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Ontologies and their
representation



Ontologies

e Definition (Guarino 1998).

— A shared vocabulary plus a specification
(characterization) of its intended meaning



Kinds of Ontologies

Intended meaning

Two extremes

/

Meaning
specified
implicitly and
informally in
natural language



Kinds of Ontologies

Different degrees of rigor of the specification of the
Intended meaning

Two extremes

— T

I\/Iear!i_ng meaning specified
_spec_lf!ed explicitly as a
implicitly and

: : logical theory
informally in

natural language



Kinds of Ontologies

XML Description
Schema Logics
(DAML+OIL)
formal
Taxonomies
Terms XML DTDs
s + -
‘ordinary’ Data Models
Glossaries (UML, STEP)
Data
General
Dictionaries Frames -
DB OKBC Logic
(EDI) ( )
Schema
Glossaries & MetaData, Formal Ontologies
Data Dictionaries XML Schemas, & Inference

& Data Models

Michael Gruninger, gruning@nist.gov



Thesaurl

Fruit similarTo Vegetable
Example:
NarrowerTerm
Orange Apfelsine (german)
synonymWith

- Graph with labels edges (similar, nt, bt, synonym)
- Fixed set of edge labels (aka relations)
- NO Instances

- Well known in library science
- cf. terminologies / classifications (Dewey)

Goble & Shadbolt
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Terms Thesauri AML DTDs
—H +——+ + —
‘ordinary’ Principled, Data Models
Glossaries informal (UML, STEP)
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Dictionaries DB Logic
(EDI) Schema (OKEBC)
Glossaries & Thesauri, MetaData, Formal Ontologies
Data Dictionaries Taxonomies XML Schemas, & Inference

& Data Models
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Frames

Rich set of language constructs: frames, slots,
defaults, ...

Impose restrictive constraints on how they are
combined or used to define a class.

All frames asserted into taxonomy by hand.
All concepts are primitive.
Octet/GKB, Protegé, OCML, ...

Goble & Shadbolt
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[Rector]

What’s in a “DL based ontology”?

- In a hierarchy
— Described but not defined

- relations between concepts,
also in a hierarchy

— on concepts and

properties
— *“some”, “only”, “at least”, “at most”,
and, or, not.

— Made from primitive concepts,
constructors and descriptors

— Enzyme = protein and catalyses
reaction.

— Reason that enzyme is a kind of protein.

“Dog is a kind of wolf” mean
“All dogs are wolves”

disjointness, further
description of defined concepts

to organise it for you.
Consistency & Taxonomy for
defined concepts established
though logical reasoning.

Goble & Shadbolt:



Constructor DL Syntax Example
intersectionOf Cym...nc, | Human i Male
unionOf CyU...uc, | Doctor LI Lawyer
complementOf - -Male

oneOf {x1...20} {john, mary}
toClass YP.C YhasChild.Doctor

hasClass 1P.C JhasChild.Lawyer
hasValue AP.{x} JcitizenOf. {USA}
minCardinalityQ =nP.C =2hasChild.Lawyer
maxCardinalityQ <nP.C < 1hasChild.Male
cardinalityQ =n P.C =1 hasParent.Female

XMLS as well as classes

Arbitrarily complex of constructors
E.g., Person M vhasChild.(Doctor LI dhasChild.Doctor)

EDBT 2002 DAML+HL — p. 13/32




Axiom

DL Syntax

Example

subClassOf
sameClassAs
subPropertyOf
samePropertyAs
samelndividualAs

disjointWith
differentindividualFrom
inverseOf
transitiveProperty
unigueProperty
unambiguousProperty

Axioms (mostly)

C1 L0,
C1 = Cy
PC P
P=PF
{21} = {22}
¢ E~Cy
{z1} © ~{a2}
P=F
PTCP
TC<LP
TCL1P™

Human C Animal "1 Biped
Man = Human 11 Male
hasDaughter C hasChild
cost = price

{President_Bush} = {G_W_Bush}

Male C -Female
{john} C —{peter}
hasChild = hasParent™
ancestor™ C ancestor
T C <1lhasMother

T C <lisMotherOf™

EDBET Z002: DAMLAOIL — p 14/32




Reasoning support

— check if knowledge

IS meaningful

— structure
knowledge, compute taxonomy

— check if two classes
denote same set of Iinstances

— check If individual

IS Instance of class C

— retrieve set of
Individuals that instantiate C

Goble & Shadbolt

= S hininformatics_serice

BLAST-n_semice

BLAST-p_serice

BLAST_senice

Clustahy_service
EMBOSS_needle_service
EMBOSS_streteher_senice

EMBOSE _water_senice
Smith-Waterman_sequence_alignment_service
global_sequence_alignment_semvice
multiple_sequence_alignment_serice
pairvise_seguence_alignment_ser...
sequence_alignment_senice
FBLAST-n_semice

= sequence_alignment_senice
= glabal_sequence_alighment_service
EMBOSS needle_service
EMBOSS_stretcher_senice
= multiple_sequence_alignment_service
Clustaly_senice
= paRinvise_sequence_alignment_senice
2 [E] BLAST service
BLAST-n_service
BLAST-p_semvice
t-BLAST-n_semice
= Smith-Waterman_sequence_alignment_senice
EMBOSS water_setvice



Why Reasoning Services ?

Ontology design Ontology deployment

— Check class consistency and Determine if set of facts are
(unexpected) implied consistent w. r. t. ontology

relationships e
: . : — Determine if individuals are
— Particularly important with :
instances of ontology

large ontologies/multiple
authors classes

Ontology integration — Query Inclusion

: — Service description
— Assert inter-ontology matchmakin
relationships J

— Reasoner computes — Classification-based

integrated class querying.
hierarchy/consistency
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First order logic

* High expressive power
« High complexity
 Limited automatic reasoning support



:  Edit  Document  View  Window

B & # E

4 4 > >l |4 % &\ T~ Ok ~® OO0 M~ M

3.2

Definitions

Mereological Definitions

(D14) PP(x, v) =4 P(x. yv) A =Py, x)

(D15) O(x, v) =4 3z(P(z. x) A P(z. v))

(D16) At(x) =4 —3(PP(). x))

(D17y AtP(x, v) =4 P(x. v) A At(x)

