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= 3, Structured Data: Coding, Classification (ICD, SNOMED, MeSH, UMLS)

= 4. Biomedical Databases: Acquisition, Storage, Information Retrieval and Use
= 5. Semi structured and weakly structured data (structural homologies)

= 6. Multimedia Data Mining and Knowledge Discovery

= 7.Knowledge and Decision: Cognitive Science & Human-Computer Interaction
= 8. Biomedical Decision Making: Reasoning and Decision Support

= 9. Intelligent Information Visualization and Visual Analytics

= 10. Biomedical Information Systems and Medical Knowledge Management

= 11. Biomedical Data: Privacy, Safety and Security

= 12. Methodology for Info Systems: System Design, Usability & Evaluation
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Keywords of the 3th Lecture Ty Learning Goals: At the end of this 3rd lecture you ... Ty

= .. have acquired background knowledge on some issues in

= Biomedical Ontologies standardization and structurization of data;
= Classification of Diseases = ha_vg a genera_\l undgrsta_nding of_modeling knowledge in
= International Classification of Diseases (ICD) mEd'tc'ne ans b'_OTEd'CfIJnformat'cjf | Ontologics and
. . . = ... got some basic knowledge on medical Ontologies an
* Medical Subject Headings (MeSH) are aware of the limits, restrictions and shortcomings of
= Modeling biomedical knowledge them;
= Ontology Languages (OL) = ... know the basic ideas and the history of the
= Resource Description Framework (RDF) Internatlor}al Classification of I?lseases (ICD);
= Standardized Medical Dat = ... have a view on the Standardized Nomenclature of
tandardized Medical Data Medicine Clinical Terms (SNOMED CT);
= Systematized Nomenclature of Medicine (SNOMED) = .. have some basic knowledge on Medical Subject
= Unified Medical Language System (UMLS) Headings (MeSH);
. i = ... understand the fundamentals and principles of the
Work domain model (WDM) Unified Language System (UMLS);
- A. Holzinger 709.049 3182 Med Informatics LO3 -A. Holzinger 709.049 4182 Med Informatics LO3
Advance Organizer (1/2) Ty Advance Organizer (2/2) Ty

Abstraction = process of mapping (biological) processes onto a series of concepts
(expressed in mathematical terms);

Biological system = a collection of objects ranging in size from molecules to
populations of organisms, which interact in ways that display a collective function or
role (= collective behaviour);

Coding = any process of transforming descriptions of medical diagnoses and
procedures into standardized code numbers, i.e. to track health conditions and for
reimbursement; e.g. based on Diagnosis Related Groups (DRG)

Data model = definition of entities, attributes and their relationships within complex
sets of data;

DSM = Diagnostic and Statistical Manual for Mental Disorders

Extensible Markup Language (XML) = set of rules for encoding documents in machine-
readable form.

GALEN = Generalized Architecture for Languages, Encyclopedias and Nomenclatures in
Medicine is a project aiming at the development of a reference model for medical
concepts

ICD = International Classification of Diseases, the archetypical coding system for patient
record abstraction (est. 1900)

Medical Classification = provides the terminologies of the medical domain (or at least
parts of it), there are 100+ various classifications in use;

MeSH = Medical Subject Headings is a classification to index the world medical
literature and forms the basis for UMLS

- A. Holzinger 709.049 5182 Med Informatics LO3

= Metadata = data that describes the data;

= Model = a simplified representation of a process or object, which describes its
behaviour under specified conditions (e.g. conceptual model);

= Nosography = science of description of diseases;

= Nosology = science of classification of diseases;

= Ontology = structured description of a domain and formalizes the terminology
(concepts-relations, e.g. IS-A relationship provides a taxonomic skeleton), e.g.
gene ontology;

= Ontology engineering = subfield of knowledge engineering, which studies the
methods and methodologies for building ontologies;

= SNOMED = Standardized Nomenclature of Medicine, est. 1975, multitaxial
system with 11 axes;

= SNOP = Systematic Nomenclature of Pathology (on four axes: topography,
morphology, etiology, function), basis for SNOMED;

= System features = static/dynamic; mechanistic/phenomenological;
discrete/continous; deterministic/stochastic; single-scale/multi-scale

= Terminology = includes well-defined terms and usage;

= UMLS = Unified Medical Language System is a long-term project to develop
resources for the support of intelligent information retrieval;
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Glossary

Ry,

Key Problems

ACR = American College of Radiologists

API = Application Programming Interface

DAML = DARPA Agent Markup Language

DICOM = Digital Imaging and Communications in Medicine

DL = Description Logic

ECG = Electrocardiogram

EHR = Electronic Health Record

FMA = Foundational Model of Anatomy

FOL = First-order logic

GO = Gene Ontology

ICD = International Classification of Diseases

I0M = Institute of Medicine

KIF = Knowledge Interchange Format, a FOL-based language for knowledge interchange.
LOINC = Logical Observation Identifiers Names and Codes

MeSH = Medical Subject Headings

MRI = Magnetic Resonance Imaging

NCI = National Cancer Institute (US)

NEMA = National Electrical Manufacturer Association

OIL = Ontology Inference Layer (description logic)

OWL = Ontology Web Language

RDF = Resource Description Framework

RDF Schema = A vocabulary of properties and classes added to RDF
SCP = Standard Communications Protocol

SNOMED CT = Systematized Nomenclature of Medicine — Clinical Terms
SOP = Standard Operating Procedure

UMLS = Unified Medical Language System
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= To find a trade-off between standardization and
personalization [1];

= The large amounts of non-standardized data and
unstructured information (“free text”) [2];

= Low integration of standardized terminologies in
the daily clinical practice (Who is using e.g.
SNOMED, MeSH, UMLS in daily routine?);

= Low acceptance of classification codes amongst
practitioners;

1. Holmes, C., Mcdonald, F., Jones, M., Ozdemir, V., Graham, J. E. 2010. Standardization and Omics Science: Technical and
Social Dimensions Are Inseparable and Demand Symmetrical Study. Omics-Journal of Integr. Biology, 14, (3), 327-332.

