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1. Introduction

1.1. Project Title
Our project title ifRadioRead.

1.2. Project Definition and Goal
Nowadays, medical imaging is gaining more and more importandesalth care

services. Quality of the medical images is not enough on isfomacquiring information on
patients. Images need to be accurately interpreted and reportiedtoys. Today, the reports
of medical images are dictated as text by secretaries who listen tpeiredards recorded by
doctors while examining films and medical images of patients.

In systems currently in use, most of the medical informatiostadsed as free-text.
Getting and analyzing information from a text source is mmole difficult than from a well
structured information source. There is a need for extractifuymation from these text-
based sources and storing the information in computationally accessible form.

It is obvious that there are plenty of documents which are kepthivas of hospitals.
There are also many sources about medical situations like ebsedizigs and medical
statistics on the Internet. The problem is that, nearly alhese are in textual formats. So
there is a huge amount of data available which we can not b&oefivith current methods
in use. It is easy to access data from the Internet or frportgestored in hospital archives;
but it is difficult to acquire and analyze the information enclosed inside these dat

RadioRead is a project in which we will do text mining on Turkish medi@aliology
reports. We aim to develop a useful information acquirement methodhuge amount of
electronic patient reports to enable secure, ethical and usedlyri@ccess to patient
information. We will provide an environment for our users to access these ititorras easy
as using a natural language; an environment in which the user ddes/adb know anything
about technical aspects of how the information is represented in thbasa systems
involved. As a result; detailed information about patients can bessed easily; more
information about a patient can be given to his/her doctor before gt the
information can be used by doctors to diagnose diseases of otherspainehstatistics can be
derived.

According to the market research we have done so far, wedeavethat there is
neither enough research nor sufficient number of production level @dggdiext mining in
Turkish. This insufficiency is caused by the difficulty in analgzthe characteristics of the

language, and also by lack of market compared to English. liprbjisct we plan to handle



usual difficulties of extracting information from free-teXnical reports, besides providing a
usable interface for different users (like doctors, assistarggbsticians) who may not have
sufficient technical knowledge to use a complex program efficiently.

We have seen in our market research that most of currenttddl® use Machine
Learning techniques to achieve success. We believe that our inputsdiblegy reports,
contain dense information and are unsuitable for information extractianMachine
Learning. Also motivated by well-defined structures of Turkish uagg, our aim in this

project is to implement a rule based technique for parsing medical reports.

1.3. Design Goals

1.3.1. Robustness
RadioRead will be able to manage invalid user inputs or inconsstenditions. It

provides error checking to ensure the right input format and retuors eand warnings to the

user.

1.3.2. Usability
The users of RadioRead will be medical staff, doctors andtgtatns. Since all staff

will not be experienced in computers we have a special needdofriendly graphical user
interface. While using RadioRead the user will face with dli@nenvironment, which eases

the general use of the application.

1.3.3. Correctness
RadioRead will be used in a human-life related context, as mmealical software. All

the results of RadioRead may affect diagnosis and medicaliates; thus, they need to be
correct to their foremost. More important than the need of maxigiguccessful analysis,

minimizing and preventing erroneous analysis is a must.



2. Design Constraints

2.1. Experience & Skills of Members
As developers, our programming and design skills and experienca® i®f the

restrictions. It is very difficult for us to manage unexpected prablabout this field but we
may consult experienced people to get help about solving problems.aywaanbe able to
achieve 100% success because we were not familiar to thishioie; but we believe we

have progressed a lot in this field since the beginning of this semester.

2.2. Time Constraints
We have to finish our project by June and also we should have providetiype at

the end of this semester. Therefore, especially for a s&ftwasject, this is the most
important constraint.

We have already finished our prototype. Still, being able to usenoerefficiently is
very important for us to follow our schedule. Since we must finistptbgct at the end of

next semester, we will focus on the project and spend more time on it.

2.3. Resource Constraints
While we are doing our project, we need different softwareuregs such as external

dictionaries. We will be able to access and use these resoWeeull need a database
server. Dictionaries that we will create manually during phgject may also restrict our

project development.



3. Project Requirements

3.1. System Requirements
General Aspects

* Java as a programming language
* PostgreSQL Database Management System
» Hibernate library for persisting Java objects directly in DBMS

» Zemberek library[1]

Development Side

» Eclipse as development environment

* Installed Java Development Kit

» Subversion server for version control

* GNU/Linux or Windows XP environment

* Internet access for online dictionary support (Zargan[2], TDK][3])

End-user Side
* PostgreSQL Database Management System

* Java Run Time Environment 6
* Windows XP or recent GNU/Linux Distribution

» Internet access for online dictionary support (Zargan, TDK)

3.2. Functional Requirements

3.2.1 Text-Mining and Representing Information Formally
RadioRead application will be provided with free-text radiology repatte have to

extract the information in these texts and represent theselatabase, in a structured way.
We will use Natural Language Processing (NLP) with rule baselniques for this task.
NLP requires Morphological, Syntactic and Semantic analysis.willeutilize Zemberek
library for morphological analysis, and will use Zargan and TDKnentictionaries in the
cases when Zemberek does not have the roots of a given word. Mteewibpply syntactic
analysis, where we will spot verbs, subject(s) and indirect @b{&ioolayli Tumlec”). After
this step, we enter the Semantic Analysis step. The vererbrphrase found in the sentence
will be first looked up from our internal predefined “meaning Jistfid in cases it does not



exist in our internal dictionaries, it will be looked up from em&rdictionaries, such that
Zargan, TDK Dictionary, to find synonyms that matches with thermatl dictionary. This
result can be also affected with qualifiers such as “-majatmgty suffix that inverses
meaning of a verb. This information will be used to mark the infoomaisted in the
sentence to be “normal”, “abnormal”, “exists”, “not exists”. Tbject(s) of the sentence
found in this syntactic analysis step are groups of noun phrasesngefer what-quality
information about findings mentioned. In order to break them into meaningful pieces,ave hav
written our own noun phrase parser. Indirect-objects refer to dmeateasurement
information. The same noun phrase parser is utilized for these tostribiired information

will then be recorded in the database, linked with similar records.

3.2.2. Statistical Analysis and Information Retrieval
We need to provide reasonable methods to a statistician for quéngirgcumulated

information from the analyzed radiology reports. The accumulatedmation is valuable as
a large-scale radiology data mined from free texts, whinhbeabenefited from. A statistician
does not only require to query the data using qualifiers mirwed the free-texts, but also
additional qualifiers (meta information) such as age range, date, frequency.

Besides the requirements to analyze accumulated information ioaa l3ense, a
doctor needs to query a specific patient’s history about a spdafinosis or disease. This
way, a doctor can control the progress of a patient without havisggich all the reports of
the patient for a specific item manually.

Thus, we need to provide two similar but slightly different wiaygetrieval of mined

information.

3.2.3. Holding Meta Information about Patients and Reports
In order to meet requirements of statistical analysis andniafioon retrieval, we need

to store meta information about patients and reports. Meta infematfi a patient holds
fields such as age or gender. We also need to store date, or doctmg (the report)

information with the report records. Besides being useful in statistieflsas, the application
has to provide a convenient and intuitive way for users, mostly for dodtoaccess data.

That's why we need to hold additional information such as name of a patient.

3.2.4. User Interface
- Authentication / Authorization

o Logging into system via usernames and passwords



- User account management

0 Adding accounts
o Modifying accounts
- Patient management
0 Adding patients
0 Modifying patient information
o Listing patients, filtering
- Report management
0 Adding reports associated with patients: This will invoke data mining

o Listing reports, querying for a patient’s specific reports: There rieduos
options for querying mined information, besides simple filtering based on meta
data

0 Viewing reports
- Statistical querying

o Query interface: We need a query interface where a user can create his/her
gueries in an intuitive way, such as constructing free-text like sentenogs us
dropdowns. Our users are not technically skilled, so users need to see the
constructed queries in a natural way, for ease of use.

3.3. Non-Functional Requirements
We need to provide the user an intuitively usable interface, whi¢hegilire almost

no training to learn, and consume minimum time to fill data and quéoymation. Our
intended users will be neither skilled nor interested in computesder for them to use the
application efficiently, the user interface needs to be simple umedful. Especially the
statistical query and information retrieval interfaces nedzetdesigned with ease in mind, as
these can be complex even for experienced computer users if not designedycarefull

Besides the interface, we need to provide the security of thengsatieformation.
Patients trust doctors and hospitals to store their data, and omplgdpke who are authorized
to see their information should be able to view them.

The application needs to be responsive, especially in mining infamiatim reports
and querying of mined information. Both reports and queries may becwearglicated, but
they should not discourage the user because of latency.



3.4. User Requirements

3.4.1. Use Case Diagrams

3.4.1.1. Overview
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3.4.1.3. Use Case Diagram for Staff-1
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3.4.1.4. Use Case Diagram for Staff-2
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3.4.1.5. Use Case Diagram for Statistician
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3.4.1.6. Use Case Diagram for Doctor

— Login __<<include=> Validate
e Lz Login Data

,-'"'.--- ] '--.\_H
_ /7 Access Patient ™,
= Information and

Doctor N “. Repoms ./
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—— .

A Engine g

3.4.2. Use Case Scenarios
3.4.2.1. Administrator
* Login: An administrator has to login to the system in order to eadministrative
roles. There will be a user interface for administrative roMter validation of login
information, the administrator will be able to manage users.
* Manage Users. Administrator may add, remove users and modify the user
information. There will be specified user roles and rights and administvditor

control users and will be able to restrict the user rights.

3.4.2.2. Staff-1
* Login: A staffl has to login to the system in order to realize higthles. There will

be a user interface for him/her. After validation of login infaiiorg the staff1 will be
able to manage patients.
* Manage Patients: Staffl may add patients and modify the patient information. None

of the patients who had been in the clinic will be deleted even if they are dead.

3.4.2.3. Staff-2
* Login: A staff2 has to login to the system in order to realize histiles. There will

be a user interface for him/her. After validation of login infaiiorg the staff2 will be
able to manage reports.
* Add Reports: Staff2 may add reports to the records of related patientseTports

will then be used for acquiring necessary information.

12



3.4.2.4. Statistician

Login: A statistician has to login to the system in order to redliz/her roles. There

will be a user interface for him/her. After validation of logmformation, the
statistician will be able to manage query reports.

Query Reports: Statistician may send queries about reports to data mining engine

through GUI, and get statistical mined information.

3.4.2.5. Doctor

Login: A doctor has to login to the system in order to realize histies. There will

be a user interface for him/her. After validation of login infation, the doctor will

be able to manage query reports.

Access Information of Reports: Doctor is the only user who can reach the pure text of
patients’ reports.

Search within Patients Data: Doctor may send queries about patients to data mining

engine through GUI, and get of mined information of patients.

13



4. System Architecture and Component Level Design
4.1. System architecture

4.1.1. Data Engine

Database
(Non-NLP Tables)

Report Doctor Decompeser

_ Report Decompeser

ratistical Query Manader

(NLP) '/

Feport Query Manage
(NLP)

“ext Mining Engine
(Report Information
Engine)

Add Report Manager

Query Engine
(Report Information
Engine)

4.1.2. Query Analyzer (Query Engine)

_ Patient Group Query Parser

Complex Query Handler : Database
Henssn (NLP Tables)

F‘fnding-Quer}_r_ Parser

Einding Query Handler
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4.1.3. Text Mining Engine

Text Mining Engine (part of Report Information Engine)

4.1.4. External Word Query Manager

15



4.2. Java Package Hierarchy
We have grouped our classes in packages and designed our package hierarchy in a

clean way to get the most out of Java. This hierarchy can be seen below.