(D18) x4+ y=412Vw(O(w. z) & (O(w, x) v O(w. 1))

(D19) Gx0(x) =4 127 1(O(r. 2) <> Iw(P(w) A O(v. w)))'
(D20) PP, v, 1) =4 P(x, v, 1) A =Py, x. 1)

(D21) O(x, v, 1) =4 z(P(z, x. t) A P(z, v. 1))

(D22) At(x. 1) =4 =3IV(PP(y. x. 1))

(D23) AtP(x. y. 1) =4 P(x. v. 1) A At(x. 1)

(D24) x= v=4Plx.v. t) A Py, x, 1)

(D25) CP(x, y) =4 (PR, 1) A VHPR(y, 1) = P(x, y. 1))
(D26) x 4" y=41zZVw.H(O(w, z. 1) & (O(w. x. 1) v O(w, y. 1))
(D27) G0(x) =4 ZTV.H(O(y, z. t) <> Tw(o(w) A Oy, w. 1))
Quality

(D28) dqgt(x. y) =4 qtix, v) A =3z(qt(x, 2) A ql(z. 1))

(D29) qt(o. x. v)=4qt(x. v) A 0(x) A SBL(Q. 0)

Temporal and Spatial Quale

B e T T

-1 o —/ L . ok ' -0

(Proper Part)
(Overlap)
(Atom)
(Atomic Part)
(Binary Sum)
(Sum of 0's)

(Temporary Proper Part)
(Temporary Overlap)
(Temporary Atom)
(Temporary Atomic Part)
(Coincidence)

(Constant Part)

(Direct Quality)
(Quality of type 0)




First order logic (FOL)

* High expressive power
« High complexity
 Limited automatic reasoning support

|

However if you want to build bio-medical ontologies
you Will need to represent PARTS of it in FOL



On Comparing FMA and
GALEN



Comparing FMA and GALEN

FMA
e Uni-Washington

e Protegé — frame
system

SALEN et
e Uni-Manchester v

 GRAIL - description
logic

Human anatomy



Reference framework
Basic Formal Ontology (BFO)

Full first order logic

/\
VA

Protege, GRAIL
Frame system Description logic



Reference framework
Basic Formal Ontology (BFO)

N



Reference framework
Basic Formal Ontology (BFO)

BFO



Alternative possibility:
use DOLCE (Guarino at al.) as
reference ontology

FuII first order logic

/ DOLCE \
FMA GALEN
Protege, GRAIL

Frame system Description logic



Alternative possibility:
use DOLCE (Guarino at al.) as
reference ontology



Alternative possibility:
use DOLCE (Guarino at al.) as
reference ontology

DOLCE

N



Alternative approaches
Bodenreider at. al

L

Mapping based on
and structural
analysis



Alternative approaches
Bodenreider at. al

] ——— [eae

Mapping based on
and structural
analysis



Alternative approaches
Bodenreider at. al

 ldentify anchor concepts by means of linguistic
analysis

— matching index: 0
GALEN[912]=polyhedral
FMA[69751]=Polyhedral

— matching index: 9
GALEN][1204]=TemperatureValue
FMA[69888]=Temperature value

— matching index: 13
GALEN([7242]=Reticuloendothelial System
FMA[57800]=Mononuclear phagocyte system



Alternative approaches
Bodenreider at. al

anchor concepts by means of
analysis

— Structural analysis: compare information about
parthood relations that hold between the
anchor concepts in FMA and in GALEN

— Structural information provides positive or
negative evidence for anchor concepts

 Positive evidence: compatible part-of relations
* Negative evidence: incompatible part-of relations



How to compare Information
about parthood relations?

/mmt knowledge

Extract explicit about parthood relations
Information about
Parthood relations /\
Use (meta) More linguistic
knowledge analysis

about properties
of parthood



How to extract implicit knowledge
about parthood relations?

Use (meta) knowledge about properties of
parthood

 part-of and has-part are converse relations
|F part-of xy THEN
has-part yx
e subdivision-of Is a specific part-of relation
« Part-of is transitive



How to extract implicit knowledge
about parthood relations?

More linguistic analysis
e Infer relations from class names

e |F P isA PartOfW THEN P part-of W
e IF
CardiacChamber 1sA SubdivisionOfHeart

THEN
CardiacChamber part-of Heart



Alternative approaches
Bodenreider at. al

Results:

Anchors identified by lexical alignment

2,353 matching anchor concepts were identified lexi-

cally, accounting for about|4% of FMA concepts‘ and
‘ 9% ot GALEN cnncepts.‘ Zhang at al. 2003

Why are there only so few matches?



Discussion (O. Bodenreider)

« Are working on improving the results: currently,
about 7% of FMA concepts and 33% or GALEN
concepts are anchors

e not all GALEN concepts are anatomical entities;
among anatomical concepts, not all are canonical
(normal) anatomy.

 FMA concepts are generally finer-grained than
GALEN's. E.g., some 20,000 concepts in FMA
exhibit a laterality marker (left/right) while
virtually no GALEN concept does.



The fundamental problem of
linguistic approaches:

l downgrade downgrade l
Mapping based on
FMA and GALEN
as thesaurus |~ stroctural as thesaurus

analysis



A logic-based analysis
IS needed!!!



Will OWL-implementations of
FMA and GALEN help?

e There Is C-OWL an extension of OWL
. between concepts
In different ontologies
— Coz subsumes Co2 Where do the
— Co1 and Co2 are equivalent mappings come from 2
— Coz1 and Coz are disjoint

* DL-reasoner checks consistency, derives
additional consequences, ...




