VI LNI US UNI VERSI TY

OLEGAS NI AKGU

DEVELOPMENT ANDATAFRMNL OWl NDIANBTHODS | N
MEDI CBILAGNOSTI HEAANBDHCKMREAGEMENT

Doct oirsaslerr ati on

Technol ogi taf o6 omageinncesesrBE ng (07 T)

Vi | n2i0ulss,



Doctor al di ssertation was prepared at
l nformatics ofi nvViB20041us University

Scienupdnwi Sor :
Assoc.DrPRrodl.ga Kurasova (Vil nSicusendrisyer

|l nformati c80END) .neering



VI LNI AUS UNIASERSI TET

OLEGAS NI AKGU

DUOMENOYRYBRETOD®KI RMEDI CI NI NEI
DI AGNOSTI KAKAT®S SAESAUGOS VYAD YWBIARS
TAl KYMAS

Daktaro disertacija

Technol ogijos mohkhglaerijaf o¢0bmafd) ko

Vi | n2i0ulss,



Di sertacijiaz0bwngia X00f8iaus wuniversitet

T i nformati kos institute.
Mokslinis vadovas:
docdr . Ol ga Kur asova (Vilniaus uni ver s

i nformati KO THginerij a



I AET T x1 AACI AT 60O

|l would Il i ke toethatbhkomy svdioseorstordh | ¢ d b ¢
Pr oDr.. Ol ga Kurasoa&adfgogui ddrces.uplpowant t
HabirlGi nDhDautas Dzemyda for. the motivatio

| greatlcy aapgpthe ti me. aPaupeifnfisosr Mi oorf
bei ng xaanprlacec ioet nt i f iacn drhefisserabreclhpprand advi
research.

Speci al tcloddlkab anhat isounp Proorfdr. .E1 0 n a
Juozairt y thi GedtmDm.a i Gide firr adiat®Bih | Pri.ofJ o rDa s
Gaptorius.

|l would |i ke to thank reviewers Prof.
Vi kt or Medvedthevr val uablweiadvihed perndd teof
the quality of this worKk.

Findl Ilwi,s h tfoa mfihdansh & i myasnudp ppoadttire nncge

the preparation of this thesis.

Ol egaguNi ak



Il AOOOAAO

The research area of the thesis is the ¢
medi cine. When applyiaddidtait@anani npmabli eam:
varied information representation for ma
privacy have to be resolved. The object
and methods of data mining endmedctli pe
associated with this subject: medi cal
i mages proceseinagj oamttl thatai mining. The
I's to develop and explore methodol ogy
met hods enamaédhealnt hcar e, whi ch woul d i
analysis. Achieving this goal, the foll
of the existing methodol ogies and proce
mi ning appl i catoiront hmetrmediod algy ddmai n,
supporting diagnosing models and medi ca
Il n this thesi s, a new -MIBPOM cwdas on m
devel oped, which is basedndastmhye $Snamnud
Process for the D-MESBDMIwa sngs uclchees sGRiIll 9Py
for predictive modelbigygdiomac asdi éhogyda
bl ood flow echocarditeghamlgy diemad ® pprerdqg c av
enabl easutsoemait i on of aortic valve stenosi
a newmi Inmeeraistuyr e -fe@lratmuolnt icl usder iTrhgg was
research results of the work revealed n

mining methods in the medical domain.
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sertacijos tyrimO sritis yra duomenO

stemoj e. DuomenO mtyr yneals cimeodjoe O ¢ mi 4
pildomai spriastinO ugdavini O, toki O k
airova, semantinio sNvei kumo probl en
mi a mi apriboji mai. Pagrindinis darbo
ikymedi cinoje procesas. Su giuo obje

dicinini O duomenO apdorojimo metodai,

ltireliacind duomenO tyryba. Pagrindi
ertinti duomemé®t adyirkyhb,osk uraii klyenost O p e
rybos medicinoje ir sveikatos apsaugo
vo igkelti ir sprendgi ami gi e ugdavir
ecializuotos duomenO tryolydwismanet DWk ko
agnostinius model i us Ir rei kal i ngus
todus.

Gi oje disertadinjdaujse rsyu kSu ratnad a@rdo sPsr o ¢ e
ning metodi kos veMEBBEDMa, Jp avbaudviont saa kR
naudot aptagkastinin duomenO tyrybN kar
sillyta kraujo srauto echokardiograf.i
idgia ig dalies automati zuoti aortos
t sprendgiantemd | Kli asstl draicd av iOma uwgnd a v |
up @an a gmamnor i k a . Darbe atliktO tyrimO

omenO tyrybos metodO taikymo galimybe
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The HL7 Clinical Document Architectuis a XML-based markup
standard intended to specify the encoding, structure and semant
clinical documents for exchange.

Clustering Agorithm based ofRRandomizedsearch- partitioning al-
gorithm based on PAM for large datasets

DataMining

ElectronicHealthRecord

Fuzzy Unordered Rule Induction Classification Algorithm
Hospital Information System

Health Level Seven International is an AN&icredited standards
developing organization dedicated to providingpanprehensive
framework and related standards for the exchange, integration, ¢
ing, and retrieval of electronic health information.

HealthcareProvider Organization

ICD-10 is the 10th revision of the International Statistical Classifi
tion of Diseases and Related Health Problems (ICD), a medical ¢
sification list by the World Health Organization.

Decision tree algorithm proposed by R. Quinlann

Integrating the Healthcare Enterprise is a initiative by the healthc
industry to impove the way computer systems share information
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Left Valve Output Tract
Multiple-criteria DecisionMaking

The medical subject headings isantrolled vocabulary, which is
used for indexing, cataloging, and searching for biomedical and
healthrelated information and documents.

Medical Information System
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healthcareenterprise to maintain consistent index of essential pat
data
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Partitioning AoundMedoids is a partitioning clustering algorithm
Priority distribution method
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for the crosgeferencing of patient identifiers from multiple Patien
Identifier Domains

PredictiveModel Markup Language
PeakSystolic Velocity

TreeEdit Distance

Text Mining

Transact SQL is a version of Structured Query Language used it
SQL DBMS

Unified Modeling Language

Unified Medical Language System is a generalizing biomedical c
tology

CrossEnterprise Document Sharing IHE profile is used for mana
ing the sharing of documents between any healthcare enterprise

Extensible Markup Language
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Research Context and Motivati o

TheaHh t hcar &knsdaeavmaifrori s ts ontol ogi cal Co
medi cal adradtsa asntdarnvdar ( €bbe &aMaogeal 09 2;
al ., 2006 ; Bodenrei d2o 1wt 8t h&easadddti B¢
patient data privacy i ssues, maki ng an
knowl edge discovery i1s of ondoideg ni mp o
clinical practatcreasn sdlogamaa m @ er itngok a nodn | y
treat ment met hods, batheal sb amdthkel ne s

moving fr-omi @ntseecaspr obl e rmc esnotlrviicn ga ptpor oaa
where caimpaed eknowl edge discovery methoc
(Rudni c.k, 2004)

Alhtough damat moads ngndl t eoatkagp pHawe i n

var idoumi ns f or more than 40 vyear s, t he
relatively youndNi | RaoD.,, WBDB8AdRt attad. to
and collect medi cal publicadatoas miwmiem @

techniqgues were applua@0Obl2.researched f
Starting from the twentiethHea®Inthuras n
aprioritized national program, whi ch 1in
standardi zed agdrced g ati ican ofnf pamatind s ¢
services rendered by providing instant
professi ontad spatsi eve{l Samise ms el 0O9; Stroet
2011)According to the strategic plans of
ot her nations from all conti meaesst 8, a ¢
all ocated to enable the global computer
progression would propose that in 10 ye
thoroughly digitalized, at | east in the

hiosrty, the research community is going t
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Il story from the birth date wuntil t he

orecasts a tremendous potential for ma

mining appl iheatitbdcar e.

Probl em Statement

The application of data mining in healt
require specific methods, t odlosnai mnd n
knowl edge is of key i mport ancper otgor eascshi e
I n the computerization of the healthece
heterogeneous, both structured and unst
secondaTlflhyerweseare hundreds of alygor it hm:
clust éi hdlchenl patterns i n dat a. However,
healthcare areAstitl | wa oy ¢Gisase seoteé daelll. ., B
al . | Gpe{aka(ua@ikd?an& MoBealel,azz002& Zupan,

Gpel kauski end & ,Luskpejceivfiild usr, o R210e60Ms) s h a

S

r

c

uccessfdht g mephpgs. According to thei
esolving depewsedmdli ionatl i canydr omuegdsisa ndat
l i ni cal data heterdgeanecimipp] ngradi gunal ist
pti malssorbliempo

The surveys tchoenadtuac t end n ibnyg communi ty
Pi atSehtagphyw o, 2014) in 2009 and 2014 hav
ata @amppl hgationt mGertotsosdllsd gy iS¢ andard P
he Data MiDM)ng HoWwRIveP , due t o-DiIMts gene
s not well suited for applications 1in
f university dhoKsupiatsaolvsa,( NiOalkkgu haams r ev e
ata mining research projects-upemaind t h
arely go beyodnid etandoyli mesd iitmutilbb@asresear
pply data mining nheet hroedsse afrocrh ecrlsi nsihcaalll
esol ve the probl ems rel ated t o pati el
eterogeneous data sources, and unstruc

or mat s.
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Thus, there is a need fomoxemest modell od
tackl e the madiddbaims nof Subé@ met hodol ogy
foll owing 1 ssues: met hodol ogi cal applic
mi ni ng met hodasi dfeadr meadmpxuwtlierdi agnosi s, u

procags featur e erxetlraatcitoinoanl, daantda nmilntiing .

Tasks and Objectives of the Re

Thmeaigm al toHeidsidsteoel op aamk dadceataiiant especi f i
met hodolporgeydifcdrn loeg atdmdeaexignnimegdi ci ne ar

heal tThhcearmet hodol ogy shal | daddr ersnsnitnihge |
medi ci ne, by defining the activities a
addi ameoa) uati on model I's needed to prov

to the methodol ogy.
In order to achieve this goal, the fo
taskwaserean for mul at ed:
1. To analyze the existing dat a mi ni ng
l nvestigating data mining as part 0
mo d e |
2. To pr opoele, aspreauv fic to the medi cal
application met hodol ogy, which resol
met hodol ogi es.
3.To evaluate the proposed data mining
specialty domai ns by cCr eaduaaly t he r
di agnostic -rienMagteisgnamuldat a, anal ysi
met hods.
4. To proposreel at mahal clustering met ho

mining data@&lianianmall fior mat .
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Practical Sigastiicance of the
The prsaicgtniicfaillcance of the thesis is as f
T The propo-MEBDMCRNeSPhodol oagdya tfaa cmil niitnagt e
process in the medical domain by ©pr
model and the compliance evaluation |
T The prBROAde mut atomnmepdeldi can be u
deci sion support tool , to indicate
expensive genetic test is carried ou
T The proposed echocardiography i mage
met hod and i1its software nigmpglhemdntbaotri
i ntensi ve manu al systol e tracing p e
assessing aortic stenosi s. The <creat
mo d e | can be used as a decision supp:

T The proposed and I mplementeéd a@aingtanc
exploratory anal yrsalsatpiroonbale me nivni ra nmu
cannot be r edtuahkelde & of ocar nii swintghoeut a s
i nformati on. The developed software

mu trteil ati onal objects.

ResedMetihods

The exploratory resear chweausde dgrysd yeamat i ¢
and dpel yesults .ofVaotbes mesbadeshof st
operatiodat @ s,miaanncdngi mage proem@Pil ng@dt ect
Experi mentwalssedséearekal uate the propose

them with alternative approaches.

StatementesSenhdelde D

1. The dat a mi ni ng -Indt lka@accolboegys pCReliSaP i
extended to i mprove daneaimiadi rdg nmma nf.
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Sc

The
1.

Appl yi ngMEGRM SPo <create the breast C
geB&RCAYX ediction model i mproves the m
The applicaMEBIWM owi tGRItShPe nov el echo
i mage transformation techniqgues resul
stenosis prediction model sufficient
The partitioning clmwsHteitasg onwhbhitle
measur e i s mor er edragdiosneal i memul hgs

general i ztaadbloem ft ®r mante | eads to inforr

I eno v é&d cgeMRus

scientific novedraeg dwod !l owsul ts of t
A neov data mining appl i-MEBDMNI smet ho
created. |t defines tasks and acti vi
medi cal domai n. Ap pME BDat i alnl tolovée d t h e
BRCAEXne mutation risk pgroedinptroommre mod
0.88 to 0.94, sensitivity from 0.67
A novel met hod for cardiology echo:
transformation armrd cireaftledevi agt t et po
of the aortic valve stenosis grade.
seqaiut omated systole cycle tracing at
ti me ef@ypingeg two minutes per patient.
stenosi s pdeédihéodsiewed80Omha vity and speci
research dataset.

A novel (sdinsitlaanrcifetoy mmeels&irieo n al dat a I
The proposed metr i a@p rwhpeoas i zenmdmadraetda svei
clusteringelaantdi omwllt ihc| RBERr magr iwd sh
hi gher clustering accubd.dalyaai hstsi | h
0)0. 16 (propositioaal (ReED) and 0. 15
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Appr ofalt he Research

The main results of the thesis were pr

sci eootniffeirences.

Il nternabnbenénces
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|l nternati onal Baltic Conference on D
(DB&I S, 2042y 012, Vilnius, Lithuani
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|l nternati onal Scientific Conference
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3.Cal cul ating di stance me alHBUMwel-t § or M
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5. Applying Operational Research and Da
Medi cal Personne2%Moteintatfiian COWNS teed m.n
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2 23, 201 4, Vi enna, Austria.