EEL com

£ com. radioread

£ com . radioread, database

FE com.radioread. dataengine

£ com.radioread. dataengine.data

£ com,radioread. dataengine.database
FE com.radioread. dataengine.managers
£ com.radioread. dataengine. managers. addreport
'8 com.radioread. entrypoints

£ com. radioread. gui

£ com.radioread. rie

"B com.radioread.rie.data

fE com.radioread.rie.database

" com.radioread. rie.mining

"B com.radioread. rie.mining. data

"B com.radioread. rie. mining. finding

£} com.radioread. rie. mining.morphologic
'8 com.radioread.rie. mining.nounphraseparser
£ com.radioread. rie. mining.results

"B com.radioread. rie. mining. wordguery
FE com.radioread. rie. query

FE com.radioread.rie. query. par sers

16



4.3. Component Level Design

4.3.1. Class Diagram
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NounPhraseParser

"ﬁ( Jaseayqunonasted

NounPhraseTreeFactory

()s100198
()sapoN2sIedla3
()3uingased

JSTInvoker
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4.3.2. Classes

Location

- measurement : Vectors Measurement
- locationInto : Vector- String

+getLocationInfo

+getMeasurement{ ) : Vector Measurement
+toString( ) | String

() : Vector String +type : String

+toString() : String

Measurement Range
+value : String +begin : int
+unit ; String +end il

+toString( ) : String

LocationOrMeasurement Resul t

VerbMeaning

-location : Locati
-measurement @V
+Type: Enum
-type : Tipe

on
‘ector- Measurement -

+guality ; String
+normality : int
+texistency : int

+locationOrheasurementResult{ Location location)
HocationOrMeasurement Result{ Vector= Measurement - measurement)
+locationOrMeasurementResult( Boolean is What QualityGroup )
+getType( ) : Type

+oetLocation() : Location

+gethMeasurement( ) : Vector Measurement -

+toString( ) : String

Sentence

Sentencel art

-words : Vector- Word

-predicate Range : Range
-predicatehMeaning : VerbMeaning
-parts : Vector SentencePart -

+eetWords() : Vector Word -

+setWords{ Vector- Word = words)

+egetPredicate Range( ) : Range

+setPredicate Range( Range predicateRange)
+getPredicateMeaning( ) - VerbhMeaning
+setPredicate Meaning( VerbMeaning predicate Meaning)
+oetParts( ) : Vector= SentencePart -

+setParts( Vector- SentencePart parts)

+toString( ) : String

-range | Range
+Type: Enum
-type : Type

+oetRange( ) : Range

+oetType(} : Tipe
+setTvpe( Tipe type)

+setRange( Range range )

ZemberekMorphology

Word

-rool : String
-rootType : String

-affixes | Vector String~

-ref’ : Object

-wordText : String

+eetRoot() : String
+setRoot{String root)

-morphs ;| Vector- ZemberekMorphology -

+oetWordText()

: String

+getRootType() : String
+setRoot Tvpe( String rootType )
+oetAftines() : Vector String:

+setWord Text( String wordText)
+getMorphList(} : Vector-ZemberekMorphology

+gethlorph( ) : ZemberekMorphology
+toString() : String

+setMorphList{ Vector- ZemberekMorphology - morphs )

+set Affixes( Vector String - affixes)

+zetRef() : Object
+setRef{Object ref)
+toString() : String

+elone() : ZemberekMorphology

+birlestir() : String

18



Finding

-what : String

~quality | Vector- String

-location : Vector Location
-measurement @ Vector= Measurement -
-ref’: Vector- Word

+addLocation( Location loc)

+getLocation() : Vector= Location

+setLocation( Vector Location location)
+addMleasurement( Measurement measurement)
+addMeasurements( Vector Measurement - measurement )
+oethleasurement() ;: Vector Measurement
+sethleasurement( Vector- Measurement - measurement )
+getQuality( ) : Vector- String >

+getWhat() : String

+setWhat(String what )

+oetRel]() : Vector- Word

+setRef(Vector- Word - ref)

+toString( ) : String

Finding Analyser

+analvze Findings( Vector= Vector- Word>~ wordGroups) ; Vector= Finding

LocationOrMeasurement Analyzer

+analyze LocationOrMeasurement( Vector- Word > phrase) : LocationOrMeasurementResult

SentenceFindingSeparator

+separateFindings(Sentence sentence Text): Vector Finding
-analyze WordGroups(Sentence sentenceText) : Vector- Finding
-partitionSentence(Sentence sentence Text. Range range ) : Vector Word

VerbFinder

-olumsuz_isim : Vector- String

+findVerbRange( Sentence sentence) : Range
+update VerbRange(Sentence sentence)

SentencePartsGrouper

-1sNumber{ Vector- ZemberekhMorphology - dummy) : boolean
-isElement(String dummy) : boolean

+oroupParts( Sentence sentenceText) : Vector- SentencePart
+updateSentence Group(Sentence sentenceText)

VerbMeaningFinder

~olumlu fiil : Vector- String -
-olumsuz fiil : Vector- String
~olumlu isim : Vector String
-olumsuz_isim : Vector String

-inWhichDict(Vector- Word - predicate) : int
+analyzePredicate( Vector=Word > predicate) : VerbMeaning
+updatePredicate Meaning( Sentence sentence Text)
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Morphological Analyzer

-zemberek | Zemberek

+analvze Word( String wordText) : Word

-reduceMorphology(ZemberekMorphology morph)
+askExternalDictionary( String wordText) : String

FindingsSectionMiner

+mineSection(String paragraf) : Vector- Finding:

SectionSentenceSeparator

+paragraphlntoSentence( String paragraph) : Vector- String -
+separate Sentence(String sentenceText) : Vector Sentence:

+callingNounPhrase Parser( Vector Sentence - sentence .Vector- Range

- range ) Boolean

NounPhraseTree

+Type : enum

-type : Type

-isimRel : Object

~tamlayanVector : Vector- NounPhraseTree ~
~tamlananVector : Vector NounPhraseTree

+NounPhraseTree(Tyvpe type)

+toString( ) : String

+toString2(int level) : String

+getType() : Type

+setlsimRef(Object isimRel)

+eetlsimRet() : Object

+getTamlavanVector() : Vector NounPhraseTree-
+getTamlananVector() : Vector-NounPhraseTree
+oetSinglePhases() : Vector Vector ~ Object
+setTamlavanVector( Vector- NounPhrase Tree - tamlavanVector)
+eet TamlananVector( Vector- NounPhrase Tree - tamlananVector)
+aetType( Type type)

NounPhraseTreeFactory

+parseNounPhrase(String phrase ) : NounPhrase Tree

-hanlelsimTamlamasi(ParseNode pn) : NounPhrase Tree

-findTamlama( Vector= ParseNode - parseNodes. int root) : Vector= NounPhrase Tree -
-handlelsim Tamlamasi( Vector- ParseNode - parseNodes. int root) : Vector- NounPhrase Tree
-handle Tamlayvan({ Vector- ParseNode - parseNodes . ParseNode pnRoot ) : Boolean
-handleSifat Tamlamasi( Vector= ParseNode - parseNodes .int root) : NounPhrase Tree
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JsInvoker

-parseNode Vector : Veetor- ParseNode
-rootVector : Vector-Integer

+getParseNodes() : Vector- ParseNode
+getRoot() : Vector= Integer
+parseString( String JSWord) : Boolean

ParseNode

ParseNodeFactory

-svm :String
-att: String
-children : Vector-Integer~

+ereate ParseNode( ) : Object

+aetSvm(String svm)

+set Aft( String att)

+addChild(int childId)

+toSting () : String
+getChildren() : Vector- Integer -
+getSvm(): String

+eetAfl( ) Siring

NounP hraseParser

+parse( Vector- Word - words) : Vector- NounPhraseTree

+parse( Vector- ZemberekMorphology words) : NounPhrase Tree
+parse AndDecideOne( Vector- Word » words) : NounPhraseTree
+decideOne(Vector- NounPhraseTree - nptTree ) : NounPhrase Tree

WordInfo

+word : String

+syvnonvms @ Vector- String
+relatedPhrases : Vector Veetor - String. -

WordQueryManager

+query ( String wordStr) : WordInfo

+quary All( String wordStr) : Vector=Wordlnfo
+quervSynonyvms( String wordStr) ; Vector String
+quervPhrasellsage( String wordStr) : Vector- Vector - String -
+quervCorrectSpelling( String wordStr) @ String
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4.3.3. Class Diagram Dictionary

LoginManager

login(username, password)

Query from database if user has valid usernameassiword.
Set the logged in user (internally)

logout() Logout current user (internally)
getUserName() Returns username of currently logged in user
canManagePatients() Checks privileges

canAddReports() Checks privileges

canQueryReports() Checks privileges

canAccessPatients() Checks privileges

canManageUsers() Checks privileges

UserManager

addUser( userinfo )

Creates a new user with given information

updateUser( userinfo )

Updates user information

listUsers()

Returns list of users in system

PatientManager

addPatient( patientinfo )

Creates a new patient with given information

updatePatient( patientinfo )

Updates patient information

listPatients( )

Returns list of patients in system

listPatients( constraints )

Lists patients fulfilling constraints.

constraints contains information such as gender, age ra
fragments of name/surname

ReportManager

addReport( reportText )

Adds a new report to system. The report is seAith Report
Manager.

reportText is in the format given as examples to
SBAYazilim (type isString )

listReports( )

Lists all reports in system

listReports( constraints )

Lists reports fulfilling constraints.

constraints contains information such as patient id, date
range, words in title.
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AddReportManager

addReport( reportText)

Adds a new report to system. The report text & Bent to
ReportDecomposer to extract 6 components of therreand
then added to database (to Non-NLP tables). Thealls
TextMiningEngine with the report id, to make thpoe
analyzed.

reportText s in the format given as examples to
SBAYazilim (type isString )

ReportDecomposer

decompose( reportText )

Given the free text, it extracts 6 components atdrns them.
The components are “Bl&k” ,“Klinik Bilgi”, "Teknik”,

"Bulgular”, "Sonu¢” and “Yazan Doktorlar”

reportText is in the format given as examples to
SBAYazilim (type isString )

ReportDoctorDecomposer

decompose( doctorsComponent )

Given the “Doktorlar” component of free text, andracts the
list of doctor names.