FOL Reference framework, e.g.,
Basic Formal Ontology (BFO)

Full first order logic

emyv wed

—
FMA Logical analysis GALEN



Reference framework BFO

 Basic ontological distinctions manifested in
— Theory of individuals and universals
— Theory of endurants and perdurants
— Theory of material and non-material entities  in progress

e Theories of formal relations
— Mereology
— Topology
— Location
— Containment In progress
— Dependence 777



Reference framework BFO

 Basic categorial distinctions manifested In
— Theory of individuals and universals
— Theory of endurants and perdurants
— Theory of material and non-material entities

e Theories of formal relations
— Mereology
— Topology
— Location
— Containment
— Dependence



Two distinct realms of being

universals =  particulars

general = individual
types E tokens
species : Instances

Barry Smith



species,
genera

Barry Smith



scarlet

R232, G54, B24

Barry Smith



scarlet

‘R232, G54, B24

i this individual token of redness
@ (this token redness — here, now)

Barry Smith



Reference framework BFO

 Basic categorial distinctions manifested In
— Theory of individuals and universals
— Theory of endurants and perdurants
— Theory of material and non-material entities

e Theories of formal relations
— Mereology
— Topology
— Location
— Containment
— Dependence



Entities
that exist In space and time

N

Endurants: Perdurants:

e substances (things) * Processes

e yOu, me, your heart e your life

* your chest cavity » the course of John’s

«John’s pneumonia pneumonia



Reference framework BFO

 Basic categorial distinctions manifested In
— Theory of individuals and universals
— Theory of endurants and perdurants
— Theory of material and non-material entities

e Theories of formal relations
— Mereology
— Topology
— Location
— Containment
— Dependence



Material vs. non-material entities

Endurants

 Material: stomach,
wall of stomach S ..
» Non-material: stomach |
cavity of stomach 4

« Can material entities [ §
have non-material parts?

Cavity of stomach

 CavityOfStomach PartOf Stomach?



Reference framework BFO

 Basic categorial distinctions manifested In
— Theory of individuals and universals
— Theory of endurants and perdurants
— Theory of material and non-material entities

e Theories of formal relations
— Mereology
— Topology
— Location
— Containment
— Dependence



Partial orderings

e Binary relation
- X<y
— between x and y the relation of proper partial
ordering holds
* Properties of ‘<’ :
— Asymmetry:
e [F X<y THEN NOT y < X
« We cannot switch the arguments
— Transitivity
e IfX<YANDY<zTHEN X< Z
* \We can form chains of partially ordered entities



Two distinct kinds of partial
ordering relations

1. Theory of the part-of relation
—  XIs-part-ofy
— Is-part-of is reflexive and transitive
2. Theory of containment
— X Is-contained-iny
— Is-contained-in is reflexive and transitive



part-of

whole

my Alimentary System

part

my Gastrointestinal system

PN

my Upper gastrointestinal tract my Lower gastrointestinal tract

my Mouth my Oropharynx

my Stomach my Duodenum my Esophagus



The containment relation

* Non-medical examples:
— My dollar bill is contained in
— My wallet is contained in my bacCRpe 5277

* Medical examples /

— This volume of air is contained i
(now)

— My lung is contained in my thorax



my lung

0“
+* Instance-of

A‘
Lung (FMA) My Tung is a
_ material container
ISA for the volume
of air
Anatomical structure (FMA) l
iSA Like
my wallet

IS a material container

Material anatomical entity (FMA)
for my dollar bill



The containment relation

* Non-medical examples:
— My dollar bill is contained in myaallet

— My wallet is contained in my backpack

* Medical examples

— This volume of air is contained in my lung
(now)

— My lung is contained in

2777



my thorax

0“
+* Instance-of

A‘
Thorax (FMA) My thorax is a

_ material container
ISA for my lung

Anatomical structure (FMA) _
Like my backpack

ISA IS a material container
for my wallet

Material anatomical entity (FMA)



Distinguishing parthood and

containment
relation Partial WSP
order
part-of yes

Contained-in yes




The (Improper) partial ordering

e Between x and y the relation of (improper
partial ordering holds Iff

Between x and y the relation of proper partial
ordering holds

OR
X and y are identical

e XXVYIFFX<yORX=Yy



Definition of overlap

Do: Oxyiff(32)(z<x & z2LYy)



Weak supplementation principle

¢ XY=



Weak supplementation principle

* X<y = (37)(z <y AND -0 zx)



Weak supplementation principle
for part-of

<Yy =
 If xIs a part-of y then



Weak supplementation principle
for part-of

<y = (32)
 If x Is a part-of y then there exists a z



Weak supplementation principle
for part-of
<y=3z)(z<y

 If x Is a part-of y then there exists a z such
that z 1s a part-of y



Weak supplementation principle
for part-of

<y = (37)(z <y AND -0 zx)

 If xIs a part-of y then there exists a z such
that z Is a part-of y and x and z do not share
a common part



Weak supplementation principle
for part-of

* X<y = (37)(z <y AND -0 zx)

 If x Is a part-of y then there exists a z such

that z Is a part-of y and x and z do not share
a common part

e There cannot be a whole with a single
proper part



Weak supplementation principle
for contained-in

° = (32)(z <y AND —0 zx)

o If x Is coMalned-in y then theyes€
such that z 1s cO™l
not share containeg

e There canng#fe a container
contaus®® entity ???7??"

ISts a Z
ed-w* and x and z do

3 SIngle

WSP does not hold for contained-in !!!



Distinguishing parthood and

containment
relation Partial WSP
order
part-of yes yes

Contained-in yes no




Reference framework BFO

 Basic categorial distinctions manifested In
— Theory of individuals and universals
— Theory of endurants and perdurants
— Theory of material and non-material entities

e Theories of formal relations
— Mereology
— Topology
— Location
— Containment
— Dependence



L_ocation

o Casatl & Varzi (parts and places)
e L xy

— X Is an individual entity

— Yy Is a region of space/time/spacetime



Intuitive interpretation:
Entities and their (spatial) location

wo categories of things

1. Entities: you, me, my computer, Arnold
Schwarzenegger




Intuitive interpretation:
Entities and their (spatial) location

wo categories of things

1. Entities: you, me, my computer, Arnold
Schwarzenegger

2. Regions of space

Region



Intuitive interpretation:
Entities and their (spatial) location

e Atevery moment in time and entity IS
located In a single region of space

ﬁ



Intuitive interpretation:
Entities and their (spatial) location

o At different moments in time entities may
be located In different regions




Abstract and concrete entities

Individual
entity
Concrete Abstract
* located at some * not located in space-time
region of space-time e AE x = —CE X

« CEx=(3y) (Regy AND L xy)



The Region Function

e Concrete individual entities:

— Location is a function, I.e., every concrete
entity is located at a single region of space at
each moment in time (at which it exists)

o We write r(x)=y Iff CE Xx AND L xy

 1r(X) Is Interpreted as the region at which x Is
exactly located.



