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Abstract

The amount of data produced and used by indivedaatl companieslike is continuously
increasing. To handle large amounts of ddiffierent data systemhave been developed. For
easier data access a piece of software can be budpasf thestructured data. Years later it is
possible that the used system and its underlying data syslldrave becomeoutdatedecause

of perpetuatechnological progies Negative consequences can be that the system lacks speed
or thatit mightnotbepossible to represent newly introduced processes on the system anymore.
The data or eventually the whole system has to be migrated to a new environment. Data migra-
tion canbe a riskyand highlycomplex procesdepending on the systsnmvolvedor the data

which has to be migrated. To be able to manage the risks of a migration various approaches
have been developed. The main focus of this thesis was the migration of datas®urces

to the Oracle environment. Thetdaources contain information about samples of tiaduieh

are stored in the Biobank Graz, an institute of the Medical University of Grdatabase was
designed and implemented in Oracle 11g. The migraaftware was implemented in Java
ensuring high portability. The theoretical part of this thesis presents and compares data systems,
data models and data migration approaches. Additiodatliors that are especially important

for the sucess of the migradn are discussedrinally, the begfits of the developed database
compared to the data sources are discuddsel number of redundant data was tremendously
reducedhewly introducedconstraints help to keep the data stored in the database consistent
and he data structure was improved by refining the previous schema(s). The migration algo-
rithm was successfullgxecutedoy migrating 100 percent of the consistent data into the new
database.

Keywords: Data migration, Oracle, Database Management SystemMatels, Data Sys-

tems



Abstract

German

Die von Individuen und Unternehmungen erzeugten und verwendet Datenmengen steigen ex-
ponentiell. Softwaresysteme greifen auf Datenverwaltungssysteme, welche aufgrund der stetig
anwachsenden Datenmengen notwendig géerosind, zuDiese Systeme haben ein Ablauf-
datum und laufen aufgrund sich bestandig verandernder Anforderungen Gefahr antiquiert zu
werden.Beispiele fur wechselnde Anforderungen die eine Migration notwendigenasihd

neue eingefihrte Geschaftsprozesssche vom bisherigen System nicht mehr abgebildet wer-
den kdnnen, Wechsel auf eine nicht unterstiitze 8dér Hardwareplattform/erlangsamung

des bestehenddbatenverwaltungssystenasifgrundanwachsender Datenmengeitc. In sol-

chen Fallermissen die Bten bzw. das Softwaresystem auf eine neue Plattform migriert wer-
den.Migrationen sind oftmals risikoreich und von hoher Komplexitat geptémtdie Risiken

von komplexen Migrationen eindammen zu kdnnen wurden verschieden Konzepte entwickelt.
Das Hauptzietieser Diplomarbeit bestand darin, eine Datenmigration von verschiedenen Da-
tenquellen (MySQL, Microsoft Access, Oracle, XML)f aine neudesignte und implemen-
tierte Datenbank in Oracle 11g durchzufthren. Die zu migrierenden Daten beinhalten Informa-
tionenzu Gewebeproben, welche in der Biobank Graz, ein Institut der Medizinischen Univer-
sitat Graz, asserviert werdekus Grunden der Portabilitat wurde die Migration in Java imple-
mentiert.Der theoretische Teil der Arbeit beschreibt und vergleicht Datenvernvgsisysteme,
Datenmodelle und Konzepte zur Datenmigration. Zudem werden die Erfolgsfaktoren der Da-
tenmigration naher beleuchtet. Im letzten Kapitel wird die neue Oracle Datenbank den Quell-
datenbanken gegenibergestellt. Das Resultat ist eine besserigrgkiDatenbank, bei wel-

cher die Anzahl der redundanten Inhalte betrachtlich verringert werden konnte. Zuséatzlich ver-
helfen neu eingefirte Restriktionenn der Zieldatenbank zu konsistenten Datensatzen. Im
Zuge der Migration konnten samtliglals konsigent detektiert®atensatze in das neue System

erfolgreich migriert werden.

Stichworter:  Datenmigration, Oracle, Datenbankverwaltungssystem, Datenmodell, Daten-

verwaltungssysteme
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1 Introduction

The amount of data is conuously increasing. This appliés datagenerated byndividual

human beings as well a8 companies. To remain competitive, tbiicient management of
data and the data itself have become ctibbgectives of an organisatioDatabases (DB) help
pe@le to managelata efficientlyandallow an extraction othe right information at the right

time thus potentiallysupporting the success of an organisatiog).

DBs are integrated in our daily life: It is likely that a DB is accessed when purchasing goods at
the supermarket, using a credit card, booking holidays at the travel agency, renting a book at
the library, et. (2).

1.1 Data systems

1.1.1 File Oriented System (FOS)

The successor of labelled folders, which wereeston cabinets eventually locked for security
reasons and only made accessible to employees entrusted with the cabinets key was the FOS.
Formerly instead of DBs FOS weofienused in organisations: The conventional FOS is de-
centralized: Each application the information system has its own files containing data which
could be stored in another file used by a different application. These FOSs with their unrelated
files became largely obsolete because of the continuously increasing complexity of business.

FOScomeinter alia with the following disadvantages:

Data redundancy

Data inconsistency
Programdata dependence
Poor data control

Limited data sharing
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Inadequate data manipulation capabilities

A redundancy of data is the result of decentralisation bygubm same e.g. Identifiers (ID) in
different files which are accessed by independent application programs. Data redundancy im-

plies a loss of data integrity or an inconsistenwd@in the datebecawse there may be discrep-




ancies betweedata formats and datvalues. Progrardata dependence means, that each pro-
gram using data files needs a filescription- respectivelynetadata of the accessed files. A

file description contains inter alia the physical structure and the storage offadildecentral-

isaion of FOSs results in poor data conti©®he distinct fieldvith a specific meaningan be

used in various files and it is possible thatittentifier of the fielddiffers in each file. Such a

case ould lead to different meaningp®cause of the differéfield nameg respectively iden-

tifiers. In special caseke same identifiers do not have the same meaning weats to poor

data control. Data sharing is limited because each application uses its own private files, which
are not shad. The separatdds of a FOSare not onnected to each other and tresults in a
limitation of data manipulation capabilitg,3).

1.1.2 Database System (BS)

DBS eliminatethe issues of FOSs, see sectloh.1 Theybase ora centralised and integrated

data structure so that problems like data redundancy and poor data control are prevented. DBSs
comprise related data, which @gically structured and shared. DBs are embedded in database
management systems (DBMS), which are essential for various types of organisations such as
business companies, banks, universities, etc. DBMSs m#reagser8data access to the phys-

ical DB. Sut a systenfeads teseveraladvantages such as:

Minimal data redundancy
Improved data consistency
Programdata independence
Improved data sharing

Improved data integrity
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Increased concurrency

Data redundancin DBS can easily be avoided because of theraknéd control of data. Re-
dundant data, which can bsefulin some cases can be controlled icoasistenmanner. As
mentioned in sectiofh.1.1, data redundanagsults ininconsistency. DBS minimalize data re-
dundancy anthdp to achieveconsistency. Prograiiata independence is guaranteed by sepa-
rating the metadata from the application accessing the data. The metadata is stored in the DBS.
The data within the DB can be shared by all application accessing the centraliztbrgpo

Users and applications can only access data if they are authtwiziedso Consistent and

accurate datead toa high level of data integrity. The integrity of a DB canir@easedy




adding constraints to the DBS. Constraints areiapedesfor the data, which argtored in the
DB. Multiple users can access DBMSs, because these systems eliminate the issues of concur-

rency.(1,3).

1.1.3 Overview and comparison

A general overview of the properties of the different data systems is shaabled.1. FOSs

are organized as file records and DBMSs comprise related tables. The access to multiple tables
at a time ismade possiblby the use of a DB systeifihe FOS on the contragflows the access

to a single file at a time. The FOS coordinatesabeess to physical dathn contrast to the

FOS the DBMSadditionally managethe logical access to the dafata redundancy of the

FOS can be very high which causes a higher occupation of storage and evamtaabist-

ences withinthe stored data. The redundancy is often caused by different departments using
their own private files containing eventually duplied data. DBMSs have a centralized DB
which makes it possibleo minimize a redundancy of data. Concurrency issues have to be han-
dled explicitly in the FOS. The DBMS is designedjtantdata access to multiple users simul-
taneously. Indices and uniqueykewhich help inter alia the user to find data more rapidly can
be used in the DBMS but not in the FAS3).

FOS DBMS
Organization Files Tables
Access Single file at a time Multiple tables at a time
Data access Physical Physical and logical
Redundancy High Low

Concurrency | More restrictive | Handled by the DBMS

Indices or keys No Yes

Location Decentralized Centralized

Tablel1.1 Comparison of properties between the file system and the database {{s8m

1.2 Data Models (DM)

The DB model aka DM desbes the logical structure afDBand the operations on a DB. The
structure includes data types, relationships and constrajpésatipns allow to acceise data,
which entailsretrieval, modification, deletion, insertion, etc. In this section thevwelig DMs




are presented: hierarchical, network, relational, object oriented and the object relational model
(31 5).

1.2.1 Hierarchical Data Model (HDM)

Lots of computer users are familigith a hierarchicabrganizeddata structure: The file system

of an operating system is very often structured in that way. Files and folders are used to order
data in such a way that it can be found later. As these file systems the HDM structures data by
using a tree data structure, which means that each record belongs to one owkentrehe
characteristics of such a model is that it can contain one to one and many to one relationships
between entities. A child entity can be only the child of one efiigurel.1 shows an example

of a hierarchical DM3,4).

[ MasterThesis ]

P B

[ queies | [ Documens | [ WorkingFoider |
Tests Presentation Stats MainMigration

Figure1.1Exampl e of a hierarchical data model :
sents the top of the hierarchy and compriseset chi |l dren AQueri eso,
Fol der 0. The node fiDocumentsd comprises the
are owned by ADocumentso and it i s not p 0 s(8)i

The HDM is often described as a navigatidd®: To find a specific record the hierarchy has
to be went through until the record is found. An example for a verykmellvn hierarchical
database model is tiformation management systéS) of IBM?, which is used since 1960
and still supported b\BM (4,5).

1.2.2 Network Data Model (NDM)

The great difference between the NDM to the HDM, see settibhis the ability to use many
to many relationships between entities. This implies that in the NDM a child entity can be the

L http://www.ibm.com




child of multiple entities. The addition of the many to maeigtionship allowea more reastic
abstraction of many scenariddgurel.2 illustrates a network model using the possible rela-
tionships(3,4).

[ MasterThesis ]

P B

[ queies | [ Documens | [ WorkingFolder |
Tesk Presentation Stats MainMigration

Figurel2Ex ampl e of a twork data model : Th
r

ne e 0
top of the hierarchy and compri éeantdhéWohkl d
node fADocumentsd comprises the records #APre
prises the record AMainMigrationo and the #@:

In the network model it is possible, thate child has one or more parent).

Like the HDM, see sectioh.2.1the network model is a navigational mottedt provides more
flexibility because of the added many to many relationship in comparison to thechieah
model. The NDM was introduced by the Committee on Data Systems Languages (CODASYL)
in the 1960s. An example of NDM is thetegrated Data StorédDS) of Honeywelt (4,5).

1.2.3 Relational Data Model (RDM)

The RDM is different to the modetiscussegreviously. This model represents data entities
and relationships by the use of tables. Each table strutasr@a number of columns, which

contain unique names or values, called primary and foreign(Bed)s

! http://www.honeywell.com
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Author Thesis
7 D L 7 ID
AuthorMame Title
Year
= Author
Figure1.3Exampk of a r el ati onal model : The two tab
by the use of a one to many relationship. E s

is identified by the icon of the yellow key next to the ID field in ed¢hetables. The relation defin
that a thesis is written by one author and one author can write many theses.