6. Mi ni ng Aortici sVabDaéa SuswbBbEM CRI SP

Met hoddlDbAgyn.u a | South East European
Conference (SEPG22DALE)IThIe& sal oni ki, Gr e
Regi onaferences
1. Challenges of data analysis 3a%d dat a
Nati onal Young Scientists Conference
AROperational research for bagG)lhess ar

Oct olbsetr2 9l Dni us, Lithuani a;
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WISE 2013, Springer 2014 LexXQlud,e Not
31324, | SBEM-283B9I
Articlepeemveaod i t i ons:
1. Ni akgu, O. & Kurasova, O.eabDatha aMien i
Research DbDat bascés cand | nformation S\

Local Pr oc e5eSdfl r5@EN,: -00®BIBZB,

2. Ni akguGal ©Oul ating di stance measur e
Proceedings of t he cobthtflei Emter mati on:
Socik8yd20D38IJA19294 | SBN626dG8

OQutline of t he Dissertati on

Theext of the 3dhlrasptse rceolnseitkmrese,mé¢ e s, I i
publications and appendi xasi.ntBaocdhucd h am!
(except introduction and conitSbpusgeoans) .
(without 4ddnne@xieashd ,e s2 2

Chaptoeurl ilnes tihies sdieetsai d f data mining i
heal thcare. Il n addition, the results ¢

hospbsualvey are provided.

A novel procemsniammgdelknbwl edgeadi scov
medi cal d ompaoiselda gtngrFu2 t her , the theoret
proposed process model 6s evalwuation in
I's described. Morreel oavteiro,n aal ncol vueslt emu Intgi m
t he -mel aii onal ndtayr e sofprmediseal. da

Chaptperrovi des experi ment al results of

first two secthsessopredentappde ed met hoo
data mining in the Oncology and Cardi
I I I ustr aet eosf -rtredelattuisamga l clustering.
Th@oncl seicpopmesents the main Tchoencl usi
Annesxeecst i on provides the outcome of dat e

domaitnhaecor t i ¢ valve stenosis predictive



CHAPTER 1

DatMa ni nHhe allnt hcar e and

Medi cveevandv anal ysi s

1.1. | ntroducti on

The tendeneryt ihecades to dompateartineeentt h
ensuamesr e rapid accumul ati on of medi c a
technol ogies are actively wused in the

el ectronic health records systems and me¢

al |l over Heh&taher lDdhismp t @ mecd p lleaydp i t al
inf or mati on systemsi cithiIr®) ,r erva ceiwa Ingg i a&rad
systems | @PACRRtory i nfor maatnida no ishyesrtseams

I nformation syBMMI8&msa¢bemel atét@arstruct ul
of a patient which includes phasentied
demograpwi taldat amesiaintds unstructaared dat
I magred wi deAmafiyses and mining of t his

significant to the health sector and i

anal ytsheescaomul ated data offers new instr
f asptactrdeag rste®ics j on torfe agipmeroi@dt itone at me nt
dur at iidosltacnddmeer mi nati on qd natpotmpmiizcaattiioonn
of  hceaarlet hf as bl tgs.

Comeatro ot her science andlatean gminreiem g n
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ODMi s n idintfsa@wxer t e c ptdhset appl DElani on of
bi omedi cine has al so been iactrievaeley iinn vt
numiodr publ i cations and ipnrdei dcdareteasteil s na te
oft htiaspAlct.hough i tt idse cradte ttHoMafrbeegrmgp ds o
applied 1in mepdriaccitnec ady | cabpapllliyc,casitom | beyc

considered tochell.engvagive and
Il n cdhaptardefinitionDMaaskdeandi metdho
a foawpplarmabil iSteyctiimnmeldid4cignev.es a per sg

DM techni quesr,elsaudcaht maad smurletaimi ng, dat a a
with rddimeetcear dgppeneous na$aaqtdi.grfovmeddeisc a l
| iTteratureunanglg®Misns onmefdihceilnesut ISiecé s onmhe
outcomes of the field BMmevtehyo d so ni nt huen ipwr e

hospitals i n a sgtngfedememgpeduandi eme

1.11.Li t erAntad et ods
The r efwenmsenleaxstc or dihneg ftod | oowmiintdge asieaa:r ¢ h
mi ni ngnedin¢iché&tdai ni nd e almgbhe Abi omedi c al (
cl assi fiioarteidtiactteal dirmaéd issdtadd i fisa n alsyos, i s of
me diicnaflor mat i dant ae@ ditoomari® lacgeyl ol o mbsi nci n g
the L esied

A great tipiastoroniati on watsheéaehbated f
SciencebMecedlcitmkor ity was giafetndrrd oy eaurb | i
2005.r lEwhl i cvhii mlwi,ewun ddaneesnpieaclt s of da
ana sim mndg, were also used.

Il nf ormaobimomeal t hcare wasevobwhiiloeedani
wor kiinngcoowet BVE il aurin il ¥ eHossiptiyt akassCBani asi
t hkospi t al of LstbhyanfamM&dbiCbe Schceences
KI &l &@ni v eHrossipti ytamldv eho s iptioyf a IGe r matnzye, r |Sawn d
South AfriazmAdl bRenpubl i c

10
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1.2. Defi Dang nMng

WhiDMmentods have bethselaxptptehséddattear mcieni n g
first appearhed acuiarecebe G1s9MOI@N W.n sFayfyad, G.
Pi as-Bliapi rdoe feitn ead mhM eaasvor of finding us
datRayyad, aendatomplléeméaoftisetther mokmowl e
di secrowd atnabases (HK®RBDDpet Ghmceéer ms have b
i nterchangeably by statisticians, dat a
Encycl opedi a Bri tiamemi gparaodeds nefs dDMs acv e
and usef ul pahi esns nahaddge(la@oiilfotmoens, 02f0 1
with the subfields of predictive modeli
and anomalies mining.

TheoteofonDM used in this thesis is a p
process that uses data analysis methods
artificial I nt el-tlrnigwinale Ko wltd dg e, ne.wg .n
hi dden patteemachcecmmdi chgp e ot hach mPBEdAdef i ni t
il extracting newed«kmeosil ghtggidata ®¢ & e n
| afrsgeaelad awheitmaday c onlie nwsekatcaf iron maki ng.

DM olveeps with otphenli gtudeargtices, Ther
strict demarcation | ine, as both disci|
However, a few diflfrerepmstedst icstni abaek nmaen ehc
commounsléydr paatmaragyn DiVdfsasre c o ddamps y s i

The mmpodi &dheamreces

1 st at ias tfiocrsmul at ed hypot hesi s S t
statistical met hods. DM all ows usi
formul ating hypotheses from avail a

T Statistics usual lt ZwecepxuwlniiVMhieosenn.a s amp
the contrary, often analyses dat a
T For mal mat hemati cal met hods are wus
of I mprecise heuristic methods 1is
based on mathemati cs; hewaveh, heu

and ot her approxi mat e met hods wh i

11
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containingsofardet av,0laateegor i c al vV al

gual ity of the data under investig

K. Wal | é@alejteeali f2Oeirdel e predictive r1e€
exploratory research in medicine. Accor
typically applies staant mistriaalsheywlomehbasesds, t
wher eas predictive researchat appriingsng st
techni quasa wirhiyoomoit hesi s. Approaching a
specific predefined hypothesi s, hel ps
predattoabmdaysl ead to | ess biased result
The ifntresrtrcatnifeonelhbbe subject of DM wa:
ACM n the USRKAeiomci@dpadPtba mi ni ngad nwaes r egqgi
Medi cal Subject Headings (MeSH) term di
Application of t D&i b bneehdniicgaula sftireallda y e

had agsbtwwng pace. However, recently
publications in the subject can be ob
publ i cati ons haspuibncirceaatsi eodn sf rpoem n gytevaers i n
to aBdOneear . 2013

Medi cal i ocnalner ea farse ssismafdoircmatcioom, ng an

Il nstantsamae apsotf,i e ett ggs. t deée agintbwn asini c
echhaodi ogr gm a pilart a&ad i o,gtr hargehane n sgi roanpdhli ¢
computed t3dmodehbhygi ng ofetthasa hmadgui pe
adaptation of speaeodatradzled nahred hroidrsg i nt e

dat a waraenhdo unsoirneg ,generally a detailed arg

1.3. DatMa ni ng TaskbkbBodsd M

Depenan ntgheir purpoOdMmepbhoadapparireatdi ohded
groumeast hodeger efdoireanmd ometf ndbaltcahar act eri zat.
Charact er iazraet men tadpsakist aardahsesgo c ivahtiiloen s
prediction tpskdieatai meaoae@nkaiomwn val ues
within the reheenast snph@bdodnéfgfnecradnce i
t hat pr ediactsipoenarrieadodtismselse i ncpudendriynt o

12



Data Mining in Healthcare a

datfTdhe sol umiuomeo a&ine dh@rriecseple Kmae tvhddars
pr ediaagdei winde @ gr menedi ccrl assi fi cati on

A fluil $ DMtod shkass nowelbleeanst aBowesherd, yet
typi calfloymati(o@hesnouretesaslt.i,ng206@®) t he f
t askilsassi €i catperoendnigc wis@mmnah y sviissual i zat.i

and ananlyMdimet hods can bmaidn vad alteedg a rnit es :t

fsupervised | earning techniqque;
funsupervised | earning technique;
Tot her.

The first category ofeoisiumpcelrwd esse dt Hee
of <cl assipfriedatcifdhmnaanedd ond category of @Al

techni queot dihse atsassikgsneodf cl ust mrnnggand

Vi sual i zadeatoenct ioaurt lared | i nk asmupley vii $ edr e
|l earning techniqueo or Aunsupervised | e
A | i st of the metshoppaacdcordihmg ques

sur vey c oknbNiucgt ge®dt sbt@ehtagpkyr o s 26141 | ows :
fdecitsrieoens and (deelca sssjofni aautliecsn)
regression;
clustering;
descriptive statistics,;

vi suali zati on;

1

1

1

1

f1ink analysi s;
fsequence mining;

fTneur al (heltawogijkfsi cati on)

fsupport vector machine;

fBayes classification.
Solving@ashd | udes nt bppeseplegan e thims .

t hseel ecDMmeat hod andnaglhgamet b mjozpateii noanl

al gosihahet endheoostbgekct i ves ot heahacaeal gs$i

ot haevai | abl e dat a

13
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Over tdhec adheert @inceexpg Orimpt hodyg 1 n
medi ci ne hass fbamrlE pavied.lf BEsf andi ari, et a
systemaevcapwbWi cati obBa@mpldireeatsimemgs ci ne
foertrudtaamatl ysi s. AccotdenmgosbMpagpludat ho
and met hotde nadpdpilciaeld Wotmaldans si fi cati on me
deci si@pasn enuertaw,or @ e aiugd iecshVcM;u s tneertihnogd s :
k-me aasldi er act¢t his¢ads onggmian iAggr:i @gsoci ati on
rul es .Adiensicnrg p &nomnf twes®dIt aslkss privevli adwe d

According to (Howstom, eitedrfaladi.g g nlo®sx9 )
pur poseset weml sitsri soend e ¢ iu aig ®en waipdpelliyc abl e
Met hods of assoareaetiapph ¢ ebhead (yHiii sy @ 19, et
al ., apd®dmh)i nati opsedfadigwoamdenswsi del y usec
oderprteotl hpeat icconndsn@woobabi ¢éc dfyRBeolyl azzi &
Zupan,. 2008)

Classimeclhadrmesred tobpeot grhe predetert
cl adsescbhesi s pl agtedribiy utbaheeslded aetrcahierdi n g
ambj ecstt.atltdet tcsi,Puttehd edependWWht |l eari al
classifyipnpgthbeabllme etsh mina dcealt,icoamhi c h
be f wrdtalpdre dd a@toa .n efvgr ddnxaagnmpobsete b r e a s t
candevel oped tbhhecel masamndli gdartiitormm mag cont i
pplitktde t d-enaik ssiugpnso/rstt em t he tphder pgeesbs$
ofapat iwhmtse weéaea notto ucsreedat e the. predic
Classifscadtteygp rrocncsae sd¢1n amignionfg samred st est i
Durithg tstépaelnggo maintathtnieleas a meant for | ea
creacéasaimhocalti oBurtimg accctuhiengmmosdd |
checke®idngerdabafibBet most clpaspsuilfaircati on me
decitsrieBeasyelsassi f iarattiif@ancaieslwd r k s

Cl u s tiesr idnegfaimnnesdu paesreva rsneidn g Thes hme go s
t hiafm the proceapsilofaowllafbsggehcdopag st er ) t he
objebel ongs to is unnlreewerstseatrtygt gBeye sa p p |
cd ustaelrgogil abmbjfeets an udnebfearu ladfc corr adu gy

14
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t o gihmei loddraitTdaye si mehawabeeyel eccaresdi deri ng
a tributes char.achtmet or tbetahsei el doddly jitahoyd
obj edt stmentcrei cs arkucolfitMeemng § & d g,u ae tdc .
The mostclcosnmemihibgler aaomarctailti onal «c¢cl ust
Thesacirmltasonmi ni ngr mpbiecdt8adapRyr o
I A 99Slomet ¢ anlelseadr kae t a b a bnkestthsotd afl il mdvisn g
nomri paatiem ngs heAsdatagatiieasn dekil aei drhshi p.
bet weenel bmadadtgpakample:i mgratlhyesmar &ktthe
bas& egahd £ rme e n sehsotwd ngt svbleg elr bsu gabntd
butter arididheomagsttapacaangar i t htmweriorvp wte s
parameters: aadfei damppeo.rt and
Associ ad o mefmi cadslthlee pr o p bdeatsidaam witHfh ich
rul e .aphpdrn esx a%pil el, e acmo Bf0i dencé& wdodbul d m
customers who bought br eaAds saorcd abubobnerr u
suppdrhte ipy ofl@asEawhoincrhovtidescondi tion for
For ex2aMpub&egppor meaohwmtd ot & odf c2@t o mer
boubhetaandd butt er