Definitions Using the Region
Function (Donnelly)

Coin(x, y) =: O(r(x), r(y))
x and y (partially) coincide: X’s region
overlaps y’'s region

Example: A portion of food beginning to enter my stomach
cavity partially coincides with my stomach cavity.



Definitions Using the Region
Function

CCoin(x, y) =: P(r(x), r(y))
x completly coincides with v: x's region is
part of y’s region.

0

Example: A portion of food which is contained in my stomach
Completely coincides with my stomach cavity



Reference framework BFO

 Basic categorial distinctions manifested in
— Theory of individuals and universals
— Theory of endurants and perdurants
— Theory of material and non-material entities

e Theories of formal relations
— Mereology
— Topology
— Location
— Containment
— Dependence



Reference framework
Basic Formal Ontology (BFO)

Full first order logic

N



Top-level categories In
FMA and GALEN



Digital Anatomist
Foundational Model of Anatomy (FMA)

High level scheme

FMASA,, ATA, MK)

where:
At = Anatomy taxonomy
ASA = Anatomical Structural Abstraction
ATA = Anatomical Transformation Abstraction
Mk = Metaknowledge

Mejino & Rosse, KR-Med 04



Anatomy

axonomy (Mejino & Rosse, KR-Med 04)

/4 Anatomical Entity !

Physical
Anatomical Entity %

- Non-physical
=15 d- Anatomical Entity

Material Physical
Anatomical Entity

Non-material Physical
Anatomical Entity

1

N

Body
Substance

Biological
Macromolecule

Acellular
Anatomical
Structure

| Surface I | Liae I
Human
Body

- Body

Part

Anatomical
Structure

| Space I

/

Organ

Tissue Part

Cell

_‘ ) I‘ Organ I
Organ System



Top-level categories in GALEN

DomainCategory

GeneralisedStructure

ModifierConcept

GeneralisedProcess

GeneralisedSubstance

Rector and Rogers



Top-level categories with

-
,f—"”’f /
GeneralisedStructure /

e

GeneralisedProcess

/
/

GeneralisedSubstance

modifiers

DomainCategory

7

ModifierConcept

Unit

Feature State

Selector

Modality
Role

GeneralLevel Of Specification

Collection

Rector and Rogers



Secondary High Level Taxonomy

DomainCategory

Phenomenon

,.f"/

GeneralisedStructure

Id

GeneralisedProcess

\//

GeneralisedSubstance

7

7 ModifierConcept

T T Unit
----- Modality
o T

=1 Role

Selector

.
e,

GeneralLevel OfSpecification

& Collection

Rector and Rogers



Anatomical Entity .
/’l_t\ FMA:

Physical Non-physical .
| Anatomical Entitx ! k. =13 ¢l- | Anatomical Entitx I Canonlcal ana‘tomy
Material Physical Non-material Physical
Anatomical Entit Anatomical Entit NO processes

[T I — No pathology

Structure

DomainCategory

Generalised Stryg -
ModifierConcept
GeneralisedProcess

EtTalisedSubstance

GALEN:
Anatomy + Diseases

Processes

* Non-normality
e Degrees of
non-normality




Anatomical Entity

\

Ph'ysi{
Anatomical Entit k.

Non-physical
1S5 e1- Anatomical Entit

Material Physical
Anatomical Entit

Non-material Physical
Anatomical Entit

Body

Ibatance d Anatomical
Structure
Enduring
Anatomlc . plp) . DomaiCaleEOW

entity

" Thind§ ™ 7
>, "x_‘

Generalised Structure

ModifierConcept

Generalised Process

GeneralisedSubstance

FMA:
Canonical anatomy

NO processes
No pathology

GALEN:
Anatomy + Diseases

Processes
Pathology
Diseases



GALEN

§ (C) OpenCALEN_Model
@ (C) anatomical_Concept
&= (C) anatomy. By_Body_System
&= (C) Anatomy_Specific_to_5ex
& @ Anatormyy_Of _Major_Body_Divisions
@ (T Major_Division_Of_Body
&= (C) Anatomical_Space
& (C) Foramina
& (C) Anatomical_Subpart
&= (C) Anatomy_By_Bochy_ Cavity
&= (C) anatomy_with_Laterality
&= (C) Body_System
(C) BochyasAWhole
I::'E:]'‘-fi5|:ErELIF'Eritl:uneum
(C) GRAILExteriorOfBocy
@ Diverticulum
@Suﬁaceﬂndﬁtructure
@ Flacenta
@ IMternaldrgan
@ Conceptus
@ (L) Cell
& (Tl Process

FMA

& (C) Anatomical entity
o @F‘hvsical anatormical Entiw"
o Il@hﬂa‘terial physical anatomical entity
@= (C) Anatomical structure
&= (T} Body substance
o @Nun—material phmesical anatomical entity
B'@,&natnmical space
@ (C) Anatomical surface
&= () Anatomical line
&= () Anatomical point
10 @ Maon-physical anatomical entity

@ () Human \ .
o (©) Pathology GALEN also deals with processes

&= (T Modifier

Modifiers to characterize processes



GALEN FMA

§ (C) OpenCALEN_Model
@ (C) anatomical_Concept
&= (C) anatomy. By_Body_System
@ (C) Anatomy_Specific_to_Sex ® (C) Anatomical entity
'E"@,&nammy_l:lf_r-ﬂajnr_Endv_Diwisinns
@ (T Major_Division_Of_Body
&= (C) Anatomical_Space

o @F‘hvsical anatomical Entiw"
o Il@hﬂa‘terial physical anatomical entity

@ (C) Foramina @ (C) Anatorical structure

& (T} Anatomical_Subpart @ (C) Body substance
@'@,&nammv_ﬂyjndv_[amw o @Nun—material phrgsical anatomical entity
@ (C) Anatomy_with_Laterality e (© Anatomical space

&= (C) Body_System .
- @=(C) Anatomical surface
(C) BodyisAWhole ©

. . Eh . .
(C)WisceralPeritoneum () Anatornical line

(C) GRAILExteriorOfBody & () Anatomical point
I::'E:'I:li*-ﬂeﬁitulum B'@Nnn—phwical anatomical entity
@Suﬁaceﬂndﬁtructure
@F‘Iacenta
U @Imernal@rgan
C!Conceptus .
© (C) Cel Pathology and non-normality
& (Tl Process
& (C) Hurnan
&= () Pathology

o (O Modifier 4= Characterize pathology/ non-norm.