To minimize redundanciRDM designis based omormalization. The RDM emerged in the
1970s and since then it has baée most widelyuseddata modelFigure 1.3 illustrates an
example of a relational mod@,4).

1.2.4 Object Data Model (ODM)

The objectoriented (OO) paradigns based orobjects. Each object comprises a number of
variables holding values of the object. Each obgectes with its ownmethods, which are
procedures operating on the object. Objects with the same variables and methods are instanti-
ated from the same class. In OO programming languages the@bfetitne can sparirom

the start until the termination of ap@ication. The ODMon the other handoes not store the
objects in the application memory, which makes them available after the termination of the
program. Language bindings allow the programmer to use and manipulate the persistent ob-
jects. The access the objectss defined in the design moddlike thehierarchicaimode| see
sectionl.2.1and the NDM, see sectidn2.2the ODM is navigational. It was introduced in

1989. An example for an ODM @atabase for object§DB40) (3,4).

1.2.5 Object Relational Model (ORM)

The motivationbehind the development tdie ORM was to keefhe advantages of the RDM
and extend it yy making it possibléo store more complex entities like objects in the DB. The
ORM can store objects with their attributes and methods in fields or in relational tables. This

! http://sourceforge.net/projects/db4o
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kind of DM emerged in 1990 and was oduced by Michael Stonebraker. The ORM is sup-
ported by various DBMS lik©racle!, Microsoft (MS) Corporations SQL seréemdl B M6 s
DB2 servet (3,4).

1.2.6 Overview and comparison

In the 1960s the first DB models were developed. Before that sjppdications accessed files

to retrieve or manipulate data, which caused lots of barriers, see sedtibmn the first gen-
eration of DMs the hierarchical model and the network model were developed. These kinds of
DBshave mostly disappeared by nbwt there are still companies offering such DBs and sup-
porting their vendors. In 1970 the secondegation of DMs emerged consisting of thele+

spread relational DM, which was proposed by Edgar Codd. The third generation of DMs com-
prises models, which deal with the problems arising when relation DBs meetaigated
systems in the 1980s. The podational models comprise inter alia the ODM and the ORM.
Tablel1.2 shows a comparison of the mentioned DMs in sedti@i3i 5).

HDM NDM RDM ODM ORM
Data element
o Files, records | Files, records Tables Objects Objects

organization

Relationship Foreign key Logical Relational

. Tree Graph .
representation concept Containment extenders
Access
Procedural Procedural | Non-procedural Procedural Non-procedural
language
Introduced 1960s 1960s 1970 1989 1990

Table 1.2 Comparison of data models: The HDM and the NDM are organized in records. The RDM
uses tables and object based Models handlié wbjects. Relationships between entities are repre-
sented in the HDM by trees, in the NDM by graphs, the RDM uses the foreign keys, the ODM uses
encapsulation of the OO paradigm and the ORM extends the RDM by the use of objects. RM and the
ORM are accessk by nonprocedural languages. The rest instead is accessed by procedural lan-

guages(3,4).

1 https://www.oracle.com
2 https://www.microsoft.com/ens/servercloud/products/sgserver
3 http://www-01.ibm.com/software/data/db2
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1.3 Database Management Systems (DBM$)ppularity

In December 2015 the three most popular DBMS ranked tpagelarity Oracle MySQLand
Microsoft SQL ServgMSSQL). Oracle and MySQL play an important role regarding theac-
tical aspects of thief this thesis. Additionall\licrosoft AcceséMSA) is beingas wellbecause

of its significance in the practical p46).

Rank DBMS Score
1. Oracle 1497.55
2. MySQL 1298.54
3. MSSQL 1123.16
4, MongoDB 301.30
5. | PostgreSQL 280.0
7. MSA 140.21

Table 1.3 Popularity ranking of DBMS: The table gives an overview of tive most popularDBMS
systems y ranked by DBngines The ranking illustrates the dominance of the RDM. The first-non
relational DB is MongoDB ranked on thé"4lace MSA is ranked on the'7place (7).

The ranking, se&blel.3, is from the end of December 2015 and wdsuwated byDB-En-

gines. Figure 1.4 shows the popularity trends of the four DBMS, which are discussed in this

section. Basically it can be said that the popularity score of the mentioned relational DBs has

stagnated. Additionallythe trend oMongoDBwas added, whog@pularity score has signifi-

cantly increased during the last two years. MongoDB is a document based DBMS. The score is

influenced by different parameters:

f The number of mentions on the Internet, which is calculatetidoyesults ofjoogle
andbing®.

1 The interest in the system, which is measured by the search frecquesaging to
google trends

f The number of interested users®tack OverflowandDBA Stack Exchanfe

! http://dbengines.com

2 https://www.googlecom

3 http://www.bing.com

4 https://www.google.com/trends
5 http://stackoverflow.com

6 http://dba.stackexchange.com



http://db-engines.com/
https://www.google.com/
http://www.bing.com/
https://www.google.com/trends
http://stackoverflow.com/
http://dba.stackexchange.com/

f The number of job offers dndeed andSimplyHired?.
f The number of professional networks using the system mentionedkeulr?.

f The number ofwitter* tweets mentioning a DB syste(@).

COracle
== MySOL
Microsaoft SQL 5erver
600 MongoDE
Microsoft Access

400

Scare (logarithmic scale)

Jan 2013 Jul 2013 Jan 2014 Jul 2014 Jan 2015 Jul 2015

Figure 1.4 Popularity ranking trend of the compared DBMS in this section from November 2012 to
December 2015. The wi shows the score logarithmically and the x axes the month and year. Oracle
is the most popular DBMS followed MySQL and MSSQL whewitched their position various times
especially in the time from November 2012 and September 2013. After a big gap follows the first non
relational DB called MongoDB, which almost tripled its popularity score in the last two years. MSA
seems to be a popul@B toobut has plateaued for 2 year now at a score of about (830

DB-Engines is an initiative collecting and viewing information about DBMS. Beside estab-
lished relational DBs NoSQDBs like MongoDB are considered. The site includes a database
encyclopedia offering explanations of concepts and terms and it is possible to view and compare

important properties of various DBMS).

1.4 Data migration

! http://at.indeed.com

2 http://www.simplyhired.com
3 https://www.linkedin.com

4 https://twitter.com
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Datamigration is the permanent movement of data from old systems (computers, storage de-
vices, formats, etc.) to a new repository. A migration may be performed for sez=ah®.g.
for website consolidation, data center relomator storage equipment replacements or up-

grades, etc. The migration data has to be

Selected,
Prepared,

extracted and

= =2 =4

transformed.

A selection of data for example has to be performed if multiple sources of data exist. Prepara-
tion, extraction and trangfmation are important to ensure data quality. A data migration for
enterprise applications is generally a permanent movement from the source to the target. Be-
sides the mentioned activititee legacydata has to be decommissioned. Data migratzonbe
cakegorizedinto database (DB) migration, storage migration, application migration and busi-

ness process migration, see secfid(9i 11).

1.5 Data migration categories

1.5.1 Database migration

The migration of data between different computing platis increases the flexibility of enter-

prise information business operations significantly. Even though the advantage is a tremendous
one, such a movement of data represents often a great challenge because of its complexity:
Incompatible file system metadaformats, volume metadata formats and data formats in ap-
plication files. That is the reason why Information Technology (IT) departments often do not
migrate and run their system on Iéisanoptimal platformsThisreailts in a disadvantage and

datasetsbecome captive to the server platform that proces$g)it

The term DB migration is a broad one and the complexity may vary greatly. The easiest form
of DB migration would be the movement of data from one DB to another, where all the ex-
tracted data from the source DB ar@grated to the new one. The term may also refer to a

migration between two database management systems (DEN)S)
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1.5.2 Application migration

Application migration refersotthe movement of an application from one environment to an-

other. Such a migration is necessary when a company for instance decides to change their soft-
ware. A concrete example is the migration fronOarpremises8f t war e t o a cl oud
environment Data from the source application is extracted, transformed and loaded into the
target application. This kind of migration can be complicated because the mode of operation

may differ enormously between the two applicatiiis13)

1.5.3 Business process migration

Data is often strictly aligneth business processes of an organization. Hence, a change of one
or more business processes often results in a change of software. Business process migration is
very similar to application migration but includes additionally the change of a businesssproce

which makes the migration a bit more complicated).

1.5.4 Storage migration

The term storage migration simply refers to the movement from an outdated storage location to
a new place for data storage. In general there are no essential data changes ir{ttdjiuced

1.6 Data migration approaches

161 ACl assico data migration model

The classic data migtion model, sefigure 1.5 comprises five processes:

Milestone: Project Start
Process: Design
ProcessExtract, transform, load

Process: Test

o k~ w0 DN PF

Milestone: Project Sigioff

Typically, business briefthe IT teanbroadlyabout the upcoming data migratidiocusing on
a safe migration without disturbing business. The gb#he design process is the preparation
of the data for movement by specifying e.g. the mapping or movement rules. After the design

process the source daseextracted, transformed and loaded into the target system. The testing

11



process follows after the migration. If testifagls, the process starts all over again from the
design phase. After successful testing the project is ready to be sigiigd).off

( Project Start )

Design

U

Extract Transform
Load

U

Test

( Project Sigmff)

Figure 1.5 Classic data migration process: Usually the project starts with a broad bnidfiding the

data source(s) and the target system from the management to the IT team. The design process follows
after the project start. In this process inter alia-Adc and sample data analysis are made. After the
design process data is extracted frahe source, transformed and loaded into the target system.
Finally, the migrated data is tested. Often testing reveals errors. A new iteration starts from the design
process. This procedure is repeated until the test is successful. After the accom{@stisdtie project

is ready to be signed offL4).

1.6.2 Revised data migration model

An effective data migration project, skgure 1.6, starts with the planning phase. In this stage
the goal of the migration is defined. Data sources are analyzed and the scope of dataswhich ha
to be migrated is refined\nalysis should be performaual cooperatiorwith the business users

who work with thetarget system in future. Data refinement is an integral part of a successful
migration. Additionally, the planning phase comprises the timeline, the resource and budget
plan. The second phase is called profile & audit. In this stage the content of tbessisur
identified. Profiling and auditing tools help to understand the data sources. By understanding
the datasourcesit can be decided ch sources wilactuallybe migrated. Additionally, con-

flicts and inconsistences are identified and viewed in ldetaie able to solve them. By apply-

ing thisapproachit is possible to identify anomalies soon. Issues identified that way influence
the next phase of the migratiethe design phase: In this stage the mapping specifications are
made. Rules are definaghicharebasel on the analysis made in the previous phase. The rules
have to be fully understood by the business and signed off. After that, the migration code is

implemented and is matched to the rules specified to identify possible (@4drs
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Figure 1.6 Revised data migration model: The first phase after the start of the project idaheipg

phase. The goal, timeline, budget and resouce plan is defined. In the profile and audit phase the actual
data which is migrated is defined and inconsisties and conflicts are idefiiéd. With the knowlegde
gained in phase two the mapping ralare defined and implemented in the design phase. The design
phase is folbwed by the execution phase where the source data is extracted, transformed and loaded
into the new system. After migratioanit, system, volume, online application and batch apploati

tests are executed. The migration project can be signed off after succesful t@st)ng

Phase four deals with the execution of the migration. The source dataasted from the
source system, cleansed, transformed and loaded into the new system. The goal of the final
process is the testing of the migrated d&turningto the design phase should not be neces-
sary,unless relevant changes have taken pliecthis case the profile and audit phase has to be
extended. After testinghe migration project is ready to be signed off by the busifi€gs

1.6.3 Data migration process nodel

Data migration is a onetime process, which is influenced by many different factors.