2. Holzinger, A., Schantl, 1., Schroettner, M., Seifert, C. & Verspoor, K. 2014. Biomedical Text Mining: State-of-the-Art,
Open Problems and Future Challenges. In: LNCS 8401. Berlin Heidelberg: Springer pp. 271-300.
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Slide 3-2 Still a big problem: Inaccuracy of medical data
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J. H. U. BROWN, SENIOR MEMBER, IEEE, AND DEWITT JAMES LOY

Abstrocd —In onder 1 deliver Trascaabils health care to ol people, B s
omantial ghat

INTRODUCTION

OCIETY cannct exist without a yandstick by which its ac-

complishments or failures are measured. Such yandsticks

are called standards. They ase created by the meed for regs-

lation and control a3 an escape from ansrchy or to motivate

towands greater achievement. In the ultimate, saciety dictates

these limits by the demands it places upon itself, Stindurds

provide opporanities for sscurity and asupmentation of pro-

cess and cutpat by virtue of the gol and process structure
that they provide.

abiter may be the market place or agencies that rely on ex-
pertise from many sources 10 sel acceplable standards of qual-
ity or performance. For these remsoms, the final moderator
may be found in a governmental suthority, and its delegation
into & system of regulation, law, and judicial action, so that an
‘entablished code can become the focal point of resolution.

The OBJECTIVES OF STANDARDIZATION

Standards have value within themseives in that they belp es-
tablish quality. Howeves, they sccomplish more for society
than the mere establishment of » level of quality sd perfor-
mance. A standard allows coordination of effort between
producens o that like products can be produced. It permits
the reprodisction of similar unéts in mass quantity and permits
the conssmer to judge one product of service agaimt another
by performance. 1t establishes froedom of inrerchange of ma-
terial and ideas, and permits the sctivity i one past of society

Brown, J. H. U. & Loweli, D. J. (1972) Standardization and Health Care.
IEEE Transactions on Biomedical Engineering, BMIE-19, 5, 331-334.
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= Medical (clinical) data are defined and detected
disturbingly “soft” ...

= ... having an obvious degree of variability and inaccuracy.

= Taking a medical history, the performance of a physical
examination, the interpretation of laboratory tests, even
the definition of diseases ... are surprisingly inexact.

= Data is defined, collected, and interpreted with a degree
of variability and inaccuracy which falls far short of the
standards which engineers do expect from most data.

= Moreover, standards might be interpreted variably by
different medical doctors, different hospitals, different
medical schools, different medical cultures, ...

Komaroff, A. L. (1979) The variability and inaccuracy of medical data.
Proceedings of the IEEE, 67, 9, 1196-1207.
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Slide 3-3: The patient-clinician dialogue (from 1979) ﬂ'[u Slide 3-4 Standardized data ... ﬂ'[u
Clinfctan influences patient's giving of information = ... ensures that information is interpreted
) by all users with the same understanding;

Patient influences clinician's reception of information = supports the reusability of the data, [ _:-'

Tiintcian collects/ = improves the efficiency of healthcare services and I,
"‘""'""‘ Informtion = avoids errors by reducing duplicated efforts in data entry;
e miss et = Data standardization refers to
‘::.f.‘:{.'m nr;m:,‘- a) the data content;
b) the terminologies that are used to represent the data;
c) how data is exchanged; and

Patient provides
information

Patient seeks
medical care

Patignt responds with Clinician describes/
certain feelings, and explaing these . . . . .
decides to take decisfons to patient iv) how knowledge, e.g. clinical guidelines, protocols, decision
:m;":maml:“ support rules, checklists, standard operating procedures are
by clinfcian represented in the health information system (refer to IOM ).

= Elements for sharing require standardization of identification,

record structure, terminology, messaging, privacy etc.

Clinfcian's description/explanation influences patient's response = The most used standardized data set to date is the

- International Classification of Diseases (ICD), which was first
adopted in 1900 for collecting statistics (Ahmadian et al. 2011)

Patient's response influences clinfcian's decisions

Komaroff (1979) L [Gutcome of nedice! care] e
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Slide 3-5: Complex Example: Non-Standardized Data Ty Example: ECG Ty

PRAGHATIC g

https://en.wi
kipedia.org/

wiki/Electroc
ardiography

Thomas, J. J. & Cook, K. A.
2005. /lluminating the path:
The research and
development agenda for

o

visual analytics, New York, L e
IEEE Computer Society Press. Mﬂ mnnﬂ“ﬂ"
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Slide 3-6: Example: Annotated ECG signal in HL7 Standard ~ myifaTy. Slide 3-7: Standardized workflow of ECG data processing Ty
i 0 e | P |Fre= T
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80,10, S ey Ensties efecive sareg o R
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Slide 3-8: Standardization of ECG data (1/2) Ty, Slide 3-9: Standardization of ECG (2/2) Ty,
= There has been a large number of ECG storage = Qverview on current ECG storage formats
formats proclaiming to promote interoperability. — _ i
0 kv T o W Viewrrn
= There are three predominant ECG formats:
= SCP-ECG (1993, European Standard, Binary data) = - e i o el ] % e
= DICOM-ECG (2000, European Standard, Binary data) i s "‘::"""'_"”"" Srpre f.'.".':;':‘;-.""':ﬂ
= HL7 aECG (2001, ANSI Standard, XML data) e e e L
= A mass of researchers have been proposing their b Sl L g e e g
8 e Y el s P i i
own ECG storage formats to be considered for
¢ A > Ml e B oot et e iy i o il et
implementation (= proprietary formats). L i oy VLRl RN
. . o -
= Binary has been the predominant method for it = na I i el | EE.“._......_....-.-.-..--....
storing ECG data — s e ek e b Tl e 4, e
Bond, R. R., Finlay, D. D., Nugent, C. D. & Moore, G. (2011) A review of ECG storage formats. Bond, R. R., Finlay, D. D., Nugent, C. D. & Moore, G. (2011) A review of ECG storage formats.
International Journal of Medical Informatics, 80, 10, 681-697. International Journal of Medical Informatics, 80, 10, 681-697.
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Slide 3-10: Example of a Binary ECG file Ty, Slide 3-11: Example of a XML ECG file Ty
3120 0820 18020 5549 2a 20 31 2e 32 2e 3022 1. . UIFl.Z.82
1 36 Ze 30 Ze 31 Ze 33 34 3437 31 Ze 32 Ze 34 34 6.0.1.34471.2.44 <aquencelis:
bi 2e 36 2e 32 30 30 32 31 31 32 32 30 39 31 30 30 « 6. 2002112209100
1 Sl.lor_]ccl 30 Ze 2¢ 31 08 20 20 20 44 41 08 20 32 30 30 32 0..1. Dk. 2002 e
e EEES U