StatisticalQueryManager

queryForCount( hastaGrubuNode
)

Given the root node dfasta_grubu (see statistical query
grammar), returns number of patients in that group

queryForPercentage( Given the root nodes offfasta_grubu  (see statistical query
hastaGrubuNode1, grammar), returns percentage of group 2 over glloup
hastaGrubuNode2 )

queryForMeasurementGraph( Given 2 root nodes, one measurement type, and aemum
hastaGrubuNode, specifying number of groups in the resulting graglyrns a list
bulguNode, containingnumberOfBars  numbers (see statistical query

measurementType, numberOfBars

)

grammar)

ReportQueryManager

setPatientld( patientid )

Sets the patient ID to be used for subsequent calls

getFindings()

Returns all findings extracted from all reportgioé patient

getFindings( constraints )

Returns all findings extracted from all reportgtod patient,
limited by constraints
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ComplexQueryHandler

queryForCount( hastaGrubuNode

Given the root node dfasta_grubu (see statistical query
grammar), returns number of patients in that group

queryForPercentage( Given the root nodes offfasta_grubu  (see statistical query
hastaGrubuNodel, grammar), returns percentage of group 2 over gioup
hastaGrubuNode2 )

queryForMeasurementGraph( Given 2 root nodes, one measurement type, and deum
hastaGrubuNode, specifying number of groups in the resulting gragtyrns a list
bulguNode, containingnumberOfBars  numbers (see statistical query

measurementType, numberOfBars

)

grammar)

PatientGroupQueryParser

queryPatientGroup(
hastaGrubuNode )

Given the root node dfasta_grubu  (see statistical query
grammar), returns 1. list of patient IDs in thadgp 2. list of
report IDs in that group

FindingQueryParser

queryFinding( bulguNode )

Returns list of finding IDs described bylguNode root node
(see statistical query grammar)

gueryFinding( bulguNode,
reportlds )

Returns list of finding IDs described bylguNode root node
(see statistical query grammar) which exist in oheeports in
reportlds

FindingQueryHandler

queryFinding( constraints )

Returns list of findings according to giveanstraints

ReportMiner

mineReport(
reportld,

findingsText,
resultsText )

Mine information and insert it to NLP tables. Iretend, it
inserts a record to Islenmis_Raporlar wigportld  (and
inserts other mined information to NLP tables asded with
Islenmis_Raporlar)

FindingsSectionMiner*

Vector<Finding> mineSection(
String paragraph )

Calls methods oBectionSentenceSeparator and
SentenceFindingSeparator classes and returns a list of
findings extracted from thegaragraph.
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SectionSentenceSeparator*

Vector<String>
paragraphintoSentence(
String paragraph )

Returns a list of string sentences extracted fitoergiven
paragraph.

Vector<Sentence>
separateSentence(
String sentenceText )

Returns a list of semantic sentences from a st@mjence.
Uses punctuations and verbal (fiilimsiler) to sgpaisentence.
(Every “semantic” sentence has only one verb)

SentenceFindingSeparator*

Vector<Finding>
separateFindings(
Sentence sentenceText )

Calls methods o¥erbFinder , VerbMeaningFinder,
SentencePartsGrouper,

LocationOrMeasurementAnalyser and

FindingsAnalyser classes and returns a list of findings
extracted from the given sentence.

SentencePartsGrouper*

Vector<SentencePart>
groupParts(
Sentence sentenceText )

Returns “location-measurement” and “quality-whatdgps from
the given sentence. Uses affix information.

void updateSentenceGroup (
Sentence sentenceText)

CallsgroupParts  and updates parts of sentenceText.

VerbFinder*

Range findVerbRange(
Sentence sentence )

Returns verb / verb phrase range forming the pateliof the
given sentence

void updateVerbRange (
Sentence sentence )

CallsfindVerbRange and updates verb range of given
sentence.

VerbMeaningFinder*

VerbMeaning analyzePredicate(
Vector<Word> predicate )

Returns if the given verb / verb phrase gives imi&tion about
normality, existence and quality.

void updatePredicateMeaning(
Sentence sentenceText )

CallsanalyzePredicate and updates verb meaning of gi
sentence.

LocationOrMeasurementAnalyzer*

LocationOrMeasurementResult
analyzelLocationOrMeasurement(
Vector<Word> phrase )

Decides whether the given phrase shows a location,
measurement, or is irrelevant. All “Dolayli timls@re
analyzed in this class.

Examples: “sol memede”, “3 mm ¢apinda”, “yapilan us
incelemesinde”
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FindingsAnalyzer*

Vector<Finding>
analyzeFindings(
Vector<Vector<Word>>
wordGroups )

Parses the given phrase into a list of findinge'(rand their
qualities (“nasil”). Most of the time, the givenrpke is a
complex noun phrase consisting of quality and figdiame
information.

Returns a list of finding names and their relatadligjes. More

than one finding may be found from a single phiageto nature

of complex noun phrases.
Examples

“kistik ya da solid lezyon”
-> (qualities:"kistik”,finding:"lezyon”),
(qualities:"solid”,finding:"lezyon”)

“Midenin konturlari, pasaj ve peristaltizmi ve mued rolyefi”
-> (qualities: none, finding: “midenin konturu)j(alities: none
finding: “midenin pasaji”), (qualities: none, fimdj: “midenin
peristaltizmi”), (qualities: none, finding: “midemimukozal
rélyefi”)

NounPhraseTreeFactory*

NounPhraseTree
parseNounPhrase(
String phrase )

For a given noun phrase string in form of lexeniésvordl —IN
word2 —I $” for “word1lin word2si"), it invokes Ja®aript code

(usingJSinvoker class) and calls internal methods to conv
the returned syntax tree td\munPhraseTree

NounPhraseParser*

Vector<NounPhraseTree>
parse( Vector<Word> words )

A Word object can hold multiple alternative
ZemberekMorphology object S.

This method parses alemberekMorphology  combinations
of the given complex phrase (which is composedigdctive
and nouns) into alternative parse trees. Resuitaes can be
scanned from leaves to root to get single phr&as.noun
phrase grammar for details. (Appendix B)

v

ert

NounPhraseTree

parse(
Vector<ZemberekMorphology>
words )

For a given a complex phraseZgmberekMorphology

objects (which is composed of adjective and nothis)method
parses it into a single parse tree. This tree easchnned from
leaves to root to get single phrases. See nous@lgrammar fo
details. (Appendix B)

NounPhraseTree
parseAndDecideOne(
Vector<Word> words)

First callsparse(Vector<Word> words ) and then selects
and returns the best alternative syntax tree.
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MorphologicalAnalyzer*

Word analyzeWord(
String wordText )

Morphologically analyzes the given word string aatlirns a
Word object. Uses Zemberek for morphological analyzany)
uses external dictionaries (to get root) in casmlzarek doesn’t
have the root of the word in its root dictionary.

Zemberek may return multiple morphological altenres for a
given word, that's why th&/ord object contains a list of
ZemberekMorphology  objects.

String askExternalDictionary(
String wordText)

Asks external dictionaries (Zargan,TDK) to find tloet of a
given wordText.

ResultsSectionMiner

mineResults( resultsText,
findingsList )

Returns a list of metioned associations with figginmentioned
in the result text. Also extracts other informatsurch as “6 ay
sonra gelsin”, “Normaldir” related to the report.

FindingsResultsAssociator

associateFindingsResults(
sentenceText,
findingsList )

Finds the mentioned findings §@entenceText , to associate
with findings in Findings section.

ConsultationSuggestionFinder

findConsultationSuggestion(
sentenceText )

Returns when the patient should visit doctor agfapecified

ExternalWordQueryManager

queryAllDetails( word )

Givenword , ask information (on synonyms, root, correct
spelling, usage in phrases (“dansite” -> “parazisatsite”),
whether the word is a medical term, etc.) from Zatgr DK
Dictionary, or other dictionaries. The results pegsistently
cached.

Returns detailed information.

querySynonyms( word )

Returns synonym information

queryPhraseUsage( word )

Returns all different usages of word

queryCorrectSpelling( word )

Returns correct spelling of the word (if Zemberelesi not have
the root of a word in its root-dictionary, it canrseparate its
suffixes. We ask external sources “cekiffrwords, and get the
“suggested” word as the root, injecting it into Zsarek, to
make it separate suffixes)
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ReportNormalityFinder

findReportNormality( Returns if the normality of the report is mentioned
sentenceText )

* Marked classes are already implemented in the prototype.

4.3.4. Language Processing Components Explanations and Rules

Our components are designed to extract information from a sentdecin the

example below:

Sep 1.

Sasda 6 mm capinda kistik, solda ise areola arkasinda 6x3 mm boyutlarindetkeéd vardir.

Sep 2

Saida 6 mm capinda kistik, sol@e areola arkasinda 6x3 mm boyutlarinda solid kitleler vardir.
ignored&removed

Sep 3.
Saida 6 mm capinda Kistik, solda areola arkasinda 6x3 mm boyutlarinda solid kilele.

predicate
Predicate Meaning: Existency: Existant, Normality: Unspecified

Sep 4.

Sasda 6 mm capindakistik, soldaareola arkasinda6x3 mm boyutlarinda solid kitlelervardir.

LM LM LM LM LM predicate

*L/M: Location/Measurement Group
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Sep 5

Sasda 6 mm capindakistik , soldaareola arkasinda6x3 mm boyutlarinda solid kitleler vardir.

LM LM wQ LM LM LM wQ predicate

Compound What/Quality Group: kistik, solid kitleler
Separated Findings:
Findingl: kistik kitleler
Finding2: solid kitleler

* L/M: Location/Measurement Group
* W/Q: What/Quality Group

Sep 6:

Separated Findings:
Findingl: kistik kitleler
L: Sa
M: 6 mm “cap”
Finding2: solid kitleler
L: Sol
L: Aerola arkasi
M: 6x3 mm “boyut”

The designed classes and detailed algorithm and rules for applying this idea can b
found below.

4.3.4.1. SectionSentenceSeparator

This component separates the given the paragraph of the findoigss&f a report
into its sentences. It first separates a section into sentaocesding to full stops. Sentences

which have “.” at the end, and the text inside a pair of “()” will be ignored here.

Then it separates the sentences into multiple semantic sent@wesy “semantic”
sentence has only one verb or verb phrase). It uses punctuation and f@rbak step. For

example “;” is mostly used to separate a sentence into two different, batre¢attences.
Ex: “Mukozal doku dgerlendirilmis, peristaltik hareketler ileride incelenecektir.”

Result:
“Mukozal doku dgerlendirilmis” (semantic sentence 1)

“peristaltik hareketler ileride incelenecektir.” (semantic secee?)
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4.3.4.2. VerbFinder

This component checks last words of a given sentence to find peedaradidate, as
Turkish sentences have their predicates at their ends.

First; the last word will be taken as the predicate, and thepréwous ones will be
tried to be joined to this word from the left, to catch a predicate of multiple words.

At each step, the current predicate candidate will be checked iinternal and
external dictionaries (via External Word Query Manager) to ond if it is a verb. The
longest predicate candidate will be the result of VerbFinder component.

The predicate candidate may be a verbal (fillimsi) instead dtllaverb, as
SectionSentenceSeparator separated the text into logical semanticagnte

Ex: “Sag memede dansitenin afitnormal dgildir.”

Result:
VERB_RANGE: 4-5

4.3.4.3. VerbMeaningFinder

This component finds the meaning of a predicate (in the groups of normalitgneris
and sometimes quality).

The predicate is first checked in our internal dictionaries (@eskerb rooted,
negative verb rooted, positive noun rooted, negative noun rooted dictionaries which have been
manually created before) for meaning. If internal dictionagdiesot contain the predicate, it
is asked against external sources (via External Word Query Manadend synonyms that
may exist in our dictionary.

If the result is reached through external sources, the predscatiléd to our internal

meaning dictionary for later use.

There are two cases. In the first case, the predicateveb aot, which will give us
existence information. In the second case, the predicate has a nou(narataldir”,
“dogaldir”, “diftizdar”, "bayuktir”), which may give information on

1. normality/abnormality
2. existence / nonexistence (and also contain quality to be associated with the

findings in the source sentence)

30



Ex: “Sag memede dansitenin aftnormal dgildir.”

Result:
Existence: yes
Normality: no
Quality: none (here)

4.3.4.4. SentencePartsGrouper

This component tags parts of the sentence as groups of “location-areastir or
“what-quality”. These groups can be easily identified by the help of theatilagkish.