Figure 1.7: Data migration process modeilhich consits of four stages: Initialization, Migration
development, Testing and the Gamer. Each of the stages contains several phases. Each phase yields
a result called deliverablél15).

illustrates the data migration process model for large business projects which was publicized

in 2012. The process model is divided up into four stages: Ind@tadn, migration development,
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testing and cubver. Each stage consists of several phases. Each phase yields a result called
deliverable. In the stage ofitialization, the project organization and the technical infrastruc-

ture are set up. The responsiies and the migration strategy are definA@dditionally, the
migration platform is set up itnefirst stage The second stage deals with the development of

the migration. The source and the target structure are analyzed and a mapping is defined. After
precise planning, the source data is unloaded by the use of unload sagtmnally, the

source data has to be cleansed. Transformation rules are defined and implemented. This step is
necessary because usually the source and the target data maodiéfisrarg. The result of stage

two is the transformed data. Several iterations within this stage are possible until the migration

has been completed.

] 1 Call fortender and Phases Deliverables
I oS
& b'd$“9 Bidding Report (1) )
2. Strategy and pre- Mi 2
2 igration Strategy (2)
analysis Proof of Concept (28
2
3. Platform setup Migration Plattform(3) >
4. Source data <€ Hn:oag Sdcgpts ((z}‘))
loadi nloaded Data
LY Unload Report (4)
5.1a Source data 5.1 Source structure | . . | 5.2 Target structure Data Analysis Report (5.1/5.2) >
cleansing and data analysis |- and data analysis
y |Cleansed Data (5.1a) )
6. Data X Business Transform. Rules (6
transformation Technical Transform. Rules (6)
¥ | Transformed Data (6)
7. Migration run test |Run Test Report (7) )
'l
9 Completeness & |Appearance Test Report (8) )
8. Appearance test d. test
type correspond. tes |Rec0n|:i|iati0n Report (9) )
P ———————— i~
T Processability Test Report (10)
10. Processabilty 11_Integration test ~ [~=~"1 | )
|Integrati0n Test Report (11) )
12. Final reh I Cut Over Screenplay (12)
nal renearsa Rehearsal Report (12)
v
13. Productive Productive Target Application (13
migration Migrated Data ?1 3)
Cleansed Data (14a
14a Targetdata e | 14.Finalizing | (142) )
€ansing ‘Experience Report (14) >

Figure 1.7: Data migration process modelhich consits of four stages: Initialization, Migration
development, Testing and the Gamer. Each of the stages contains several phases. Each phase yields
a result called deliverablél5).
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The focus of stage three is the testing of the migrated data. Before, tstimjrastructure has

to work correctly. The migration run test is executed and the result is the run test report, which
creates a logile where the errors and the execution time are recorded. The appearance test
report clears up if the source and the target data are semantically equivalent after migration.
The processability test ensures that the processes were executed correctiegragan test

Is executed if the application is embedded in a network of other applications which are con-
nected together. The associated test report gives information about the errors and passed pro-
cesses concerning the application netwonkaldgous tastage two, several iterations may be
necessary to finish thedting stage. The final stadeals with the integration of the system into

the operative business. The first phase in this stage is the productive migration. The old system
is shut down after thsource has been migrated to the target. The phase of finalizing starts after
initialization of the target system. If everything is fine the migration is finished. An experience
report is made to give an overview of the migration and includes importannation which

can be used for future migration projects. If it was not possible to cleanse the source data com-
pletely an additional cleansing of the target data may be necessary after the finalizing phase
(15).

1.6.4 Challenges and risksof data migration

1 Little input by the business and much input of the IT department can lead to a movement
of unnecessary dataventually causingiore costs anlbnger migration times.

1 If only small sets of data of the source systemaadyzedjt is possible that assump-
tions are madéhat cannot be upheld when taking the entire dataset into consideration.
Thisleads tcerrors and a high rework rate (E.g. tegtfailures causing more iterations
and cause an additiorlaks of time).

1 Frequently, mapping specifications are metadata driven and not content Beganse
the movement of data is based on analyssall data samples and ad hoc queries of
the souce systemittle knowledge ohow the source or target system wofk4).

1.7 Data migration strategies

1.7.1 Big Bang data migration

This strategyhas existedor decadesiow and is an unaopromising one. Data migrations

which move an entire dataset in one operation are following the so called Big Bang migration
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strategyBefore the actual procedstwhole system is prepared for the data migration by shut-
ting down the applidéons and DBs. Work is stopped and everythsgfpcused on the migra-

tion. Migrating in such a way generally guarantees a short migration time. Big Bang migrations
in companies are often executed after work hours or over theemeéek.g. on Friday users

work on the legacy system and on the following Monday they are usingptharget system.
Sometimes there is a big switch and the users are confronted with new operating procedures or
frontends, but it is possible that theéy not recognizéhe switch beause no changesemade

on the frontend16,17)

A Big Bang migration is often a great change. This migration strategy may be risky and that is
the reason why a lot of companies decide to rundpady and the target system in parallel. If
these systems are running in tandem, they have to be synchr@@eeskctiol. The techno-
logical progress malkesuch a synchronization easiéerrors occur afteabig bang migation

a backspace tthe legacy system woulge possibleat any time In case of passing the func-

tionality and data tests the company can shut down the legacy gy&tdm)

1.7.2 lIterative data migration

This migration strategy is also known as phased data migration, trickle feed data migration or
synchronized data migration. The core of tmigration strategy is the movement of data in
small pieces until the whole data is moved from the legacy to the target system. In contrast to
the previous mentioned approach is that specific parts of the system are shut down and not the
whole systemAdditionally, there are always two systemmningin parallel until the migration

has succeeded. This strategy is an interesting approach for companies which are running

twenty-four hours a dayl16,17)

The process of iterative migration has to face two main challenges:

1 Synchronization between the legacy and the target system
1 Migration of specific parts and functionality without disturbing the overall business con-

tinuity

Concerning the issue eynchronzation,it has to be consideradhetherthe migration includes
an entirely new application or the old application with moved data. If the migration includes a
new application, business operations are running across the legacy and the new system. In this

case both systems need a data synchronization. Such synchronization can kbrectiomal
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or bi-directional, see sectidh If the application is not changed and an iterative DB migration
is performed the program needs to knehere the parts of the data source have m¢iex

Migrating the business functionality iteratively shouldcdaeried outoy using a pragmatic ap-

proach: Temporary methods or procedures have to be developed to handle thgBp)it up

Al f you hvdde partsasystera you apuld migrate iteratively by a particular manufac-
turer e.g. Ford or BMW. When customers ring up for a specific manufacturer your users can

be trained to use the appropriate systdi®).0

The iterative data migration is not as freqiiensed as the Big Bang data migrat(a®).

1.7.3 Comparison

In this section the different migration strategies mentioned in secif@are compared.

Big Bang lterative

Time of migration Short long
Obligatory sysem downtime Yes No
Riskiness High Low
Synchronization needed No Yes
Migration process size Large Small steps
Number of migration processes One More

Table1.4: Overview and characteristics of data migrani strategieq16,17)

Tablel.4 illustrates the differences between the Big Bang and the Iterative data migration strat-
egy. Usually the migration time is shorter when using Big Bang migration because this
strategy contains only one big migration process. The iterative approach consists of a number
of smaller migration steps, which are made over time, where specific parts of the source are
migrated. Thus, the iterative meth not as risky as the Big Bang approach, because if one
small step fails it is easier to roll back than one huge migration process. The system has to be
completely shut downvhen using Big Bang. By applying iterative migration this can be
avoided(16,17)
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1.8 Synchronization methods

In some cases, especially when an iterative data migration is performed the source and the target
system have to be synchronized to receive the current data. Basicahyosyration can be
divided up into monalirectional and bdirectional synchronizatiofiL6i 18).

1.8.1 Mono-Directional synchronization

New data is stored either in the legacy or in the target sy§thanges being made in one of
the systems are being synchronized widhresponding data in the other systéng. the legacy
system is synchronized with the target system receivingttheges. If issues emerge within

the target system business services can be redirected to the legacy($8$tem

1.8.2 Bi-Directional synchronization

Both systems, the source and thigéd, automatically synchronize if changee made in either
one of themTypically such a synchronization method is used if an iterative data migration with

parallel running takes pla¢#8).

1.9 Database migration

1.9.1 Migration of databases between different RDBMS

The migration of DBs between different types of relational database management systems
(RDBMS) is generally processed in three phases: extraction, transformation and loading. In the
extraction phase data is extracted from the source DB. During the transtoristap the data

is transformed in a way thatlows it to be migratetb the source DB. In the third phase the
data is migrated to the target DB. One of the main differences between the RDBMS are the
naming and the support of various data types, e.gldtetypevarchardoes not exist in Mi-
crosoft (MS) Access but the system contains a type, ctdbdavhich can be used that way
(19,20)

There exist several tools for migration between two RDBMS Dke¢abaseBridgeor Data
Management Centetsing such tools is a vecpnvenientvay to migrate DBs. Some of them

offer the possibility to compare the source and the taagpbts of the migrated DB. The other

side of the coin is that these tools are limited in functionality and some of them can cause issues

e.g.: Not all of them are able to mage the foreign keys contained wittihre tables. It is not
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possible to changeapameters or to include additional features of the target DB tables and their
attributes like data types. Also these migration tools are very inflexilol@ube they do not

offer the possibility to add extensions manugll).

1.10Legacy information system migration approaches

Computersystems and computer technolodiese beemised for decades. Over this timeithe
complexity has increased enormously anthesystems became outdated but are still running,
becaise of the faicthat without theseutdated running systesthe busineswould halt. Thus,
these systems have to be maintaifféubse so called Legacy information systems resist further

modification and revolution and present a crucial number of problems, e.g.

1 Maintenarme costs are generally high because of the use of obsolete hardware. Old hard-
ware is typically slower than modern orse® this reducegroductivity.

1 In general, high maintenance costs occur by maintaining old software products. Docu-
mentation is missing anthe knowledge could have been lost which causes time con-
suming maintenance, whichsults inhigher costs.

1 Itis very difficult to add functionalities to such systems, which causes a disadvantage

for the organization using it.

Data which is stored in tke legacy information systerase resources representing important
knowledge. © be able to set upnew system data held in the legacy system has to be migrated.
This takes a lot of effodnd it is possible that the approach chos&wia successfulree. That

is why it is possible that organizations avoid the migration of legacy systems. The legacy system
can become so essential for important processes that | cannot be easily removed, thus blocking
progresses. Because of thethods have to be providléo migrate old systems to new plat-

forms and architecturg21,22)

1.10.1 Database First migration

The Database First migration is also known as Forward Migration. Initially, as the name sug-
gests, the data is migratécst into a modern data system. After the data migration the legacy
applications, interfaces and functions are incrementally redeveloped. During this redeveloping

the legacy system is still running. The outdated system can access the new DB by using so
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caled Forward Gateways. The gateway translates the requests of the legacy system and redi-
rects the call to the new DB service system. The results are returned to the gateway, which

translates it back so that the source system may operate cof2égtly

1.10.2 Database Last migration

The Database Last method is also knowRegerse Migration. In contrast to Forward Migra-
tion, the dataemainson the original platform until the target system is redeveloped. The final
step of DB last migration is the movement of the data to the new system. During the system
migration phase a Rerse Gateway allows the target system to communicate with the legacy
data management service. As in secfidi®.], the gateway is used for translation and redirect-

ing calls and result®1).