1.3.1.DatMd ni ng asKnaowlaerdtgeo fDi scovery |

The processda#f@adl|nyt b Mmedsthiossi t(eArzaetvievdeo

& LourenddhpPMROOBymamryopasedr DMt yr odess

modeCRI ®®,i ntroduced by <consortium of [

supported by EupopE&®PRCGmamp man,onet al .,

proces®yWnoayyad( Fayyad, ,otroxles, WVPmdee)

Cabena&Zlabena, ,etpradcesklLo@itde |(albiyos &

Moore,,af003FEMMA od3ARd myt(iMautiegnon, 2007
The Imorsd g wesretdl ya n dne it é& fo efiodl reddiiyhnreo c e s s

| €RI DM I def iapedcesswhmaddheclo mpDdsienst 0 s i x

phadesiwmneder s,t adnadtdae g s,t adoadteg g,r amoidoenl i n g,

eval uand ode plITdy manett hpordoov ecdggykh a s eamwi t h

I npout,puadnd at egy CGRI| PRec ddthDebpr. o ass |

15
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cl apsopvhdttds a goedhldeeyd conrnsti maraeseseur ces
and sScionpcee t akr padjyjeaiu!l aCRIDORD@aeés not
f oc utsh eomtoa anu.Ho twiew rars e mphays(iBzaeyd ihsy, 1999
DMin medeging fpreme sefoboyrrneucltaheonhaek, whe
cliniatiommgs wantahl eydsa s tr snu lh@ert @bl emat i ¢ ar ea
byanal wthieng cope odfateac taivvaiitlyabdred i n medi
systemor mpl atbase mhélhtlee calbsina € la |
A det ai |l-BM dC&RdcSrPi pti on and the intro
CRI MEDDM ftdomeedi cal domain are provided i
Whil e detaltégarsk swiftom med by hedlhtehaomai @ |
obj ect iDs pefci talb e fsitanpdp layn da PpVime p haolalse
to discoveampbpatbgtat,i baarsda st@m deepvperl copor i at e
DMh as ar awigdesn sotfr @ ma nftreewt h o dosee qcuaanl |y
welslui t ed t hpeu rspdrmeee .rteha,ssomaty be | mpracti c
consi dadrt eainé@tt h @asksl cthhoe cae poafr mme ¢t hibsd r
determotmnebdynltyhe resudnasl ydawd [Bjedid flaizvze
sta(tBeel | az zi & Adphhenbwywd0BVMe xperthe

1.4. Advanced Dadahmwiqueg T

Most data mining methods asavecheaeaemrdd:
dataset with the attribute$htewdddhcas enu
domain @pwodiededhoi ce ofeprae aentyepteéisacreedn d
i nf ormati on Ssystems store structured
nostructaredsaudime xt | I mage and vi deo foi
reposi toritehged o p bl b o wothegroepseeraanbdialridtsy, s uc |
HL7 CDA and HL7 FHI R, there I s a tenden

XML objects or pl ain XML text files.
represemostta ochasr d D Ma rtee crheng wjiureesd . I n th
mu krteil at i admt a mi ni ng, dat a stream mini

mi ni ng hienatnedr secti on of DM and Operati oneé

16
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1.41.Mul-reil at ieotiaIni D g

I n contrast tDoM atplpe oac-bdi antud aa & | dat a
( MRDM) sflworakpa ns in multipl e meabthloads (r e
Il ncltuhdee r el ati onal association rul e di
clustering, regression, and other <c¢cl|l ass]|

i n the area of bi oienfinrgmathibe $0,d heelwresmied t re

1998, Dzeroski, 2010)

I n a straightforwaaMRRN ptrdsalc h-i mtf o pgio
table DM task, | oss cam ocbar mMRDMEN has r
capacity to take i nto account backgr ol
represendrdlen nstfarements). The DM appr oc

i n a certain single takklllawnear eorr efreorproed
| ear ni ng (aDpzperrooasckAe®r 20 Icl)mpr ehensi ve app
upgrade pbbpabgorambohbrbesl attoeeral The exampl
suchnupgrade fred atmuwineéarli ng | uiss present
Sectd.am3l.. 3

Hi storically, t he advtainicee st eod h nMRJDUMe s«

|l nductive |l ogic programming (Il-drPder whi c
predi cat(eDzcearlocsukliuys 2010 ; TMaeglg | @ft olnL P 10 ®r
defined as concept | earning from posi

background kantoiwd readlg e p a tRtedmmise a& > p rsetsastiev

| anguage than the patterns that are de-

patternesaed erprswbidetrs |lofgi €¢)j rcstal | ed
predicates or relational | ogi c.

Most commonl vy, I LP has focused on | e:
explanatory) | LP setting: given backgrc
O 0° O,whelUimostivi elienxeagmaplievse, exampl es. Tt

is to find a hyj@oidhe®H &( pH,s tseurciho rt hsautf f i
antdQv0dgp” O Q(prior sat imefainamigl iH y) s comp
consi stent with respect 0noadahd gevemnf

backgroundd.knowl edge

17
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An exammteeawnsi fication rule for pred
Al F%806f differential comzat+ ohrsueo T Tiaeb
This rule written in | ogical program sy

| NFLUENXM, High Fever, Sore throat, Musc
fatigue,adum(posgh)ve symptoms(Pn, High
Muscl e pain,aihmadfadzthiequeyedmpy cough) > ¢

Table 1Patientanfluenzasymptoms

N — O (&S] = £ O (] > ;
c ©o o = > oo o _
— — —_ © ()] (&S] - —
| D © oE >0 T CcO .- - o Influ
< ) > S T © > > & >
() (@] () (@] [@ ] () © O @© — o ()
w <« W . mE T o E W O > L
P1L M 5 Y Y N N Y N Y Y 39 Y
P2 F 30 N N Y N N N Y Y 37 N
P3 M 32 N N N N N N N Y 37 N
P4 F 45 Y Y Y N N N N Y 29. Y
P5 M 50 N Y N N N Y Y N 37. N
Considering additional data avail abl
shown in Table 2, a mor e maérbepllaetxi opnraeld idcal

i's i nduced:

| NFLUENZA(Pn, High Fever, Sore throat, N\
fatigue,adum(posgh)ve symptoms(Pn, High
Muscl e pai n, headache, eye Cai n, fati
(Fami | | y(_Rre,dRNPEL UENZA(Pk) = True )

Table 2 Next of kin relationship

I D1 |1 D2 Rel ati ol

pl p 2 Sa
pl p3 Sa
p2 p 3 Wi f e
p 4 p5 Husban:
The example illustrates imes$iamplbaate
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Il nference. On the ot herabharsd,t hagparmrgdqgat

generalizati on, can cause information |
Kr amearv,r ac et al. af&rkEmebbegtHabs, e O0Aat
al . ,. 2001)

Van Laer a(hvanDelL aReared&ét Pe eRaadted 20Q@%En
apprbecphgr adi ng propositional al gorit hms

to upgrade onl yekteheep iknegy anso tmuocnhs ,o0 fwhtihle o
as possible. For partitioning clusterin
for ruldtheduefioement operahMRDM Taki ng
algorithm represapt ep @sadtmgenaniadlihunle Hioeg o f
rel ational e nva ./ Bl m8inlt u s tSreacttel otnlksi s appr
det ai |

Extending the keyanotbieaths dtad amuint ing
me as urpeosr tfioorni ng chluesdqeiri eng onen hiodlesr abl e

crea({Kvamgr, .etEfaflc. occneef@d®ylare al so very

It iI's often the case that even testing
computationally expensive, Ireas &dlbonease
ones.

1421 nt er s eDattMiomi mdPpandtResaar ch
The wulti mat e sRReasle 6@ sOptea adp toinmal |'y sol
prob( ®mafsson, ¢é¢in a@alrder2®®8)snduwee noepetd
to understand the structure of the app
providing algorithmic solukegio®dMa-foul dier
di sciplinary field. It empl oys mat hemat
anas ysand computer science. As a for mal
with the omseHowewvw drh,e tlMe& 0i ni(tBiadblb awer, k s
1832n) transport cost opti mitzhkeB 40 Nn ar e or
There is a growing i0GRaewrde DtM.i ™ thluenbie
of publicati ons, revealing successful

approaches highlight t heCdremes,f i ¢ts & lIr om
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Mei sel & Mattfeld, 2010; Ol afsson, et a

DM can be perceived as an extensior
met hodol ogy, which i s supportedthe ¢t he
OR commuliafysson, et al ., 2T0h0e8 ;p rSamcitti hc ad
cooperation of OR and&i@QgMRIsuasgest ii@mrwirsmnaa
about the structure as an input and del
this process by del gvereinng heAeapdpmhdicmgna ©
to S. (Meisell & Matthereépabketihlreet ype:

synergies, where OR and DM can benefit
OR i ncreasing DM efficiency; under tr
effectiveness by replacement, and final

refi nement .

Application

efficiency >
Operations Data Mining
Research < effectiveness

Fig.1. SyneofgyOper at i oDnMarpepsl ei &cMe i soamh d & Matt f el d,

Fist, the efficietnbteM pfocessacansbeps
by employing OR methods. OR can be <co
procags metahometdad dggotraltlhyni@epti mi ze DM mo
SecobMi,snerely 1©ORKpl acinmad | vy, the | ast, a
met hod is refining OR with the support

effective deciisngnht ohaki s ghognmpro@yeil mg D M.
Il n adlcdmpesystem, the DMIisrmaedohmhopr dei
solution refinement with respect to mea

Us-ease application of this method, wi
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Il nstead, It I's i ntegrat edsicmti d egdh é@ yb rNa a
and Ga(pENioakges & Gapwwberest he2 O0d drhehtolrsd pr
for capatfogmance based motrneaproni degirs
organi zations personnel . Tehfef e meé 1 ke d e sas
empl oyee motivation a-ncirtsacidelci bBalbancsa
met h @d oip sheeda |ftohrcar e propemdfeor mamaai zal
remuner at iatni omo.d elIDiMo@& dedhiotdisori or t he det el
performance indicat bswb steog ukeent u smeodh,i tamd

achieved results, are proposed.

1.43.Texti nMng

Texnti ning (TM), known al so as Knowl edge
considered the method of exlt ardgedxitng i n
dat abase for di(sxoorvreea,i negt Thana w h g1dogo9hd )h e
same analytadamaniumg,ti and also applies
from natur al | anguage (NL) aQHot hbor ettt
al .,. 2005)

A TtexMi ni ng systemaeiag oado mmpamgped emft st: hr

a)l nf or mat ioomn nFeecetdse rtso any web site,

ornnternal document coll ections an
bet ween different textual coll ecti
byl nt el |l i geetspbDaaggibnge for text readi
rel evant I nformati on. |t applies t
documents such as statistical tag
tagging.

c)Business | ntcelsloil gaelrad e sSuihtee i nf or m;

di sparate atvbowceag for simultaneou

entire i nformation background.
According to their tasks, TM can be
algorithms and f or mal f rameawroirkrst. e dT h €

prpr oceapprmagaches heaaprocsesal btecreatin
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document representation. This involves
needs to be solved. pTpeeo ¢ espaparhogafcrhaense w ohr:
rely on methods deriving fromaasal i ng
applied to natur al | anguage texts. Su
schemes, pr obabiblaissetdi cs ymd kel sap prrwlae h e

met hodol ogi es.

There is a significant di fference be
Retrievalhf ¢ MRBettioaipd VRAITM di scovers new I
from text, through searching flkleM patter
process are patterns, connections, prof

I nf oomawet doeioye shshawrer ead t he dconumamtys.

IR helps users find documents that go w

out comkeiendfor mati on retrieval process i s
understand it we still need to read th
Knowanpplications dfhmd@di caanld dtoRmaiim ar

summari zation and tagging of weférwuvaltur

| etdtiesrcharge summary, radiology report.