¢ unmeasmsoncar [NO PrOCESSES IN FMA?

&= () Anatomical term
&= (C) Anatomical set
o @,&natnmical relationship
@ < hewly deleted frame =
@ @Struu:tural relationship
E"@,&natnmical transformation relatynship
10 Il@Structural relationship walue
0 @ Crganizational pattern
@Membership relationship
@ Concept name
B'@Sut:udhrisinn af functional swstem
@ (C)Segmental innervation
&= (T} [oint movement
& (C)Muscle action
@ Frime maower
@,&ntagnnist
@Swergist
@Shunt action
@Spur‘t action
(C)stakilizer
o @Dewlnpmemal [Arocess
@Embmlngical clevelopment
@ Matiration
@ [Falution
& (C) Developmental stage
10 @ Functional systerm

Processes as non-physical entities ?
o clearly processes are extended in
spacetime

« hasDimension should be true



Endurant categories

GALEN FMA

@ (C) OpenGALEN_Model
@ (C) anatomical_Concept
@= (C) Anatory By_Body_System
@= (C) Anatormy Specific_to_Sex

&= @ Anatary_Of _Major_Bocdy_Divisions ? @,&natnmical Entity

= () Major_Division_Of_Body o @ Fhyysical anatomical Entiw"
E"@,&natnmicaljpate 4— o Il@hﬂa‘terial physical anatomical entity
@ () Faramina @ (C) Anatarical structure
E"@,&nammicaljubpar‘t E"@Endv cubstance

&= (T anatorry_By_Bocdy_Cavity

E"@,&natnmy_with_Lateraliw o @Nun—materlal phmesical anatomical entity

@ (C) Bochy_Systerm @ (C) Anatomical space
@E{DdygggWhnle 4— E"@,&natnmical surface
(C)yisceralPeritoneum E"@,&natnmical line
%gRMLEKIIEHDerEde @ (T Anatornical point

Pverticulum . . .
&= -
@Surfaceﬂndﬁtructure @Nun physical anatomical entity
(CIPlacenta
(c) InternalOrgan - . .
(S Conceptus Top-distinctions
&= (Tl Cell

physical / non-physical
(located in space-time / abstract)
*Material / non-material

Not explicitly represented
iIn GALEN ?7?7?



Endurant categories

GALEN

@ () OpenGALEN_Model
© (L) anatomical_Concept

- @ Anatarsy_By_Body_System <~ 

E"@,&nammyjpecific_mjex -« Human anatomy
'E"@,&nammy_i:lf_r-ﬂajnr_Endy_Dimsinns «— @000 . .
© () Major_Division_0f_Body based on different views

@ (C) Anatomical_Space

@ (T Foramina

@ (C) anatomical_Subpart

@= (C) Anatormy By_Bocky Cavity

@= (C) anatormy_with_Laterality

&= (C) Body_System
(C) Bodhyas Alihole
@‘-.-"iSEEI’ELIF'EFi'[EIr'IEUﬂ"I
(C) GRAILExteriorOfBochy
@ Diverticulum
@Surfaceﬁndﬁtructure
@ Flacenta
@ Internaldrgan

@ Conceptus

@= (C) Cell



GALEN - anatomical views onto
the human body

Anatomy by body system Anatomy by body cavity

@ () 0penGALEN_Model
@ (C) Anatomical_Concept
@ (C) anatormy By Body System
C -
& (C) DigestiveSystemComponent ? Uﬁnatnmy_ﬂy_ﬁ_nd_y_[amw_ _
En-@ "3"@,&natnmwmlthlnThnraclcCamw
Sensonalrgan . . )
@= () AnatormyAithinP e hvicCavity
IfE}I12|:|Itmin:Lurnen""
@ (C)SectionOflntesting M
"3"@ImraCraniaIEndyStructure
IfE}ImestinalLurnen""
@ (C) AnatormAtithinabdominal C avity

o @ LymphoreticularCamponent

o @ MusculoskeletaldystemComponent
o @ ChemaoreceptorsystemComponent
o @ CardiowvascularsystemComponent
o @ FespiratomsystemCamponent

o @ QrodentalxystemComponent

o @ Dermatological>ystemCampanent
'3"@Endncrineiwtem(:nmpnnem
E"@NemuSSwteanmpnnem

&= @ CenitolUrinamnsystemCamponent



GALEN — anatomical views

e Every view Is a tree structure

* Trees (views) can overlap, I.e., share
components

e The heart occurs in multiple views:

— Anatomy by body site as
~1.e., a structure within mediastinum

— Anatomy by body system as Tubular
Cardiovascular Component, i.e.,
cardiovascular tubular topology structure



GALEN — multiple inheritance

Anatomy by body system

@ @Cardiszculaﬁwtemmmpunem
'E"@ImraThnran:in:Cardiwas::ularStruu:ture
'E"@,&bnurmawazculaﬁtructure

@Cardiac[nnduit
@= (C)yascularstructure
@= (T enousStructure
@= (C) ArterialStructure
@,&nr‘ticPulmnnamﬂndy”
@GIDFI’IUS_IUQUIEH’EH
E"@——Tiszuetell wehich < ishtructuralComponentC
@ IfE}Tut:|uIarliiaru:iiu:wasn:uIar[tu’np:u:m&nt
E"@——Endﬁtructure wehich < [sDivisionOf Carc
@ () DivisionOfBloodvesse M
@Hazcularﬁwasﬂtructure
@ (C)vascularFistula™
&= @ —-TubularCardiovascularCamponent whict
E"@HazcularShuntStructurE"
@ (C)yvascularjunction M
IfE}——Tut:luIarB|:u:1~,,a5truu:'[ure wehlich < isTo Left
@ (C) Blopdvessel™
@ (C)vascularPlexus M
@Valwla‘-ﬁennsa"
@ (C) Heart M
&= (C)yvalveOfvenaCava
'E"@,&nerinwEnnusFistulanHear‘t"