1.10.3 Cold Turkey migration

Applying the Cold Turkey strategy means a redevelopment of the legaeynsyg applying

modern software techniques. Modern DBs, execution platforms and software architeeture

used. Ingeneralthe functionalities of the legacy system and additional features are included in
the target system. Such a project takes usuallshrtime because development is started from
scratch. Due to the long development time and the high complexity of such a migration, this
method is risky e.g. during development new technologies may emerge and business processes
may change. A worst case sa€én could be the use of an outdated technology but nevertheless
Cold Turkey could be the appropriate approach if \defined and stable legacy systems are
migrated(23,24)

1.10.4 Composite Database migration

In this migration approach the target and the legacy system are running in parallel. During the
migration process the target system is growing in size and at the end of the process it covers the
whole functionality of the source. Forward and backward gateways are used for communication
between the two systems during the migration. To achieve integdtaf transaction coor-

dinator is installed. Composite Database migration is performable on fully decomposable, semi

decomposable and nalecomposable legacy syste(24).
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1.10.5 Chicken Little migration

The legacy system is migrated to the target system by the use of small incremental steps. Each
step covers specific results and approximates the system to the overall goal, the complete cov-
erage of the legacy system. The Chicken Little approach sefime Composite Database
method introducing different types of gateways: Forward or backward (DB) gateways, appli-
cation gateways and information system gateways are used. DB gateways are used to grant
access to the DB service, application gateways aréelbdeetween the user and system inter-
faces of the legacy system. Information system gateways are located between users, external

information systems and the legacy sys(és).

1.10.6 Butterfly migrati on

The core of the butterfly migration approach is data migration. Howevegetieral taslof

this approach is legacy system migration. The goal of this method is to provide a safe, fast and
simple migration of a missiearitical legacy system. During ¢hmigration the complete live

data is stored in the source system. The target system is initialized after the finalization of the
migration. Thismeansthat the butterfly approach does not use gateways, which are used to
distribute data to the source aadget system. The great issue of data consistency is bypassed.
The shutdown time of the legacy system is very short in comparison to other approaches like

Big-Bang migration. The migration process comprises six phases:

1 In phase Opreparations for the migtion are made. The definition of the user require-
ments and the determination of the target system are the most important parts of this
phase.

1 Phase Ifocuses on the understanding of the legacy system and the development of the
future data schema(s).

1 Themain parts ophase 2are the determination of the data of the source system and
the development of a Chrysaliser, which transforms the data and transfers it to the target
system.

1 Phase3: All components except the data arerementally migrated from thsource to
the target system.

1 Inthe4th phasethe data is moved into the target systéwhditionally, users are trained
in using the new system.

1 Phase Sdeals with the cubver of the new systei21,25)
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1.11Success factors of data migration

Data migration projects differ tremendously depending on the complexity of the migration. Mi-
grationscan be straigtiwrward or complex. 2000 companies spent at least dhaubillion

dollars per year on data migrations and four of five projects need more time or budget than
planned. Aalysesof successful data migration projects paint the most importariactorsto

achieve a satisfying migration, sikgure 1.8 (26,27)

Four golden rules

. . Flexible business
Data migration driven migration

is a business solution

issue

:'\I/ Successful \'n: Experienced
1 data migration staff

No need for ﬁ

perfect data

Business
knows best

Stardardised
methodology

Measurement
of data

Figure 1.8: Success factors of data migration: Successful data migration is tremendously influenced
by the four golden rules: 1) Data migration as a business issue 2) The business knows besng) No
needs pedct data 4) If you cannot count it, it does not count. Additionally the experience of the staff,
the methodology and the driver influence the success ofibeation project(27).

1 A data migration is a business issue, because business knows best why data has to be
migrated, which data is us&dfuture and when the migration should be completed. If
business deals with these issues the technical department can focus on thfehssue
data is migrated.

1 Business knows best means that the business department should drive the migration.
Businessstakeholders have to define the requirements and have to take responsibility

for the migration project, because they have to know which solution has to be delivered
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at which time. The IT department has to handle the problems, which may occur during
the mpration.

1 There is no need for perfect data, instead there is a need for the data required. The goal
to store perfect data can cause negative effiectsgards t@roject time and costs. At
the project start data owners and users have to define theegbquiality of data. By
knowing the required quality, the IT department can take the appropriate measures to
achieve the target data quality.

1 A great challenge is the measurement of data. The measurement is important because
without it, the quality of dat@annot be determined. Measurements havaake sense
to the business.
The scope of the migration project has to be defined clearly.

1 Experienced staff and standardized methodologies influence the success of a migration
(14,26,27)

1.12Goal description

The goal of this thesis is the migration of four DB®t® DB, which has to be designed and
implemented in Oracle 11 MS Access 2010 DB two Oracle 10g DBs and one MySQL DB
are the sourcegdditionally, XML files have to be migrated to the target system containing
data from 2015. All theourcesontain data ofissue samplesvhich are storeth the Biobank

Graz,a department of the miedl university of Graz.

Thetissues in the archive arsad for resealtand the education of studen&ientists have

the possibility to request samples and their associated data. Parts of the staff of the Biobank
lookinto its DBs if adequate samples are available tissue together with its medical records

is very impotant for a better understanding of disease itself and its cause. Furthermore, new

methods for diagnosis, treatment and the prevention of diseases are de{@8qped

The DBs contain inter alia information about the gathered tissues e.g. identifiers, description,
examination type, date of the examination, type of the extracted organs, etc. It is known that
the four source DBEck on DB design, because the relational aspect does not exist; the tables
in the DBs are not related to each other. The two Oracle sourcaridBie MySQL DBhave

not gone productive. Therefore, the stored data has to be analyzed to figure out mdhich ki

23



data is stored, which information can be extracted out of it and if it is needed in the target
system.

1.13Description of the practical task

1.13.1 Main tasks

Analysis of the four source DBs

Reconciliation of the data stored in the DBs

Design and implementatiasf the target relational DB in Oracle 11g
Migration of the aligned data of the four source DBs to the target DB

Migration of the XML files to the target DB

=4 =2 4 -4 -

1.13.2 Sub tasks

The main task is the migration of the mentioned DBs in sedtib8.1 The subtasks of this

thesis are:

The migrated data of the source DBs has to be compared and matched.
Redundancies have to be reduced

1 Analyses havéo be made to get an undenstling of the use of the productitecess

DB.

1 The data will be evahted to be able to decide if it is possible to dismiss not useable
data.

1 The source data has to be extracted from the Access, W S€L DBs and the XML
files.

1 A DB schema has to be designed. The aim is a typical relational DB schema, where
tables refeto each other.

1 The loose source constraints have to be reconsidered and adapted. New constraints will
be introduced for better DB organization.

1 The extracted data from the source has to be transformed in a convenient way. It has to
fit into the new desiged DB schema.

1 A data mapping algorithm has to be designed to copy the selected data from the sources
into the target DB.
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1 Prospectively user requirements analysis will be made to identify in which features and

gueries the user interface has to cover.

The deign of a GUI is not part of this thesE&he design of the GUI will be realized liiferay*
afterthe successful completion of the thesis

1.13.3 Reasons for migration

The reasons for migration between two different RDBMS are various e.g. the upgrade to a new
version of the same RDBMS provider, the existing DB is insufficient regarding the perfor-
mance, economical problems so that the management decides to migrate to a free RDBMS.
Another reason could be the unification of different RDBMS to one provider incgetsn

efficiency and consistency of dafa9)

In the case of the Biobank the Oracle DBMS for the target system has been chosen, because the
department wants to unify their DBMS for the mentioned reasons. CurrenthediffeBMS
are used e.g. My Structured Query Language (MySQL), Access or Oracle.

The DBhasthe purpose to be only usedhouse. Advantages of such arhiouse system are

the access can be controlled and adaptions may be made within the organization.

1.14Appr oach for achieving the migration

At the momentthe source DB are statié composition of Big Bang and Iterative migration

will be used. An Access DB can easily be duplicated by copying the Access file containing the
whole DB. With an independent Cige, it is possible to operate without any risk. The data can

be moved incrementally to the target Oracle DB without using gateways for synchronization.
After the successful migratiamses may operate on the new system from one day to the next
without a compéte system shut down. The whole process is not as complex as the data migra-
tion process model for business projects, see setttof but nevertheless some phases are

covered. The following steps are taken to reach the dahisathesis:

1. Identification of thestoreddatain the sources

2. Investigation of the sources

! https:/iwww.liferay.com
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d.

. The meaning of the data and

a
b.
c

which data has to be effectively migrated is identified.
Identification of related data within each DB

Identification of commonaliés of the DBs

3. Design and implementation of the target Oracle 11g DB.

4. Implementation of the migration process

a. Execution of data cleansing to identify and cleans redundant, inconsistent or

b.

useless data on each of the DBs
Design and implementation of the magjon algorithm
I. Extraction of the data in the sources
ii. Specification of the data mapping from the extracted data into the target
data structure
iii. Movement of the data
Iv. Test and validation
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2 Methods

2.1 Technologies

2.1.1 Java

Theterm Java comprises two separate thinfise Java Virtual Machine (JVM) and the Java
programming language. The Java programming language is platform independent. After finish-
ing writing the Java source code it is compiled and trams#d into Javayie CodeThis byte

code consists of a specs#t of instructions, which can be executed on every platfioamis
running a Java Virtual Machine (JVMJhe JVM interprets the byte code at runtime and exe-
cutes the program, séigure 2.1. In comparison to programmirignguages, where the source
code is compiled and transformed directly into an executable this kind of execution is slower.
Various optimizations of the Java Runtime Environment (JRE) over the yearedtiheigap

in speed compared to programming languggesiucing platforrrspecific executable files.
Today, the difference in speed is almost negligible. Java is one of the most popular program-
ming languages. According to PopularitY of Programming Langu@éPL), Java is the most
popular programming languagThe primary reasons for the popularity of the language are:

71 the mentioned platform independency
1 provision of applets and servlets on the web

1 the objectoriented (OO) paradigm

Additionally, Java is easier to use than other programming languages such@s+ Pointers
are not implemented, Garbage collection and features for-thrtgtaded programs are exam-

ples for the easier programming in J§28).

Java source cod%{ Java bytecode H JVM H Platform

Figure 2.1: Compilation and execution fora¥a: The Java source code is produced by phegram-
mer. After the source code is finished it gets compiled. Theltés Java byte code. The JVM runs
and interprets the byte code on the platfo{29).

L http://pypl.github.io/PYPL.html
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2.1.2 Relational Database Management System (RDBMS)

A management system, which is a piece of software, allows the user to insert, delete, modify
and retrieve data from a DB. The whole DB represents the stored data. The structure of the DB
is organized in tables. Tables consist diioms and rows, where each row represents a data
record. Each record can consist of various pieces of information. Each piece of information
corresponds to a column of the table. The relational part of the RDBMS allows relating one

table to another and juing information from different tablg80).

2.1.3 Structured Query Language (SQL)

SQL is the language to communicate with RDBMSs. It is used to access DBsaardpulate

them. The user writes SQL commands and the RDBMS executes them. SQL is a standardized
language of the Americanatlonal Standards Institute (ANSI). Even though it is standardized,
there exist different types. Examples are MySQL, Oracle, Microsoft Access, Microsoft SQL
Server, etc. The different RDBMS offer their own extension of the language, which is not trans-
feralde to another RDBMS. The different versions of SQL support at leasNBERT SE-

LECT, UPDATE DELETEandWHEREcommand in a similar wayisting 2.1 illustrates four

of the main SQL command81).