The predicate of a sentence will not be passed to this component.

We define a crush element as a word with suffixes “-e( y@helme hali ), “-de, -da”
(bulunma hali), “-den, -dan” (ayrilma hali), “-(y)le -(y)labifliktelik durumu — but only as a
suffix, not the distinct word “ile”), a verbal (filimsi — suchs dolup”, “olarak”), some
predefined conjunction words (such as “i¢in”).

First the sentence will be scanned from left to right, lookingfesh elements. When
a crush element is found, the part of the sentence to the ldfe afrush element (up to a
previous crush element or the beginning of the sentence) will lbegz®d depending on the
type of the crush element. This part will be referred as féae associated with the crush
element”. Depending on the crush element:

» If the crush element is a suffix of “-e, -a”, “-(y)le, 4g/), or a conjunction word, then
the associated part of the crush element will be tagged (ignored).

» If the crush element is a suffix of “-den, -dan”, there are ¢a®es depending on the
leftmost word to the right of the crush element. If it is a nemnbo action will be
taken (we will continue processing the associated part of theéh celesnent),
otherwise, the associated part of the crush element will be ignored as-ai’ ‘de.

» If the crush element is a verbal, the verbal will be ignoredhfthe sentence, and the
associated part of the verbal will be joined to the right of the verbal.

» If the crush element is a suffix of “-de, -da”, the associatatl of the crush element
will be scanned from right to left. Initially, the rightmost wavdl form the “location
+ measurement” group. In each step, the rightmost word to the Ie¢fteofurrent
“location+measurement” group will be tried to be joined to the gmups left. This
new candidate group will then be passed to Noun Phrase Parseckoifcih forms a
valid noun phrase. Finally, the longest valid rightmost noun phrase leftled the
crush element will be tagged as “location+measurement” group, anckrtiening

part of the associated sentence part will be tagged as a “what+qgedityg.
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After the last crush element, the remaining part of the seatéon the right) will be

tagged as a “what+quality” group.

Examples:

Sasdasigmoid sinusciktir

L+ M W+ Q predicate
Her iki memede vardir.
L+M W+Q predicate

Non-dominant oldgu icin yava akimabagli teknik nedenlerle

ignored ignored ignored

goruntulenememiolabilir.

predicate

4.3.4.5. LocationOrMeasurementAnalyzer

This component decides whether the given phrase points a locationsaremeant or
is irrelevant. All “Dolayli timleg¢”s are analyzed in this component.

There are exactly five cases, illustrated below:

“Sol memede” -> Location, name: “sol meme”

“saat 6 hizasinda” -> Location, name: “saat 6 hizasl”

“aeroladan 2 cm uzaklikta” -> Location, name: “aerola”, distar®; distance_unit:
“cm”

“7TxX5 mm boyutunda” -> 2 measurements; measurement: 7, measunamtefitnm”,
type: “lengthl”; measurement: 5, measurement unit: “mm”, type: “length2”

“3 mm g¢apinda” -> 1 measurement; measurement: 3, measuremeritnumit type:
“diameter”

“(yapilan) US incelemesinde” -> irrelevant (“yapilan” cruséneént was ignored from

the sentence). There is a finite set of phrases: * sirasindainun  dginda”,
“incelemesinde”, “ile kaglastinldiginda”, “ * esnasinda”

“kemik ili gi diftz (olarak) baskilanmakta” -> (“olup” crush element was igddrom
the sentence). Here, to the left of “-de, -da” there is balewWe ignore the verbal, and return

“kemik ili gi diftiz” as “this should be tagged as ‘what-quality

4.3.4.6. FindingsAnalyzer

This component parses the given phrase into a list of findings @né’jheir qualities

(“nasil”). Most of the time, the given phrase is only a complex nduasg consisting of
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quality and finding name information. It returns a list of findimgmes and their related
gualities. More than one finding may be found from a single plthasdo nature of complex
noun phrases.

There can be multiple noun phrases in the given phrase. If thehlaste is a single
word, then it will be marked as a “quality” associated withottller findings to be found in
the phrase. (a special case: if the last phrase is a simgieand is in a special set of words
“normal”, “anormal”, “subnormal”, it won't be marked as a quality batanormality /
abnormality specifier for the findings)

Ex: Kemik dokusu ve kemik @i difiz (olarak ...) -> “kemik dokusu”, “kemik ",
“diftz”
Ex:  Kemik dokusu ve ifi difiiz (olarak ...) ->*“kemik dokusu ve @, “difiz”

Ex:  Kemik dokusu ve kemik @i -> “kemik dokusu”, “kemik ilgi

Parsing in this component is done from left to right similar to
LocationMeasurementAnalyzer. In each step, first the end of the input is dhkitleontains
a conjunction word (comma, “ve”, “ile”, “ya da”, “veya”). If therg it is removed. Then, the
rightmost side of the candidate noun phrase is fixed to the end of inputefimost side of
the candidate noun phrase is moved to left in steps, until the begiriniregioput is reached.
The longest valid noun phrase will be marked as one item, and the sacesspwill be
applied to the rest of the input.
Ex:

Kemik dokusu ve kemik igi diftiz

A~ valid noun phrase

Kemik dokusu ve kemik ifii diftiz
A A invalid noun phrase

Kemik dokusu ve kemik igi diftiz
A A invalid noun phrase

Kemik dokusu ve kemik ifii diftiz

A A invalid noun phrase

Kemik dokusu ve kemik igi diftiz

A A invalid noun phrase

33



The longest valid noun phrase is “difiz”, so it is marked as one itamgved from
the input, and the process is repeated. This technique relies acthbat our noun phrase
parser can only parse single noun phrases ( ‘kandokusu ve ili”, “kemigin dokusu”, but
not phrases containing distinct items as in “kemik dokusu ve kergikah “doku ve ilik™).

The noun phrase parser will return each item as a list of simple noun phrases.
Ex:  Midenin konturlari, pasaj ve peristaltizmi ile mukozal rolyefi

“midenin konturlar”, “midenin pasaji”, “midenin peristaltizmi” “oenin mukozal
rélyefi” are simple noun phrases parsed from the initial long noun phrase.

Ex:  Kistik ve solid lezyon bulunngtur.

2 findings: quality: kistik what: lezyon ; quality: solid what: lezyon
Ex:  Kistik solid lezyon bulunmgur.

1 finding: quality: kistik, solid what: lezyon
Ex:  Kistik ve solid mide lezyonu bulunrgtur.

2 findings: quality: kistik what: mide lezyonu ; quality: solid what: mide lezyonu.

4.3.4.7. SentenceFindingSeparator

This component will mine findings from a single logical semaseatence, and
returns them as a list.

First, the sentence is sent to VerbFinder to find the position girdticate. Predicate
may be composed of one or more words. Once the predicate is fourskparsted from the
sentence body. The predicate is passed to VerbMeaningFinder to gelityanthexistence.
VerbMeaningFinder may also return a single quality to assowaigiteall findings extracted
from the sentence. If there is no normality / existence infoomatetrieved from the
VerbMeaningFinder, the sentence is no further processed.

Then, the rest of the sentence is sent to SentencePartsGtouper parts of the
sentence “location-measurement” or “what-quality” groups. These garepthen processed
in left to right order. Each group is passed to LocationOrMeasm&nalyzer or
FindingAnalyzer depending on group type.

The locations are attached to findings and the finding list is returned.

4.3.4.8. FindingsSectionMiner

This component calls SectionSentenceSeparator and SectionFinding&epara
extract the distinct findings mentioned in each of the semantiersges of a given of the
findings section of a report (Every “semantic” sentence hasay@werb.). The result is a list
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of findings. Every finding has properties such as finding type (“rigidJity list, location list,

measurement list, and information on normality and existence.

Ex: "Sol memede kitle, §amemede dansitenin asitnormal dgildir.

Result:

Existence: yes
Normality: no
What : kitle art sl
Qualities: []
Locations: sol meme
Measurement: []

Existence: yes
Normality: no

What : dansitenin arti sl

Qualities: []

Locations: sa § meme
Measurement: []

4.3.5. Statistical Querying Components Explanations and Rules

Mining by itself is not enough for an application like RadioRealder& is an
important need to access acquired information later.

For querying of accumulated information, we have designed a lamgyagnmar.
This grammar allows both SQL queries and Turkish sentences tomérag from the same
syntax tree.

The main component of statistical queries is tiasta _grubu  node in a query
syntax tree. All statistical queries contain one or nf@asta_grubu nodes to determine
targets and some extra information such as the number of columnshowe on the bar-
graph for themeasurement_graph_query . In this section, we will show a sample
hasta_grubu node, its pseudo-SQL and Turkish counterparts. The Turkish countdrpart

shown to the user to validate his ideas.
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Its Turkish counterpart (to be shown to doctor to validate his selections in GUI):

18ile 25 ya s arasl kadin hastalardan;

(sa § memesinde VEYA sol memesinde

3 ile 10 mm arasinda kistik lezyon tespit edilmi s)
VEYA

(en az 2 en fazla 10 raporunda;

areola arkasinda spekiler lezyon tespit edilmi s)

ki siler

Its pseudo-SQL counterpart (to be executed on database server):

SELECT Hasta.hasta_id

WHERE

(Hasta.yas>18 AND Hasta.yas<25 AND Hasta.cinsiyet=" kadin")
AND

(

Raporl.hasta_id = Hasta.hasta_id
AND
(
Bulgul.rapor_id = Raporl.rapor_id
AND Bulgul.ne="lezyon"
AND Bulgul.nasil="kistik"
AND (Bulgul.yer="sol meme" OR Bulgul.yer="sa § meme")
AND (Bulgul.olcum>3 AND Bulgul.olcum<10
AND Bulgul.olcum_turu="mm")
AND Bulgul.varlik=TRUE

OR

Rapor2.hasta_id = Hasta.hasta_id
AND
(
Bulgu2.rapor_id = Rapor2.rapor_id
AND Bulgu2.ne="lezyon"
AND Bulgu2.nasil="spekdler"
AND Bulgu2.yer="areola arkasi"
AND Bulgu2.varlik=TRUE
AND HAVING COUNT(Bulgu2.%)>2 AND COUNT(Bulgu2.*) <10
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4.4. Sequential Diagrams

4.4.1. Sequential Diagram for UserManager, PatientManager, LoginManager
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T T T T T
I ] . ] ] 1
™ | loging ) | | |
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4.4.2. Sequential Diagrams for AddReportManager, ReportManager and

LoginManager

T . [
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4.4.3. Sequential Diagrams for StatisticalQueryManager and
ReportQueryManager
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4.4.4. Sequential Diagrams for ReportMiner, FindingsSectionMiner and
ResultsSectionManager

DrataEngme Reporthiiner FmdmgsSectionlvimer ResultsSectionlmer DataBase
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4.4.5. Sequential Diagrams for FindingsSectionMiner
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4.4.6. Sequential Diagrams for SentenceFindingSeparator
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4.4.7. Sequential Diagrams for ResultsSectionMiner
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4.4.8. Sequential Diagrams for ExternalQueryManager
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4.4.9. Sequential Diagrams for ExternalQueryManager
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5. Modelling

5.1. Functional Modelling

5.1.1. Data Flow Diagrams

5.1.1.1. Level-0 Data Flow Diagram
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5.1.1.3 Level-2 Data Flow Diagram: Data Engine
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5.1.1.4 Level-2 Data Flow Diagram: Report Information Engine
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5.1.1.5 Level-3 Data Flow Diagram: Query Analyzer
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5.1.1.6 Level-3 Data Flow Diagram: Text Mining Engine
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5.1.1.7 Level-4 Data Flow Diagram: External Word Query Manager (Part of
Morphological Analyzer)

word
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Extemal Dictionary

Extemal Dictionary

quenss
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5.1.2. Data Dictionary

Name:

Word query

Where used?

