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= provide shared understanding of a domain

= organize knowledge in a machine-
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= give an exploitable meaning to the data
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Ontology = Shared Conceptualization ¥ .. — =

Concepts

Concept IDs

Hierarchies Attributes

Descriptions

Relationships

1s-A relationships Attribute relationships

Frocedure

Clinical finding
f S-

Disorder by
body site

f S-A

Disorder of
body system

Tls-r-.

Drisorder of
musculosksletal
system

A is-a

Arthropathy

4 s

Arthntis

f S-A

Acrthritis
of knee

T

/ Hierarchies \

Concepts are organized into these upper level hierarchies

396285007 |HG°"GEF'”D

‘-/.— Fuily specified name

1754202015 | Bronchopneumonia (disorder)

1778258010 | Bronchopneumonia

17E5531017 | Bronchial pneumonia

[E=2CN Preumonia

ASSOCIATED-MORFPHOLOGY Inflammation

FIMNDING-SITE Lung structure

FINDING-SITE Bronchial structure

1. Clinical fimding 10. Physical object

2. Procedure § intervention 11. Physical force

3. Observable entity 12. Ewvents

4. Body structure 13. Enwvironments

. Owrganism geographical locations

§. Subsitance 14, Social context

7. Pharmaceutical’ 15. Context-depandent
biologic product catagories

B. Specimen 15. Staging and scales

8. Special concept 17. Atribute
18. CQualifier walus

There are two types of relationships between
SHMCOMED CT concepts:

Relationships

1. I5-A relationships connect concepis in a
simgle hierarchy.

2. Attribute relationships connect
concepts in different hierarchies.

A few important SNOMED CT attributes:
- Finding site

Example of hierarchy of I=-a =

relationships

- Procedurs site
Associated morphology

T /

1s-a relationships connect concepts in a hierarchy

|Arthriti5 | 15-A, |Arthropathz..r|

Dizseass concept w Disease concept

Attribute relationships connect concepts in different hierarchies

| Appendicitis

= x, x,

Dissass Attribute Marphology
concept concept

| ASSOCIATED-MORPHOLOGY | Inflammation |

This relationship connects concepts in the Disease hierarchy and the

Body strucfure hierarchy:

- “Appendicitis” is in the Dizease hierarchy.

- “Inflammation” is in the Mormphologically abnormal sfruciure
section of the Body sfruciure hierarchy.



http://images.google.co.kr/imgres?imgurl=http://www.identity-links.com/healthfair/images/doctor-stress-b.jpg&imgrefurl=http://www.identity-links.com/healthfair/doctor-stress-ball-reliever.html&h=602&w=602&sz=40&tbnid=uZCGo1DTKBsJ:&tbnh=133&tbnw=133&start=68&prev=/images%3Fq%3Ddoctor%26start%3D60%26hl%3Dko%26lr%3D%26newwindow%3D1%26sa%3DN
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Unstructured data (only human readable)
ALEe H#E

“John Doe has a pyogenic granuloma of the left thumb”
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Semi-structured data (not machine readable)
ALEe &3

<record>

<patient>John Doe</patient>

<diagnosis>pyogenic granuloma of the left thumb</diagnosis>
</record>

JIAI/MIOIMES] UF
<ammnioLs
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Ontology is Machine Processable

A9 EF

Adult = Person N

age.overly

JIAI/HI0IMES] &S

<owl:Class rdf:ID="Adult'>
<owl :intersectionOf rdf:parseType="Collection'>
<owl :Class rdf:about="#Person'/>
<owl:restriction>
<owl :onProperty rdf:resource="#age'/>
<owl :someValuesFrom
df:resource="http://www.w3.0org/TR/@0@/owl-ex-dt#overl7'/>
</owl :Restriction>
</owl :1IntersectionOf>
</owl:Class>




o NS

Naive Realism and Representationalism



http://cns-alumni.bu.edu/~slehar/cartoonepist/cartoonepist23.html




Making Semantics: Right Wing vs. Left Wing =

Taggers

Ontologists

"Watch out, the liberals are squaring
L T P T | 'Ll.FF fﬂl' d ﬁght"




Five Approaches to Semantics

Make the Data Smarter

Radar Networks
Dbpedia

Metaweb

Semantic

Technorati  Wikipedia

Del.icio.us Flickr

@Powerset

Hakia
Google Inxight
Lucene

Statistics

Autonomy

Make the software smarter

- » L e - S R ¥ T

.l MOdIerd from http://www. mlg
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RDF: Semantic Web over Web Resources

“* RDF (Resource Description Framework):
resources = RDFZ 8 K= 2= A

Example of RDF Statement

Ora Lassila is the creator of the resource http://www.w3.org/Home/Lassila.