UPDATE histoclircles SET organs = 'Hemlicolekbomiepriparal' WHERE pk histocircle =
SELECT utyp, ujahr, unum, diagnose, einsender FROM organe export WHEERE aura idx = '&&';
DELETE FROM organ export WHERE aura idx =

INSERT INTO LOOK‘UP_ORGANS(PK_ORGAN,NAME) VALUES (1, 'Herz");

Listing 2.1 SQL example queries:d€h row represents a separate query against the DB. The first
query wupdates the field value of ¢ d&.aly@&domld whichior gans
contain a valwue of il157 17 aré wpdaited. Thehseconfd S@Ll sthtemiemtk _ h i s

requests the fields Autypo, Afujahr o, Aunumo, Adi ag
ble. Additionally the user requests onlthe records of the table, where the field value of the field
ffaura_idxo0o contains fA660. After executing this req
requested fields is returned from the DBMS. The third query deletes every record in théitalie-
gan_exporto, where the field value of the field AfAa

ew record into

n the Al ookup_organso tabl e. The new
APK_ORGANO and the

stri comnidAMEBLDf AHer zo in the

2.1.4 My Structured Query Language (MySQL)

MySQL is an open source RDBMS, which supports a variety of operating systems (OS) such
as Windows, Linux and Mac. Four different versions of MySfpé available on the market:

The Community Edition, Standard Edition, Enterprise Edition, and Cluster Carrier Grade Edi-
tion. Version 5.7 otheCommunity Editioris used in this thesis and is freely availaMgSQL

uses SQL, which is the standard quaryguage of modern DB systems, see se@ibdi@ This
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kind of RDBMS is multithreaded, which means that multiple client applications, programming
interfaces, libraries and administration tools can connect agbssthe DBs on the server at

the same time. The management system offers the possibility to select different engines for
storing data, which gives the programmer the opportunity to select the appropriate engine for
the desired properties. MySQL offers ass control, so that only authorized people can access
the data. Various types of programming interfaces, such as Java, PHP, Python, etc. are availa-
ble. MySQL is the second most popular RDBMS, see se0t{80,32)

2.1.5 Oracle Database

Oracle is the most popular RDBMS, see secio®@racle DB is available in five different
versions: Enterprise Edition, Standard Edition, Standard Edition One, Perddital Bnd Ex-

press Edition. The Express Edition is available for free haatimited functionality, such as
limited memory and no support of Automatic Storage management. Oracle DB supports all of
the common OSs, such as Windows, Linux and Mac. Infoomati an Oracle DB can be ac-
cessed by the use of various application programming interfaces (API), simyad3atabase
Connectivity (JDBC) and Open Database Connectivity (ODBXacle offerghe possibility

to write programs in the DB by the useRroedural Language/Structured Query Language
(PL/SQL) and Java. Stored procedures, triggers, modules, etc. can be realized within the DB
by the use of PL/SQL and Java. Access control is available to ensure that only authorized staff
can access the data storedhe DB. In this thesis the Enterprise Editions of the versions 10g

and 11g are used on a Windows maclid&34)

2.1.6 Microsoft Access(MSA)

MSA is an RDBMS including software developing tools for GUI creation. It is part of the Mi-
crosoft Office Suite. It is possible to buy MSA separately. Access desktop DBs axeittile

the extensiomccdb This file formatwas introduced with Access 2007. Prior to MSA 2007 the
extension wasndh Like Oracle DB and MySQL, MSA uses SQL for DB manipulation. MSA

offers thepossibility to define queries via GUI. The advantage of creating queriesubing

thedrag and drofunctionality provided by th& Ul is that the user does not need to know SQL

for less complex requests. The SQL statement is created behind the scenes and can be viewed
at t he usFgura2illustratgsa sirmple graphicqliery. As a result of the Ul, whole

DBs can be created without the knowledge of SQL. MSA allows multiple user access. Security
issues are addressed by providing data encryption. The software offers the possibility to create

forms and reports for data inpamd output by offering a GUI. Automated actions, which can
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be used inter alia in forms and reports, can be realized by the use of macros. More complex
procedures can be realized by the use of Visual Basic. Access is available for MS Windows as
32 andb4-bit version. In this thesis one of the source DB was provided in MSA @%).7

histokreise
&
7o
HistoMrvon
HistoMrBis Ll
EefundMr *
ID_organ = L 71D
Untersuchungsjah organ_name
Diagnose
Field: | HistoMrvon HistoMrBis organ_name Untersuchungsjahr | Diagnose
Table: | histokreise histokreise argane histokreise histokreise
Sort:
Show:
Criteria: “Lunge’ 2000
or:

Figure 2.2: Graphical query generationni MSA: This figure illustrates how a query can be written
without the knowledge a$QL. The user selects the tables, where he wants to get the information.
Afterwards the desired fields have to be selected by dragging them into the query area. The query can
be refined by entering keywords in the criteria field. This graphical MSA qiseegual to the SQL

command ASELECT h. Hi stoNr Von, h. Hi st oNr Bi s, o. or gan
FROM histokreise h I NNER JOIN organe o ON o.I D = h.
AND h. Untersuchungsjahr = 2 OyQike;that. is cBresthucteddin SQh by s cen e
MSA (35).

2.1.7 Procedural Language/Structured Query LanguaggPL/SQL)

PL/SQL is a programming language used for Oracle DBs. The langsiatgndardized and
portable througtOracle DBs. It is possible to write a procegl@n one system and move the
same procedure to another compatible DB without any changes of the source code. PL/SQL is
optimized for the Oracle DB and can improve the performance of the DB. PL/SQL allows the
programmer to execute SQL statements withoutguaPls such as ODBC, JDBC, etc. PL/SQL

is aprocedural and OO languadasting 2.2 illustratesa snippet of example code PL/SQL

(361 38).
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CREATE OR REPLACE PROCEDURE hellc AS
BEGIN dbms_output.put_line( '"Hello World!'); END;

Listing 2.2: Simple example PISQL block: This block represents a procedure, which does not return
a value after execution. I nstead of retu@6i38pg a val

2.1.8 Extensible Markup Language (XML)

As Hyper Text Markup Language (HTML), whidf used to represent web pages, XML is a
markup languageAs opposed ted1TML, XML is not used for viewing datdt is mainly used
for structuring and transferring dafhe great difference between HTML and XML is ttes
latterhas no fixed numbef valid tags, which makes & metamarkup language. Inter alia, the
main objetives of XML are simple usage ¢ime Internet, broad support of applications, com-
patibility to Standard Generalized Markup Langud§&ML), easy proessing for machines,
easyundersanding and readabilitior usersand easy XML document creatidrsting 2.3 il-
lustrates an example XML filg89,40)

<?xml wversion="1.0" encoding="UTF-8" 2>
H«<Example>

<Field Name="HistokreisVon"><Value>1912%01156</Value></Field>
<Field Name="HistokreisBis"><Value>1912%01158</Value></Field>
<Field Name="BefundNr"><Value>l</Value>»</Field>

<Field Name="Zuweiser"><Value>LKH Graz</Value»</Field>

<Field Name="Alter"><Value>47</Value></Field:>

<Field Name="Geschlecht"><Value>W</Value></Field>

<Field Name="Unterdsuchungstyp"><Value>PROSEKTUR</Value></Field>
<Field Name="Diagnose'"><Value>Zentrales Adenckarzinom der Lunge rechts.</Value></Field>
L</Example>

Listing 2.3: XML example file sucture: The first line defines the xml version and the encoding of the

XML fil e. I n the following |ines fAFieldd tags are
tokrei sBi srog, fAeBted.unWiNt hin this container the values
Il ine for exampl e somebmagbly yearmgoel0)i s defined by 47

2.1.9 Document Object Model (DOM)

The DOM is a cross platform API, which is available for any programming language such as
Java, PHP: Hypertext Preprocessor (PHP), C++, Scala, etc. The DOM is the mdstowel|

DM for processing and storing XML and HTML documeriteke DOM represents the logical
structure and how information is accessed and manipulated in thesekiitds. Within this

thesis the DOM of XML files is accessed to migrate them into the Oracl&iD&e2.3 illus-

trates the @M of the XML document itisting 2.3 (41,42)
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<?xml version="1.8" encoding="UTF-8"7?>
-| <Example:
3| i~ «<Field Name="HistokreisVon":
LeEl<Values

b 1912081156
4| i[m«Field Name="HistokreisBis":>
Lecl<Value»

. 1912081158
5| i~Fl<Field Name="BefundNr":>
LeEl<Values

—]
G| iF«<Field Name="Zuweiser">»
E----T-::‘u‘alu'e:>

%]

7| iE<Field Name="Alter">»
LeEl<Values

b 47
8| i«<Field Name="Geschlecht™>»
LeEl<Values

e W
9| i[F<Field Name="Unterdsuchungstyp™>
LeEl<Values

o PROSEKTUR
18| +[-1<Field Name="Diagnose":

LeEl<Values
b Zentrales Adenckarzinom der Lunge rechts.

Figure 2.3: DOM XML tree: This figure shows the DOM tree of tKML document inListing 2.3.
AExampleo is the root node. The root node is foll
a child namdd2)ivVal ueo

2.2 Tools

2.2.1 Git

Git is a Distributed/ersion Control System (DVCS), which ised tosupportsoftware devel-
opment in this thesis. DVCS systems fully mirror the complete repository of a server. This has
the advantage that the repository can be completely rebuilt by the clients if the skapsesp
because each of the clients is a complete backup. Most of the other version control systems,
such asSubversiorstore the differences of the base file after each commit. In contrask Git
waysstores whole files for each version and lots of furiare locally executable. Lots of
clients are available for different OSs and Integrated Development Environments (IDE), such
asEclipse NetBeansintelliJ IDEA, etc. Git is available for free and for the following OSs:
Windows Mac OS X Linux andSolais (43).

32



2.2.2 TortoiseGit

TortoiseGit is ayraphcal Windows client for the Git DVCS, see sectibg.1l It isfreely avail-

able. The tool is integrated into the Windows shell e.g. the Explorer. There it is possible to view
the status of the Git project. In the context menu of the Explorer it is possible to execute various
Git commands, such as commit, delete, shovihe log tree, et¢44).

2.2.3 Dia

Dia is a freediagrameditor for Windows, Mac OS X and Linux. It offers various shape pack-
ages, which suppothe drawing of different diagrams and charts, such as network layouts,
flowcharts, entity relationship models (ERM), UML diagrams, etc. Beside the native format
Dia supportadditional ones such aag, svg tex cgm etc. Diaprovidesaneasyto understad

Ul and is used for the creation of the ERM of this th&&s.

2.2.4 Mindfusion XML viewer

This XML software is available for free amaclusive to the Windows platformBeside viewing

XML files, the program allows the user to creatd arodify XML documents. Instead of view-

ing the document in the standard editor view, the XML file is presented in a hierarchical tree
form equivalent to the DOM, see secti®1.9 If an XML file is not valid, e.g. if a tag isot

closed, the software refuses to open the docudém?7)

2.2.5 phpMyAdmin

phpMyAdmin is a free browsdyased DB administration tool, which helps managing MySQL
DBs. It provdes an intuitive GUI. With the Ul of phpMyAdmin it is easy to create, modify,
query and import DBs, tables, data records, fields and more. All types of queries can be exe-
cuted by using the integrated SQL editor. Additionally, simple but useful quertesisuwaing,
creating or sorting tables are already integrated in the Ul and canlessiigcuted by a single

click of the mouse butto(8).