Output of External Word Query Manager (Level 3: Text Mining

Engine)
Input to External Dictionaries (Level 0)

Description Query that is sent to external dictionaries to get meaning
information.
Name: Simple queries

Where used?

Output of Data Engine DB Interface(Level 2: Data Engine)
Input to External Database (Level 0)

Description SQL queries that are sent to external database to get/seatidar
which are not mined from reports, but about meta data.
Name: Text mining queries

Where used?

Output of Database Interface (Level 2: Report Informatiamefn
Input to External Database (Level 0)

Qi

Description SQL queries that are sent to external database to get/seatidar
which are mined from reports.

Name: Data Engine

Where used? Level 1

Description Internal engine that separates data depending on whetherlkhey wi
be sent to Report Information Engine to be text-mined or External

Database to be stored.
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Name: Report Information Engine

Where used? Level 1

Description Internal engine that extracts information from reports anddsand
complex queries such that statistical and report queries.

Name: New Reports

Where used?

Output of Data Engine (Level 1)
Input to Report Miner (Level 3: Text Mining Engine)
(renamed as ‘findings text’, ‘results text’ in Level 3)

Description Original text reports that are to be mined.

Name: Text Mining Engine

Where used? Level 2

Description Internal engine that extracts information from reportsibyg text
mining techniques.

Name: Query Analyzer

Where used? Level 2

Description Internal analyzer that sends a stream of simpler quéniets ave
obtained from complex queries (statistical/report queries), and
merges results.

Name: Information query

Where used?

Output of Query Analyzer (Level 2:Report Information Engine
Input to Database Interface (Level 2:Report Information Engine

Description

Simpler queries which are obtained from complex queries.

Name:

hasta_grubu Node

Where used?

Output of Complex Query Handler(Level 3:QueryAnalyzer)

Input to Patient Group Query Parser (Level 3:Query Analyzer)
Description The root node of a hasta_grubu syntax tree. See statistical query
grammar for details.
Name: bulgu Node

Where used?

Output of Complex Query Handler(Level 3:QueryAnalyzer)
Input to Finding Query Parser (Level 3:Query Analyzer )

Description

The root node of a bulgu syntax tree. See statistical query
grammar for details.
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5.2. Data Modelling

5.2.1. Entity-Relationship Diagrams
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5.2.2. Data Descriptions
The data description part gives information about the structureeoflatabase. We

have demonstrated entities and relations without their attributgsathof this, attributes of
entities are listed below. The underlined data are the primasy-key the data with stars are
foreign keys.

We have 5 global tables that will be populated after doing somentaxihg on
reports. They are “Ne”, “Yer”, “Nasil”, “Yer_Rel” (demonstnagj the relation between two
“Yer” records) and “Ne_Rel” (demonstrating the relation betwiaeo “Ne” records) (See
Section 5.2.3).

Ne:

This entity contains information about kinds of all possible findings.
Yer:

This entity contains information about locations of all possible findings.
Nasil:

This entity contains information about qualities of all possible findings.

Hastalar:

This entity contains all necessary information about the pati€hts. information will be
inserted to database through GUI, and they will not be text-mined.iffflormation will be
used for diagnostic purposes by doctors.

Doktorlar:

This entity contains all necessary information about the doctorstitat the reports. This
information is gathered from reports. This information will be used for staliglicposes.
Kullanicilar:

This entity contains all necessary information about the users.“Kii&nicilar” entity
contains information about login information and access-rights. Thisnatan will then be
used to categorize users into five groups: Admin, Staff-1, Staff-2, Doctor, arstiStati
Raporlar:

This entity contains all necessary information about reports. Egmbrtris owned by a
patient, can have multiple doctor information which is written in tispamd can be added by
only one user. This entity contains only non-mined meta informatioat abports, such as

title, text, date.

53



Islenmis_Raporlar:

This entity is a Raporlar. This entity holds the mined informadioout reports and separates
meta information and mined information.

Bulgular:

This entity contains any finding mentioned in the findings (“Buldlilaection of a report
text. All information (normal, abnormal, existent, and non-existent)cdmabe extracted from
the report text about a single finding is stored here.

Bulgu_Olcum:

This entity contains information about quantities of a “Bulgular” record.

Bulgu_Nasil:

This relation makes an n-to-n correspondence between “BulgularNa=dl™ entitites. This
holds qualities of a “Bulgular” record.

Bulgu_Yer:

This relation makes an n-to-n correspondence between “Bulgatal™Yer” entitites. This

holds locations of a “Bulgular” record.

Database Tables:

Kullanicilar ( user_idaccess_rights, username, password, active, name )
Hastalar (_patient_jchame, surname, cinsiyet, year_of_birth)

Doktorlar (_doctor_idtitle, name, surname )

Raporlar (_report_idpatient_id*, user_id*, title, date, clinical_info, technical_info, findings,
result)

Yazildi ( doctor_id, report_id")

Islenmis_Raporlar ( report idsure, sure_birimi, normallik )
Bulgular (_bulgu_idreport_id*, ne_id*, yer_id*, normal, var, sonucta_geciyor)

Bulgu_Yer (bulgu_id, yer_id*, uzaklik_olcum, uzaklik_birim )

Bulgu_Olcum (_bulgu_olcum_jdulgu_id, olcum, olcum_birimi, tur)

Bulgu_Nasil (bulgu_i8, nasil_id+, sonuctan )

Yer (yer_id isim)
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Yer_Rel (_birincil_yer_id, ikincil_yer_id*)

Nasil (\nasil_id isim)

Ne (\ne_idisim)

Ne_Rel (birincil_ne_it ikincil_ne_id*)

Raporlar
report_ic
patient_id*
User_id*

Title

Date
clinical_info
technical_info
Findings
Result

Islenmis_Raporlar

report_ic
Sure

Sure_birimi
Normallik

Bulgular
bulgu_id
report_id*
ne_id*
yer_id*

Normal
Var

sonucta_geciyor

Bulgu_Yer
bulgu_id*
yer_idt
uzaklik_olcum
uzaklik_birim

The title text of the report

Date of the report

The text in the Clinical Information section
The text in the Technical Information section
The text in the Findings section

The text in the Results section

Quantity of the advised time for next consultation. Can be NULL if not
specified in the Results section of the report

Unit of the time

True / False / NULL — Holds whether normality / abnormality is
specified in the Results section of the report

Holds the primary location of this finding. Bulgu_Yer table holds
secondary locations
True / False / NULL — holds whether this finding is specified as normal
or abnormal or not specified in normality
True / False / NULL — holds whether this finding is specified as axiste
or non-existent or not specified in existence

True / False — Holds whether this finding is also referenttedresults
section of the report

The quantity of the distance
The unit of the measurement
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Bulgu_Olcum
bulgu_olcum id
bulgu_id*
Olcum
olcum_birimi
Tur

Bulgu_Nasil

bulgu_id*
Nasil id*
Sonuctan

Yer

yer_id
Isim

Yer_Rel
birincil_yer_id*
ikincil_ver_id*
Nasil

Nasil id
Isim

Ne
Ne id
Isim

Ne_Rel
birincil ne idF
ikincil ne idr

The quantity of the measurement
The unit of the measurement
The kind of the measurement (i.e. “cap”, “h1z”, “uzunluk”, “boyut”)

True/False. Holds whether this quality is gained only from thaltRes
section of a report

Name of the quality (i.e “meme”, “sol meme”, “areola” )

Name of the quality (i.e “dens”, “heterojen”, “solid (lezyon)” )

Name of the finding (i.e “duktal ektazi”, “patern”, “lezyon”)

5.2.3. Database and Ontology
In medical terminology all terms are related to each othepine way. These terms

can be relations between locations such as the relations dmetta&siler kuyruk”, “sol

meme”, “meme” and “Ust gbvde”. These relations can be seen iry @at of the

terminology, among location names, diagnosis, treatments, qualitiggs. drhis kind of a

structure is called ontology and can be represented successjully goaph structure in

software.

SNOMED database provides such an ontology for English medicas.téricontains

all the relations between diagnosis, locations and treatmen®ME&R is popular in medical

software, both in text mining and hospital automation systems in English speakingesountr
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As we study on text mining on Turkish medical reports, we cardinettly use an
English medical ontology like SNOMED. But it is still possibtecteate a Turkish medical
ontology based on sample reports.

We have designed our database to support an ontology structure, suelvettyat
location can be bound to a “parent” location (for example parent ofimisale” is “meme”,
and parent of “meme” is “Ust gévde”), or every finding “what” dsn bound to a related
parent “what”. Locations and other names in mined findings wilbeastored as free-text in
the database, but rather a link to a global instance of that name.

Whenever a new location/finding name, that has been never encoubnédoed, is
found in a report, the new name will be added to the global tables ¢tiN®er”) but no link
will be created for its parent in the relation tables (“Nel” R_nd “Yer_Rel”), because we
cannot deduce it only using rules.

Although we cannot deduce ontology relations for new terms at runiienbave the
ability to fill the global name and relation tables manually ef®adioRead is installed to a
hospital. This way, a sufficient ontology might be produced either d¢fa installation or
after some time in production, thanks to our database design.

In the future, these ontology relations may be constructed usM@MED
information too, without disturbing patient records in database.

As we have mentioned above, we have 5 global tables (“Ne”, “YergsiiN

“Yer_Rel” “Ne_Rel”). We will relate “Ne” and “Yer”.

5.2.4. Create Tables
CREATE TABLE statements are in Appendix C.
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5.3. Behavioral Modelling

5.3.1. State Transition Diagram for Analyzing Reports
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5.3.2. State Transition Diagram for Analyzing Single Sentences
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6. GUI Design

e C ..-" '
“-. f’-.

RadioRead

Kullaties ddi - | dr.ipektatli |

MHMREMMR |

Sifre:

_GIRIS YAP

Figure 6.1- Login to RadioRead
Login screen is above. The user must enter his/her username andrpgassbe able
to login to the system (Figure 6.1).

Kullarict iglerrleri l_Has_ta, igle_mle_riﬂ_‘i_§tatistik.sel_a5 Dgghulia[_." Fiapar i§lemler_i.j

E Kullanic Ekle 1 ~Brama Eriterleri -

| KulanciBigisi Degisti | Adi- Soyad; | |

[ Eullaric Aktit/Dre akbif i@!g{n!q@ ] Fullamc Ad | |
Kullanici Adh | Girg izinler | il el A Sopad

Figure 6.2- “Kullanici Islemleri” of RadioRead

60



We have 4 tabs in the main window but every user is not able to esetask. They
can access these tasks only if they have the necessary pmmmida RadioRead only
administrators (modifyUsers privilege) can access “Kullarigemleri” (Figure 6.2).
Administrators can add and modify users, they can change usegssadghts and can
activate/deactivate their accounts. They can search usergliagcts name, surname and

username. They can list users found in the grid view.