1.44.Mul teidiMani ng
Mul ti DMdseaan emerging active research
finding tools to extract hi dden wusef ul

mul ti medi ai sgnddretcitalonsor Amavnty ampeumtcadf

clinical data | mdgeporesamdiead f or mat, wh
for automated information retrieval

I n a database system, there i s al way
admini ster all the data i mrteha nsatralca ue
we do not haveyat ema,nalgetmeat col | ecti on

Mul ti media mining methods are used to i
its descriptiviee imdlotrimmaadioa.i Mdhaxi,ndg anc
the indexing and rtedxtiadmady off aasianglsal

I mage,omudiewm.,
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Anclkocardi ography i mages e picsa sdeessscirni gb ead
i n SeZX.taGn&ln 2

l45.DatSar eMmns i ng

Tradi tDMnal Icyoncietstinatdi ¢ dat a, residing
repositories. Howeverujoushel eméergence da
sensors, sensor net wor &di,f fvuedvbepripto g chnd
Such data are called data streams. Line

approxbMragasewl ts have been propasdadcet o he

foll owing techniques have emerged: pr oj
met haonddobust approxi md.t i M.n. Ga(lc@abr alri ,n gd tt o
al ., , n2G&@®%) e data stream mining tasks ar

f Managing the continlhe flow of dat

I n data streams 1 s of ,iat croengtuiinrueosu s
novel management and anal ysis techi
const@aind , fraw of data el ement s. E x
mi nofhigl ntensi véeéC&areyunet dlata 200
et al . | 2007)

fUnrepressed memoDptaegUreamesDsrce
t hueni ngteed uf l ow of data. Sensors an
notave sufficient meDnvit reyc htho ques tr
which require the results be conti:
ti me of daAmx ampolcee sosfi ntghnogs ed at a f r o1
home <care systems, whi ch aggregat

deviamas sensorssuspdt bgi pattlaehy env

TAltering detection and modeling of
Keeping track DMr eshhét shatsogeboenfsi der
more I mportant i n DNresdlieaa r at he

Considering the high volume of da
sources, the modeling of the chang

Mi ning of sturt ed dhizfeQe rdeantta s ol-uti ons
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est ablonsphuetdat ¢ onal and statistical app!
categori zebdasedt camdlaesdka(t aggar wa.l , Th2e0 07 )
dabased solutions search for only a sub
data haltliyoor vertically into a smaller
t he -btaassekd sol utions wutilize techniques °
to reach the most efficient solution.
The -Wasead technoifgatberciomgi she whol e
sleecting a subset of dheTheacomsingpsespula
based data stream mining techniques are
T Sampl hongsing a subset of a datase
probability theory
fLoad Sheeéediwgogking a odntsitmuweaus nagmo
da.t a
TSketcmdingcri minate projection of a
anal.yzed
TSynopasta Stmamdfuoremati on of the i nc
Il nacoompressed form
T Aggregatticaah ati ng statistical me a s
characteriistics of dat a
The -has&d techniques ar e based on
upgrading them to addr ess t he comput a
processing. Thd amest dpo@aulsdanmr etaangedmi ni ng
foll ows:
TApproxn naaltgioor Dahms streamtmi mieng 1 s

ahard comput at iaoenpadr gxiorbd tean,s alnudt i o0

the error bounds is proposed. Appr
di scovaelay ai maveameen used in Prag:é
wor(kPragarauskaita, et al., 2013)

1TSIiding windoWwhe ekdéynwigdea i s to co
analysis on the mostasmuenmmant zedt a |

version of the old ones.
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1.5. Application of eDataamnmdbli ni ng
Heal t hcar e

151.Hi st oPersakctive

Col | eocft imendi c al anidirfsou tenrad ev il gali s has b
carriseidncoeutt heTme dkin cemehdgipcaabll i a&rad li yomi n g
me disctaadt wap u lwilsi slhee6d iimm( Goawmtn,n 198®3J

F.Ni ghti( Ngalhe i ng apaeq noeledr@?@mmend i ccaarhea d

compl annderabotoite Oflae&l t handcohedsr desul

storiangeho,spwluiestelsd t o i mp etdree aaarednytsasd of
effectined®l8&Bongress of tgheb lUnsihteedd aSt satt
iPol icy I mplications ofo(Médicel ofnfTec ma
Assesment . Congteds So.@rthed .esptrudddy@ & o d

mediicnaflor mat i oaudsdy utseerdsu ¢ @ari onattheppr pose
medipgradf essitbealpsr ovnsisenviodcierst e dlads e

ef fi woifferncaytam@P@ heal th pr oviadcetriTvhetgyani z a
study satudttheat s e ¢ @ 18 th u awyosuijd edosi ind e r ana td i on
knowl edwas t pativinacucsdsps i rbd @aadc hheerasl t hcar
g oV erbmidnSe sitchgee 2 0 Or0e giaomkalt i onal hedletch r oni
recoryddgvwehmscintmo calrled epgvaatnntedt cal,haeeor ds

been actively deployed worl dwi de.

5% The Nordics (32 percent)

850% Spain (83 percent)

Australia (78 percent)
78% UK (73 percent]
5% US (62 percent}

Canada {58 percent]
55%

1

Japan (44 percent}

45%

Germany (38 percent)

L

35% France (33 percent}
250

15%

b
2009 2010E 2011E 2012E 2013t

Fig.2. Esmait ed hoskpHR &b p biagcAaccreantteur e, 2010)
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Accordi ng ttuao ea mMmaA(ktesan esntt wd yet,h e2 GalnOn)u a |
EHR and EMR growtida %sperstyeart edT-lbgy &st i

based El ectronic Medical REcgrdg& system

1.52.Ai ms and Objecti vemsmaifn DM i n Me
As it wahse msphoorwtna n cinee doifc aslt oimwnafdo runmadteirosnt o O ¢
a fcecewnt ur Waenaigmdlal eteedr,oni @aaldli we on t o
st andalrdudfat sbati sti cal Il ndi,baabtbhcamnée
can benBMmdt Hoddan

As st aBtaggd Blay |l i s, t 1O9®e@ ysuwtocessf ul mi

medi cdd wieeradent i fTHR@QC¢ct owi wf i ni ¢ al prob
the |iterature overview work¢€Bel | Bekazz
& Zupan, 2008; Ci bgDM&me Mb o sl 8 glel2yd @2 m

bi omedircead r etdduanirel raisnsgian dc avtii sothalsikrsat i on
or ddractide diagddoinnhge & lotplr od reesAd omraditvineg t o
most r ecerstysdrednad aacwnealrivti geva f derssdreddi abryi

ebdl( Esfandi ar,if oue tampalili.n,c adbMda)p pt eiamt i on
medicanebe: defined

1. Il ncreasing tkreéi enf habhicemauwmband act or
dealid bdloki agnosi s ofwhearescaliirmcd/i s e a
I's essenti al

2. Reductioncofsppli imea @loe vvemetinaogn a |
n o smd tchtoadkse tai cheome evxepreyn si v e.

3. Medidceacdli si osy stup@ r &p rnouchdld £ ma -
ti,enmr edimotdied sx et ;aspyps| ticeenwdsi & s
tance for | cefscwsekx ne rdicetraad fefd.

4. Knowl exitgre aus efddorreex t r act koo wo e digew
ohypot.heses

The authors concluded t hfacerf DMcapgmpliciyc .

I mprovement, hi dden knowl edge exteracti o

equally popiRkiI8%reacslc.oring 27
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Fewekirssemi nati oardggaioned dtoudiesdur ce
(reduction ofAnt iemeeamphed o©ods DM Resde adpcehr
met Wapdp!| i cation for healthcamédemasrnagegme
of Ni akgu a(nNli aGagut o& i Gaptwhenmnues , t 21 aut
propasaenket hod fapertoemanog based moti va
heal thcare provider organizations perso

Anot her approtbotbjtectd evteesr midmedMi $ nt b €
rel ate themotesg hof patient treat ment,
acti vihtei eldireappmecesasmaesic.i WaOI|l by
(Wehl oui nlOalpdgtsi ent 6s hi story assessment

actual treatment, angpFiddti @8ntds conditi
' \
4. Follow up
*Past and active . *Conservative
problems *Functional ¢Intervention/ ¢Clinical
t
*Family history .aRS:j:::zr; Surgery examinations
*Social history systems

1. Patient history eLaboratory 3. Treatment
assesment e

*Radiology

exams
A J

Fig.3. Clinical profctmsd 'thitbehsdes ahe Bterative

| n amdi st@andal one cmedncoangi,ttoasdng , of
chronic disease management can be defin
as resource optimization, quality cont
treat memrdel pbane be considered.

Ge n er abloitzip pprgo, ehakhbejse ¢ t D Muessa goaf@ i @i n e
can be generalizedt rienadtometnd o prin@asnin ragt ré oounp
(heal t hcar e man atgreareetnme rdto mopu al)me da mdamp r o
treat ment and.Wepg eadalie cd a maepsm Isa)fc al M ons
t hhneedi calgrdooentda ibny it mablge a3 s
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Table 3. Goalsand objectives dDM in medicine
Goal s Objectives

Optimizati on
resources

(o)

T

= =4

=]

l denti fomgm@mdr tonn iotf i
pot emagéaductrn ewvie rawn
enhanc(eSmelnvter , ; et
Dependence of | en:
hospital odemb@gr @j
da,t aanammeé¢ encestehdo d
treat memd ot(hBearylfie
1999; Yeh,; et al .,
Prediction of rehi
Prediction of post
complications ajnd
Prediction of me |
indi ¢ Nt akgu & Gap
| che i fi cation of wu
i nterventions;

Il denti fication of

| mprovement
qgual ity

of

E N JE]

E R ]

E R

Early diagnosi s of
Evaluation of prol
Mo dleilng t he progre
(Tanwani, ; et al .,
Determining associ
climite¢ali buteddgrust
di agneeil ®ct ta emltan
er aruilzziindg mensi
medld tcead o r d etail men
er todeftcama binn @ 1
acey & MgGregol
l ysi sl iotfy tdfe Ioi
aSBeetlsl azzi & Zu
Determinati on cafs s
Determinati gmenft ai
Di agnosis setting
di agnosi s
For mati on
dat abase
Predict.i
Mi carr ay

D

Q —+ 0O O S

G
b
0
(

A

S T

dat

of medi
on of me d i
anal ysi s
Early diagnosis of
Sel ecotfi aomdi vi dual
Determbhat henpr ob.
di sease occurrenc:
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153. Il ssueshadndon@ s tndainMe di ainde
Heal t hcar e

ThBPMand mor ek ngpend eerdggle di scovery probl em
been cwelebry tieor ks ofaiR.& BR. Zupan, K. J
G. Wloo,l ¥o00 atnhdalotBhedrlsaz zi & Zupan, 2008;
Cios & Moore, 2002; Koh . BRhd&camsip®OOHBi c Yo
probtemsitnlgasi srhD Miers smeod hddthe &pamt ot her
subjecRBalrlkeasdi B.s tZatpeadMwle sae sii pnrpd gee s s
t hper obbemsenf or mat iwonu | nda nhaagveemebneten s ol ved

Ast he | i sted autthher grasggipihaaliMi end, o f
me di cmeneet s a nNumbet ecohfnolbaengtirecradrissci pl i n
communi, c aeettahogcrsot ecp atoine nbth daadtdaitthieorne ar e
sev emeklhowmrnr oblod msbi onha,tlsauccali naasc c ur at e an
fragmemtedmaEXxXaoamplhes umfioie mat i on: measur
vital f umpetrifomranede wd @ miodnti nwaas restt pos|
sampleguired f bakiémeosnttienmrg | walsaobn deiqtuiiopnnse n t
cal i bearartBrosngme mf ®d mat soas e Nickalavend | ab |l e
pat dana -9 uwf fniomi entr efsourl tdsef i ni ti ve

Anotuhneirgbaer act@2Miin tmecd Boiessrasgne ma ki ng
decisropnschumBmetfl 9 fkes @inas W. n Md(edieo s
& Moor e, t(2080WRl)t s OMmat sreulsed ebegedr i pti ve, |
presentge¢ | winalhi ons, s ainhdae rsdeva mtthael s ee x p
resul ts w.d rne t celetrepil nosdsiotniedl et h e ds h as
decitsrigaenseo rpeg e f @ rhalhlhe rmse umeatigrn.or k s

Anal ysi s waoft htime tdhatfd s enmelivsapgackc i al t i es
rai ses aldal tlemgmeé dcsieanametihsea hcboync e p't ma vy
have mudme pdliainfded emtiidfiifefress det sly sutse ms
consd dleypoekamphbel de pafr taneantto mi c al pat ho
hos puistéaslat o mi c al Pat hol ogy Labarnatwohriyc hl r
SNOME@DTnomenci at uhed har di dlep@gy @t sne st
car di oil mfgyr mat i,omhi dippsgtheem -110CD aln@B T
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classiifmnsgiaal loead aarcd redx magn a ebackat rhdei anlecegliss tos
Il n additi onartebwrs arirwal doifgpoilssytgsit easa di ol ogi c a
systemsomput bubhatdi nwe gtthaetagdli ol o. gy syst
Radiyliomages amdseparttetgenitihfdéaO,Mavvh € o e as
di secdsaes sitfhleGOc ode sysssteddmer editcatsikon
requtihreespat i @ mtf'ogy rtnmboimgidnogr mat i on accum
i altlhreel depdrt ment swe Adr dadfesaiproghher oper a
probBemape!l PMna@l gor itthhremsd aleaemawtei deal | vy
mapped mmoogt aealbmgyo dearsaedti dlecdy, ri@stul t s
necegdwvaruys e ¢ o mmpaugtee rp rackcgeosr,saihrtignp ossi bl y
apply text mi ning for the textual des
complications sections in the unstructu

|l nt heases iwhfeorremati airsetsygsd @mehedi c al
cl assndmenc| aeomdeo | Dlgseeensa,n 't er oper abi |1t
projects toat oe mndedafoiHoDIgtgivots pofs swibd re
heal t hcar eusitehet ietxudteinared , p rvoeprrsiodotnasr y o
cl asswhiicehr sar e not nit @& e mvigetrcsa Inantsoa ctlehse,
DMand madifoalmmnpecchhdvextreddattaansf ormati o
met hods t o seenmsauraana&p@.ri rmeyc t

Returning back to the exdamplpe obfi ean Io:
mediicndlor snp & Biemtser oper abi |l ity altstbe needs
i nformati on systpamtsholagtiasrtesdalb b oo s s
I nt egtrragne e gofaheer syepgamMeddicraflor mati cs
of fers oaf rianntgeer ® pa n.dlbirttdsueylle adtt hat egy
sti puneat es | dat a eHxLcAh @ m sBie ofnd trpaunt dipaior sde .
Howedire sthamsdoarredp pl i ed i nl nprtamedmeyen yet .
medi cal I nf ohaaéi bo nsdyupspeedmtatlbal e x change
standadde, olHLKeLSCDADI COMHE P11 X, alnE XDS
to relny eomedtaisosairafdi enrosmelnre | @t asat thiecesi t uat i
canopeosite. AccordNingk gguo & 28 @ Bshusr ovveay,

medi cal i nf ormati on systeeamnotb esi unpgp ou & e dd s
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ex change Tahtea resf @waerckeaspspfl ulc at metnhfoed@meldz M
addi tcihcandilemgegr abf onmat i dhne rstyes daefantsi o n
systsehnosh e undenstogshatnssagda n gidrag af rexmmhange
archi apadndiirreg wi déat steen@mit ti \c

Thent er opiesaalbedamomeyr e cawhpilexegrating
systems and data . Themr é@is f fpe aérd riatrceaomicktr rsi

pr ovi ded switvtelm i ap pndgs aimewdrn € hmor e commol

I n E@amdp @ tnh &nhset e da St aAuesst r al i a.