M

Anatomy by body cavity

D @ﬂnatnmy_Bv_Endy_Camw
@ (T anatorrrithinT horacic Cavity

@= (C) Bronchitis
@Brnnchialhﬂumsa"
@= (Tl ung M
'EJ"@IntraThnran:in:Swtemin:Blnnd‘-fEssel"
@F‘IEUFEHSDELEEH
E'@IntraThnracicLymphnndE”
I:'53'——I:]tjstructin:lnLesin:ln which < hasspecificLocatiar
I:'53'F‘ulrn|:|r1ar‘w5.-Ernt:u:|Iisrn
I:'Ej'r-a1Eu:iiastinurn""
@Brnnchnsmmﬁtructure"
%Pulmnnar‘ﬂn:‘arctinn Part Of
@ .C) LungFissure
@= (C) L ungFibrosis Anatomy r)?
(C) PulmonaryOedema /
@ (C) Pulmonardnflammation
IC'E:'F'ulr“n|:|r1ar‘»ﬁ.fTut:uarn:uln:usis
@'@ErnnchngenicCarcinnma
(C) BronchialAtresia
@Ernnchial[ar‘tilageﬁing"
Q r:.'53'IthraME1:1iaStinaIStruu:turE
I:'E:'——I:IJt:|structin:unLesin:un wehich < hasspecificloc:
&= (CiHeantM
@F‘ulmnnawﬁnewﬂneumﬂm
"3"@SegmenthlnferinWEnaCa\m"



Anatomical concept

/ Anatomy by

Anatomy By body system
Body Cavity 1
f Cardiovascular
Anatomy Within System
Thoracic Cavity Component
Intra cardiovascular Intrathoracic
Mediastinal tubular topology cardiovascular
Structure structure structure
Heart —_—

ISA



Mereological relations



Anatomical Structural Abstraction

FMA = (At ATA, MK)

&

ASA = (Dt, Bn, Pn, SAn)

where:
Dt = Dimensional taxonomy
Bn = Boundary network

SAn =S

patr ASS@C jation network
Mejino & Rosse, KR-Med 04



Structural relations in FMA

@Anatnmical entity
0 @ Fhysical anatamical entinf”
o @ Mon-physical anatomical entity . .
& (C) Anatomical term Partial ordering + WSP
o @Anatnmical relationship
@ Class subsumption relationship
o @Etructural relationship
Eondare relatinashit
‘C) Anatornical part relationship
@ Generic anatomical part relationship

Q@ @Speciﬂc anatomical part relationship .
(C) Canstitutional part relationship } Generic parthOOd +

() Regional part relationship " .
(C) Systemit part relationship Addltlonal axX1oms

M Parthood restricted

¢ ropatal association relatonship - -
& (T Anatomical location tO Spatlal reglons
@Anatnmical containment
E"@Anatnmical adjacency
- @Anatnmical coardinate
- @Anatnmical arientation
& @Anatnmical connectivity
E‘ @Anatnmical transformation relationship

Mejino & Rosse, KR-Med 04



FMA: Regional vs. constitutional parts

Regional part
Fundus Body Antrum
Wall of —>.'
é Wall of Wall of Wall of stomach 1
Wall fundus of body of antrum of
! stormach stomach stornach
=
Q
E
= Cavity of Cavity of Cavity of
= fundus of body of antrum of
5 stomach stomach stomach

Cavity of stomach

Mejino & Rosse, KR-Med 04



Regional part
Fundus Bndy Antrum

Wall of Wall of Wall of
fundus of body of antrurn of
stomach stomach stomach
Cavity of Cavity of Cavity of
fundus of body of antrum of
stomach stormach stomach

FMA: Regional vs. constitutional parts

Wall of —p|
stomach i

Cavity of stomach

The cavity of the stomach is a non-material part of the stomach




FMA: Regional vs. constitutional parts

Ei Wall
=

g

f

Z

= Cavity
&

Fundus

Regional part

Bod

Fundus

Wall of Wall of Wall of
fundus of body of antrurn of
stomach stormach stomach
Cavity of Cavity of Cavity of
fundus of body of antrum of
stomach stomach stomach

|
Antrum

Mejino & Rosse, KR-Med 04



GALEN: parthood relations

NAMEDGITractBodyPart
LinearSegmentOfUpperGastrointestinalTract
AbdominalSmoothMuscleStructure
(BodyStructure which < HasDiwvision Muscle

Stomach

———conventional-——

hasSolidDivision CurvatureOfStomach
haz5olidbivision GastricCorpus
hasSolidDivision ParsCardiacaGast
hasSolidDivision GastricFundus
hazSolidDivi=sion Incisuralingularis
iglinearDivigsionOf StomachToDuodenun
isstructuralComponsntOf Digestiveivstem
specificallvlilonPartitivelyContains Flatus
hazhilphaPartitiveConnection CardiacSphincter
hazstructuralComponsnt PyloricAntrium
hazstructuralComponent Pylorus
hasStructuralComponsnt SeromuscularlLaverOfstomach
igllonPartitivelyvyContainedIn AbdominalCavity

AT emrrrma Fl Ty TiA rrla T = m A e

|
Antrum



Parthood relations

FMA:
Regional part

2707070711111

GALEN:
Structural component

|
Antrum



Parthood relations

EMA GALEN
InversePartitiveAttibute part-of
Inverse StructuralP artitiveAttribute
IsDivisi structure-part
@ (© Anatomical part relationship sim%mmm &'ﬂ'ﬂaﬂfpﬁ‘!fj
\ EJ Generic anatomical part relationship isLinearDivisionOf segment-of
¢ 'E' Specific anatomical part relationship is_Soli;iF{egionOf_ N solid-piece-of
(©) Constitutional part relationship !ﬂndF’oumDMﬂmOf %wad}?f
(©) 'Regional part relationship 4 - ! ?E'D_ . ayerol—
'E'Systemm part relationship isgﬁ%ﬂgnm ::nrnigparm[ E”’E_ﬂfzi :
(€) Memberfcollection isFunctionalComponentOf  func-component-of
(C) PlacefArea isPartitive ConnectionOf
isParttivelyContainedin
isMixedThroughout -portion-of

isDissolvedWithin dissolved-in
isinSuspensionWithin  suspended-in

isSurfaceDivisionOf surface-of
makesUp stuff-of
Inverse ProcessPartitiveAttribute

IsSubprocessOf subprocess-of



Containment



Containment

FMA GALEN

(C) Structural relationship
\ ': Boundary relationship
@ 'C Anatomical part relationship
(C) Generic anatomical part relationship
® 'Ei Specific anatomical part relationship
C) Constitutional part relationship
:'3:3 Regional part relationship
C) Systemic part relationship
,_E, Memherfcullectmn