‘ Subject (resource) http://WWW.WB.org/Home/LassiIa
| Predicate property) | Crestor |

Object (literal)



% Graphical View

Qm.ﬂ.nmn-lnmmmID Craatnr »|  OraLassiia

* Serialization Syntax

<rdf:RDF>
<rdf:Description about=

"http://www.w3.org/Home/Lassila'>
<s:Creator>0Ora Lassila</s:Creator>
</rdf:Description>
</rdf:RDF>




“Ralph Swick says that Ora Lassila is the creator of the
resource http://www.w3.org/Home/Lassila”

http:fhwwew w3.orgfHomesLa @

rafsubject

Ora Lassila

rafpredicate

s:CreatnrD

rcff Staterment

g:attributedTo
h 4
Ralph Swick

g ey | R S i v
d P




_— RDFS i"l

+* RDF Schema

= Defines vocabulary for RDF

= Organizes this vocabulary in a typed hierarchy
(Class, subClassOf, type, Property, subPropertyOf)

= Explicitly declares semantic relations between
vocabulary terms




RDF+RDFS Example

RDF Document

<?xml version="1.0' encoding="1S0O-8859-1'?>

<IDOCTYPE rdf:RDF [
<IENTITY rdf 'http://www.w3.0rg/1999/02/22-rdf-syntax-ns#'>
<IENTITY mv 'http://protege.stanford.edu/mv#'>

| e

<rdf:RDF xmIns:rdf="&rdf;"

Ins:mv="&mv;">

¥ Truck>
<mv:Person rdf:about="&mv;test3 04"

mv:name="Ora Lassila"/>
</rdf:RDF>

RDFS
_<rdfs Class rdf-ahoit="& mv:Maotar\/ehicle">

<rdfs:subClassOf rdf:resource="&rdfs;Resource"/>
_<lrdfs:Clase>

<rdfs:Class rdf.about="&mv;Person">
<rdfs:subClassOf rdf:resource="&rdfs;Resource"/>

</rdfs:Class>

</rdf: Property>




SPARQL

* SPARQL Protocol And RDF Query Language

* Query Language + Protocol + XML Results
Format

*» A query language for access and query RDF
graphs

“ Mashing up disparate data sources represented
iIn RDF




Jon Foobargt 0|2
IIEIANE Sl 22719
URLS &I

Result
“http://foobar.xx/blog”

N

uery Example

foaf. Agent

foafweblog

foaf nams

foaf maker

hittp: ffoobar xx/blog.rdf

hittpy (Mfoobar xxblog

de:title

SPARQL query to find the URL of a contributor's blog

PREFIX foaf: <htip://xmlins.com/foal/0.1/>
SELECT ?url

FROM <bloggers.rdf>

WHERE {
?contributor foaf:name "Jon Foobar" .

?contributor foaf:weblog ?url .



http://xmlns.com/foaf/0.1/

Linked Data

Ontologies @etiiton) _ _ -
- @D-tm =k
NN Data Record ID _ ="
\\ flf’
Defini > -
- Field 1 Value P
\\\ ”—”
TField 2 Value-~"~
4----"7 'Field 3 Value----_L _____ >
_rField 4 Value<
’/ %\
/, \\\
A~ ~
S

i ‘LJ |

Z X : http://www.mindin
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Person Table S|(PIO Subject Predicate Object
ID f_name I_name oo1 N ferson
- : irstName im
001 Jan Wlssner 47| 001 lastName Wissner
002 nova spivack 001 hasColleague 002
003 chris jones 002 iSA Person
004 lew tucker 002 firstName Nova
002 lastName Spivack
002 hasColleague 003
003 iISA Person
003 firstName Chris
Colleagues Table 003 lastName Jones
003 hasColleague 004
SRC-ID TGT-ID | | | 004 iSA Person
ggi 88% I-| | 004 firstName Lew
001 003 -] 004 lastName Tucker
001 004
002 001
002 002
002 003
002 004
003 001
003 002
003 003
003 004
004 001
004 002
004 003
004 004
R e S T R s