2 RadioRead M= x|

|_‘K_u||an||:| |$||3_m||3_|'|I Hasta |$|EITI|E” ilStat|§t|k$E| SDEQH'E[ !| Hapl:lf |§|E|TI|E[!J:

~&rama Fnterler ; -
t_ Hasta Ekle 1 Hasta Adi-Sopad | !
| Hasta Bilgisi Giincelle |

Cinzipet ; | |

% [ ]
| DoktorGiisi | g Aralig -
Hazta Adi | H_asta Sopad | I:insi__l,leti | Dogurn T_arihi

ol |

Figure 6.3- “HastalIslemleri” of RadioRead

In RadioRead only the users who have AccessPatients or MatiageParivileges
can access “Hastilemleri” (Figure 6.3). Users having ManagePatients privilege lisan
patients, can add and modify patient information. Users havings8egients privilege can
list patients, can access the “Doktor @irbutton which will show the patient details of the
selected patient (explained later). Any user listing patieats search patients according to
their name, surname, gender and age range.

61



4010 Damls Cinsipeti.  Kadin :
SOYADl:  Tath Dragurn T ariki: 19930928
Raporlara Ulag | Biulgular |

ngq_r_T:arihi | Hapnr_Ba;Ilﬁl_ | N_u:urmallik | K_u;unt_rnll;lnerisi_
* | |

Figure 6.4- “Doktor islemleri” of RadioRead
In RadioRead only the users who have AccessPatients privitageaccess “Doktor
Islemleri” (Figure 6.4 and 6.5). They can list reports of a patient or sediftin the extracted
findings from the reports. By clicking on the “Raporu Oku” button, useread the selected

report or selected finding’s report.

A0l Damla Cinzipeti: Kadm
SOVADL:  Tath Diogum T arihi: 1993-03-22
Fiaporlara Ulag Bulgular|

B

R apor Bazhdr:

|
| 2] e | ¥
NasiBitBugu? | 2 NeBugu | v
| M Bulgu Dlglimler; |-¥-| ile M| arasinda
Uil Birii lgiim Tl

Tarih E:SP!EII | Me? | M azil? |'Yerler | Olziirmler | ‘:fn??r | Marrallik, | Cirer |

£ | | | | | | | |

R apaor T arik Aralidr;

Bulgu e

Figure 6.5- “Doktor islemleri” of RadioRead
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P =

o-! RadioRead: Rapor Oku B@

Rapor Sahibi

Al Drarnla Cinziveti: K.adin

SOvADN:  Tath Dragurm Tariki; - 1993-03-28

Rapor Baghar: jSEIL ELBILEGI MRG

Fiapor T ariki: 07 -bdy*-02

Ktk Bilgiz:: El biledi agrizi, TFCC wirhidr? eski skafoid wirbidi.

Teknik Bilgr 0BT T1A, T2% 3B ve vB koronal, T2%A ransvers ve sagital

Bulgu: Diistal radyoulnar eklerﬁ _i.u;i vl rﬁik.tarl rorrnaldir. Skafnid Iateraliﬁde miﬁir.nal
{siv1 artigl gordmektedin, Interkarpal eklem igi zra miktarlan normaldir. Uinar
zhiloid kink, izlenmektedic ve tianguiler fibrokartilajn ulnar stiloide badlanma
verinde zinpal artiz dejenerasyon wrtiding dizundurmektedir: Triangliler
fibrokartila nfenorunda milimetnk birbagka kemik fragmar gorlmektedic
| [kinga bagh serbest kemik fragman? aksesuar kemik?). Skafolunat ve
[uratrikLigtral igamentler narmaldie. Tip 2 lunat izlenmektedi. Farpal
kemiklenn dizilimlen normaldir. Skafoid kemik ligi intensites normaldir.
Fleksor ve ekstenzor tendonlann kalinlk, ve intensitelen normaldir. Fleksor
karpi radpalis posteriorunda 5 % & mm boyutlannda ganglion kisti
_ qariilmektedir.

Sanug: Irnar stilu:uiu:l klr@;i WE triangi.jler fil:uru:ukartilai dl-EiEﬂElat.i.f"_lrllrt@;i, el I:ui.Ieﬁi wolar
tarafta ganglion kizti.

Fiapon tazanlar: .Dr. (ki Kerirnogha

Figure 6.6- “Rapor Oku” in RadioRead

This is the view report window. Any user that has AccessPatients prive@gaccess
this window (Figure 6.6).
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| Kullarucy iglemleri | Hasta islerler |

istatistiksel S rgular | Rapor iglemleri l

-~ Brama Friterleri

[ eni Rapor Ekle ] Hasta.-’-‘-.dl-Su:uyadl:l |

R apor Tarihi:

F apor Bazhd |—|

Hastaad | Hasta Sopad | Rapor Baghdi | Fapor Tarhi
* |

Figure 6.7 “Rapor Islemleri” of RadioRead

In RadioRead only the users who have “AddReports” permissions cassadttapor
Islemleri” (Figure 6.7). They can add a new report. They can lseamorts according to

name and surname of patients, report date and report title. Théigtaaports found in the
grid view. They cannot read reports.

55" RadioRead
|_!{_H_llgnlpl_jﬂemlerij!_IHas_La_jﬂemle_ri__] statistik:zel Sorgular L-EEP':'LJ-%?"-”!?@!

F.ac Tane Sorguzu

Yidzde Fac Sorgusu

Grafik Sorgusy

Figure 6.8 “istatistiksel Sorgular” of RadioRead
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In RadioRead only the users who have “QueryReports” privilege caess
“Istatistiksel Sorgular” (Figure 6.8). There are three typeguefies: “how many”, “what

percentage” and “graphical”’. Users can select a query type by usimgkthenlthe window.

55 RadioRead : Kac Tane Sorgusu

{Hasta Bilgileri}  {Rapor Bilgileri}

Figure 6.9 “Ka¢ Tane Sorgusu” part of RadioRead
Above is the “how many” query (Figure 6.9). The user will speddéails of the

components of the query by clicking on the links. Clicking on “Haslgil&ii” brings the

following window:
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o' RadioRead : Hasta Bilgisi Giriniz. .. E]

T ag Aralig Ginniz: EI Ev_ ile jv
Cinziveti;

Figure 6.10 “Hasta Bilgisi” part “ istatistiksel Sorgular”

After the user specifies the constraints in the above windowr@i§.10), the query

text will be automatically updated as below:

.E;.u_.i RadioRead Q@

| Kullarict fslernlesi | Hastalslemler | Istatistiksel Sorqular | Rapor iglemleri|

10le 20 yaz arahifinda olan ve cinziveti bayan olan hastalann kacimmn 1B a0or Bilgileris

Figure 6.11 View of the program after patient constraints

Then the user can click the “Rapor Bilgileri” link to specify report consisgiFigure
6.11 and 6.12).
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o= RadioRead

| Kullanicislemleri | Hasta isterler | Istaistksel Sergular | Fiapo isfemeri
Rapor Bilgizi
) : R
Tarih arahdi giriniz: | V_E ile V,:
En az we en gok Fapor Saws giriniz; | v e | ¥l
Bulgu Bilgez
1
Bulgu igin bir bolge zeciniz; | |2l
T '!" :l - - |
Olgiir arahdi giriviz: L 1] le _ i
...... : _
Olgiirn birirni : ) Bl i | il
Me bulgusu? L il
T 'I' '; ' T -
Hazi bir bulgu’? | ¥ Warmi? 'v;
Harrnallik. ,v‘. Sonucta gecivor mu’? v_ﬁ
ikinci bir Bulgu Girdisi igin - Dewvarn
ikitici Bir Bapor icir: - Desarn
o
Figure 6.12 “Rapor Bilgileri” part of “ Istatistiksel Sorgular”

:'_39 RadioRead '

| Kullarizt iglernler | Hasta islernler | Tstatistiksel Sorqular | Rapar islemlar

iHasta Bilgileny
10 ile 20 vaz aralhdinda olan ve cinsivet bavan olan hastalann kaginn; - 2008-09-12  ile 20070312

tanhlen arazinda vazilmiz; enaz 5 weengok 15 tane raporunda;  mide bolgesinde;  cap

Jile:5 mm arazinda dlglimiiz;  fibroglandiiler dururmundaki— dansite bulgusu wardie we normaldir?

Ay zamanda bu bulgular, zonugta gegmektedir’?  1Bapor Bilgilent

[ Hezapla ]

[ iztatistikzel Sorgu dnazayfazina gen ddn ]

~ Figure 6.13 View of the program after report and findings constraints
A finished “how many” query will look like as in the above windowgie 6.13).
The user can click on the “Hesapla” button to execute the query.
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5t "Yiizde kac?" sorgulan Q@

Aranan Grup:
_D 5__"4‘ ile ]| yaz aralginda ve
Cirigipeti ]| olan hastalann kaginm
11 e [% 0 tariblen arasinda yazing

enaz | 1™l weencolk | 24 tane raporinda

[ 4 :. biolgesinde

ML durumundali

1 e | = | || arasnda clgiimiis
M1 bulgusu
_V: e M| Ay zamanda bu bulgular, | -.v,-‘
Kriterlerine upgun haztalann, belileyecediniz diger hazta grubuna orarim bulmak: igin:
Diger Savfadan Devam Ediniz...

Figure 6.14. “What Percentage Queries” of Statistical Query

! i{:inde Aranmlan Grup: = |LC [
Iginde Aranlan Grup
U E_V_:- e vs pag aralignda ve
Ciriziyeti [l olan hastalann kaginm
¥ e (™| tarhlen arasinda vazimig
Enaz | ¥ weencok | .._V_,:f tahe raporunda

\f'r biolgezinde

durumundaki
1 oo e
2] e | 124 | 1| carasinda olgulmig
™1 bulgusu
| ¥ we [#| . Aprizamanda bu Bulgular, 184

Bir Oriceki saptadaki kriterlere upgun hastalann, vukandaki kiterlere ayan haztalara oranicin:

Hezaplal..

Figure 6.15. “What Percentage Queries” of Statistical Query-Part2
After clicking the “Hesapla” button, the user will first see the queryeseetin natural

language, then he can change the query or decide to execute the query (Figure 6.14 and 6.15).
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55 Grafik Sergulan E] %

Hasta Bilgisi =
|0 ﬂv il V: vag aralifinda e
Cirnigipeti :_l . v olarhagtalann kaciin
| v ile: v tarihlen arasinda yaziimig
&h &z l_ v we en gok :__ v tane raporunda
[ V holgesinds
v durururidaki
v il V | v arasinda dleiilmbiz
v blgusunun
Bulgu
- .E-V.. balgezinde
v-r durumundaki
\v e l_ V V araznda dlitilmiis
V II bulgularda
OLCER TUHU:; v
KOLON S4i5) | v knterenne gore grafiklenni giz l TAMAM ]

Figure 6.16. “Measurement Graphic Queries” of Statistical Query
After clicking the “Tamam” button, the user will first séetquery sentence in natural
language, and then he can change the query or decide to ettecueery (Figure 6.16).
When the query is executed, the user will see a bar graph wdhON_SAYISI” bars; each
bar showing the number of finding measurements of type “OLCUM_TURYifg in some

range.
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7. Testing Methodology
7.1. Integrity Checks

We plan to use Unit Tests to maintain the integrity of componentglasges over
time. Due to time restrictions in the first semester, vdendit write unit tests during the first
semester, but maintained the design and components separate floathegicFor example,
our current design allows instantiating and testing a Senters€auper apart from the rest
of RadioRead, which makes our components ideal for unit testing.

The design restrictions chosen this semester will allow eagily integrate Unit Test

frameworks such as JUnit within RadioRead codebase in the second semester.