Ot her C b o & DM in amedhangati ent
conf i delmtei dleigiiryolt apgaatrosoniavpa oy i bi t s t he wu
pat belnitrsi cal winfidnetoansemt . Thi siseompl i c a
clinical fionrf orramad a rdamhipgpoubripeons eissddas al ved
deper son(aNtizzlantaidoenr & . Bltihs e ibsyr dsoeBpbalrd4a)t i n ¢
clinicaldednaotgardafpthdent i f yi ngpbDtalees ega tfioegnt

-

esemuwstht I ncl ude, ppaaD sepnd rutis anmianeh eelr D5
ot harentatftyriinlgut es .

In s accmeu ntwhiegdse,gi sl ati on of equal opp
develepkigec @alblaegms not ddtmpedsaonddi zati ol

nstamdei sit hes Uof f etdh eStpartcevwsi sicenm tof ser

emade in accordaacef wramldeaddésr crhe e i

o T

e mo g rcahpahriacc b £ r t b eairpea tviheproyt t @ moéf tusesmedd

MM resear cthheppbjenth®@eomr esearch resul ts

ncluded shbeb@phmetbhd ,enmay c.

Anotwiedrel vy spt bimdorn sédwatagansehft @edmat i on
robfTeelectebhi mifgotandmsonstruction of
redi ctiwint melgiegls f isceintsyirtaqvditrye st haes s e s s i
ompl egdreded sisabi il ¢didyt adfv eact laail hq uahf Ifietcyt eids by

O T O

n a ¢ chueraastuer ,chrmeanmatns o r e qur oprmemmEasseamrs riss
essenctomsli aregeemgpol el | ni cTahlubsd ggtnadr i ng at ypi
daobatliers, the dapact aedl tismpaleycdibse i s
educed

-
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Mo s t of t ha hmpedibt @aimsdomai n correl at e

i ssues and thkeRDI| pngeses®fdescribed in t|
Fayaad( Featy yaald., etBwmdal. mnidP 6 mpari ng t hem
problems and isauesroatluUrakedmappiveg of

Il ssue | i st and rmpercoldli emandidsb ¢ @rl oAdiodnead i |

Table4dMa p pi ng dndmedicalddnsinissues and challenges

Gener al Fayaadodés LCMedical domain s
chall enges chall enges
T Massive dataset T Mdi cal dat a i
di mensional ity T I'ncorrect and
I nformation p
T User interactio T Patient dat a
knowl edge
T Overfitting and
statistical sig
T Mi ssing dat a T I'ncorrect and
I nformation p
T Understandabili T Requiremdnt f
model | i ngg out
I nterpretabil
T Managing changi T Mul tidiscipld:@
knowl edge
T Integration T Medi cal dat a
f I'ncorrect and
i nformati on
T Patient dat a
T Nonstandard, mu T Medi cal medi a
obj-ercitent ed dat processing an:
extraction
T Medi cal dat a
1.54.Conceptualization anat &xchange

Si ntchdee gi nonftimeg t went,iheotstphéa &k sabxegecnut i ng
routmomna tandng ecording ofl nt eeinrat pemndélor
nati onaclaoleeggaalntite atmed ms ¢ mdawwhioodsf | ect
preopdoastpii veal pmattiopprer ati ve bcecddmphbobeati or
rat et hmpdtitypiwlI hme cmiecessacpl cottah@en of

Il ndi catolrsematr @dpleect roninc tfher msa.se of el
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dat a c otlhH® @taino nan ail nyfzcer shéhcer e dr eah dt i me
makaegppr omamageeencti 6§ Panbus, .BEhuosnle. ,0f2 0 "h&)
aims of makiawgaiiénafbotremaotioocral p yor t manag e
deci si oM® OFodr tehxdahmp | KPaeirsrearestpeé t Ak i n
Uni tSedit eenti nuouslby ttiheasiurdiincgat or s of t
headnd meeircavom&l ef f iwdhiiermcywama&l|l yaued hamd
used for phe dempaaotyeamrath t att hpeem s ovio m & |
qgual icggmpdraatal ywa ies e@matuhl us, .et al ., 200:¢
Clinical data modelling and medical
For mal i zed <cl| iam&dalt eoysopdebnt & hdgr d speci fi
openEBRal e, et salderi2Z@®@@6)ye Eur, opaermda st a
HL7 standar(dSclhSQ elf3f%7BPL 7e tp radltvviradacysd O 6 )

vali datieessHprte fRehr ence I nformation Model
Detailed Clinical Model s as described I
UML versagompdhiasal model |l ing representat

data types.

ThepenEHRstanhateds i kwplfyraumin ame wat
data model |l ing, based on aaccommesteynpseuss arfd
t hcel i ni cal community.

Archetypes are the shareable specif

OpenEHR definesusaabhet yperodhaldadmefeinnilteive

i nformation, defined in terméBeal epnsetr
al ., 2006 ; Ka&Ihr @ x aenfhdere ¢ o d top@l® pirbels sur e o
showhi g(lnHedar d., 2008)

An archetype template i s a set of rel

scenareixa.mpHor, the archetypes for bl ood

may be used to record a routine screeni
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Q systolic B
/ Q Diastolic B
Data j’ Q Wean Arterial Pressure Bl
T Position —

E— \\ Q Pulse Pressure B

E T confounding factors | / \ T Comment B

Ega! Exertion ."'.\':LS'Ia'IE T h T CL.IT'f . El
E T sieep status /"r Blocd Pressure

=/ | E g Location Ep

\ T Diastolic endpoint B
™ Device |§|

EQmn
Sh L T Method Bl
E?any_eva'nt Events I T Mean Arterial Pressure Formula  [E
EH 24 hour average >—

Figg4. OpenEHR archetypeHd&dBdl b,0d2®0F&)ssureod

Al'l clinical modekdinglstandandsogegl )
I n  opearEcHReotry pceet ai |l ed cl i nicwabt anmodlaer d c
terminol ogy. Coded terminologies 1in hee:
Il nteroperability and decision support

Much att enpn ot hsbeansa abterdcryesxiissftoifmua |
seqdhior mali napomalbl @agd egesti gatiiminhegafit y he
(Bodenrei Olke , pROOB8)pl e probhemsr &t Nngn s
me daildeci si on s yssutpgmsimte di c al I nformati on
I nt er opnartanb irleistpya cetr mi anwd @i LS

O.Bodenrended Btoadenrei deéieo !l [2dam@&ntg
commounsileyd bitoenrerdii t@IC,R il NN OMEMBMAG Q
Rx NoMmSHICIMThes aurdindl .STablseh oSvkreu mber of

concepttshhewsttheetsnaur us, nolmeansildaittaorisogy | @rsd

Table 5.The most popular biomedical tetiresaurusindontologies

Title Number
concep
I nternati onal Classification 12.318

Logical Observation I dentifi 46.406
SNOMED Cl inical Ter ms, SNOME 310. 31
Foundati onal Mo d e | of Anatom-~72.00

Gene Ontology, GO 22.546
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Title Number
concep
CatalogueDod-R&€Niomimc a | 93.426

Medi cal Subject Headings, Me 24. 767
Nati onal Cancer I nstitute, N 58. 868

Uni fied Medical Language Sys 1,4 M

Since,th@86Jni tNead | ®indatl @as y olf asMelda en ne
gener aitntndyg raarieadn tcal ®Mig@® ni fMealdlcaanguage
System).

The UM& Sgeinzibmg mean tcall oTghyd §r ovi des
tool mhebdbtprcafresanodonalestear ceeémeat e garnadt e
i nformabmodelf ¢t ebeomied i csalt asfdupmcteibent s
el ectroni €c orgdsst, € hesn d ending wi t h knowl
(dat abahstdb®)l S er si on 1lolv da.odntmd nhsc emt s and
6mi | | i o@Gorddetaiisfyyso nfyrndst@ O dicflfaesrseinfti cat i
systeusMesd&dH C-DO,CBCM asnNdHOME D

The UMbarssi sts oftompenteaoaltlsowi ng

T MetathébvVMuBusdgat abacmes i agthsosdfar y

of conceptilsi s&ned atte eommsswe Ipla kas t o

e xt evroncaalb Ud laad sisf i cati ons)
fTSemanticiaNedatat@®fgot hesedandonships
whi ch are irneptrlees e moefé derm tni hoen s

Met at hesaur us:

T SpeciLa&lxiiigzath e xi cogr aphi c rnatcuwrbaull ar vy

| angprageessi ng;

TSoftware Tool s.

The UMp&®Srticséhull pnwiegmultti inpgl oeu rdcaet sa
It i s ndeakb s aperyonbtloe m dofe rimoal tsiimlgd e conce
An exampt en cogp ttah el lAsdeda sseo n ' .sT hiciosnegaePpd 0
dependt hg ohasyisfineeyath bbed err 8Pdr itmar §s
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hypoadr enmi@Prmagsime nocorti c,aH# 7,.nlséufcf.i ci ency

Addison Disease MeSH D000224 |

- Primary hypoadrenalism MedDRA 10036696

¢ Primary adrenocortical insufficiency ICD-10 E27 .1
Addison’s di )

[¢

Addison's disease

Fig.5. Mappi ng UMW&d n ddApdtd | dsiosne(asoeddenr ei der, 201:

Al naanmeodreespr es krmtgad & compl etely or
i denttd ctaHe@ ptd di dione s e 0.

Currednttihywnamsi amiomp lyeerhe nt ené d nraetcl oorndasl ,
which wouddteeohbdmgri fanéd st anfiar chatz & d
However,i mfaoin matail on systems admi ni stere
l nsur anccoentfhuond &R &wiptro vtidee f ol | awi ng cl a

11 CDAM-I nternaatostal c&l Classificati

Diesases amMHHk aRdalhatPed bl e ms, Tent h Re\
Australian; Modi ficati on

T ACH-IAustralian Classification of He

TLIi st afndl amaeé | operations;

T Di agnose related groups (DRG)

T Nat i 9c0cdilmduramendbur sed services

TCl asoiLfi it hunaend idenaclt or s

1TCl asoifiLethaalntiirsctairteut i ons .

Il n order tor ans o s s Wdidflafyer e nt i nforr
Systmasidcadlaans mit anidaumwesdddd..v ss taa nsdyasrtde m
def ialiingin@almi ni pat a eiexe d amgle i nt edr ati ol
st andadr¥der si on 2 hneowshti cdHoymmwsned structur e
dat a exchaermgeabellfeesc maodoni ¢ tnmeexssaqpinrgg nfgorof
admini gt matnicarla Iniacnad fi nd op athlit eeroted oAns
wasr eamneldon8e0tsy nit axnot dmesdeamrredi ter ori ent
archi.tlec t210iBeb b s elue et si omr pawsaesd, and in

36



Data Mining in Healthcare a

a draft specification of HL7baFsHdaR ovas i
f or AR et h o daon do grye foebrse rctitepna readdHiLg/m.F a s t
Heal t hcare | nteropemadbi | ittox edRe seo ugtcaersd a
framework provided by HL7. FHI' R combi ne
the | at esrtd swetbo sstuapnpdoarctt uUREST f uMo ba rl ceh iptheo
clducommunacEH® assegd data sharing.

|t S pl anneldi tt ho aarbitutaie el by bt em
I nt er o pbearcakbbiolniett ypHaLs7e dF HOOnR. sAaatdhed I mpor
cl i ndiacsadlr ucturing and captstuiitmngi sg amd gre
ver s3,ioL TDA THheCl i ni cal ADolk utheao taunnr eX ML
syntax standarcddd,ssptgrcuiefyd rneg e mdhnetcilcisni c al
documemdmssuuninigiledhocametdt udth L &.DA
stanslalrdbmr obl em afocolmiemni claedxtcwidderdg e

regiaonndaln anteidoimmafllo r mmg 6t e ms .

1.6. DatMi ni ng ibpHekEet hcare Faci

Het er ogiemfemrumsat i canv as yosft g mmi nol ogi es, s e
i nteropedalbial Quwl ity i ssues, and patien
mo s t I mportant reasons | imiting depl oy

provider organizations.