3131 3232 08 20 23 20 41 08 20 32 30 30 32 1122, F DA. 2002
31 31 3232 08 20 24 20 44 54 0e 20 32 30 30 32 1122, * DT. 2002
31031 3232 30 39 3130 30 30 08 20 30 20 54 44 1122051000, 0 TM
06 20 30 35 31 30 30 30 0B 20 33 20 54 4d 06 20 . 051000. 3 TH.
30 3% 3130 3030 08 20 S0 20 53 48 20 20 08 20 091000. P SH .
60 20 43 53 04 20 4543 47 20 08 20 70 20 4c 4f “CS. EC6 . p LD
55 6e 6b 6e 6L 77 6e 20 08 20 90 20 S50 4e . Unknown . O PN
08 20 60 10 50 4¢ 20 20 08 20 70 10 50 4e .M . p.HI
08 20 90 10 4c 4 06 20 45 4c 49 32 35 30
10 20 10 20 50 4e 06 20 73 64 €9 74 68 20 10 20
4«
44

1n

4f 08 20 53 42 4a 2d 31 32 33 20 10 20 Lo. .
41 08 20 31 3% 35 33 30 35 30 38 10 20 O DA. 19530508,

Ceads cede="TIN_ARSOLUTE" esdefysteme"1.16.840, 1. 113880, 5.
eodaSratanlianes"ioelnde™ d1aplayNanes"ibealuts Tina™r»

ovalee w8l Tppe="CLINT_T7">

“hesd walus="10021 122091300, D00~ /3

l CihfreRest walues"0, DIIT uwRiLa"F" I

£ fralues
L ST

! 30 z0
4020 4353 0220 4420 1020 20 10 4c 4f 2020 @ CS. M. .LO Liep——
1020 1010 4153 2020 1020 20 10 44 53 2020 . ..AS . .DS
Lo 1020 30 10 44 53 20 20 18 20 20 10 4c 4¢ 20 20 . 0.0 . .10 T
Waveform
Bond et al. (2011) Bond et al. (2011)
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Ty Examples for famous knowledge representations Ty
How do we represent e e
p Ariiciie .
[ L] ? Pesranes
biomedical knowledge ! b gy i
Paitt
g - [
O el () Prani
27 i e Helth Lastibry Ry
S eswmn Enem S—— Cacsdel Rrwre ]
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Bewell, Lemin Rshneman Ui
c Amim siclullch, i Haifta
Comparisan [ Mathematical Nirubel. Wil
ara oo
e Rolsnaoe
Preaiction A——
anag P ) g (T} G s feniim Aawal Batisoral
vencusen |Friaine  lqusnees PR KBS, Frasmr Mrtrwuiki Agreiy
reiaton

O O,

Med Informatics L03
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Davis, R., Shrobe, H., Szolovits, P. 1993 What is a knowledge representation? Al Magazine, 14, 1, 17-33.
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Slide 3-12 Example for Modeling of biomedical knowledge ﬂ'[u Slide 3-13: Creating a work domain model (WDM) ﬂ'[u
Mean Artenal — ~
/ an\ - -
C-'ﬂ-s wrnmn-m
e stance
A - ~
Hadat St Artarisiar Blood
Rate Volume Rachum \ Vincoaity
Parasympathete  Sympathetc trd IOLI Extrivic. * Red
Activity Activity Clastolc Matabo b VBROCOrMTIEDT Hiccd Ceds
Volume Canrel Contral
r / VAN Hajdukiewicz, J. R.,
smeoun . Worous e Seri Suckon Sympsthati Vasopeesan ana Vicer.lte, K. J., Doyle, D.
/ ' .\ Fpinaphing J., Milgram, P. & Burns,
oo S / C. M. (2001) Modeling a
m-nnm medical environment: an
‘Vasapressin renin-angiotensin . 1
akiostarone systam ontology for integrated H
medical informatics H
um:.ﬂﬂffﬂ SamWater Balance design. International
[rasratal companmants Journal of Medical
Hajdukiewicz, J. R., Vicente, K. J., Doyle, D. J., Milgram, P. & Burns, C. M. (2001) Informatics, 62, 1, 79-99. o
Modeling a medical environment: an ontology for integrated medical
informatics design. International Journal of Medical Informatics, 62, 1, 79-99.
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Slide 3-14: Partial abstraction of the cardiovascular system BTy Slide 3-15: WDM of: (a) the human body Ty
Level of Aggregation
Level of
Abstraction Cardiovascular Example 0
Bady Ssar g Tissus =]
Purposes Adequate Blood Volume Adequate Circulation
e il [ — ks
La ] gl Ll P —— -'h-juv:-':'
s
[o— Mass __ Mass __ Mass __ Mass WHY?
Inflow Store -:}‘J'f:r:ztfr Dutflow Hamreen mwm e | liews Beweers e | Coges dmneees wam ru-r‘-u-u_'n-l e L
ri __?___ s | TR [EERSS (SIS | St
Uik s e - o
X Blood Pulmonary  Systemic Biood Blood - - = =
Processes | |ifusion  Circulation _ Circulation  \Volume Loss | WHAT? i -l e e o
L AN ya / __#___ T | Proceuses et ] [t i | g e e
Anennlar Heart Function / Lien e
Physiology | Vein "o e (HR.mythm,  Large vein  Artery HOW?
contractility) Famlagy . r- -} P o
Anatomy A asoemy Ao, o — P—
Hajdukiewicz -
et al. (2001) i
Hajdukiewicz !
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Slide 3-16: WDM of: (b) the cardiovascular system Ty Slide 3-17: Example: Mapping OR sensors onto the WDM  myilaTy.
/ s T~ Level of Aggregation
b) - Divergent
System Subsystem Qrgan Component Rady St | Owen b el Mapping
Sensor 1
e | Purpases /
Purposes Adeqeete Clevtios 2 /57C0; Z]
bod ] \Balance ECG waveform
Dioos Wolume
5 £ | pamnces
= T
[T — Pumonary aed Sysema | Organ Vascilar Netwesrk Visscuins Componests 5
Systemy Batarce Wavs Fiows | Balance Mass Fows. Mass | Sasncs Maws Pows, M Blood One-to-one
E Balances e e Sz, Ve i Sge. o, Srage Oufiem. P, Sicage 1 5 [ Processes pressured eart / ‘Mapping
B | Processes | Greasen voums s s ”"w:‘;‘!\‘_, P, msitarce’, Fuid | Grosiance ::_""‘ Flow: § Physiology p
E Supoly 4ed Sot m“":ﬁ;:l Supply and Sk bom 3ot | yrame Fluid Supsty and Snk | R';I‘e T‘::“ Puise
3 - P Functon Anatomy L
i imonasy & e F v
Physiology | Siiaviis, T Fancton lean R, i) | At Ao Captar, No Mapping
Sensnr 3 C""""s'g"'" |5ensur 4| | Sensor 5 |
Anatomy A ey Hajdukiewicz
etal. (2001) Merlal BP Nnn |nvuswe Oxygen Tank
waveform Level
Hajdukiewicz et al. (2001)
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Slide 3-18: Integrated medical informatics design for HCI ﬂ'[u