= X : http://www.mindingtheplanet.net
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Merging Databases in RDF Is Easy

VVV VVV VVV

A P

= X : http://www.mindingtheplanet.net
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Database of the Web!

Application A

Ontology§ Application B

UE==S) Lives in
Person R Bike Lab TRl

Located in

N - i 1
Livesin ]
N Director of
2= ___»iEEE]
Person | il Person
s Advisor of
Person

Vi \
Fan of
Traveled to,’ N

/ \

/7 \

\

4
Advisor/of '\
1 Bmployee of

Source of

o q 7
Friend of s

Stefan
Person

1

/
,' Editorial
Board of
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tructured Data Entry for

* Knowledge base

S HITEX SAES DX HER DHGH0 HEGHE HHE?

+» Relational DB

HALE 37 X[OFEY 28
A AZ LR X0t E
& sfotZo| HE1 M= mjx|
2250l 428 =,

THHS WO EUS o §4

vs. RDF DB

SHbA L 50

o == x|ote| x| E 52 M= S E0|H

2 Hof US. ThESS

E0f &

emantic Lin

d4Ss 8dE 1234 50 -
428 4% 7777 3

Relational database
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Narratives to RU

“ OntoPath

= translation from a sentence to RDF triples
“» Ontology

= Vocabulary for description

= Semantic relation

G Tissue D

reff:ty pe
specimen received

cortains

w
measures
a cy_;““ B 2 lem
rdif:fype




‘ Type ‘Incisiun

‘ Clinical Diagnosis

SquamousCellZarcinama

‘ ‘891 -644 ‘ Date ‘07/08/’1991 Gross Description
: & g == VRN
‘ Patient ‘Seung Han (M/62) ‘Panent Nu.‘192974 _ = d B G IS
‘ Client ‘OS (outpatient/5) ‘ In Charge ‘DI“ Narn specimen received which is SoftTissue isFizedln formalin *)
and hastolor darkBrowm and measures dxixlom it contalzs
Cyat which measures Zxlom, Cyst containg Cyatiall
which hasThickness thin and hasTrapsparency transparent.
TypicalPortion isProcessed en&aedded.‘
Perceive objectTf Mass and atSiteOf mouseFloor and
History | atTimeBeforetow Bmanth,
the Mass hasProcess Grow which hasState slow, —
s |2 |
Diagnosis SouamousCellCarcinoma, WelDifterentiated ‘
Anatomic Images
n anterior mouth floor -
Site image1

\ageW

>

Ll

& =2

ontopath,apps. desc, Applet started

MEIEENEIRORIGN

specimen received which is SoftTissue isFixedIa formalin and|®
hasColor darkBrown and measures dxixlcm, it contains Cyst
which measurss 2xzlcm, Cyst contains CysthWall which

hasThickness thin and hasTﬂ

hasFeature
hasshape
hashized bout
hashiale
hasThickness
has Transparency
1sFivedin
1sProcessed

it

F Y

Problems measires

SoftTissue
specimen_received
Substance

bl =l i
02 ]l

| Select an appropriate term pathant.rdfs | Insen | 4.8

e e
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‘Semantic web + EHR
(clinical information sharing)

-

Local
Ontology

Medical
Info Jwn process

~Mapping

Info

4y

AGENT
WA L\
Mapping Mapping

Info \ Info \
1 1

g LOCal 0C3
s ONtology Oontology

= Own process




U-Health

Service

Clinical Pharmaceutica

: Data &
Medical Biological

warehouse :
Experimental
: GeneBan

Data
& PubMed

Gene Ontology Knowledge
Base

Terminology
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