Il n order to evadgerfOD®Mi n heepwarcdacal u
conduacusevdey of terticaauwn (hhisapki gual& HKuwr afsio
201Countries from diverse economic devel
reprbesepttals with unTh&egeabnoamicveoase
of stuihreveyha®shééns c ougpnatrietdatteavach ligne i s
t fei e DdMappl i ¢ & hneeodhisc aln domai n

Survetyengi ahreyalltehvcealr e fcaaidluictti es«d,i ewmh ii ¢ |
commer ci al reseausgsb srawi esnn cadutswanled DM
applicati,onanadc ttioowth st bheeppé b@adwteledha t a
analysis expertsodo community andhéeealt h

out comfmet hi s ¢ o mpsaurgagte¢idvieededh adwy®il gent age
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of academi csrreessuelatr cihn epfrfaocrtti c al DM appli
Thomson Reuter(sThWMems of Beutace ,Web of
Googl e SGboyghe l aod®ubNMOALat)i onal Center

Bi otechnol ogy draftabmastisoanea 2v®&)a d mber

and distributiomnaef rediae¢emdi ftioc DMub Ini aneetd

decade.

ThPubMealt abase iIis comprised of more t
bi omedi cal Mie d &, alteiufree daioemce journal s,
PubMesdd opet bB\Neaetd olnya | Heal W.h&.araendiibmdewe
publications classifying its content wi!

(National Li brary aof UMd digc iMEeS H MeoSH,b ud Q
as a sear ch hPBpuabr Mibrad taebra sient h@aar ammtt i ol y s
wording matching publications wil|l be f
wodri ng or previ MESHytaesmd bhamed. as ndat
mapped to other figiemit|.@h ed¢ mwmpwapmisad n g e

beempended to the vocabulary only in 2
Al hor mati on Storage and Retrieval o are
critdatandowiansi ugsed to retrieve a number
within the medihaaasdegd oMESH Iweadhi ng and M

Adata .mi hhegbirst publication is dated
appears ah0Oyyea@adnternterval i n 1994. Thi
publications.

Thweb of Science has betehnanp rlo2v,i0doOn g oauc
i n a varietsy bf a8ubopeicicconudagsencceeedt ngs s
The advanced search filter all ows the wu
to the selected subject ar esaesagr can dg uehrey
was uUudeid ahalysis:

(TS=(DM) AND TS=(medic* OR clinical OR healthcare)) AND Document
Types=(Article OR Abstract of Published Item OR Proceedings Paper)

Refined by: [excluding] Web of Science Categories=( OPERATIONS
RESEARCH MANAGEMENT SCIENCE OR TELECOMMUNICATIONS )
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Timespan=1992012. Databases=SEXPANDED, SSCI, A&HCI, CPGIS,
CPCESSH. Lemmatization=0n

This search resulted in 238 publicatic

Google Scholar piroeradaésra sebhothrbkerv

di sciapnldi nseosur ces, i ncluding theses, book
it is not I imited to scientific publica
I tems publisheddOsearceh 101913t erGoalgll ews t |

operations AND,es@R,i cN@Td, search only 1in
angearch scope (title offhtehd opplkmmlwicdhagt i o
qguery wWaksrumusral ysi s:

Sear ch i datatmmieg AND tmedeal ORiclinical OR medicine OR
healthare)

The choice of searching in tthlee whol e
fact t hat mamncy puMd| ceati onsedh@vee key wc
fheal Dihm arlee text with a purpose to il 1lu

Thel sdri bution of publications found
Schol Rub Mbadt abases startisggshbiowm 18§96 t ¢

450
400 - v = 30.504% 66. — Google Scholar
,, 350 - -0
< 300 = PubMed
o
= 200 E1g7580% 13 Web of
& 150 /7 Re=0.9466 Knowledge
100
50 - .7786x% 2.1405
R2=0.8729
0_ 1 1 1 1 117 17 1T 17 17 171
N O PO OH QD
9 S OO
NIRRT AT AR AT AR
Years
Fig6. Tremeé sl iof DM applications in medicine
As it is seen from the explanation of

the results are not directly comparabl
Il ncr eanstienrgest of t hne Davt aadpepntitclnast di cocnask yi ni

domai n.
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16.1.Surveyi ppl D aAle dintslkra airlei t i es
Asshowhove, the volume of medi cal rel at
year thypyédaéare.t ooel Ican suppose that DM 1
Il ncreasing accordingly.

Due to the fact that the healthcare ¢
wel | as actors have different objecti v
met hods andopeolsi onsthé&he initial exp
heal thcare institutions suggesied that
tertiary hospitals, which have tight r
participate 1 n sci e@rcthi foinc aa nTdh ganderdmoerriecai sa
t he analwassi sl isotiotpeedt | ,areyp r le s piitf iean pan It s

of economicadidaeilmgpmantd| fferent magni tu

availabl e pati ent rel ated dcaduwant r Hes p i
participated in the survey: South Afri
Al bani a, and Ger many.

162.Preparation andurCwemy@ducting the
The respondemwtesbead fe ftehde osnurtvheey pur pose an
guesti @nmlay r eierdibaa ked pdl fTa tdse psacrot unhedn t
better | demppgliifgdtMdeemsabyed in | T systems
or ganiWhaetrimeadsiarle pr e s evretmagtnivreasl | 'y knowl edc
about what exhaoowm lor DM ijist amd used 1 n t he
di verse interviewing audience into cons
a comprehensi ble way for a broader rang
backgimMohfendaksti,onwmhaidrhestvasbut edi $ oad he h
foll ows:

1. Have you heard about practical applications of DM in medicine?

2. Do you know any research projects in your hospital using DM
methods?

3. Have you or your colleagues been involved DM research project,
aiming to icentify new patterns or finding new rules for patient
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diagnostics, prediction of treatment results or other. If yes, please
provide a brief summary of research aim and the results.

4. If DM methods have been used, was your experience successful?
Please comment

5. Has the clinical decision support IT system been used in your
hospital?

6. Please specify which clinical specialties could benefit by using DM
methods on collected patient clinical data in your hospital (choose
from the list)

7. What type of clinical researak your hospital involved in?

8. Are you or your colleagues potentially interested inktbeefitsDM
could provide to you?

9. How many years lspatient data been collected in IT systems in your
organization?

10.Please specify what clinical patient informationsi®red in IT
systems (HIS, EHR, EMR, RIS, etc.). Select from the list:
Observations, Lab results, Radiology reports, Anamnesis, Surgery
reports, Discharge summary, Visit summary, Nursing data (vitals),
Medication used (for inpatients).

11.Mark medical IT syems used in your organization. Select frdwa t
list: EMR / EPR, HIS.

12.RIS/PACS, LIS, Specific clinical information systems, Emergency
IS, OP clinic information system, Blood bank information system,
Clinical decision support system, Pathology informatigstem.

13.Specify what standard nomenclature is used in your organization
(e.g. ICD9, ICD10, SNOMEECD, LOINC). Select from the list:
Patient diagnosis, Pathologic diagnosis, Procedure coding,
Laboratory coding

14.Are you interested in international clinical Didsearch projects?

15.Specify the clinical specialty or problem you are interested in.

16.3. Met hodirwfeyS

The survey was conducted according to m
Heal th Promotion ofCé&niwver §oty Hefh |l Thr &1
Uni versity ofA Tcoarldntfoor 1s9Wr9v% ey was open
eHeal th news portf{a@a&HeaHe¢ alSeh SeTfTheomao@ady
was prepavv@dnenquestionnairei tand oMefrlei i

asked thatr eastp olnedaesntt st wor om eaacutthienst i t L
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guestionnair e; aofmedsoal | seroh arege e .
superintendent, directorl odepnaerdiinceinnte ,an
person iofl ndlmamade i on Technol ogy e. g. ch

|l ni tt heedgui ri es wer e setnhte thoostphe ab$ f il o

countri es.

164 Anal ysuirsvikeys ulSt s

Out fourteemontdweenldwe f i r med t hat they ha
practical applicati oespwoabk®ddat nHonwe vernl, y
positive answer Bloweede@nbeutgualnitihed.r e me
respondents with powretrfieavrai |a nmsravtewist ho np ry
exampl es ot o$ &t nqgfsradgdgeo .Nfcheen tsaum sywer s
suggehsatedt te maj ority of medi cal respon
DM research initiatives andhapepetieatedr
met hod o htgwoumovreey r epresentati velsowm om e:
that typicall ywhne chaoetend a @ cpi nadl jhescets |

own i nswoiuhwitvieomo i nfofTmats ommaidy vaefyit he
resust presiamti et ¢ as er Gvlhoe r moersepondent s
answered positively, then the a%,swer is
but |l ess% t hae a0 swer aiss AV drfaegesd, an

remaiiavegaged as ANo0O.

Table 6 Summary of survey answers

Summari zed Hospita Hospi't Hospita
devel of emergi wester
countr countr countr
| T|Clin/ I T|Clin 1 T]|Clin
Understanding, practical usage and

Good wunders| Yes| Di ffl No N o Yes| Di ff
DM concept

Awareness o] No N o N o No |Di ffi No
us e

Hands DM Di ff No No No Yes N o
application

I nterest inl Yesl Yes|Yey Yes| Yes| Yes
Clinical spl Al Al 1| Al Al | Al | Al |
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Availability of electronic data fo
Number of y¢ 413 yei 13 yesd 515 yei
el ectroni cal
Vari ety of 1 pati e} pati e pati er
i nformation| demogr ajdemogr g demogr a
to capture g radi ol I i mi t radi ol
with patient i mages, radioll I mages,
|l ab re|li mages,resdltasa
partly billin clinica
clinicsea bil I 1 ng
bil |l i ni

Evaluating the benefit% off rgeas perdd &n
who decl ared a personal i nvol vement i n
resul t samachiteavdeda neutheal poppjaconsoéces:c

The intgerntddtdgitn onal I nf ormati on on ¢
was expr é&s 0odd rkeys pfohdent s, regardl ess of
DM.

The analysis of electronic data avai
téacorrel ation between depicted years of
with the ilryvtilftewtdinasmhsaBaec h surveyed hosyg

presented as iakRisghblhddade codbl embei oame val

spreaid5i yedrs with the mean values: 1
8.y6ears i n emerging countries, and 10 ye
Alrles pondadafsi endaltehsati t a l i nformati on

us e el ectroni c medi cal %r eedorfdacgydtta mss
radi ol ogy i magia.ng systems in 83

20

15
15 13

10

Years

Developing countries Emerging countries Western countries

Fig.7. Cl i ni cal patient data collected el ec
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Thesagk standaras twamiedm@ipeodiahg
| egi sl &thieonusd@gandfO GOD common for codin
However, ot her nomencl atur es, critical
procedure/interveanhpatnholl cagy r deatiaghyeorst eess,t

palryt i mploermennottedi mpl emented at all

1.65.Summar y SwfvReyse |l t s

Al l reBpondehi s meadrehatpatrae®Wdcpad!| i cati ons
i n medicine. KMo wefv ere s poponnfdye n2% awer e abl
exampd eakmdge.

Ther ea wacst i ceabl e confusion in diffe
concepts among healthcarwaBM otf reesasti eoch ab s
them as a practically valuable tool for

The respondents from healyt hrceacreentf ac
adoption of I'T in theedpomtmiexnts ttarteiasttmecnatl
and DM, hospital i nformation systems, E
deci sion support systems.

Regardl ess of under st afd ioehsgpreamdle retxy e

expressed their intetw®ecsotnfiim medettoD®i t op
participate in interamdo obneali nDIM rrneesde aar bce
applicattboesfuture.

1.7. Generali zanmicomsamaa C
DMappl i ctahheeand tihcare domain is known for

due to dat aovertlexzpmiemegaltl ydata exchange

standards, complex data structures, a mi
| egal constraints. Tihcaa | nkarkoevsl etdhgee edfifsec
evolving subject with a growing interes

The analysis of publications in the f

domain has shown a steady growéedarbynce

nNi neup etspubilveati ons were ,ammdueetdhdnori
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400 publinc a2tRiloBhesmendous growth of I nt et
advancement took plTheecei ine &ézted rlea san adl eycs
shown t haed DM issu pupsor t patient treat men
heal thcare management optimization obj
i ncluding classification, c | uasntlde mikn g , a
analysis have beenrsenmtccekshiutaly spedi ah
Theurowéy uni ver srietvye al cesdpatttmaltishgh o f

medigearl s chnamsd Ini ma | awareness of DM prac
possibilities. All tseervegpdadsenty hosm
confirmed to be familiar with DM appl i c:

wercapaod!l er aniydiexgmpl e apppbréaatioadl v OwM
il dentified a consideapabl excearodtemdtiiadn fodu:
an increasti nogf apnaot i ent chiemail ¢t &dlcadat ar oo
organi.zations

|l t wast hdalipwm ceptdie@h oymme at tfhaocarla t i es
I's beyond its steady gr oMetrre ian ttemd i aoma ¢
be paid toetihfsiscutemBMnapplication in hea

Il n the next chapter, a systematic a
medi cal domain is investigated. A nove
specithienzdewstry st andcRiddPMhotrhmadil oagly
domaisn proposed. tFhhwrrtoupgmhhoyed, f ot psedict
oncol ogy amddc d&rodi odleosgeyr aptail wBu ®BMeod n me

dat abase .publications
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CHAPTER 2

Syst e maptpilci cAaDaitBhinn ioh g
and Data Anhhbgs MedMc a

Do mail n

2.1. |l ntroducti on

To tr atnsEMemdeavor from a uniqgque artis

engineering process, a robust methodol o
few standard generi d hger o PsdMamfampdebs &ean
1990, a number of desmai nmodatepenadpemlti

met hodalnodgidest ry standardéd€hase beewmspr
Standar d [PM(oCRIBIP f oii Sampl e, Expl or e, Mo
AssessoO (SEMMA) améroecdeiscst i med eMo,d e | Mar k u
(PMML) mo®t t ire(oPniant8entagpk vy oHo weQvledrher e ar e
no established stdmdamdDdMs apmp | metalh o dwmlilso g in
N . BEdf ar i et alEshawmdil ani2Pddthhper s
with the aim of extracting knowl edge f
bet ween 1999 and 2013 in 90 journals.
applic®dDtMion mefdi ci ne | acks standards 1in
procées . stBndar dpsr ofceers sd amtga cprued d uni fy d
i ntegrati on, whil @eretctesdands cboidbd DMn p Dy
depl oy me matwo.v erianlall IDDM pr ocesst meetdhadd!| ogy
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domain woul ddibsecniephr vy puo ¢t e D talemrgmned pan

coll aboration.
I n the following sections, a review
process models and available DM standar
The CBMSPSEMMA and Fayyad process mod
CRI €M process model, as the mos,t scompre

anal yzed i.n Tmoerne, daent daindsttehnosdiod nomgo/b posed
call edMEB®IMSP whi ch is based on the analy
f eat uDMish hoee d idcoama i n . Finally, a few case

i n Cardiology, Oncol ogayn aalnyds inse ddiocnaali nlsi.t

2.2. Met hodol Dgt asMinorng Appl i c:

The CBMSket hodol ogy, the SEMMA set o f
Fayaaddéds knowledge discovery in databas
systemati c knowl edge di scover yDMprocess

anal yst .