Interface .
Patient Medical

|~ | Content & Structure ~|-> Form [ | Personnel

Boy | Gywem | Omgan | Teme | ca ./I h \ r .I ' ﬁ’{? .f.?
e AR T Akl
S Anesthe-| @ & ¢ = =" ;3?
siologist ] &
— d 4
T
Prysoiogy & ‘
Anstomy |Q""-H_. [E— —
Surgeon
Patient Work Domain Model Display Form
Hajdukiewicz et al. (2001)
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Slide 3-19: A simple question: What is a Jaguar? Ty Slide 3-20 The first “Ontology of what exists” Ty
Subsisncs
matenal L]
Buody Spitil
animate nanamale
* 384 BC 1322 BC o Winaral
FENLANE LTI
;ir;onet, M;l\?ze;;agi), g., Dilallo, G. Animal Plant
imonet, A. ntologies in _'_'_'_._'_,_,_-—-—-—
the Health Field. In: Berka, P., y — _‘-\_‘-‘_\-.‘._._ i
Rauch, J. & Zighed, D. A. (Eds.) ey Taos
Data Mining and Medical
Knowledge Management: Cases Human Baasi
and Applications. New York,
Medical Information Science SoerEieg Plaln Arists e
Reference, 37-56.
Later: Porphyry ( = 234-305) [ tree
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Slide 3-21: Ontology: Classic definition Ty Slide 3-22: Ontology: Terminology Ty

= Aristotle attempted to classify the things in the world - where
it is employed to describe the existence of beings in the world;

= Artificial Intelligence and Knowledge Engineering deals also
with reasoning about models of the world.

= Therefore, Al researchers adopted the term 'ontology' to
describe what can be computationally represented of the
world within a program.

= “An ontology is a formal, explicit
specification of a shared
conceptualization”.

= A 'conceptualization' refers to an abstract model of some
phenomenon in the world by having identified the relevant
concepts of that phenomenon.

= 'Explicit' means that the type of concepts used, and the constraints
on their use are explicitly defined.

Studer, R., Benjamins, V. R. & Fensel, D. (1998) Knowledge Engineering: Principles and
methods. Data & Knowledge Engineering, 25, 1-2, 161-197.

- A. Holzinger 709.049 35/82 Med Informatics LO3

= Ontology = a structured description of a domain
in form of concepts ¢ relations;

The IS-A relation provides a taxonomic skeleton;
Other relations reflect the domain semantics;
= Formalizes the terminology in the domain;

= Terminology = terms definition and usage in the
specific context;

= Knowledge base = instance classification and
concept classification;

Classification provides the domain terminology

- A. Holzinger 709.049 36/82 Med Informatics LO3
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Slide 3-23: Additionally an ontology may satisfy: ﬂ'[u Slide 3-24: Ontologies: Taxonomy ﬂ'[u
P07 Mo lltiann den e o, pol ot Latiminfips may bk briwern oo, General logic

as) i il Msdallive. Rea sl 2 | Formal ontologies Modal logic
hip = First-ordar logic
st ramonshigs may hold berasm concopr. Ssme - Description logic
crific {e.g.. U hrasching relassnship hetween arieries in g Propositional logic
x Formal languages
and &, the relsens 1, 7, § L Frames
mveiee. B e of Bt
Blobel, B. Formal taxonomies
141 Every § st [ L, 21 b T or, (2911) Ontology Mets-data and Data models
wih b, vy chilid v of 1 has the same driven health XML Schema
properiies {2 g il p 21 information data models Database schemas
SySte,ms Principled, informaticnal hierarchies
architectures XML DTD e
Zhang, S. & Bodenreider, 0. 2006. Law enable pHealth Structured glossaries :
and order: Assessing and enforcing for empowered Thesauri faxonomies
compliance with ontological modeling patients. e
principles in the Foundational Model International Ad r?::]::t::g:::"
of Anatomy. Computers in Biology and Journal of “ordinary” glossaries Glossaries and data
Medicine, 36, (7-8), 674-693. Mfedim/ Terms dictionaries
- Informatics, 80,
. 2, e17-e25. Formalization
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Slide 3-25 Example of a conceptual structure from CogSci  IiMTy. Slide 3-26: Examples of Biomedical Ontologies Ty
Caniept e 3
i) [ » T g . ]
— e B | W | ke | A
T P | ot nanty ( 1T ] W (ETAR"UE" ¢
o Bl | B i d iy i 1 1 |m| = :':.,:__
_= ) | S——— I§ ) B pAN w | et
e [alw] v | mine
. Ji] | e e i e I 1 ' = | ey EW
e — h'u: R P — [} . 3 | m =
i ey C W om |
wr ] lp—— A fIEe il m Vo ae | e |
. - 1| | g s s e v wnl 1! m LA RN [
Simonet, M., Messai, R." biallo, G. & Simonet, A.'(2.009) Ontolo_gles in the Health Field. In: . Bodenreider, O. (2008) Biomedical ontologies in action: role in knowledge management, data
Berka, P., Rauch, J. & Zighed, D. A. (Eds.) Data Mining and Medical Knowledge Management: integration and decision rt. Methods of Information In Medicine, 47, Supplement 1, 67-79
Cases and Applications. New York, Medical Information Science Reference, 37-56. egration a ecision support. Methods of Injormatio edicine, 47, Supplement 1, :
- A. Holzinger 709.049 39/82 Med Informatics LO3 - A. Holzinger 709.049 40/82 Med Informatics LO3
Slide 3-27: Taxonomy of Ontology Languages Ty Slide 3-28 Example for (1) Graphical Notation: RDF Ty
= 1) Graph notations :
= Semantic networks i R
= Topic Maps (ISO/IEC 13250) ,
= Unified Modeling Language (UML) .
T I p— -
= Resource Description Framework (RDF) TronaE el
= 2) Logic based ooy, S SR
= Description Logics (e.g., OIL, DAML+OIL, OWL) e —
= Rules (e.g. RuleML, LP/Prolog) b By
= First Order Logic (KIF — Knowledge Interchange Format) i L 3”:"& S”h :a:“’:'df
., Auerbach, R. K.
= Conceptual graphs — s — Gerstein, M. B. 2010.
= (Syntactically) higher order logics (e.g. LBase) S et e Structured digital tables on
« N | ical logi Flogic. N M daliti — the Semantic Web: toward
on-classical logics (e.g. Flogic, Non-Mon, modalities) S\ a structured digital
= 3) Probabilistic/fuzzy o , e lterature. Molecular
- Systems Biology, 6, 403.
- A. Holzinger 709.049 41/82 Med Informatics LO3 - A. Holzinger 709.049 42/82 Med Informatics LO3
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Slide 3-29: Example for (2) Web Ontology Language OWL ﬂ'[u Helpful: Handbook for Spoken Mathematics ﬂ'[u

