solutions have gained
momentum. Within the computer became widely used in hospitals the transactions
made on paper previously moved to electronic environment. Considering fallibility

of the human eye, an assistant tool is required to improve decision process.

Healthcare information systems have vital importance for a well-organized
healthcare system. Information technologies have a big impact on medical industry.
Medical industries have to evaluate data in decision-making process to use more
conscious way, have to expand service area to increase productivity. And they have
to get benefit from information technologies to reduce costs, improve customer

service and better management of resources.

At this point a software becomes required which have been discussed in this
thesis. In this thesis data mining techniques applied on the biochemistry laboratory
results of the diabetics and hypertension patients using Naive Bayes algorithm with
Oracle data miner tool. Biochemistry laboratory results retrieve via Web Services.
Bayesian classification was implemented in the Oracle data miner this pre-defined

version is used in the system.

Application developed on Visual Studio 2012 platform using C# and Asp.Net
components. The application analyzes the data obtained from laboratory results and
creates a model. After that applied the model on test data and controls that whether

system has produces accurate result or not.
This application has shown the important attributes to make decision, increased

the accuracy of decisions, and supported the health professionals’ decision making

process.
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