Delimitinghttribute
strictTransitivelLinkClass

contains

| nonPartitivelyContains
gpecificallvlNonPartitivelyContains
locativelyContains

= partitivelyContains
specificallvyPartitivelyContains
hasMixedThroughout

Q@ '-:C:? Spatial association relationship
® (C) Anatomical location
Eﬁ Anatomical containment
@ (C) Anatomical adjacency
@- (C) Anatomical coordinate
@ (C) Anatumlr:al mmntatmn




Containment

FMA GALEN

Anatomical containment

AbstractCavity

Relationship ThoracicSpace

|E| contains
@Thnracic Canity

non-partitively contains

MNormalAnatomicalCavity

iBodySpace which < isSpacelefinedBy Intrinsic

ThoracicSpace

I@'Lung

I@'Leﬁ lung

———conventional—--—-

hasSpecificiolidlivision Mediastinun

Lung

gl sac nonPartitivelyContains
' Right fleural sac nonPartitivelyContains

FleuralMembranes

‘0N Left (leural sac nonPartitivelyContains

Carina

nonPartitivelyContains

Eronchiole

nonPartitivelyContains

Eronchus

nonPartitivelyContains

ErachioCephalicArtery

nonPartitivelyContains

InternalThoraciclArtery

nonPartitivelyContains

MediastinalArtery

nonPartitivelyContains

ErachioCephalicVein

nonPartitivelyContains

InternalMammarvArtery

nonPartitivelyContains

EronchiallArtery

nonPartitivelyContains

InternaldugularVein

nonPartitivelwvontal ns

ITntrathoracicPortionst orrr



Partitively contains

NOT WSP

GALEN

Delimitinglttribute
strictTransitivelinkClass
] contains

— [-| nonPartitivelyContains

gpecificallvlNonPartitivelyContains
locativelyContains

= partitivelyContains
specificallvyPartitivelyContains

hasMix 7Thr oughout

Satisfies WSP:

* iIf something Is a mixture
then it has at least two
components

e not a containment relation



Problems with treating
containment as a locative relation

or

Why my lung is NOT contained
In my thoracic cavity.



Properties of containers

e Containment Is a relation between a
material entity and a container
(my dollar bill contained-in my wallet).
— Containers enclose the contained

— The enclosed cannot penetrate the boundary of
the container.

e The wallet Is a container because It keeps
the bills In its inside.



Properties of containers

e Containment Is a relation between a
material entity and a container
(my dollar bill contained-in my wallet).
— Containers enclose the contained

— The enclosed cannot penetrate the boundary of
the container.

* The backpack Is a container because It
keeps the wallet It its inside.



Properties of containers

e Containment Is a relation between a
material entity and a container
(my dollar bill contained-in my wallet).

— Containers enclose the contained

— The enclosed cannot penetrate the boundary of
the container.

My thorax Is a container because It keeps
my internal organs In its inside.



my thoracic cavity

“."' Instance-of *Non-material entities
~ cannot be barriers
Thoracic cavity (FMA) for material entities
ISA *The space in your wallet
cannot keep your bills
Anatomical space (FMA) In place
iISA *The space In your backpack

cannot keep your shopping
Non-material anatomical entity (FMA)  1lems in place.



my thoracic cavity

‘."' Instance-of *Non-material entities
A cannot be barriers
Thoracic cavity (FMA) for material entities

ISA My thoracic cavity cannot
hold my internal organs

Anatomical space (FMA) Therefore: my lung is not

i A contained in my thoracic
cavity

Non-material anatomical entity (FMA) _ My lung is and my

thoracic cavity coincide



Do not mix up containment and
coincidence!!!

e X non-partitively-containment-in y roughly means:
— The region of x is a part of the region of y
— x and y do not overlap

l

Coincidence (see Donnelly)

l

Coincidence Is a locative relation (based on the
region-of function)



Reification of parthood
VS.

partonomic parthood between
classes



The heart in FMA

Is-a hierarchy

o @,&natnmical entity template
o @Phwical anatamical Entiw"
0 @Material phvsical anatomical entity
& (T Anatomical structure
10 @ Bochy
@ (C) Organ
&= () 50lid organ
& (C) Cavitated organ
10 @ Qrgan with organ cawity
o @Drgan with canwitated organ parts
@ Hear
&= (C) Bone (organ)
10 @ Cawernous argan

Partonomic-parthood
hierarchy

@ Body

&= (T Head

&= (T) peck

e @Trunl-:

&= (T} Upper limb

&= (T} Right upper limb

&= (T) Left upper limb

e @ Lowwver lirmkb

@= (C) Right lower limb

&= (C) Left lower limb

@ () Integumentary systerm

e @ Musculoskeletal system

@= (T) Plervous system

&= (T} Hematopoietic systerm

@ @ Cardiowascular system
e @Svstemil: arterial swstem
&= @Swtemic WEROUS Swelerm
&= @ Fulmonary wascular system
&= (T) Lymphatic system
e @ Portal wenous system
@ (C)vasculature
&= (Tl Heart

- ST L




The semantics of ISA

Is-a hierarchy

o @,&natnmical entity template
o @Phwical anatamical Entiw"
0 @Material phvsical anatomical entity
& (T Anatomical structure
10 @ Bochy
@ (C) Organ
&= () 50lid organ
& (C) Cavitated organ
10 @ Qrgan with organ cawity
o @Drgan with canwitated organ parts
@ Hear
&= (C) Bone (organ)
10 @ Cawernous argan

X IsAY iff
every instance of X
IS an instance of Y



The semantics of partonomic
parthood (1)

@Bndv

@= (T Head

&= () Meck

E‘@Trunl-:

@ () Upper lifmb

@= () Right upper limb

@ (T} Left upper limb

E‘@aner lirnk

@= () Right lower limb

@= () Left lower lifmb

@ () Integumentany systerm

e @ Musculoskeletal system

@= (T} Plervous system

@= (T Hematopoietic system

© @Cardinwﬂscular ssiem
E‘@Swtemic arterial system
E'@Swtemic WBAOLS SysTRm
e~ @ Fulmonary wascular swstem
@ () Lymphatic system
'E"@F'nrtal VENOUS SyStem
@= (Clasculature
&= (T Hean