_ ) ' Concept inclusion,
DL = Description Logic e )

Harstbock foe
web.efzg.hr/dok/MAT/vkojic/Larrys_speakeasy.pdf Spohen Mathematics

AxMnT Concept equivalence Examgle

Speak: C1 s equivalent to C2
Suby class _/ Alga £ Mant £ Drganism
Edquivalent class vy Cancer m Neoplast Process
Disjoint with G E—-L3 Veriehiate © =Invericheate
Sarme individual X m Xy Bluse Shark = Prionace Glauc )

Different from

ﬁ:lﬂ‘l‘.l'il'ﬂ‘l'itl'l"f has.mither C has.parent HELPFUL: https://en.wikipedia.org/wiki/List_of_mathematical_symbols

Equivalent property Pym Py treated by = cured by

Inverse Pyom Py I""'J”U':"""I = haslocation LaTeX Symbols : http://www.artofproblemsolving.com/wiki/index.php/LaTeX:Symbols
Transitive property [l partol” £ part.al

= 1P T £= 1has tribaitary Math ML: http://www.robinlionheart.com/stds/html4/entities-mathml
= | B T

= Thas scientilic mame

Funcrional property
Inverse functional property

Bhatt, M., Rahayu, W., Soni, S. P. & Wouters, C. (2009) Ontology driven semantic profiling
and retrieval in medical information systems. Web Semantics: Science, Services and
Agents on the World Wide Web, 7, 4, 317-331.

- A. Holzinger 709.049 4382 Med Informatics LO3 - A. Holzinger 709.049 4482 Med Informatics L03 |
1

Slide 3-30: OWL class constructors Ty Ty,

Intersection/conjunction of concepts,

Speak: C1and ...Cn [ni v e BTG e,

edica

OFl CONNOPENANGED MUHAFNER

I KYATEME FIGURE

Sorme valuesy oo occurs with Animal
Max cardinality _ has.ingredient
Min cardinalizy

IRURT =l
Wil (s

i 11
gy R
= WSatoLY LiNy e
Universal Restriction = s":-_v__._._..__: =
Speak: All P-successors are in C :. P E C l E s
ARUM,

Constrsctor DL synitax wample | | VI SRESNCA] v o1
Imersection CineonCe  Anatomical. Atmormality n Pathological fmdtion i | == ol i =
Uit G uCy  Body Substance U Organic.Chemical 3 - IS: I
Complement - —lwertebrate

O of Xyl u,  Destrogen o Progesterons rca& h S |

All values from  ¥IRC ¥eouoccurs with.Mant - ‘ il e

Existential Restriction T —— e —— "
Speak: An P-successor exists in C | BRANTAS SEGNITAR
Bhatt et al. (2009) P  GENERA RELATAS,
- A. Holzinger 709.049 45182 Med Informatics LO3 - A. Holzinger 709.049 46/82 Med Informatics LO3
Slide 3-31: Medical Classifications — rough overview Ty, Slide 3-32: International Classification of Diseases (ICD) Ty
= Since the classification by Carl von Linne (1735) & World Health

. e L . % Organization
approx. 100+ various classifications in use:

= International Classification of Diseases (ICD)
= Systematized Nomenclature of Medicine (SNOMED)

L] Fiea® b i [ i dtriri e Mede iebe Pldopiess  Ceiites  Fiagiaeeeed il e

= Medical Subject Headings (MeSH) Classifications
= Foundational Model of Anatomy (FMA) gty o vhim International Classification of Diseases (ICD)
= Gene Ontology (GO) ol st espphieprsen el cdyopgis
= Unified Medical Language System (UMLS)
= Logical Observation Identifiers Names & Codes (LOINC) - o Toiatn Arase, s sched e o
= National Cancer Institute Thesaurus (NCI Thesaurus) S T e
http://www.who.int/classifications/icd/en
B otinger 05005 s Wied informaties 03 B otiger 05005 s Wied informaties 03
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Slide 3-33: International Classification of Diseases (ICD) ﬂ'[u

Slide 3-34: Systematized Nomenclature of Medicine SNOMED#'[Q_

= 1629 London Bills of Mortality

= 1855 William Farr (London, one
founder of medical statistics): List of
causes of death, list of diseases

= 1893 von Jacques Bertillot: List of
causes of death

= 1900 International Statistical Institute
(IS1) accepts Bertillot’s list

= 1938 5th Edition

= 1948 WHO

= 1965 ICD-8

= 1989 ICD-10

= 20151ICD-11 due

= 2018 ICD-11 adopt

o=}

= 1965 SNOP, 1974 SNOMED, 1979 SNOMED I

= 1997 (Logical Observation Identifiers Names and
Codes (LOINC) integrated into SNOMED

