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Extension and Intension

The extension of a concept is just the collection of |
iIndividual things to which it is correctly applied. |
Thus, the extension of the word “chair” includes
every chair that is (or ever has been or ever will
be) in the world.

The intension of a concept, on the other hand, Is ¢
the set of features which are shared by everything ¢
to which it applies. Thus, the intension of the word |
“chair” is (something like) “a piece of furniture
designed to be sat upon by one person at a time.” |




Analysis

Mathematical modeling of intension and extension leads to
Formal Concept Analysis (FCA). The starting point (input

data) for FCA is a binary relation called a formal context,
consisting of the following components:

*a set G of objects,
ea set M of attributes, and
ea relation | from G to M.

A formal context is often written by collecting these
components together as a tuple, (G,M,I).
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Formal Concept Analysis |

A formal context (or context) (G, M, I) consists of two sets G and M

and a relation | © G = M. The elements of (z are called the objects
and the elements of M are called the attributes of the context. In order

to express that an object g is in a relation { with an attnbute m, we
write (g.m) € I.

For a set O C G, define

O :={meM|(g.m)c lforalg c O}

(the set of all atiributes common to all the objects in O).
Comespondingly, for a set A © M define

A :=lge G|[g,m)e lforalme A}

(the set of all objects which have all the attributes in A).
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Formal Concept Analysis I

A formal concept (or concept) of the context (G, M, [} is a pair (O, A)
withOC G ACM O =Aand A" = 0.

) is said 1o be the extent and A is said to be intent of the concept

(O, A).

For an cbject g £ G we write g’ instead of {g}'. Similarly, for m & M,
we write m' for {m}' := {g e G| (g,.m) ¢ I}. Example

|' Parmission (M)
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Hemark. One can saiely remove empty, or repeated rows or columns

for HBAL.
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In mathematics, a lattice Is a partially ordered set
(also called a poset) in which anP/ two elements
have a unique supremum (the elements' least
upper bound; called their join) and an infimum
(greatest lower bound; called their meet).

-Wikipedia
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A Pattern Every Finite Non-
Lattice Must Contain

... a lattice is ... in which any two elements have
a unique supremum (the least upper bound, the
youngest common ancestor ...
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~ A Non-Lattice F Fragment in
SNOMED-CT
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Research Questions

* Automate: find all problematic fragments -
concept pairsin SNOMED-CT that have at
least two youngest ancestors

* (Classify: group similar problematic fragments
together and explain the possible causes

* Compare: compare with other existing
auditing techniques

* Resolve: suggest ways to minimize or
eliminate problematic fragments; this will
necessarily be a community effort and needs
collaborative tools to support ontological
evolution

* Expand: apply thistool methodology to other
ontological systems such as GO, LOINGC, ...




Graphs and RDF Triples
s
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“Tissue specimen from breast” subClassOf “ Tissue specimen”
“Tissue specimen from heart” subClassOf “ Tissue specimen”
“Tissue specimen from heart” subClassOf “ Soecimen from heart”
“Tissue specimen from breast” subClassOf “Specimen from breast”
“Tissue specimen” subClassOf “Body substance sample”
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== =~ “Tissue specimen from breast” subClassOf “Tissue specimen”
“Tissue specimen from heart” subClassOf “ Tissue specimen”
“Tissue specimen from heart” subClassOf “Soecimen from heart”
“Tissue specimen from breast” subClassOf “ Specimen from breast”
“Tissue specimen” subClassOf “Body substance sample”

SELECT ?sbname count(?sb) as ?sb_links
FROM <http://newton.case.edu/TEST>
WHERE {

{
{:INST-128166000 isof:type ?s.

:INST-1274570009 isof:type ?t. shname sb links
?s ?x ?sb. OPEN B
?t rdfs:subClassOf ?sb . SOFTWARE

} Tissue specimen 1

union

{ :INST—128166000.iSOf:type ?s. Specimen from 1
:INST-1274570009 isof:type ?t. trunk
?s ?x ?sa.

?t rdfs:subClassOf ?sa .
?sa rdfs:subClassOf ?sb .

1}

?sb rdfs:label ?sbname .

}

ORDER BY ASC (?sb_links)
LIMIT 2
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How to make it work

* In principle ...

* In practice ...



In Princi[ma'le&(fo;bidden

Forbidden patterns: with >=2 ?sb nodes of count 1

v Graph 1: 1
a rdfs:subClassOf ?sb
b rdfs:subClassOf ?sb

-
Graph 1 with
X Graph 2: counts for ?sb indicated
a rdfs:subClassOf ?sa
b rdfs:subClassOf ?sa 2
a D ?sa rdfs:subClassOf ?sb
1
In Graph 1 Union Graph 2:
count (x)=1, count (y)=1
count (u) = 2, count (v)=3 Graph 2 with

counts for ?sb indicated



In Principle (allowed)

Legal patterns: with a single ?sb node of count 1

*

Graph 1:
@ a rdfs:subClassOf ?sb
b rdfs:subClassOf ?sb
Graph 1 with
Graph 2: count for ?sb indicated
a rdfs:subClassOf ?sa @ 5
b rdfs:subClassOf ?sa
?sa rdfs:subClassOf ?sb
W1
In Graph 1 Union Graph 2: @
count (x)=1, count (u)=2 Graph 2 with

count (v) =3 count for ?sb indicated
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SPARQL Query-graphi

Query

prefix rdfs: <http://www.w3.0rg/2000/01/rdf-schema#>
prefix : <http://nim.nih.gov/SNOMEDCT#>

O

FROM <http://newton.case.edu/TEST>
WHERE {
<http://mor.nlm.nih.gov#SNOMEDCT:45970004> rdfs:subClassOf ?sb .