221 Faya&dosvl dgeorwlkatyabhases Process
Mo d el

The interactive and iterative KDD pr oce
Piatetskpyogtdal.et al ., 1996)

[

’.p Pre- — IE\\ Interpretation

Selection processin Transformation Data Minin Evaluation .

g’ 9 X = : i I\!/( T\
E < I & - -

Target Data Preprocessed Transformed Patterns
Data Data Data Knowledge

Fig.8. Summari zed KDD process steps according

Fayapdoeneode | sHiogiv.m c8l midseese p s :

1. Understanding the application domai
knowl edgeocobnpnaetthhesapplicati on.

2 Constructing a s@afgehodsaitmgen: dabdba
focusing on a subset of wvariables o

di scovery is to be carried out.
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Dat a -wcp eammr opcrees si ng: consists of b
suchl iami rrati ng noise or outliers il
necessary information to model or @

deci sion on strategies for treat.
accounting for time sequence inforn
wel |l kasngma deci si on on DBMS i ssues,
types and mapping of unknown and mi
Data trimming and projection: con
features to representj echtei vdeataoaf, tdheg
t ask, and amnsgfimmgmamet hods or di men
reduction to decrease the effectiv
being considerretd,r opr € 0e mgted t ii anvarfi a
Selecting tbhve T omotves ohoosing t he
the model deri ved®Mpe®.,4 hcd aaslsg driictalt m
summari zationgrelsssoaning and r e

Sel ectDMag gtolra t hwmo | v & $ineecthhoocods ithag b e

used for searchi ng fsorc hpoaotstienrgn swhiinc |
parameters and models may be approfyg
data models are different from mode

mat chi ngDBmetehadi with the gener al

KDD process (e. g., thestuesedr i mi ght
understandingnthéeé smpdeldi chawvme capat
Data mining: i nvolves | ooking for ¢
representational form or a set of s
regression, cl assi feiradaautgi, o nd erpielnedse n@
sequeue modeling, and |l ine anal ysis.
|l nterpretation: il nvol ves I nterpret

possibly returning to any of the pr
visualization of the patterns extra
unnecessary patterns, aodt ermas!| at |

comprehensi ble by users.
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9. Utilizing di scovered knowl edge: I
knowl edge into the systemdbs perform
the knowl edge, or nnde rreel pyo rdt ol cnugmeintt i tr
i nterested parties, as wel |l as 1ins
conflicts with previously supposed

The strength of the process model i

makes it generathl ppsappl ec&mlosvl edge di

However, the authors of the process mod
wi t h no for mal met hodol ogy or accompall
process model is one of thEDBDopurpestese!
and it became the base model for other

222.SEMMRr ocess Model

The acr onysm alhblMMA or Sampl e, Exphdr e, M@
refers to the Dgwporporcieestsarmodgeelnerpgrcoposec
l nsti t(uUdzeevliendco. & LouSEMddsni2008)l y creat
support the software application SAS E
stretched beyond the boundaries of SAS .
activiDMpescebses and does not <cover ottt
bussnesderstanding and depl oyment. Mor e

with documentati on, and i mplementation
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1.

Application of Data Mining a
SAMPLE — Sampling Yes/No
e . Da_ta. Clustering, factor,
Visualization Correspondence
Variable Dat
MODIFY Selection, ata
) Transformation
Creation
Other
MODEL Neural Tree Based Logistic Models Stat.
Networks Models
Models
ASESS . MODEL ASSESSMENT

Fig.9. SEMMA process model (original from
As i1t i1 Bi gthhs8& ™MMIAn process model consi
ses:

Sampl e. This process begins with t
choosing the data set for model | i
enough to hold sufficient informati
to be util Datead pdrftaict mavithil mpg t ihs s
phase.

Expl ore. Thi s phase covers t he da
determining t he predictabl e and u
bet weensyvaas aweklabasrmalities, witd!l
visualization dat a.

Modi fy. This phagdge icrholoskes cmetah @
transform the variables in preparat
Mo d e | Thi s phase focuses on appl
technDMuesn (t he prepared variabl es
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that tend to provide the desired ou

5. Assessphalshda si nvolves the evalwuatio

results, which demonstrates the rel
created model s.

SEMMA does not provide a reference

compliance eval uati acamnmode lbree dichoensse fdoer e

met hodol ogy, but ratherthaeera pPevs kes o f mo

223.Crolsmdustry Standard Process for
According to the online pbMdo nnmnudiutcyt ed
KDNugget g PiimtSH0adgk v pot,h e2 Onlods)t r ef erenced
prachMnmeet hodol ogDM.i sAcCCRArSPi ng-Shap Gr o Pi at
ACRICBMP remains the most pop®DMaramaetdhatda |
science pabIPoes hatrheewt a8t KDInlu@kgi eattset s ky

Shapiro, 2014; Azevedo & Lourenco, 2008

Th€@&r oss I ndustry Standard -DPM)ociesssa f o
gener al pur pose met hodol ogyt ewhinoH og g
neutral, antdhdeetc f ias s 4 aihMl aGrhab phnearn |, et al .,

Ol son & DeNoetn@®ORY®P®8) s an i nfor mal met h o
It does not praaneiwdbe kt he vail giadi é6n met i
criteri a. However, the met hodol ogy ©prov
f oOrMpr actitioner s.

The firstt h@kRr®Pepeoi fwacsatd eommed oped b
consortium oAm&Euipopmaneacodmpaaitexsngn 1

create@rapmoretary and firzedlox eswanidioal®ell e s

toolfoBMapplication engineering. The <cu
met hodol ogy, reference model , and i mj
met hodol ogy deK s neacpihwaistesses tand del i ver
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Business Data
understanding |——————{ Understanding

Yy

Data
preparation

Deployment

Modeling

Evaluation

Fig.l10.Phases of thBMoréefjenahc ERm8®el

Asssih o whi ¢g,h hGe®I DM proposes an iteratiyv
withsnoinctly defined lamoups addt waemr agh avse
nat ut BDeMpfr oj ect itsel f. The outcome of
phase has to be perfor mebDdM maxt .asTHe | d ioxm

PhasBudiness understanding

The preliminary phase highlights the
t hkekat a apnajgsisand dfhet teomerersgwinr e ment
perspective of the subject area, and th
t h2Mpr obl e m. L hhe hi ai ppihalsepl an iod achi
det er,midneefdi ni ng tahe success criteri

PhasBata understanding

This phase starts with the gatherin
dat Psebl ems of data quality must be ide
of which datasets can be of interest fo

PhasBatBa preparation

The data preparation phase covers al
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preparing the final dat aset. The activi
depend on the features and the quality
chaaoteristic tasks of d atthdea g I eaptatrraitbi uot ne
projections, aantdt r r o be d transformati on,
el imination and sampling.

PhasModeng

I n this phase, a lbuhgabkehasebaesioal
mbi nations thereof i's done. afGewmer al |
ssi bl enmodet hods avail abl e. Some of t

ual ity constraints or dat aetryfpesme dCams

c
Y
q
an iterative way unti |l itshe cchh Telveerdmomd e le |
qguality is formally assessed. |l n order
are mesevhdash are popul ars, .geas e DMi tainvdi t st
acauwty, spROCT c,aamtd@ mul ati ve @Gaindi tharty
positive resukds aproeopemhnl i Acldahsesaitri@isul t s
percentage of properlyneggassvéiedsobjsc
classifietdhesr esuwclht si nset . The rel ations
specificity may beaRGGecwisrde wi Rdédic & ihveerhe
Characteristic) or a numerical expressi
Cumul ative Gain chaer tosf dpiosspiltaiyv et hree sppeornc
by the models versus the percentage of

PhasEv&luati on

The evaluatimhmaes ghrade itqolalldiagdyh if gohr me d o
or sever al model s. Prior to the afli nnal d
carefully evaluate 1it, to review the mo
business objectives are properiltyneachi ev
choowbet hBMreéedhel ts may be used in pract.

PhasBepl oty men

Thepd oyment phase stipul atebM the ut
Mo d e | generati on iDsMpm ot etcie I|IDestpidteepg he

t he objabcMpirwg eacft was to | earn more abo
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acquired knowledge should be structured
understandabl e for m. Depending on the
phase may involve, for the sarmpleaadgtedcas
DMprocess. ©Bétehe enhdwusér, rather than
carry out the deployment activities. |t
the actions needed to be carried out in

generated DM model

Th&€RI ®B®M freer ence model describes t he
deliverables for each phase. The 1 mpl er
activities | evel, of fering additional !

tasks andoftlet h eleM Brbebfeesr banrcee t mplohedd . ei n

Table 7 Generic tasks and outputs of the original CRE3¥ reference model

Generic t Deli ver abl es

Business understanding

nd
Objectives
Success Cr

Backgro
Busi nes
Busi nes

Determi ne Bl :
S
l nvent or
m
[
S

Objectives

y of Resour
Assess SitueRequirements
Assumptions, and Coa

Deter mine DNKDM Goal
DM Success Criteria
ProdPluogect [FProject Pl an

Il nitial assessment

Data Understanding ph

Collect Initlniti@dol IDeactai on Rep
Descri be DatbData Description re
re
rt

Expl ore DateData Expl oration
Veri fy Data Data Quality Repo

Data Preparation phas

Sel ect Dat a Ratonal e for Il ncl us
Clean Dat a Data Cleaning Repor
Construct DeDereidv Attt ri butes Ger
I nt egrate DeMerged Dat a

For mat Dat a Reformatted Dat a
Dat aset Dat aset Description
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Modlehg phase

Sel ectli nMpdel Modlei hgc hni gliengMode
Techniques Assumptions
Generate TesTebBesi gn

Parameter Settings

BuiModd e | Model s
Model Descriptions
Mo del Assessment Re

Assess Model

Settings

Evaluation phase

Assessment of DM ReEe€
Approved Model s
Review ProceReview of Process
LisPo®$ible Actions
Deci si on

Eval uate Re:¢

Deter mi ne Ne

Depl oyment phase

Pl an DeployrDepl oyment Pl an
Pl an MonitorMonitoring and Main
Mai ntenance

Fi nal Report

Fi nal Presentation
Experience
Documentati on

Produce Fin

[a )

Review Proje

The aut h@RIsPRMfref er e(nChea pmoadre,l et al .,
stafiéedut ur e extensions and I mpr ovemen:H
i nevit.hhl €@ next section,-MEBDeM efnohranced
the apphi cnedscpmnepotstead , u wiheepue f eat ures ¢

araeddr essed.

2.3. Standards and Tecihmiongpagi es

Usage of i ndustry standards heltphet o acl
reusbeMpofoj ect resul,asd COVMAWBR Y eXMbRent | vy
avail ableostaedbBMasbg.vcales

231.Predicti ve-uMo dealn gMargk
PMML refer sDMmamk wepilcan gwage anaa nvi anii megd
GrouPMG, ,20alnd4 )i nd e p e ncdoennsto, P MMunnidiamg eahne d
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standard for defining &rvd BNHNd&Llithegs pr edi
f ormal i zi nnmgo dgsrlngolriocvtt ildneesa h sirnt er oper abi | it
DMsof t.wafFr keowasear ¢ heapsyeetdamotdieM eas s nhghe
sof tpvamackmangdh appl y thmnsamodleér i nfeumhti or
ashospintfaolr mat oonc Hiegtismlony su@mor t

The | atest version 4.2.1 wasMGi,ntr od!
20L4)in addition to predictive modelling

PMMluses sX¥YMlLiTae. stofumeatded e i lsy dah i XMl
scheAnada BMmodel Ise caers @ar ish endy | XeM L& A1l me n t
Il n the PMML documbetueagbemlmpdetdenshafl ed
functi,on NahnmkedMhmet hod (classification,
al gori thmName

PMML includes features to expose the

These descriptive tphaew a ma bagnogiiea v | udef vl

An optionabSadetmdbbl@medse ciaft i tnlge model shoi
depl oyed and processed normally or, i1f t
I's i ntended for information purposes o0fr

resul ts.