= 2000 SNOMED RT, 2002 SNOMED CT

P s g vl P Ry -
A e, [V LT ] Db 4 Ry " T
LI

239 pages
SHOMED CT* Technical Reference Guide
dwrniary 2011 inismations] Rl
{U8. Ersgliahi]

http://www.isb.nhs.uk/documents/isb-0034/amd-26-2006/techrefguid.pdf

- A. Holzinger 709.049 40182 Med Informatics LO3 - A. Holzinger 709.049 50/82 Med Informatics LO3
Slide 3-35: SNOMED Example Hypertension Ty Slide 3-36: Medical Subject Headings (MeSH) Ty
A = MeSH thesaurus is produced by the National Library

24184005|Finding of increased blood pressure (finding) -
38936003|Abnormal blood pressure (finding) AND
roleGroup SOME
(363714003|Interprets (attribute) SOME
75367002|Blood pressure (observable entity))

B
12763006|Finding of decreased blood pressure (finding)=2
392570002|Blood pressure finding (finding) AND
roleGroup SOME
(363714003|Interprets (attribute) SOME
75367002|Blood pressure (observable entity))

Rector, A. L. & Brandt, S. (2008) Why Do It the Hard Way? The Case for an
Expressive Description Logic for SNOMED. Journal of the American Medical
Informatics Association, 15, 6, 744-751.

of Medicine (NLM) since 1960.
= Used for cataloging documents and related media
and as an index to search these documentsin a
database and is part of the metathesaurus of the
Unified Medical Language System (UMLS).
= This thesaurus originates from keyword lists of the
Index Medicus (today Medline);
= MeSH thesaurus is polyhierarchic, i.e. every concept
can occur multiple times. It consists of the three
parts:
= 1. MeSH Tree Structures,
= 2. MeSH Annotated Alphabetic List and
= 3. Permuted MeSH.

- A. Holzinger 709.049 51/82 Med Informatics LO3 - A. Holzinger 709.049 52/82 Med Informatics LO3
Slide 3-37: The 16 trees in MeSH Ty Slide 3-38: MeSH Hierarchy: e.g. heading Hypertension 1/2 mlaTy.
1. Anatomy [A] B
2. Organisms [B] ['?;_D'*d_T:_'
3. Diseases [C] L -7 T _
4. Chemicals and Drugs [D] [0, Bacteniad Inkectiong | | ©14, Carfiovacouar li__..n—,lr;m
5. Analytical, Diagnostic and Therapeutic Techniques and Equipment [E] and khooses | Lnssases Nessarsa
6. Psychiatry and Psychology [F] e T _
7. Biological Sciences [G] | 14340 Cardervassutar | C14.280 Heant G14.507
8. Natural Sciences [H] ADAMNES |_ Disnashs | Vssrvdor Disaases |
9. Anthropology, Education, Sociology, Social Phenomena [l] e —— —
10. Technology, Industry, Agriculture [J] C14.007.065 [ PEe—— G HLS0T 540
11. Humanities [K] Ananysm J [ Byporionceon [ |
12. Information Science [L] e - | T m— .
13. Named Groups [M] W,:& e | Clasorssen | I U“;W'
14. Health Care [N] Hypermnsion Hypsataniion, Mypartancice, Agnal
L Mabgam | | Preanancy-inguced |

15. Publication Characteristics [V]
16. Geographicals [Z]

Med Informatics L03

- A. Holzinger 709.049 5382

Hersh, W. (2010) Information Retrieval: A Health and Biomedical Perspective. New York, Springer.

Med Informatics L03

- A. Holzinger 709.049 5482

WS 2015 Medizinische Informatik




Andreas Holzinger

LV 706.046

Mi, 28.10.2015

Slide 3-39: MeSH Example Hypertension 2/2 ﬂ'[u

Slide 3-40: MeSH Interactive Tree-Map Visualization (see L 9) ﬂ'[u

Mational Litirary of Medicine - Medical Subject Headings

AN
HaSH Doscriphar Bats
Mt o L L Lt e Lin b . Lot i
[ 1o —
i mra g

Vo Wsmiare L1090 005
e
ELCHILATE wew (FITENIL
iy s sk

ety g G e [T PRGN, e o P g | DL FYE, L T

S ey e 1y ey s g b . RS s tamtiiantily it T |00t oy bt DRGROTY
P25 = sty Wi ey o s i

Wi ik S profu |
S (W] & e o———

et e

8y Ve
e s P
o b

o aras
R
st fmarg 1w
e B s

A L A . L L P LA L B T VL

http://www.nlm.nih.gov/mesh/

Eckert, K. (2008) A methodology for supervised automatic document annotation. Bulletin of
IEEE Technical Committee on Digital Libraries TCDL, 4, 2.

- A. Holzinger 709.049 55/82 Med Informatics LO3 - A. Holzinger 709.049 56/82 Med Informatics LO3
Slide 3-41: UMLS - Unified Medical Language System Ty Slide 3-42: http://www.nlm.nih.gov/research/umls/ Ty

() 1) ) () o)
1T

(=]

-
b st

- A. Holzinger 709.049 57/82 Med Informatics LO3

- A. Holzinger 709.049 58/82 Med Informatics LO3

Slide 3-43: UMLS Metathesaurus integrates sub-domains BTy,

Slide 3-44: Example of proteins and diseases in the UMLS ~ milaTy.

Ge
knowledge bases

Other
subdomains

Bodenreider, O. (2004) The Unified Medical Language System (UMLS): integrating
biomedical terminology. Nucleic Acids Research, 32, D267-D270.