<http://mor.nlm.nih.gov#SNOMEDCT:62969002 > rdfs:subClassOf ?sb .
?sb rdfs:label ?sbname .

}

(_Execute ) (Save) (Lnad) (Clear)

sbname sb_links
Superkingdom Eukaryota
Microorganism

SNOMED CT Concept
Organism

Kingdom Fungi

Fungus

— o ] ] —] —

Deuteromycete Ajellomyces capsulatus




Query

prefix rdfs: <http://www.w3.0rg/2000/01/rdf-schema#>

prefix : <http://nlm.nih.gov/SNOMEDCT#>

FROM <http://newton.case.edu/TEST>

WHERE {
<http://mor.nlm.nih.gov#SNOMEDCT:45970004 > rdfs:subClassOf ?sa .
<http://mor.nlm.nih.gov#SNOMEDCT:62969002 > rdfs:subClassOf ?sa .
?sa rdfs:subClassOf ?sb .

-----
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CExecute) CSave) CLuad) (Clear) 3

sbname sb_links 2
Superkingdom Eukaryota|1
Microorganism J
Organism 4
SNOMED CT Concept |5




Query

prefix : <http://nlm.nih.gov/SNOMEDCT#>
FROM <http://newton.case.edu/TEST>
WHERE { { {
<http://mor.nlm.nih.gov#SNOMEDCT:45970004> rdfs:subClassOf ?sb .
<http://mor.nlm.nih.gov#SNOMEDCT:62969002> rdfs:subClassOf ?sb .
}
union
{ <http://mor.nIm.nih.gov#SNOMEDCT:45970004> rdfs:subClassOf ?sa .
<http://mor.nIm.nih.gov#SNOMEDCT:62969002> rdfs:subClassOf ?sa .

rrrrr
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i
ORDER BY ASC (?sb_links)

LIMIT 2
(Execute) (Save) (Luad) (Clear)
sbname sb_links

Kingdom Fungi||1
Fungus 1




Query

prefix rdfs: <http://www.w3.org/2000/01/rdf-schema#>
prefix : <http://nIlm.nih.gov/SNOMEDCT#>
FROM <http://newton.case.edu/TEST>
WHERE { { {
<http://mor.nlm.nih.gov#SNOMEDCT:414561005> rdfs:subClassOf ?sb .
<http://mor.nlm.nih.gov#SNOMEDCT:23496000> rdfs:subClassOf ?sb .
}
union
{ #<http://mor.nlm.nih.gov#SNOMEDCT:45970004> rdfs:subClassOf ?sa .
#<http://mor.nlm.nih.gov#SNOMEDCT:62969002> rdfs:subClassOf ?sa .
# 7sa rdfs:subClassOf ?sb . @ 1

vvvvv

rrrrrrrrrrrrrrr

ORDER BY ASC (?sb_links)

(m CSave) (Luad) CCIear) “:) 1

sbname sb_links 1
Microorganism 1
SNOMED CT Concept|1
Organism 1




‘SPA QL Query2-graph LI

Query
prefix rdfs: <http://www.w3.org/2000/01/rdf-schema#> B
prefix : <http://nlm.nih.gov/SNOMEDCT#>

FROM <http://newton.case.edu/TEST>

WHERE { { {
# <http://mor.nim.nih.gov#SNOMEDCT:414561005> rdfs:subClassOf ?sb .

# <http://mor.nlm.nih.gov#SNOMEDCT:23496000> rdfs:subClassOf ?sb .
}

union
{ <http://mor.nlm.nih.gov#SNOMEDCT:414561005> rdfs:subClassOf ?sa .

<http://mor.nlm.nih.gov#SNOMEDCT:23496000> rdfs:subClassOf ?sa .
?sa rdfs:subClassOf ?sb .

rrrrr

}
ORDER BY ASC (?sb_links)

CExecute) (Save) (Luad) (Clear) @ 2

sbname sb_links

. - O 1
Organism 1
SNOMED CT Concept|2 @




Query

prefix rdfs: <http://www.w3.0rg/2000/01/rdf-schema#> &
prefix : <http://nlm.nih.gov/SNOMEDCT#>

EEER - R R

FROM <http://newton.case.edu/TEST>
WHERE { { {
<http://mor.nlm.nih.gov#SNOMEDCT:414561005> rdfs:subClassOf ?sb .
<http://mor.nlm.nih.gov#SNOMEDCT:23496000> rdfs:subClassOf ?sb .
}
union
{ <http://mor.nlm.nih.gov#SNOMEDCT:414561005> rdfs:subClassOf ?sa .
<http://mor.nim.nih.gov#SNOMEDCT:23496000> rdfs:subClassOf ?sa . \
?sa rdfs:subClassOf ?sb .

} A

ORDER BY ASC (?sb_links) y
CExecute) (Save) (Load ) { Clear ) @ 3

sbname sb_links i) 2

Microorganism 1

Organism 2 1

SNOMED CT Concept|3 @
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