232.XMLAXML for Analysis
XML for AXMLANSI an daupemyi standard for d:
anal ysiimtroduced and mai nt ai ned by XML
Hyperion( Mindr &aA&f t , Hyperion, SAS, 2001
XMLArovides a set of XML SvMesBage | nt
defttme data access interaction between
data provi ey XMIOA APComsnidst s of Ex @O UBOAP
anbi sc.dwWwEexrecmeétehod e x e c uitne sMDX, mnbaMiXd so r S (
wi t h properitmesXMpr. @wibd edc onved rh o d obtain:

i nformation and metadata from a Web ser

233.Java Data Mining API
Java DM ARIs (aJ DtMewhtinomH o g jnd kelge sDtM 0 n of
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techni gwveas aipmptThdeuabila cs .Dr aft of the stan

i n 20WR2r.ent | vy, It i's maintai (eOd acheder

2011)The $ttaepdagds ot her industry stand.
JCX, and TR¥MOMMs peci fies mi ni ng functi o
regressitemankattgrsiolra ati on, clusfiTédeing, a

| i st of supported algorithmshei & odrl owi mg
DM met hok@s ns, Deci si amB8d&ddewar &VMeur al
Net warDkMs .have t he ofbglelcdawivreg : mai n

T model buil di ng

fscoring using model s

fcreation, storage, accessDMnd mai nt

res:ul ts

fTproviding seanbDMtsass kisnt erface for

I n addi tmetnh o dJsD Ms u pxppoarrtt itnop onPdvidVeel
t estiamn g he adl h Heorr.i n g

JDM provides test metrics fForr model
classificati on mo dneal tsr,i xg c cluirfatg,g r ancdomg aucs
char acheei atvtiam |laacbhcd ees spetrfeor e, ed and

RMS earerprHfovi dedyresssi on model s

2.4. DatMi ni ng Applicatomn Met ho

Medi cal Domai n
There is a |l ack of specifi cDManndaldyestiasi | e
I n medhei D8M. application iIissues in medic]|

i n SectA omurhh é&r. 30f paper s alMirre stseal tthh e
cagBel |l azzi & Zupan, 2008 Canl as Jr, 2 C
2002) | of those papdroad diutgigerrsdle da d thiev int
consi dtehkkemo wli edge di scotvlemeeyiprad c edlsognawint. h

24.1.Rel atoerdk W

There are few known wor ks c(oQattrliebyyt ientg a
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200@nDoposed ant e&RIeB®Mi pnowmdss model t o
tempor al data abstraction. The enhancer
CRI®M to the needs of DM application f
i ntensive care unit equi pment.

Gpel kawasdk i Llguakid(IGpuesl kauski end & Lukoge
proposed a generict deb ipgrad ddesnpmagpaels efdo
met hodol ogy and softwar adadatoaad ete mprhd ss el
of the best performing DM algorithm an

opti mitzheauit dmr s do recommend techniques

sampling and data set stratification t
atitbrut e. Il n ter mshDebif at per sehecti bni ef pro
avail able algorithms for the specific t

results with the metrics of -measurtevit)

The prooéss hel met hodbBi oggylis shown in

% Investigative problem
® v

@ Set of algorithms
= v

Sepatarion of suitable algorithms

o 22 '
o| &E DS balance
w © = ‘
Tl &S .
g =% Feature selection
S 8% v
w 2 DS size
= v
m . .
@ Missing values
v
Training set
P y
& Suited DS
[ Ranked algorithms
= v
ﬁ Clinical decision support

Fig.11. Gpel kauskiend and L(@&p¢geEka lLsukksoegneavti® oi duosl,o ¢
20009)
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However, t he proposed met hodol ogy
recommeqnadmmti be dat aset preprocessing a
algorithm selection and parameterizing
speci fic 1 smiuregg aofdpldawamdincimad idromain | i
Sectlidnn3Iuebaaheng®anarngdi cTithreer ef or e, th
process flow proposed by taer aaudyh oM c:
application appr ocawthg mavhii crmh a@fl | toywsi salmi
regressioehr ttast ks et odealt eacsteitisg twhda |vsitnni n g
t hbeegtceef i ned model 6y adwalsuati on criter.i

Further more, the autbothedid oomplen

detail ed pafocreem®mb Ifaotwi,orormod el

242 Extensi bBPEfd&Ra mining met hodo!
medi c al domai n

ThE€RIPBPM i s a hierarchical process meth
extendabl egdirlfagmemwvogé&ner i c t o speci fic.
propbbhmamdouabstracti on | ayernsodfedrs mappl
speciali Fed) Mbekadh cal domain i s proposed
domai n context for t he -DMpEppHdnfgi.c aAd omr
(Chapman, ,etmaaplp.i,ng20f0c0r) t he future type
to ensure specialization of t-defgeredric
context for future systematic use

The folrleoonammend ateixaresnndi ngecdbal i zing
CRI S®FMhadeen used:

1. Anal yze specific context

2. Remove any det at hceo mmtoetxtappl i cabl e

3. Add any det ahckosntsepxetci fi c t o

4. Speci ali ze generic contents accord

t hceont ext
5. Rename generic contents totheovide

cont ext

60



Application of Data Mining a

CRISP
Process Model

Mapping

\|/

' CRISP
‘ Process Instances | é Oé O é Oé O Process

Fig.12. Hi er ar chi cal br eakdMwmetsh o dadltagpgia nalf . CRI ST
2000)

As it wa s desdr 5b&@dei nfi csbsesicktvail oy b e
c onseiddheern appl y hheegd iDcMa li nd o mai n:

1. het er o gneendeibcoaslor mat iy on systems

2. se ma ndtaitca i nteroperability

3. mi ncogmpd ®txas et £1 amsutloteilmlm dat a, text

mul ti;medi a

4. incompl ete and fragmented dat a;

5. e¢e hi,caslaodategsalraints

| n order t o -DeMi,h a Blpiezca @R | tSaPs k § v iatnide s
addressing the iIissues |isted above, wer

Anot her short ©Mmiimrg aofl aCKkl SoH metri c:
criteria,foaBisebBsahhbowhaM qpopmmlgieaamed of

reqguirements of t he heestehodsbongy, a0 cad
assessment met hod i s prlopoeedl udthieomedof
projecéa simple ,detdepimdpoivhgah wayent it

i n t he t hGRImRM.o f

To address the outl-DMeand ipmdmpdsensp
t askst hfecerdi c al dnoanaa In -MEREDMP s peci ali zec
met hodol ogy 1 eaf ereompoes erdodel

Phase 1 ABusiness understandingo and
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t he phaseBMpwhoejreec tt hies being defined and

are i mplementation phases, which aim to
phases. As in -DMe tome gi mpl e @&RntS&t i on pt
i ncrement al and i tersatiinveRhatsoewelveor, 2 ht

change of project obj elchteirveafsoyreep,dgmaiv i ¢ a

change i n these phases shal/l be regarde
The i ntroduced gener al t asks, act
CRI MEDDM are outlined in the following ¢

243.CRlI SYEDDM Phasehdsand P
The first phaseunddBust andi ngPr otwhem r e
understandi ngo t o awiotihdi na mibwog udoiufsf enreeannti
I .e. clinical nalppleiad athicam ed onmaamiamge ment a
Il n additi on, the task nDefine Objecti v
objectivesd and nAdefine healthcare man
Il ssue of patient data prbsvasdyt,uadi oew V¥
i ntroduced: NAssess patient data privac
Il ssue of het ewurogee nepsse mMsa,tEav ddeu aa cet i dva tt e
ources and i ntTenggreinteyaes(kasdayn da dadcatdi.vi t i es
Phalseare &hgwn 1i3n

Il n the second phase AData Understand
for data collectionodo was isretmranduace da.ndl &
I Nt er opwe radoinisii tdyer ed . The wealth of me 0
considered through t Fd aindtamr apdrubcrdeds sg antgi v
desi gn, whi ch I ncl udreasl athenasluppanta, of
unsttured text Tapddmédnatidans . of medi c
classifiers and ontol ogi es used- i n dat

processing.
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Mi ni

ng

Activities

L [+] )

Define requirements
and constraints

. ] )

GEEEEEER——
Define terminology
‘GEEEEE—

Define risks

T

Analize cost/benefit

f3

GT3.
Determine
data mining

goals

GT3

GT4. Plan
activities

GT4

& o ik i oo ,
Tasks —> etermll:'\e Assess —> ) —>
;ve? sittuation / Y
Start of R L CE Overall
Phase 1 objectives
achievable?
No
GT1 GT2
e v N r v N
i Define clinical Prepare inventory of
! objectives * resources
1t ol Ji L [
[ Define healthcare | Evaluate data | '
management availability and
: objectives * integrity*
AL [*] B L [+] J
il A ) Evaluate patient
| | Define success criteria | | privacy and legal
: . constraints’

Y

A4

Define approved
approaches (gold-
en standard)*

Prepare project
plan

Define DM success

criteria

Plan data
collection*

~@

Finish of
Phase 1

Fig.13. Phadfr obl em Unodjemstastkdsi naghideact i v

Finalhtegf i ni ti on

protocol s

used i

n d

Enhanced activities are marked with *

and

at a

anal

ysi
sThge o0 @ nsfsst e ms

S

actioftPease 2Fiag.e Bhown in
A G GT6. L G L G < o
Tasks —»| Prepare for |—® Collect — Describe —> Explore dataol Yo
data... initial data data data iy
Start of Finish of
Phase 2 Phase 2
Grs | G j@ 777777777 GT9
( rfa N Verify data :
Design interfaces to A Describe Conduct ' b
stand-alone systems* AcqURERESS available raw statistical quality of !
4 4 lable raw !
L ol [+ ory data SV % i
—_—— analysis* datasets i
Evaluate semantic data S :
interoperability*
.
rr o —-m—o—
Define nomenclatures,
Activities classifiers, ontologies™

Define clinical data
modeling standards...

\ [+] J

Design non-standard
data pre-processing™

\ [¥] )

Fig.14. Pha8efiDat a
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244.CRI SYEDDM Phaseh8&84and P
A vast body DMl ietxepreartiumeentdaed monstr ates t|
i ntensive Pprepgeissi gt a Apfcvarndg n&g Wuw, Q@ 0 Ove
up to 90 pkWMcest io@r atceepsrieng (data 1 nte
cl eani ngs iest cveétrhpeelthrinal i domain as wel |
third phase fiData Preparationo has majo
The ori gibnvalt aGRKl SiPlsel ect datao had |
appl i ctahmean cian domai n. Firasigmtedblies mos
static data format. Second, It | acks a
uni fication of the medandackssrachnioViogi
I Nt egr aatleon®et ammedd i ¢ a | I nformation syster
APreparetthat dol Wiotwh ng activities was in
T impl ement i nt-arbaeesysfemsand
Tprepare medical t;erminologies mappi
fanal yze and preprocess data from di
agreed clinical d.ata model s and pr
Il n additienal atasew §&rRtract dataodo wa
model . It i ncludes the -pacoceoessimeg, foo fua
feature extract hDevmoalred | pmgparntepf oMhe ac
tasgtkaes f ol |l ows:
ftext data@ processin
fmedia data processing
oimage data, processing
ovideo data processing
ocoaudi o datag processing
oot her signal. data processing
The ori gibhvalt aGRI SiPSel ect daftadbumwas e
selection using statistical and DM tech
activity stipulates the usage of featur
techniques to define possible attribute

DMmeblds require separate training, val:@i
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data sampling activity was introduced.

Mi ssi ngagvdayacbsmon issue for clinica
due to faulty sensors and | aboesatsoshgl lan
be identifiedddtheotuighhn oautd i seemanti c an

semantic erntngmpi babkgsion bausiness rul es

mi n/ maXx checks, bl ock |l i st s, gender , i
activiti esechtaevde ubnedeenr rtehfel gener al task ¢

Wi t hihfieDat a i ntegthadtct iomniot yt atehickatc mangi n
abstraction | evel was added. This acti
exampl e, i ntéemgui penea d r enaly ndigtesod r altagd at h d «
per second. Thus, methods of temporal al
DM modeling activities.

Mu I-rteil at i onal d apg rao proesqg utiiooensad aaiz&ah ¢ 0 n

singdlel e format or wiéelaDMpdaghnhnhgeuesge oI
as inductive | ogics programming -(1ILP).
table -tabbenmuset take place.

Finall vy, formatting data ttheep&si fi @cl
DMsoftware environmensjoasaotigecmphedi cat
used in | LP. Il n addition, data stratifi
i mportance DM( Sppreeldkiacutsikvieena & . L ukegevi |
descgebedchaskacandi ti es of Fihgp.sel3 are sh

Accordi ng -DiMo CReSPModel | i ng phase [

recursively retur ntsi dmcgkhase .t hlen dad dai tpir

I teration within the Modelling phase b
fMAssess Model 0. However, the process flo
the reference ®modelenand i s not sel f
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Enhanced activids are marked with *

Fig.l5. Pha8efiData Preptagaaks ommd gaatirailti es

Q@eckauskiGpel kauskiend &ptogagedil iu
Il teratsteeg DM process motdimdep,t | Mmaiidicdg ed f ol

al gorTihtehtdmor s proposed the following f1 ¢

1.To
2.To
3.To
4.To
al
5. To
6.To
el
co
7.To
s e
i d
8.To
9.To
10T o
11T o

coll ect and access a series of ¢
analyze the dataset.

sort mutamppmogopnitdat e for the dat a
test the complete dsaitfhiseat iusn ng
orithms with the standard par ame
select the best algorithms for f
train t he sel ected al gorithms
mi nating attributes t hat have
Structi ngdeacnids ivo ns utarleiezsi.ng
atpsetsatndard values of the algori
of data assembled for each al g
ntified in step 6.

evaluate the results.

mihx ratbut e val ues aofr atnldee md atrdeet
perform steps 6 and 7 with a nev

eval uat e and compaagfef itchen@yr f
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