- A. Holzinger 709.049 50/82 Med Informatics LO3

2 o
Gonw or Genome g,;ﬁ
L1 \
Neuro- Benign neoplasms Tumor suppressor genes Tumer suppressor
fibromatoses of cranial nerves proteins
g
NF2 “ i
(Neurafibromin 2 gene) B
CO0SS 114 Merlin ]
Neurofibromatosis 2 | {Schwannontia, .
{Type Il meurofibromatosis, Nﬂgc'm" 3 B
Bilateral acoustic peurofibromatosis) S

0027832
+++1 Merlin, Drosophila

i
NEUROFIBROMATOSIS, .__; %, | Drosophila melanogaster merlin B
TYPE II: NF2 (Dmerin} mRNA, complete cds. E g
#101000 U497 G| |©=

Bodenreider, O. (2004) The Unified Medical Language System (UMLS): integrating
biomedical terminology. Nucleic Acids Research, 32, D267-D270.
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Slide 3-45: Future Challenges ﬂTU

= Data fusion — Data integration in the life sciences
= Self learning stochastic ontologies [1]
= |nteractive, integrative machine learning and

R4 ki Ty
o j}ﬂ‘ ._h_\ & A 'Jf-'__
> 4 -'v _#. -E 5
i il f A ’Tzﬁ- =

o)

1
¥

" A #\.
ontologies -w!:f" = Yt
. . . . . w 3 tﬂ

= Never ending learning machines [2] for building = tw

knowledge spaces { Hlf'- "=
= |ntegrating ontologies in daily work "f;.[h 54

M
= Knowledge and context awareness -
[1] Ongenae, F., Claeys, M., Dupont, T., Kerckhove, W., Verhoeve, P., Dhaene, T. & De Turck, F. 2013. A probabilistic '
ontology-based platform for self-learning context-aware healthcare applications. Expert Systems with Applications, 40,
(18), 7629-7646. a n yo u [ ]
[2] Carlson, A., Betteridge, ., Kisiel, B., Settles, B., Hruschka Jr, E. R. & Mitchell, T. M. 2010. Toward an Architecture for
Never-Ending Language Learning. Proceedings of the Twenty-Fourth AAAI Conference on Artificial Intelligence (AAAI-
10). Atlanta: AAAI. 1306-1313.
- A. Holzinger 709.049 6182 Med Informatics LO3 - A. Holzinger 709.049 62/82 Med Informatics L3

Sample Questions (1) Ty Sample Questions (2) Ty

=  What is the proportion of structured/standardized versus weakly
structured/non-standardized data?

= What are the benefits of standardized data?

= Which problems are involved in dealing with medical data?

=  What is still a remaining big problem in the health domain ... even with
standardized data?

= What constitutes data standardization?

=  What is the most used standardized data set in medical informatics today?
= Which are the three predominant ECG data formats?

= What is the advantage/disadvantage between binary data and XML data?
=  What is the purpose of modeling biomedical knowledge?

= Provide examples for various abstraction levels of a Work Domain Model!
= What can be done with a Work Domain Model?

=  What is the origin of ontologies?

= Please provide the classic definition of an ontology!

=  What does domain semantics mean?

= What constitutes the classification of an ontology?

- A. Holzinger 709.049 6a/82 Med Informatics L03

= Provide an overview about the most important biomedical ontologies!
= What are typical ontology languages?

= Please provide some examples of typical OWL axioms!

= Whatis a OWL class constructor?

= How do you start the development of an ontology?

= What are typical layers of abstraction — on the example of a Breast
Cancer Imaging Ontology?

= What does “semantic enrichment” of a medical ontology mean?

= Within an ontology based architecture: what does the so called
Knowledge Layer include?

= What are the roots of the ICD?
= What is the advantage of SNOMED-CT?

= What does polyhierachic thesaurus mean? Please provide an example
for such a thesaurus!

= How can | expand queries with the MeSH Ontology?
= What is the major component of the UMLS?
= What is the main purpose of the Gene Ontology?

- A. Holzinger 709.049 64/82 Med Informatics LO3

Some useful links Ty,

Backup-Slide: UMLS: Six semantic types and intersections Ty,

= http://wiki.hl7.org

= http://snomed.dataline.co.uk/
https://github.com/drh-uth/MEDRank
= http://www.nlm.nih.gov/mesh/

= http://www.nlm.nih.gov/research/umls/

= http://www.geneontology.org/

= http://www.who.int/classifications/icd/en/

Med Informatics L03

- A. Holzinger 709.049 65/82

;- PR N ~ —
NG e T o)
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\
b

Gu, H., Perl, Y., Geller, J., Halper, M., Liu, L.-m. & Cimino, J. J. (2000) Representing the UMLS
as an Object-oriented Database: Modeling Issues and Advantages. Journal of the American
Medical Informatics Association, 7, 1, 66-80.

Med Informatics L03
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Backup-Slide: Metaschema hierarchy ﬂ'[u Backup-Slide: UMLS Example
Event
Activity Phenomenon
or Process
. ’-'. " p r
i s
e
¥
. I
Physiologic Pathologic . L
Function Function . :
) . Zhang, L., Hripcsak, G., Perl, Y., Halper, M. & Geller, J. (2005) An expert study ev.alu;'ating the
Zhang, L., Hripcsak, G., Perl, Y., Halper, M. & Geller, J. (2005) An expert study evaluating the UMLS lexical metaschema. Artificial Intelligence in Medicine, 34, 3, 219-233.
UMLS lexical metaschema. Artificial Intelligence in Medicine, 34, 3, 219-233.
- A. Holzinger 709.049 67/82 Med Informatics LO3 - A. Holzinger 709.049 68/82 Med Informatics LO3
Backup-Slide: Lexical Metaschema Ty Backup Slide: National Cancer Institute Integration Effort BTy
%
{ T W bl B L it
& P S——
—— Ay By i I--I-'—--:u-llw
/=?h\ ih"wm ferey Te—
g Maienrid : "
" . / == .
[ 2 formm—
/ / ) : -
- A Ne= '
= J T o—_ry BEMCH . BESTOHE Sy
po- N -
-~ ‘“'iw_ [ATP—
ot s | st
- [ Wiﬂ [ST——— .
JLI—. ) (A —
e i petvinen
seammnte
[ . — O L
o [ c.....‘f.ﬂ. —
e i el
— tem
H— pre—— T ] e P I e Tr—
== —
Zhang et al. (2005) B L — T E————
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Backup Slide: Examples for well-known ontologies Ty Example: Ontol. Development: Gradually enriching BCIO Ty
I;' \ Gomatie
Clsoase | [ \uas .~ Polymorphisms
Tt =
Group \ ‘J\' = \
; e P |

Hu, B., Dasmahapatra, S., Dupplaw, D., Lewis, P. & Shadbolt, N. (2007) Reflections on a
S medical ontology. International Journal of Human-Computer Studies, 65, 7, 569-582.