2.2.6 Notepad++

Notepad++ is a free notepad and source code editor available for the WindowseG®ftTh
ware is written in C++. The software offdnggh execution speed by using lessource®f the
central processing unit (CPUAdditionally, the consumption of memory is loiNotepad++

supports syntax highlighting and syntax folding for lots of programn@nguages and other
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languages including SQL, Java, C, XML, etc. The community provides several pexgarsd-

ing support of languages und functionality of the software. Mattid column mode editing

allow a quick modification of the file by offering thegsibility to edit multiple rows at the
same time. Useful tools, such as regular expression (REGEX) search and replace functions
help to edit the source code more efficient. During this thesis, Notepad++ is used for Syntax
highlighting of the MSA SQL soge code, because MSA does not provide this feature in ver-
sion 2010. Additionally it is used for quick modification of text files by using REGEX

2.2.7 SQL Workbench/J

SQL Workbench/J is a cross platform SQL client, which can connect to various DBMS, such
asOracle DB, MySQL and PostgreSQL. It can be executed on Windows, Linux, Mac and other
OS where the JRE is running. The connection to the DBs can be established via the JDBC
driver, which has to be configured in SQL Workbench/J. Important features areetheien

of SQL queries. The requested data can be edited in the result of the query. The client offers
comprehensive import and export functions e.g. XML, CSV or SQL files can be easily gener-
ated to export data. The Data Pumper of SQL Workbench/J altl@nsser to copy data from

one table of a source DB to another of a target DB. The SQL client supports important features
such as auto completion for tables and columns, syntax highlighting, auto formatting for SQL
statements. SQL Workbench/J is free sofewvand should not be mixed wiMySQL Work-

benchproviding inter alia similar featurg80).

2.2.8 EclipselDE

Eclipse IDE is a cross platform IDE for software development. It is free and available for Win-
dows, Linux and Mac. One of the core cortsepf Eclipse is the modular architecture. This
feature allows to add or del ete component s,
plugins allow the user to adapt the platform
arethe C/C++ DevelopeTools, which areompetinghead to head with Visual Studio for the

most popular IDE for C. Eclipse supports lots of different programming languages by installing

the corresponding plugins. Eclipse is a tool platform as well, which means that thera-are hu

dreds of tools available such as data tools for DB administration, web tools for web developers,

but also tools which are not part of software development like business intelligence and report-

ing tools providing graphical and text analysis. Eclipse iop@nsource platform, which

means that the source code is visible for everyl{btlyb2)
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2.3 Libraries and plugins

2.3.1 Java Database Connectivity (JDBC)

The JDBC pakage may be the most prominent API for gaining DB access from Java. It sup-
ports SQL functionality for lots of RDBMS. The API is used in Java programs communicating
with RDBMS. To gain access to a DB in Java via the JDBC APllisa®y 2.4 the driver is
registered for usage. After initializing tBgiverManagerthe class loads the driver. Afterwards

a connection to the DB can be established, which offers the possibility to send requests to the

RDBMS. A connection can lodie the following examplejdbc:oracle:thin//server:3306/db
(2).

Class.forName("oracle.jdbc.driver.OracleDriver™};
Connection cunn|=
DriverManager.getConnection(”jdbcioracle:thin: @swS2mug@@3:1521: IMIPATHO", “user”, "password”);

Listing 2.4: Example DB connection in Jawaa JDBC: The first line registers the driver. The follwing

lines define a DB connection with the registered Oracle JDBC driver. Thep o c o | foracl eo
subprotol Athind is defined. In this example the s
port 152106 and the Oracle instance with the name

needs the username and the password to conuatemwith the RDBM$2).

2.3.2 Open Database ©nnectivity (ODBC)

The ODBC standard was produced by Microsoft and is used for accessing heterogeneous SQL
DBMS. The API allows to communicate to different DBs by the use of the same source code.
Clienti server software can be written, accessing varigpsst of DBMS. The API defines

inter alia library functions for connection to the DB, execution of queries and retrieval of results.
Additionally, standard set of errors, standard representation of data types and a standard con-
nection to the DBs are define€@DBC is very popular and is de facto industry standard. ODBC

DB drivers are available for the most popular DBMSs such as Oracle DB and M2pQL
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3 Results

In this section the implementation of a generic data migration process is described in detail, see
section3.5. Additionally, the contents of the sources are preseateldexplained, see section
3.17 section3.3. Furthermore,ite newlyimplementedarget DB schema is explained in detail,

see sectio.4.

3.1 Content explanation of the sourcse

The DBs and the XML files contaptataof tissuesamplesThe samples of tissue are available
in blocks or slidesseefigure 3.1. A slide is produced by cuttg a thinslice of the block Infor-
mation abouthe blocks and slides of the samples is stored in a system Bédlekracking

Thesystem holds inter alia information about the place and position of storage.

Figure 3.1: Photo of an FFPE block and slide: The photo illustrateBRPE block on the left and a
slide of the block on the right.

In general, the blocks and slides of tissue get to the Biobank by the following steps

Surgery is performed imariousclinical institutions of Styria.
Tissue removed during surgery is transported to the institute of pathology.
The pathologist makes the exact histopathological diagnosis.

P w DR

The tissue is stored in the Paraffin archofghe Biobank GrazAll the samples get

barcoded.
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There are two different types of tissue samples stordekiarchive of the Biobank Graz:

1 FormalinFixed ParaffiREmbeddedFFPE)tissue

1 Fresh frozen tissue

FFPE tissue sam@are unseadcted pathological samples that represent all detectedsgis at
their natural frequency of occurrence. Crasstional biobanks store unselected pathological
samples. The Biobank Graz stotke FFPE tissue sampliescooperation with the institute of
Pathology(53).

The tissue is immersed in formalin for a specific time to achieve a fixation. Fixation is the
technicalterm for preservation of the components of tissues and cells. The fixeddissingy-
drated by the use of dimethlgenzene and ethanol series and embedded in a layer of paraffin
wax. The result of this process is an FFPE block which can be stored ateroperature for
decades and longés4i 57).

The freshfrozen tissuesre snapfrozen by the use dfquid nitrogen (LN2)and storecdat a
temperature 0f196 °C. Disease focused clinical biobanks store samples of tissue in that way

to be able to observe edjseases of intereg$3,58)

The Hocks and slidesf tissueare attached tpatientcases. A casis associated with the sur-
gery of the patienfThe standard procedure for classification of tissues at the Biobank of Graz
is thatthe cut out tissuesre groupe@nda number is assigned éach groupalledHistologic
number(HNO). The first group receives the lowest number, the next receives the next higher
number etc. The groups assigned to one case are idatetbgic circle (HCI). The histopatho-
logical dagnose are also assigned towumbers The lowest number is assigned to the first,
containing the main diagnose. The following diagnoses receive the next higher siumiber

end a HCI can contain various HNOs and various nusrdddristopathologicatliagnosis. The

tables in the soursecontain the

1 Informationaboutthe cass(HCIs)
1 Information about the finding (HNO)

in one dataseEachHNO belongs to a HCI. Table 3.1 illustrateswhich type contais which

content
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Information aboutthe case KFICI) Informati on aboutthe finding (HNO)

First histdogic number Examination type
Last histologionumber Date of the examination
Examination year Pathologic diagnose
Department Histologic result
Organ Macroscopic result
Patients forename Underlying disease
Patierts surname Additional disease
Patients date of birth Coroner6s ingques
Patients age International Classification of Diseas@g€D) i O Code
Patients sex ICDi 10Code
Additional Parameters such tsnor stagingparameters
Sender andReceptor tyrosingrotein kinase erb® (HER2) pa-
rameters

Table3.1: Overview of the types of information abothie sources: The information abotite sources
can be dvided up into the information abotite ase HCI) and thefinding (HNO). A findingalways
belongsto a case and contains specific information about the diagnosis.

3.2 Identification of the stored data in the source databases

At the beginning of this thesis the data contained in the source DBs is pretty unknown. Thus
the first task is the identification of the data stored in the different DBs to understand which
data is relevant for future use. Thus, an investigati@tarted to identify the data. Documen-
tations and interviews help to identify the unknosata. Thegathered information abothe
different sources is presenfeske sectiol® i section3.2.5 The fields markeavith the tick

have to be migrated and the fields marketh the red crossot. Thisinformation is relevant

for the profile and audit phase of the migration, see se8tm2 Additionally, aliases are in-

troduced for an easier understanding of the further process, see 8eion

All the mentioned sources contain various informaaboutsample of tissues Inter alia in-
formation about the extracted organs, patient sex and pathologic diagnosis are stored within the
sources. Each sample belongs to an HNO. The datasets coidamaition about the cases
respectively HCIs, which consist one or more continuo$NOs. The HCI number is always

identified by the lowest contained HNO.
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3.2.1 Microsoft Access DB

The MSA DB is stored aglb.mdband is used by the project management ofBiodank.
Documentations and interviews with the staff of the project management and an employee of
the Biobanking and BioMolecular resources Research Infrastructure (BBMRI) help tct extra
information out of the data.

Group No Tables

\._x/" 1 Organe 01/01/198% 30/06/2006

ALLE METASTASE, CA+Colotis, Colitis Ulcerosa, COLITIS+Patienten, KOLON CA
P DIE META:HABEN, KOLON CA_NEU, KOLON META OHNE DUPLIKATEN,
Mamma metastase nach 2006 + Primar CA, METASTASEN VON CRC PATIENTE
Patienten HarnblasePrim+Metastase
20012004, 20022005, Arthritis, astrozytom, Cholangiozellu, CRC 2@104, crc in
leber, CRC Lebermeta, Dermatomyositis, Endometrium CA, Fibrose Dysplasie, FI
%% FISH 2005-2006, GIST, Glioblast, hepatocelll, HER 2 NEU (3+), her2, hirn, his
zytom,Hoden, keinklein, leber biopsie, LIPOSARKOM 2003, LUNGEN CA ALLE SE

y Malignes Melanom, mamma 200, Mamma ab 2000 alles DG, Mamma CA+Mete

L
3 HER2/Neu, Mamma meta, Mamma meta 2@002, Mamma meta 20€A002 tubul,
mamma normal gewebe, MammaCa, medulloblastoetabtase Harnblase CA, mitellhir
ohneadenocervix, onko erweiterung, onko2, onkozyt, onkozytom, Ovarial CA, Pank
Plasmozytom, Pleomorphe liposarkom, Prostata mach, ProstataCA, Rhabdomyosa
Rickenmark, score 0 und 1, scors@re3, sentinelll, Whs Tumor

\3?4 Nase, Nasenpolype

Vs NSCLC, mamma ca, , HCC aus 2006

s FISH Ausgewahit

W BefundeAnn2006_2009

% 8 Asslaber histonum, HarnBl Ca, HistoPenn, Kolon Ca @atienten, Prostata

Table3.2: Grouping of the79 tables contained in the MSA DB. The groups from one to seven contain
important data. The data stored in the eighth group is not useable because of lack of information and

is nat listed intable 3.3.

The DB contains 79 tables. The tables are not related to each other. The main table of the DB
is Organe 01/0119841 30/06/2006and is used by the project management to sdardissue
samplesvithin the DB. After the investigation of the tables obvious that 74 of them contain

important data and fiveata that is not useablEhe tables are grouped by their containing fields
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and usability, seeble3.2. The tables contain information about the examinateie,dliagno-

ses, etc., saable3.3.