- T L

X PART-OF Y iff
For every instance x of X
There exists an instance
y of Y such that
X part-of y



The semantics of partonomic
parthood (2)

@Bndv

@= (T Head

&= () Meck

E‘@Trunl-:

@ () Upper lifmb

@= () Right upper limb

@ (T} Left upper limb

E‘@aner lirnk

@= () Right lower limb

@= () Left lower lifmb

@ () Integumentany systerm

e @ Musculoskeletal system

@= (T} Plervous system

@= (T Hematopoietic system

© @Cardinwﬂscular ssiem
E‘@Swtemic arterial system
E'@Swtemic WBAOLS SysTRm
e~ @ Fulmonary wascular swstem
@ () Lymphatic system
'E"@F'nrtal VENOUS SyStem
@= (Clasculature
&= (T Hean

- T L

AND

Y iff
For every instance x of X
there exists an instance
y of Y such that
X part-of y

For every Instance y of Y
there exists an instance

X of X such that

X part-of y



PART-OF In canonical anatomy

e Body PART-OF Head
e Heart PART-OF Cardiovascular System

BUT NOT
— Nucleus PART-OF Cell

BUT
— Nucleus PART-OF Cell



Properties of PART-OF

e Reflexive
X PART-OF X

e Transitive
IF X PART-OF Y AND Y PART-OF Z
THEN X PART-OF Z

e Antisymmetry
IF X PART-OF Y AND Y PART-OF X
THEN X =Y
holds only if discrete instances of X and Y do not
overlap



Reification

Formation of classes like

— PartOfHeart (GALEN)

— OrganPart (FMA)

— BodyPartSubdivision (FMA)
— Organ subdivision (FMA)

{x|(3y)y € Y AND R xy }
PartOfHeart = 3hasPart.Heart
PartOfHeart x = (3y)(Heart y AND has-part xy)




Problems with reirfication

OrganPart x = (3y)(Organ y AND has-part xy)

Name of the class contains a the names of the class
and of the relation that was used for the class formation

Often, what we have is only the name of the class and
we need to resort to linguistic analysis in order to GUESS
the underlying semantics.



Problems with reirfication

OrganPart
Assumption:
Name of the class
contains a the Linguistic
names of the class Analysis

and of the relation
that was used for
the class formation

(Ay)(Organ y AND has-part xy)



Conclusions



How to compare FMA and
GALEN???

Al ——— [eae

20977770777



Linguistic approaches
Bodenreider at. al

L

Mapping based on
and structural
analysis



The fundamental problem of
linguistic approaches:

l downgrade downgrade l
Mapping based on
FMA and GALEN
as thesaurus |~ stroctural as thesaurus

analysis



Reference framework
Basic Formal Ontology (BFO)

Full first order logic

/\
VA

Protege, GRAIL
Frame system Description logic



Reference framework BFO

 Basic categorial distinctions manifested in
— Theory of individuals and universals
— Theory of endurants and perdurants
— Theory of material and non-material entities

e Theories of formal relations
— Mereology
— Topology
— Location
— Containment
— Dependence



Anatomical Entity

\

Ph'ysi{
Anatomical Entit k.

Non-physical
1S5 e1- Anatomical Entit

Material Physical
Anatomical Entit

Non-material Physical
Anatomical Entit

Body

Ibatance d Anatomical
Structure
Enduring
Anatomlc . plp) . DomaiCaleEOW

entity

" Thind§ ™ 7
>, "x_‘

Generalised Structure

ModifierConcept

Generalised Process

GeneralisedSubstance

FMA:
Canonical anatomy

NO processes
No pathology

GALEN:
Anatomy + Diseases

Processes
Pathology
Diseases



Parthood relations

EMA GALEN
InversePartitiveAttibute part-of
Inverse StructuralP artitiveAttribute
IsDivisi structure-part
@ (© Anatomical part relationship sim%mmm &'ﬂ'ﬂaﬂfpﬁ‘!fj
\ EJ Generic anatomical part relationship isLinearDivisionOf segment-of
¢ 'E' Specific anatomical part relationship is_Soli;iF{egionOf_ N solid-piece-of
(©) Constitutional part relationship !ﬂndF’oumDMﬂmOf %wad}?f
(©) 'Regional part relationship 4 - ! ?E'D_ . ayerol—
'E'Systemm part relationship isgﬁ%ﬂgnm ::nrnigparm[ E”’E_ﬂfzi :
(€) Memberfcollection isFunctionalComponentOf  func-component-of
(C) PlacefArea isPartitive ConnectionOf
isParttivelyContainedin
isMixedThroughout -portion-of

isDissolvedWithin dissolved-in
isinSuspensionWithin  suspended-in

isSurfaceDivisionOf surface-of
makesUp stuff-of
Inverse ProcessPartitiveAttribute

IsSubprocessOf subprocess-of



Containment

FMA GALEN

(C) Structural relationship
\ ': Boundary relationship
@ 'C Anatomical part relationship
(C) Generic anatomical part relationship
® 'Ei Specific anatomical part relationship
C) Constitutional part relationship
:'3:3 Regional part relationship
C) Systemic part relationship
,_E, Memherfcullectmn

Delimitinghttribute
strictTransitivelLinkClass

contains

| nonPartitivelyContains
gpecificallvlNonPartitivelyContains
locativelyContains

= partitivelyContains
specificallvyPartitivelyContains
hasMixedThroughout

Q@ '-:C:? Spatial association relationship
® (C) Anatomical location
Eﬁ Anatomical containment
@ (C) Anatomical adjacency
@- (C) Anatomical coordinate
@ (C) Anatumlr:al mmntatmn




Problems with reirfication

OrganPart
Assumption:
Name of the class
contains a the Linguistic
names of the class Analysis

and of the relation
that was used for
the class formation

(Ay)(Organ y AND has-part xy)



The end!



GALEN: Holes and space

SolidStructure
= SolidStructureByTopology
_|HollowStructure
HollowBodyStructure

BodySpace

(Space which < locativelyContains Air =)
H+| cell

SurfaceHollowStructure
TruelyHollowStructure

Space

———conventional-——
hasTopology hollowTopology
hazCountakility discrete