# iiige concept
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Example: Layer of abstraction

Backup-Slide: Medical Ontologies Semantic Enrichment

Imterpretatian of RO
&g mass, microcakcfical =

Ragion of Intarest
&g Shape, Margn, alc

Imiage el

o width, hasighi, dim. sity, ic

Hu et al. (2007)

Med Informatics L3

- A. Holzinger 709.049 7282

Local Ontology

{one lavel)

Biomedical Informatics, 39, 2, 209-226.

Lee, Y. & Geller, J. (2006) Semantic enrichment for medical ontologies. Journal of

Global Ontology
(two level)

Med Informatics L3

- A. Holzinger 709.049 74/82

Backup-Slide: Medical Ontologies (2) Ty Backup-Slide: General structure of Actor Profile Ontology BTy,
i Sei i 5 | Patient ‘-_-_‘_‘—‘-\-\.\
H(z =Matchic, ) & a = Matchic,:)) mantic emantic Add isa
! . [Typcls-b ][ TynetS.?] Core Gorach._ s aoct
* & L
Assi .
: s:wd-ta: ar mamber z i
L L - Lol unit
Concept | 1S4 Categary Concept Concept Concept | 54 Categary e 8O T Group
Stable
{c) [2h) (&1} fegh (4] (a) Memiber ||
Local Ontology Gicbal Onlology Local Ontology [ s T .
Before After
feads document
valls, A., Gibert, k., " #o5ument
< Sanchez, D. & Batet, M.
noT X
Semantic Semantic Semantic Semantic Sernantic (2010) Using
Type (S) Type (S:) Type(S) Type (Sih Type (51} ontologies for
4 Assignedio * ¥ assignedto + 4 structuring
! } i i | A organizational
= -
Concegt | 154 Eategary Concept Concept Concept |I5:4] Category knowled-ge in Home
{e) (a) [0 ] {eg) [{] (a) Care assistance. / 3
L ocal Ontology Giobal Ontology Local Ontalogy International Journal of
Before After Medical Informatics,
Lee, Y. & Geller, J. (2006) HINOT (5 = 51 & NOT {5 (54 SJ) 79, 5, 370-387.
- A. Holzinger 709.049 75182 Med Informatics LO3 - A. Holzinger 709.049 76182 Med Informatics LO3

Backup-Slide: General structure of Actor Profile Ontology BTy Backup-Slide: Example for an OWL DL application Ty
e i A A ynine
e
! o |- = o -
g . il — s W e ct — User Interaction Layer —
a & Ay v | Planner |_,
T S Aoty — | *Medical relevant situations - —
— A S m 3 | -Health tersand i ions |
[rr— z < = | =Reaction and alarming schemes [ayer
Laper 3 3 +Digial health record Situations. [~ «~ | Reasoner
[ ' @ sz th reco b N
DChata Acoms Fetwrtsc (0] m Bl e |
5 " . = g = Social network
3 31e l Layer S
— s = = Description of physical objects e M M
S 3 2 m| *Sensor model 4 N P
B i ' . a g 2| =Location model + T
R AR AL AP AOA" AR @ g < S i ¥
a i . " & o S S Perception Layer
§ 231 le e itydata x| Reasoner Reasoner
* =3 *Description of information items 1 L
- . o = Semantic i ity of I“""g / \ T
= - = Information quality [, i
e = : e : — “ J [sensor ] [ semsor |
e . - | ‘ | sensor ensor ensor
Cama Frodiss - -'_ Frocedres
Costreragy (IR0
Facrmea: blassh At Proshie
: gy (8
Valls et al. (2010) EU Project EMERGE (2007-2010)
- A. Holzinger 709.049 77182 Med Informatics LO3 - A. Holzinger 709.049 78182 Med Informatics LO3

WS 2015 Medizinische Informatik

13



Andreas Holzinger LV 706.046

Mi, 28.10.2015

Backup-Slide: Example for supervised ontology learning

Ty

Backup-Slide: Expanding Queries with the MeSH Ontology ﬂ{u
— v MeSH contains two organization files:

1) an alphabetic list with bags of synonymous and related terms, called records, and
2) a hierarchical organization of descriptors associated to the terms.

We consider that a term is a set of words (no word sequence order), that is:

A bag of terms is defined as:
b= {1y faa |
i ts |in Lo ajiey g {0 [
e LA
| ; _ o/
‘1 i "' o - I [
- ||" Wiy e hmitin” =™ ":'c”'.:‘_ Therefore, if all the words of a term are in the query, we generate a new expanded
H- - i Pl L . || g query by adding all its bag of terms:
] . = - 1 R —
. — el
Diaz-Galiano, M. et al. (2008) Integrating MeSH Ontology to Improve Medical Information
Retrieval. In: Peters, C. et al. (Eds.) Advances in Multilingual & Multimodal Information Retrieval,
EU Project EMERGE (2007-2010) Lecture Notes in Computer Science 5152. Berlin, Heidelberg, New York, Springer, 601-606.
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Backup-Slide: Expanding Queries with the MeSH Ontology BTy Backup-Slide: Foundational Model of Anatomy (FMA) Ty
“Cells" bag of terms
Cells Query expanded
Cell microscopic giant cell — —
< %":i‘ physical \_.
Query » Giant Cells | L'lllll_:.___,-'
Syncytia e
. Cell, Giant
microscopic | giant | cell ExpanS]on Cell, Multinucleated Giant
Cells, Giant
. Cells, Multinucleated Giant
4 Giant Cell
Giant Cell, Multinucleated
Giant Cells Multinucleated Giant Cell
Syncytia Palykaryocyle ;
Cell, Giant AR i
Cell, Multinucleated Giant Cells, Giant Frrat "":\'n Pt R
Cells, Multinucleated Giant el | 1' ] I. .I |: % |
Giant Cell spee) oaelaee /) llme L s
Giant Cell, Mullinucleated b L vl N i
Multinucleated Giant Cell
Palykaryocyte Zhang, S. & Bodenreider, O. (2006) Law and order: Assessing and enforcing compliance
“Giants Cells” bag of terms Diaz-Galiano et al. (2008) with ontological modeling principles in the Foundational Model of Anatomy. Computers in
: Biology and Medicine, 36, 7-8, 674-693.
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