Field name Data type Description Groups
. 4 The fieldsuTyp uDateanduNumareconcate-
\-/Aura_ldx Shorttext | nated followed by thesupplement numbef the 1,356
case. Thdasthas to be migrad.
vuTyp Short text Contains the abbreviation of the examinatior. 1 2 3 4,5, 6
type, which describes the process of extractic
Y uDate Date / Time Contains the extraction date of the tissue | 1.2,3,4,5,6
V7 wahr Number | Contains the yeawhen the tissue was extracte] 1.2, 3,4,5,6
Y7 uNum Number First number of the admission 1,2,38,4,56
Y Es_Anz Number Number of tissues which where extracted | 1.2,3,4,5,6
¥ Nachname Short text Contains the patients surname 1,2,3,4,56
Y Vorname Short text Contains the patients first name 1,2,3,4,5,6
pat_Geb Date / Time Date of birth of the patient 1,2,3,4,56
VOR Short text | Contains the organs whereof the tissues were| 1 2 3 4 5 6
tracted
7 o Long text Contains the g@thologic diagnosis of the 1,2,3,4,5,6
Diagnose J pathologist
\_/ . Short text Contains information about the clinic respec{ 1 2 3 6
Einsender tively the doctor who sent the tissues
_ Boolean value,
\_/ Number generated automatically by a text mining soft 1
Uterus ware. Al 0 means that th
gan.
Y ovar Number SeeUterus 1
VMagen Number SeeUterus 1
“” Diinndarm Number SeeUterus 1
" Dickdarm Number SeeUterus 1
\:/Appendix Number SeeUterus 1
V7 Leber Number SeeUterus f
" Mamma Number SeeUterus 1
7 Haut Number SeeUterus 1
" prostata Number SeeUterus 1
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7 schilddriise

VOsophagus

vHarnwege
VPancreas
VzNs
VLymphknoten
vKnochenmark
vHerz
\Z}Befundnummer
Y 'nb
VBisnummer
\:}Untjahr
vPag_age
VUnttyp
\:}Pat_sex

” Material
vHisto
vMakro
\:}Grundleiden
vNebenIeiden
\Z/Todesursache
Sg Materialkuerzel
%Mp_beschreibung

% Np_befund

Number SeeUterus

Number SeeUterus

Number SeeUterus

Number SeeUterus

Number SeeUterus

Number SeeUterus

Number SeeUterus

Number SeeUterus

Number SeeUterus

Number SeeUterus

Number First number of the case, containing the yea
Number The supplement number of diagnostic finding
Number Last rumber of the case

Number SeeuJdahr

Number The age of the patient

Short text SeeuTyp

Short text The sex of the patient

Short text SeeOR

Long text The histologic result

Long text The macroscopic result

Short text The underlying disease of the patient
Short text Additional diseases of the patient
Short text The coronerds inqu
Short text Shortait of the fieldMaterial

Short text Molecular pathologic diagnosis

Short text

Macroscopic description
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% Gyn_qualitat

VBereich

% Disease_id

% Patient_id

% Finding_id_diag-

nosen

& Time._dif

K age

& piagnosis

& Diagnosis clean

% Organ_zuordnung

% Doctor
% Ofs
% Sender

% Sender_typ

Short text Parameter of the tumor staging
Short text SeeGrad
Short text SeeGrad
Short text SeeGrad
Short text SeeGrad
Short text SeeGrad
Short text SeeGrad
Short text SeeGrad
Short text Contains the ICD O Codes of the case
Short text Contains the ICD 10 Codes of the eas
Short text Contains the results of thepanicolaou (PAP)
test detecting cancerous processes in the cer|
Short text Gynecologicaldescription
Short text Contains thebbrevatiorof the department
wherefrom the 8sues were sent
Data generated by the text mining software,
Number which extracts the ICD O, ICD 10 and the para
eters of the Tumor staging out of the data of tl
case
Short text SeeDisease_id
Shot text SeeDisease _id
Short text SeeDisease _id
Short text SeeDisease_id
Long text SeeDisease_id
Long text SeeDisease _id
Short text SeeDisease_id
Short text See Disease_id
Short text SeeDisease _id
Short text SeeDisease _id
Short text

SeeDisease _id
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% Feld 45 Short text SeeDisease_id 7

% Morphologyclass | Short text SeeDisease_id 7
% Morphologyid Short text SeeDisease_d 7
% Topologyid Short text SeeDisease_id 7
% Dict_id_mor Short text SeeDisease_id 7
% Dict_id_top Short text SeeDisease_id 7
K Short ext | eted by the text mining aofare | |
2@ G Short text SeeT 7
% M Short text SeeT 7
2@ R Short text SeeT 7
% N Short text SeeT 7
% L Short text SeeT 7
% \V; Short text SeeT 7
% SCG Short text SeeDisease_id 7
% Organ_test Short text SeeDisease_id 7
% Ati\;enraj:t;examina Short text SeeDisease_id 7
% Examination_typ | Shorttext SeeDisease_id 7
% Imi_id Short text SeeDisease_id 7
% Geticd10codes2 | Shorttext SeeT 7
% Geticdocodes?2 Short text SeeT 7
" HER2neu/CEPL7 | Shorttext HER2 parameter 6
7 RATIO Short text SeeHER2neu/CEP17 6
v Her2Neu(DAKO) | Shorttext SeeHER2neu/CEP17 6
7 RATIO VOLL Short text SeeHER2neu/CEP17 6

Table3.3: Description of the fields contained in all thables of the MSA DB. The tables are assigned
to groups, sedable 3.2. The groups are assigned to the fields of the DBe content or parts of the
content of the fields marked with the tick are migrated to the target DB.
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3.2.2 Oracle 10g database 1

The System Identifier (SID) of this Oracle DBlisirep. The DB contains twanrelatedables

containing data fields, which are known from the tissue DB, see séction

Identifier Tables
1 Fall_data
2 Befunde20062009

Table3.4:Assigned IDsof the tables contained in the In@p DB.

To guarantee a better overview each of the tables is assigned to an identifedieSee Table

3.5 gives an overview anadescription othe fields cotained in the tables of the DB.

Field name Data type Description Groups
- The fieldsuTyp uDateanduNumare concat-
\-/Aura_idx Varchar2(20) | enated, followed by theupplement number, 1
of the case. Thiasthas to be migrated.
. 5 Contains the abbreviation of the examinatis
\-/Utyp Varchar2(2) | type, which describes the process of extra 1
tion
V" Udate Varchar2(20) Contains the extraction date of the tissue 1
\_/ Number(4 Contains the year when the tissue was e 1
Uyear ) tracted
V" Unum Number(10) First number of the admission 1
V" Esanz Number(3) Number of tissues which where extractec 1
" Nachname Varchar2(30) Contains the patients surname 1
\:/Vorname Varchar2(30) Contains the patients first name 1
VPat_Geb Varchar2(20) Date of birth of the patient 1
\_/ org Varchar2(100) | Contains the organs whereof the tissues w 1
extracted
\-/D Varchar2(4000)  Contains the pathologic diagnosis of the 1
lagnose pathologist
-\_/’ . Varchar2(100)| Contains information about the clinic respe 1
Einsender (100) tively the doctor who sent thissues
. Boolean value,
\_/ Number(1 generated automatically by a text mining sc 1
Uterus @) war e. A 0 1lo0 HGieoatairs this
organ.
7 ovar Number(1) SeeUterus 1
I\/ Magen Number(l) SeeUterus 1
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VDuenndarm
VDickdarm

VAppendix

VProstata
chhiIddruese
VOesophagus
VLunge
vNiere
VHarnwege
VPancreas
VZNS
VLymphknoten
VKnochenmark
vHerz
VBefundnummer
Y 'nb
vBisnummer
\Z}Untjahr
vPag_age
VUnttyp
“;}Pat_sex

VMaterial

Number(1) SeeUterus

Number() SeeUterus

Number(1) SeeUterus

Number(1) SeeUterus

Number(1) SeeUterus

Number(1) SeeUterus

Number(1) SeeUterus

Number(1) SeeUterus

Number(1) SeeUterus

Number(1) SeeUterus

Number(1) SeeUterus

Number(1) SeeUterus

Number(1) SeeUterus

Number(1) SeeUterus

Number(1) SeeUterus

Number(1) SeeUterus

Number(1) SeeUterus
Varchar2(20) | First number of the case, containing the ye
Varchar2(20) The supplement .nu.mber ahediagnostic

finding

Varchar2(20) Last number of the case
Varchar2(20) SeeuJahr
Varchar2(20) The age of the patient
Varchar2(20) SeeuTyp
Varchar2(20) The sex of the patient
Varchar2(200) Contains the organs whereof the tissues w

extracted
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VHisto

vMakro
VGrundIeiden
VNebenIeiden
vTodesursache
gg Materialkuerzel
% Mp_bkeschreibung

gg Np_befund

gg Gyn_qualitat

VBereich

gg Disease_id

% Finding_id_diagnosen

% Time_diff

gg diagnosis clean

CLOB The histologic result
CLOB The macroscopic rest
CLOB The underlying disease of the patient
CLOB Additional diseases of the patient
CLOB The coroner 6s ing
Varchar2(20) Abbreviationof the fieldMaterial
CcLOB Molecular pathologic diagnosis
CLOB Macroscopic description
Varchar2(20) Parameter of the tumor staging
Varchar2(20) SeeGrad
Varchar2(20) SeeGrad
Varchar2(20) SeeGrad
Varchar2g0) SeeGrad
Varchar2(20) SeeGrad
Varchar2(20) SeeGrad
Varchar2(20) SeeGrad
Varchar2(20) Contains the ICD O Codes of the case
Varchar2(20) Contains the ICD 10 Codes of the case
Varchar2(20) Contains the results of tHeAPtest detecting
cancerous processes in the cervix.
Varchar2(20) Gynecologicalescription
Varchar2(20) Contains the shortcut of the department
wherefrom the tissues were sent
Data generated by the text mining softwar
Varchar2(20) which extracts the ICD O, ICD 10 and the
rameters of the Tumor staging out of the d:
of the case
Varchar2(20) SeeDisease_id
Varchar2(20) SeeDisease_id
CLOB

SeeDisease _id
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% Organ_zuordnung

% Organ
% Doctor
% Ofs

% Morphologyclass
% Morphologyid
% Topologyid

gg Topologyclass
% Dict_id_mor

% Dict_id_top

K

K

K wm

KR

Hn

KL

K

& Examination_typ
&K imi_id

& Geticd10codes?
& Geticdocodes?
& reviewed_from

Sg Review

VEinsender

Table 3.5: Description of the fields contained in all thables of Imirep. The tables are assigned to
IDs, seetable 3.4. The IDs are assigned to the fields of the OBe content or parts of the content of

Short text SeeDisease_id
Varchar2(180) SeeDisease_id
Varchar2(20) SeeDisease_id
Varchar2(20) SeeDisease_id
Varchar2(20) SeeDisease_id
Varchar2(20) SeeDisease_id
Varchar2(20) SeeDisease_id
Varchar2(20) See Disease_id
Varchar2(20) SeeDisease_id
Varchar2(20) SeeDisease_id
Varchar2(20) Parameter of th&umor stagin_g,_ automati-

cally generated by the text mining softwar:
Varchar2(20) SeeT
Varchar2(20) SeeT
Varchar2(20) SeeT
Varchar2(20) SeeT
Varchar2(20) SeeT
Varchar2(20) SeeT
Varchar2(20) SeeDisease_id
Varchar2(20) SeeDisease_id
Varchar2(100) SeeT
Varchar2(50) SeeT
Varchar2(20) SeeDisease_id
Varchar2(50) SeeDisease_id
Varchar2(20) Containsinformation about the clinic respec

tively the doctor who sent the tissues

the fields marked with the tick are migrated to the target DB
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3.2.3 Oracle 10g database 2

The SID of the second Oracle DBImipatha The DB contais three tables and two views.
The table called plan_table contains no data. The two views refer to not existing tables and

therefore they are not usabl&ble3.6 lists every object of #1DB and assigns them to an ID.