7.2. Success Analysis

We will measure success of our project in two dimensions: rateegétives (of
findings), and rate of positives (of findings). A negative iBnéel as a finding that does not
exist in a report, but found to be existent by the mining engine, aoditive is defined as a
finding that exists in a report and found. Ideally, rate of negash®uld be 0% and rate of
positives should be 100%.

We plan to create a list of expected results from randoehdgted sample reports in a
systematic way. After every major improvement, these repaltdevgiven to RadioRead-
Report Information Engine for mining, and the automated resultdbwitompared with the
results we have extracted manually. From these comparisensilivibe able to calculate rate
of negatives and rate of positives.

Doing these analyses periodically, we will be able to track our success oger tim
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8. Development Schedule
8.1. What Has Been Done So Far

8.1.1. Overview
During the first semester, we have designed crucial part®uof project and

implemented a proof-of-concept prototype to show our ideas.

We have decided on using rule based approaches in RadioRead. We balieutet
based approach is most suitable in these radiology reports asattmeation contained within
IS not sparse, but very dense.

We have designed the code and component structure of RadioRead in #gtesem
We have implemented all the classes under Report InformatiomeéEndvining part in a
basic way for the prototype, as that is the main focus of our prdjee implemented part
covers all the children of FindingsSectionMiner in the component gshptvn in section
4.2.3.

We have clearly defined our algorithms and rules for text-mining, and disttithdse

rules to different components in our design, as mentioned in section 4.3.2.

8.1.2. Statistical Queries (also mentioned as Complex Queries)
As we stated before, we aim to develop a useful information accntemethod from

huge amount of electronic patient reports to enable secure,l ehtcaser friendly access to
patient information. We will provide an environment for users tosactieese information as
easy as using a natural language; an environment in which thelaesemnot have to know
anything about technical aspects of how the information is repessentthe database
systems involved.

RadioRead has 3 types of statistical queries. One of theHas ‘many?” query
which provides to access how many patients there are withube gpecifications. Other is
“What percentage?” query. This query provides access to percaitpgients over a super
class of patients. The user will give specifications aboubapgof patients (a) and another
group of patients (b) that encloses the first group. RadioReadewitn the percentage of ‘a
intersection b’ over ‘b’. The third type of the queries is “Measwent-Graph” query which
provides access to some graphics about the specifications giviea bgdr. User will give a
group of patients (a), a single finding (b), and measurement typEn@d a number (d). ‘b’
must exist inside ‘a’s specified reports if there is arporeconstraint given. Otherwise ‘b’

exists inside all reports of the patient ‘a’. RadioRead witurre a graph plotting the
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measurement of ‘c’ in ‘b’. ‘d’ specifies the number of groups (colynnmghe graph. Each

column in the graph has the range
(calculated_max_measurement - calculated_min_measur ement) / d

as measurement value.
The language grammar that we created for the statisticaleguean be found in
Appendix A. A sample on how a parse tree of this grammar can dgaisenstruct an SQL

guery or Turkish sentence is shown in Section 4.3.5.

8.1.3. Basic Queries

These queries do not use acquired data mined from the reporadingtey are used

for data such as information of patients, doctors, users or reports.

8.1.4. Accessing an External Dictionary

We plan to us&argan as an external dictionary because it has a medical dictionary
inside. We have implemented some classes in Java and we canssdadorZargan and we
can have information about whether it is a medical term or not.

When we ask a word to Zargan, Zargan may propose us some words sinhe
given word if the word is not in it. This provides us to guess antyzn#e most similar
word and send it to Zemberek’s dictionary. Zemberek can separate tsirtotiand suffixes.
If the word is in Zargan, Zargan gives the Turkish, English mearandssource dictionary
type of the word. It also gives us phrases about its usage andysysohthe word that we
asked. This is useful for us because we can guess if it imassilor it is a locus of a patient
etc. Also we will utilize the phrase usage information to sgpdwhat” and “quality” from
an input in a better way. Source dictionary type in Zargan iscaiseenient to differentiate
between medical terms and non-medical words.

Zargan has XHTML pages that can be easily parsed withsJXML parsers. This

makes Zargan an excellent choice.

8.1.5. Semantic Analysis

8.1.5.1. Importance of Noun Phrases in Sample Radiology Reports

Semantic analysis is the most important step in natural lgegpeocessing. In this
step, sentences are translated to semantic formulas. In ordeate these formulas, lexical

and syntactic analysis are used.
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We have analyzed the sample clinical reports given to us andregemost of the
sentences in the findings part can be considered as “simplensesit, composed of a
(probably) complex noun phrase and a verb phrase. The noun phrase ipasitom of
different findings, whereas the verb phrase (usually consistiogebr two words) identifies
the overall semantic information about these findings, such as seXat not exist” “is

identified” “is normal” “is abnormal”.

8.1.5.2. Noun Phrase Parser Grammar

We have decided to start with parsing noun phrases. Noun phrasatharecomplex
phrases, since there can be multiple noun phrases connected tthesrclvith conjunction
operators (e.g: ',', 've', 'ile"). Even more, these operators nospetyfy connections, but also
associativity. Common parts of phrases can be grouped togetherasuich arithmetic,
forming a complex noun phrase, which can then take part in a bigger noge.ghrarder to
handle noun phrases we have decided to write our own noun phrase parser.

We have written a grammar for handling noun phrases suitable formbap parsing,
and conducted tests using JS/CC. JS/CC is a LALR(1) parsdexadl analyzer generator
for JavaScript, written in JavaScript. Although JavaScript inteergare readily available for
Java, JS/CC has its limitations. JS/CC does not allow backtgackimd that restricts our
grammar to a certain subset. We plan to use another compil@ileofor our grammar in
RadioRead.

There are mainly two types of phrases in Turkish that we ageested in: adjective
phrases and noun phrases. These phrases both consist of two parts, dmanalay

“Tamlanan”. There are 2 kinds of suffixes that are relatedi™¢specifying a Tamlanan) and
“In/-in (specifying a Tamlayan).

Adjective phrases consists of one adjective (Tamlayan) and one Thaara@an),
without suffixes. Although adjective phrases act as nouns (as a)gnoather phrases, they
cannot act as a noun in another adjective phrase; so an adjective @hlisasonsist of two
consecutive words without suffixes.

Noun phrases are in three different forms, “belirtili”, “bediti’ and complex. All
three of them has two parts: Tamlayan and Tamlanan. “Bélatil “belirtisiz’ noun phrases
consist of two nouns, the second one (“tamlanan”) always has the ‘Sufif. In “belirtili”
noun phrase, the first word (“tamlayan”) always has the sufiix-in”, and in “belirtisiz”

noun phrase, the “tamlayan” does not contain any suffix.
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Complex noun phrases are in fact “belirtili” noun phrases, whose ‘yamilgart is
not a word but another noun phrase. The noun phrase still has the suffix “-in/-in”.

According to our grammar, there are two noun phrase kinds: adjectiaseghr
(SIFAT_TAMLAMASI) and noun phrasesISIM_TAMLAMASI). Adjective phrases
(SIFAT_TAMLAMASI) are composed of one nousiM ) or two consecutive nouns. If there
is one noun in an adjective phrase, then the phrase degrades to a word. Nem@s phr
(ISIM_TAMLAMASI) are composed of two parts, namelffAMLAYAN and
TAMLANAN_GRUBU

TAMLAYAN can be composed of BELIRTILI TAMLAYAN GRUBU or
BELIRTISIZ_TAMLAYAN. BELIRTILI_ TAMLAYAN_GRUBU is composed of
BELIRTILI_TAMLAYAN_GRUBUconnected to each other with commas),(ILE (‘with'),
VE (‘and’) orBELIRTILI_TAMLAYAN_GRUBU2 BELIRTILI_TAMLAYAN_GRUBUZ? is
composed oTAMLAMA -IN or multiple SIFAT_TAMLAMASI connected with commas and
ends withVEILE SIFAT_TAMLAMASI —IN . BELIRTISIZ_TAMLAYAN is mainly a
name only.

TAMLANAN_GRUBBE composed of multipl#AMLANAN_GRUBtdnnected to each
other with commas ,("), ILE, VE or TAMLANAN_GRUBUZAMLANAN_GRUBU’
composed of SIFAT_TAMLAMASI -1 or multiple SIFAT_TAMLAMASI connected with
commas and ended wWi\fE/ILE SIFAT_TAMLAMASI-I .

Example:
Ali'nin evinin pembe duvari, mavi panjuru ve eflatun catisi
ISIM -IN ISIM -l -IN ISIM ISIM -I , ISIM ISIM -l VE ISIM
ISIM —I

You can see our Noun Phrase Parser Grammar in Appendix B.
Ex: "Sol memede kitle, §amemede dansitenin aitnormal dgildir."
Result:

--- Parse tree ---

p

p
BASLANGIC >"<

tAMLAMA
SIFAT_TAMLAMASI
bELIRTISIZ TAMLAYAN
ISIM >Sol<
bELIRTISIZ_TAMLAYAN
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ISIM >meme<
BITIS >$<
P

“TAKISIZ” NOUN PHRASE
Tamlayanlar:

ISIM Sol
Tamlananlar:

ISIM meme

Resultl: Sol meme

--- Parse tree ---
o'
BASLANGIC >/«
tAMLAMA
SIFAT_TAMLAMASI
bELIRTISIZ TAMLAYAN
ISIM >Sa §<
bELIRTISIZ TAMLAYAN
ISIM >meme<
BITIS >$<
p
“TAKISIZ” NOUN PHRASE
Tamlayanlar:
ISIMSa §
Tamlananlar:
ISIM meme

Resultl: Sa § meme

--- Parse tree ---
o
p
BASLANGIC >"<
tAMLAMA
iSIM_TAMLAMASI
bELIRTILI._ TAMLAYAN_ GRUBU
bELIRTILI_ TAMLAYAN_GRUBU2
sSIFAT_TAMLAMASI
bELIRTISIZ TAMLAYAN
ISIM >kitle<
vtyildiz
VE >VE<
sIFAT_TAMLAMASI
bELIRTISIZ TAMLAYAN
ISIM >dansite<
IN >-IN<
tAMLANAN_GRUBU
tAMLANAN_GRUBU2
tEK_TAMLANAN
bELIRTISIZ TAMLAYAN
ISIM >arti s<
| >-I<
BITIS >$<
p

“BELIRTILI” NOUN PHRASE:
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Tamlayanlar:
ISIM kitle
ISIM dansite
Tamlananlar:
ISIM arti S

Resultl: kitle arti sl

Result2: dansite arti sl

8.2. Future Work

In second semester, we will be mainly concerned with the impreneof our first
prototype on mining, and also work on other parts of the project. We hasadwalr
implemented some parts of report information engine. In the remaining timd|lwetimize
these parts and implement remaining parts of report informatigmeer{statistical query
engine), external query engine, GUI, GUI manager classes and database cosnponent

As we have mentioned, we have implemented the mining module whietttexwhat
the finding is and the location, measurement, quality of the findingprlng to our plan, we
will optimize this module to reach high percentage of successhWe designed external
guery, GUI and database; we will start to implement these components.

We have planned our schedule and divided it into three main phases, whathof e
has a milestone. In the second semester, we will start with an overview of aiypeot

For the first milestone, we plan to re-implement Noun PhReser (due to some
bugs in the prototype version), to implement External Query Marsagkto optimize Report
Information Engine’s Mining Module.