Identifier Name Type
1 Imi_aura_data Table
2 Imi_grz_data Table
3 Plan_table Table
4 Patho_bb_aura View
5 Patho_bb_grz View

Table 3.6: Overviewof the objects contained in thienipatho DB.The IDs are introducedot get a
better overview ifrable 3.7.

Table3.7 gives a descripan of the fields of the tables and their description.

Field name Data type Description Groups
VBefundnummer Varchar2(8) First number of the case, containing the year 1
va Varchar2(2) The supplement number of diagnostic finding 1
VBisnummer Varchar2(2) Last number of the case 1
7 Untjahr Varchar2(4) SeeuJahr 1.2
7 Pag_age Varchar2(3) The age of the patient 1.2
Vi | v | Conarsie wweisnol vecannaten vy
\_/ Pat_sex Varchar2(1) The sex of the patient 1.2
vMateriaI Varchar2(100) Contains the organs whereof the tissues were ¢ 1
tracted

7 Einsender Varcha2(14) | OO doctor who sentthetissues. | =2
vDiagnose CLOB Contains the pathologic diagnosis of the patholoj 1, 2
vHisto CLOB The histologic result & 2
\:}Makro CLOB The macroscopic result 1.2
vGruMIeiden CLOB The underlying disease of the patient 1,2
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VNebenIeiden
vTodesursache
VBefundnummer
Y 'No
vBisnummer
VUnttyp
\Z}Material

Sg Materialkuerzel

X

Mp_beschreibung

% Np_befund

e

VGrad

Sg Gyn_qualitat

VBereich

Table3.7: Description of the fields contained in all thables of Imipatho. The tables are assigned to
IDs, seetable3.6. The IDs are assigneatthe fields of the DBThe content or parts of the content of

CLOB Additional diseases of the patient 1.2

CLOB The coroneros inqu¢ L2
Varchar2(10) First number of the case, containing the year 1
Varchar2(1) The supplement number of diagnostic finding 1
Varchar2(10) Last number of the case 1
Varchar2(3) SeeuTyp 1
Varchar2(200) Contains the organs whereof the tissues were ¢ 2

tracted

Varchar2(10) Abbreviationof the fieldMaterial 2
CLOB Molecular pathologic diagnosis 2
CcLOB Macroscopic description 2
Varchar2(20) Parameter of the tumor staging 2
Varchar2(20) SeeGrad 2
Varchar2(20) SeeGrad 2
Varchar2(20) SeeGrad 2
Varchar2(20) SeeGrad 2
Varchar2(20) SeeGrad 2
Varchar2(20) SeeGrad 2
Varchar2(20) SeeGrad 2
Varchar2(20) Contains the ICD O Codes of the case 2
Varchar2(20) Contains the ICCLO Codes of the case 2
vacha( | Comas e e U AP e e
Varchar2(10) Gynecologicaldescription 2
Varchar2(1) Contains theabbreviatiorof the department where 2

from the tissues were sent

the fields marked with the tick are migrated to the target DB.
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3.2.4 MySQL database

The MySQL DB is calledyrz_transferand contains one table callgdz_data

Field name Data type Description

74 Enum Varchar(10) First number of the case, containing the year

4 Nb Varchar(2) The supplement number of diagnostic finding

74 Bisnummer Varchar(2) Last number of the case

v Eingangsdatum Datetime Contains the extraction date of the tissue

4 Pag_alter Varchar(3 The age of the patient

\_/ Utyp Varchar(2) Contains the ggr?gi\;i?rt]ign of the examinatign type, which ¢
process of extraction

VGeschIecht Varchar(1) The sex of the patient

vol’gan Varchar(50) Contains the organs whereof the tissues were extracte

\_/ Zuweiser Varchar2(10) Contains informatic;:hit;%tﬁtttr;]ee c;lllsnsllcJ égspectively the doct

VDiagnose Longtext Contains the pathologic diagnosis of the pathologist

\./ Mp_diagnose Longtext Contains the molecular pathologic diagnosis ofighthologist

74 Beschreibung Longtext The histologic result

74 Kommentar Longtext Contains comments of the pathologist

\:/;GL Longtext The underlying disease of the patient

% Obdbez Varchar(30) Autopsy designation

VTU Longtext The coronerdsientnquest

\"/Grad Varchar(30) Parameter of the tumor staging

anmp Varchar(30) SeeGrad

VTnmt Varchar(30) SeeGrad

\:/;Tnmm Varchar(30) SeeGrad

anmn Varchar(30) SeeGrad

VTnmr Varchar(30) SeeGrad
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VTnmI Varchar(30) SeeGrad

VTnmv Varchar(30) SeeGrad

anrrpn Varchar(30) SeeGrad

74 Dg_codel Varchar(30) Contains the ICD O Codes of the case

W Dg_code2 Varchar(30) Contains the ICD 10 Codes of the case

\_/ Bereich Varchar(1) Contains thebbreviatiorof the department wherefrom the tis
sues were sent

Table3.8:Descri ption of the fields cont ai neThecdomtent he
or parts of the content of the fields marked with the &cé& migrated to the target DB.

3.2.5 XML files

Each month, the IMtransmits an XML file to the Biobank of Graz containing information
about the stored tissudske the Biobank, the IMI is an institute of the Medical university of
Graz.Several XML files exist, which have to be migrated to the sourcd.[38ng 3.1 presents

the structure of the source XML files. The files contain equivalent data stored in the MySQL
DB, see sectiof3.2.4
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= <CrystalReport xsi:schemal.ocation="urn:crystal-reports:schemas report-detail http://www businessobjects. com/productsxml/CR2008Schema xsd">
—=Details Level="1">
— =Section SectionNumber="0">
—<Field Name="BEREICH1" FieldName="{GRZ_DATA BEREICH} ">
<FormattedValue>C</Formatted Value>
<Value=C=/Value>
</Field=
+ <Field Name="ENUM]1" FieldName="{GRZ_DATA ENUM} "><Field=
+<Field Name="BISNUM1" FieldName="{GRZ_DATA BISNUM}"=</Field>
+ <Field Name="NE1" FieldName="{GRZ_DATA NB}"></Field>
+<Field Name="Eingangsdatuml” FieldName="{GRZ DATA Eingangsdatum}"=<TField=
+<Field Name="ZUWEISER" FieldName="{GRZ_DATA ZUWEISER}"></Field>
+ <Field Name="PATAI TER1" FieldName="{GRZ_DATA PAT AITER}"=</TField=
+ <Field Name="GESCHLECHT!" FieldName="{GRZ_DATA GESCHLECHT} "></TField>
+=Field Name="UTYP1" FieldName="{GRZ_DATA UTYP}"></Field>
+ <Field Name="ORGAN1" FieldName="{GRZ_DATA ORGAN}"></Field>
+ <Field Name="DIAGNOSE]" FieldName="{GFZ_DATA DIAGNQOSE } "></Field=
+ <Field Name="MPDIAGNOSE]" FieldName="{GRZ_DATA MP_DIAGNOSE}"></Field>
+<Field Name="BESCHREIBUNG1" FieldName="{GRZ_DATA BESCHREIBUNG}"></Field>
+ <Field Name="KOMMENTAR.1" FieldName="{GRZ_DATA KOMMENTAR} "></Tield>
+ <Field Name="DGCODE11" FieldName="{GRZ_DATA DG_CODE1}"></Field>
+<Field Name="DGCODE21" FieldName="{GRZ DATA DG CODE2}"></Field>
+<Field Name="Gradl" FieldName="{GRZ_DATA Grad}"><TField>
+ <Field Name="TNMp1" FieldName="{GRZ_DATA TNMp}"=</Field>
+<Field Name="TNMT1" FieldName="{GRZ_DATA TNMT}"=</Field=
+ <Field Name="TNMM]1" FieldName="{GRZ_DATA TNMM}">=/Field>
+ <Field Name="TNMN1" FieldName="{GRZ_DATA TNMN} ">=Field=>
+<Field Name="TNMR.1" FieldName="{GRZ_DATA TNMR.}"><Field=
+ <Field Name="TNML1" FieldName="{GRZ_DATA TNML }"></Field>
+<Field Name="TNMV1" FieldName="{GRZ_DATA TNMV}"></TField>
+<Field Name="TNMPnl" FieldName="{GRZ_DATA TNMPn} "></Field=>
+<Field Name="0OBDBEZ1" FieldName="{GRZ DATA OBDBEZ}"></Field=
+ <Field Name="GL1" FieldName="{GRZ_DATA GL}"></Field>
+=Field Name="TU1" FieldName="{GRZ_DATA TU}"></Field>
=/Section>
<Details>
+ <Details Level="1"></Details>
—<ReportFooter=
— =Section SectionNumber="0">
—<Field Name="AnzENUM" FieldName="{# AnzENUM}">
<FormattedValue>2 888</FormattedValue>
<Value>2888</Value>
</Field=
—<Text Name="1blAnzENUM"=>
<TextValue=Anzahl ENummem gesamt:</TextValue>
</Text>
— <Text Name="lblAuswertezeitraum"=
<TextValue=Eingangsdatum und'oder Abschlussdatum:</TextValue>
</Text>
—<Field Name="Auswenezeitraum"” FieldName="{@Auswertezeitraum } ">
<FormattedValue=9/2015</FormattedValue>
“Value=92015</Value>
</Field=
</Section=
=/ReportFooter>
=/CrystalReport=>

e |

Listing 3.1: Contents of th& ML f i | e s . Each dataset is accessibl
ch ¢

details node comprises the fiSectionod node, wh i
contain the important data and the structure is equivalent to the structureeiMySQL source DB,
see sectior8.2.4

3.2.6 Creation of aliases of the sources to be migrated

The source DBs contain German table and field names. In this section aliases are introduced
for all the tables and fields of the source D3l XML files that are migrated to gagasier

access to the content.
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Table 3.9 illustrates the fields and their created aliases that are used instead of their original

names in this thesis. For better recognition theediae written in italic style.

) _ _ _ XML files /
Alias / ID Imi_grz_data Imi_aura_data Tissues
MySQL DB
Aurald Aura_idx
FirstNo Befundnummer | Befundnummer Unum Enum
Last character of Au-
SupplementNo Nb Nb Nb
rald
Calculable: FirstNo +
LastNo Bisnum Bisnum Bisnum
NumFindings- 1
Department Bereich Bereich
Sender Einsender Einsender Einsender Zuweiser
ExaminationType Unttyp Unttyp Utyp Utyp
. ) ) ) The year oEx-
ExaminationYear Untjahr Untjahr Ujahr o
aminationDate
ExaminationDate Udate Eingangsdatum
Calculable from Exam-
PatiertAge Pat_age Pat_age inationDate and Pa- Pat_alter
tientBirth
PatientSex Pat_sex Pat_sex Gechlecht
Forename Vorname
Surname Nachname
DateOfBirth Geburtsdatum
Organ Material Material Organ Material
Diagnose Diagncse Diagnose Diagnose Diagnose
DiagnoseMolecular Mpdiagnose
HistologicResult Histo Histo Beschreibung
MacroscopicResult Makro Makro
Comment Kommentar
IlcdO Dg_codel Dgcodel
Icd10 Dg_code2 Dgcode?2
UnderlyingDisease| Grundleiden Grundleiden Gl
AdditionalDisease Nebenleiden Nebenleiden
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