Until the second milestone, we will start to implement Datab&3dl, Report
Information Engine’'s Query Module and Data Engine Module. Also, Wk centinue
optimizing Report Information Engine’s Mining Module.

Until the last milestone, we will continue to implement DasayaGUI and Report
Information Engine’s Query Module. In the rest of the semestewiliveest our project to get
the final version.

After every phase is completed, we will conduct tests and amatysee our progress

and success in mining the reports.
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8.3. Gantt chart
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9. Coding Convention

9.

Tab will be used as indentation unit.

In editors, tab length will be specified as 4 space chasafite viewing. This is for
cases when spaces will support tabsf(ifs and so on).

Class names will bEamelCase, starting with uppercase.

Method and member names will bemelCase , starting with lowercase.

Constants will be defined in UPPER_CASE_AND_SEPARATED WITH
UNDERLINES They should be able to explain themselves, but not too long (they can
be much longer than a member / method name).

Method names will be imperativalpSomething() ).

All members will be declared before methods.

this  keyword will be used explicitly for accessing class meml@is methods (
this.blaBlaBla ).

No indentation beforemport statements.

10.Firstprivate s, thenpublic s will be defined.

11.No public members, just methods.

12.Class declaration starts with no indentation, inside the class, ithat least one level

of indentation.

13.1f block sample:

if ( something )

this.lalalala();
other statements;

}

if ( something && another thing //line limit reached
&& another thing )
{

this.lalalala();
other statements;

else if (anything )
{

}

else

some statements;

single statement;

14.Inside method body, there will be 2 levels of indentation (one for aassfor

method).
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15.We will be using packages, and nearly every component will havieptautlasses.
Multiple classes in a single package will be preferred avsingle class with many
subclasses inside. Subclasses may only be used if it is very specific toethtecfzess.
16. Every class does a single job and does it best.

17.JavaDoc comments will be utilized.
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10. Conclusion

This report includes the general aspects of our project and ia glgde for the reader
to get the general idea of the project. During the preparatidhioofeport, we have gained
insight for our project. Some points that still seem ambiguous R&quirements Analysis
Report are now clearer for the team with this report. Our pregestheduled to spend our
effort more efficiently during all semester. Also we listedr general requirements to
determine our basic functionalities and drew diagrams to make the impleoeetier.

The process, from the beginning to the end, will be heavily-loaded raailérgging,
but we believe in the success of our team and our project. @tg will easily realize the
difference of RadioRead when it takes its place in the market.
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81



Appendix A. Statistical Query Grammar

statistical_queries := how_many_query | percentage_ query | measurement_graph_query

how_many_query := hasta_grubu

percentage_query := hasta_grubu hasta_grubu

measurement_graph_query := hasta_grubu bulgu OLCUM_ TURU SAYI
hasta_grubu :=ya s cinsiyet rapor_and

yas = YA s‘“ile" YA S “arall  ginda olanlar” | Enpty

cinsiyet := C INSIYET| Enpty

rapor_and := rapor_or rapor_and | Enpty

rapor_or := rapor rapor_or | rapor

rapor = tarih say! bulgu_and

tarih := TAR iH “ile" TAR  1H “arasinda yazilmi s”"| Enpty
sayl := “ko sullarina uyan en az” SAYI “en fazla” SAYI “tane” | Enpty
bulgu_and := bulgu_or bulgu_and | Enpty

bulgu_or := bulgu bulgu_or | bulgu
bulgu := yer_and bilgi
yer_and :=yer_or yer_and | Enpty

yer_or :=yer yer_or | yer

yer := YER “bolgesinde” | Enpty

bilgi := nasil 6l¢iim ne varlik normallik nemlilik | Enpty

nasil := NASIL “durumundaki” | Enpty

olgiim := SAYI “ile” SAYI OLCUM_B IRIML “arasinda odlcilmu s”| Enpty

ne := NE “bulgusu”
varlik := TESP iT_EDILMiSTiR | TESP iT_EDILMEMSTIR| Enpty

normallik :== NORMALD IR | ANORMALDIR| Enpty

6nemlilik :== SONUCTA_BAHSED ILMISTIR|SONUCTA_BAHSEDILMEMSTIR| Enpty
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Appendix B. Noun Phrase Parser Grammar

Lexer'dan gelen Lexeme'ler:

ISIM

-IN

-l

VE

ILE

Ali'nin evinin pembe duvarl, mavi panjuru ve eflatu n catisi

ISIM -IN ISIM -l -IN ISIM ISIM -1, ISIM ISIM -I| VE ISIM ISIM -I

Grammar:

TAMLAMA -> ISIM_TAMLAMASI
| SIFAT_TAMLAMASI

ISIM_TAMLAMASI -> TAMLAYAN TAMLANAN_GRUBU

SIFAT_TAMLAMASI -> ISIM ISIM | ISIM

BELIRTILI_TAMLAYAN_GRUBU ->
BELIRTILI_TAMLAYAN_GRUBU , BELIRTILI_TAMLAYAN_GRU
| BELIRTILI_TAMLAYAN_GRUBU ILE BELIRTILI_TAMLAYAN
| BELIRTILI_TAMLAYAN_GRUBU VE BELIRTILI_TAMLAYAN_
| BELIRTILI_TAMLAYAN_GRUBU2

BELIRTILI_TAMLAYAN_GRUBU2 ->
TAMLAMA -IN
| SIFAT_TAMLAMASI (, SIFAT_TAMLAMASI )* (VE|ILE)

BELIRTISIZ_TAMLAYAN -> ISIM

TAMLAYAN -> BELIRTILI_TAMLAYAN_GRUBU
| BELIRTISIZ_TAMLAYAN

TAMLANAN_GRUBU ->
TAMLANAN_GRUBU , TAMLANAN_GRUBU
| TAMLANAN_GRUBU ILE TAMLANAN_GRUBU
| TAMLANAN_GRUBU VE TAMLANAN_GRUBU
| TAMLANAN_GRUBU2

TAMLANAN_GRUBU2 ->
TEK_TAMLANAN
| SIFAT_TAMLAMASI (, SIFAT_TAMLAMASI )* (VE|ILE)

TEK_TAMLANAN -> SIFAT_TAMLAMASI I

BU
_GRUBU
GRUBU

SIFAT_TAMLAMASI -IN

TEK_TAMLANAN
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Appendix C. Create Table SQL Queries

CREATE TABLE Kullanicilar
(user_id INTEGER NOT NULL,
access_rights INTEGER NOT NULL,
username VARCHAR(16) NOT NULL,
password VARCHAR(8) NOT NULL,
active BOOL,
name VARCHAR(20) NOT NULL,
PRIMARY KEY (user_id));

CREATE TABLE Hastalar
(patient_id INTEGER NOT NULL,
name VARCHAR(32) NOT NULL,
surname VARCHAR(32) NOT NULL,
cinsiyet CHAR(1) NOT NULL,
year_of_birth DATE NOT NULL,
PRIMARY KEY (patient_id));

CREATE TABLE Doktorlar
(doctor_id INTEGER NOT NULL,
titte VARCHAR(10) NOT NULL,
name VARCHAR(32) NOT NULL,
surname VARCHAR(32) NOT NULL,
PRIMARY KEY ( doctor_id));

CREATE TABLE Raporlar
(report_id INTEGER NOT NULL,
patient_id INTEGER NOT NULL,
user_id INTEGER NOT NULL,
titte VARCHAR(255) NOT NULL,
rdate DATE NOT NULL,
clinical_info TEXT NOT NULL,
technical_info TEXT NOT NULL,
diagnosis TEXT NOT NULL,
findings TEXT NOT NULL,
results TEXT NOT NULL,
PRIMARY KEY ( report_id),

FOREIGN KEY ( patient_id) REFERENCES Hastalar,
FOREIGN KEY (user_id) REFERENCES Kullanicilar);

CREATE TABLE Yazildi
(doctor_id INTEGER NOT NULL,
report_id INTEGER NOT NULL,
PRIMARY KEY ( doctor_id, report_id),

FOREIGN KEY ( doctor_id) REFERENCES Doktorlar,
FOREIGN KEY ( report_id) REFERENCES Raporlar);

CREATE TABLE Islenmis_Raporlar
(report_id INTEGER NOT NULL,
sure INTEGER,
sure_birimi VARCHAR(10) NOT NULL,
normallik BOOL,
PRIMARY KEY ( report_id),

FOREIGN KEY ( report_id) REFERENCES Raporlar);

CREATE TABLE Bulgular
(bulgu_id INTEGER NOT NULL,
report_id INTEGER NOT NULL,
ne_id INTEGER NOT NULL,
yer_id INTEGER,
normal BOOL,
var BOOL,
sonucta_geciyor BOOL NOT NULL,
PRIMARY KEY ( bulgu_id),

FOREIGN KEY ( report_id) REFERENCES Raporlar,

FOREIGN KEY ( ne_id) REFERENCES Ne,
FOREIGN KEY (yer_id) REFERENCES Yer);

CREATE TABLE Bulgu_Yer
(bulgu_id INTEGER NOT NULL,
yer_id INTEGER NOT NULL,
uzaklik_olcum REAL,
uzaklik_birim VARCHAR(20) NOT NULL,
PRIMARY KEY ( bulgu_id, yer_id),



CREATE TABLE Bulgu_Olcum

CREATE TABLE Bulgu_Nasil

CREATE TABLE Yer

CREATE TABLE Yer_Rel

CREATE TABLE Nasil

CREATE TABLE Ne

CREATE TABLE Ne_Rel

FOREIGN KEY ( bulgu_id) REFERENCES Bulgular,
FOREIGN KEY ( yer_id) REFERENCES Yer);

(bulgu_olcum_id INTEGER NOT NULL,

bulgu_id INTEGER NOT NULL,

olcum REAL NOT NULL,

olcum_birim VARCHAR(20) NOT NULL,

tur INTEGER NOT NULL, -- O=uzaklik, 1=cap, 2=hi
PRIMARY KEY ( bulgu_olcum_id),

FOREIGN KEY ( bulgu_id) REFERENCES Bulgular);

(bulgu_id INTEGER NOT NULL,

nasil_id INTEGER NOT NULL,

sonuctan BOOL NOT NULL,

PRIMARY KEY ( bulgu_id, nasil_id),

FOREIGN KEY ( bulgu_id) REFERENCES Bulgular,
FOREIGN KEY ( nasil_id) REFERENCES Nasil);

(yer_id INTEGER NOT NULL,
isim VARCHAR(50) NOT NULL,
PRIMARY KEY (yer_id));

(birincil_yer_id INTEGER NOT NULL,

ikincil_yer_id INTEGER NOT NULL,

PRIMARY KEY ( birincil_yer_id, ikincil_yer_id),
FOREIGN KEY ( birincil_yer_id) REFERENCES Yer(yer
FOREIGN KEY ( ikincil_yer_id) REFERENCES Yer(yer_

(nasil_id INTEGER NOT NULL,
isim VARCHAR(50) NOT NULL,
PRIMARY KEY ( nasil_id));

(ne_id INTEGER NOT NULL,
isim VARCHAR(50) NOT NULL,
PRIMARY KEY ( ne_id));

(birincil_ne_id INTEGER NOT NULL,
ikincil_ne_id INTEGER NOT NULL,
PRIMARY KEY ( birincil_ne_id, ikincil_ne_id)
FOREIGN KEY ( birincil_ne_id) REFERENCES Ne
FOREIGN KEY ( ikincil_ne_id) REFERENCES Ne (

_id),
id));

(ne_id),
ne_id));
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