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Motivation

Ontology metrics: [2] (0] = [m] []
* Snomed CT Metrios
Axiom 1048856
o> 340 OOO C|aSSGS ( Logical axiom count 349761 )
Declaration axioms count 349547
] ] (Class count 349428 )
o> 340 OOO Iog|Ca| axXioms Object property count 119
Annotation Property count 1

Class axioms

SubClassOf 243409
EquivalentClasses 106223
GCl count 20
Hidden GCI Count 184

Object property axioms
SubObjectPropertyOf 118



267441009
Uric acid urolithiasis (disorder)

95566004

Urolithiasis (disorder) “

T

116676008
A

ssociated morphology (attribute)

88295005
Urate calculus (morphologic abnormality)

inding site (attribute)

(:%63698007
F

D g

122489005
Urinary system structure (body structure)




438820000
Biopsy of kidney using computed tomography guidance (procedure)

B 7246002
@_‘_D Kidney biopsy (procedure)

D 55501000

Computerized axial tomography of kidney (procedure)

D 709631008

Biopsy of retroperitoneum using computed tomography guidance (procedure)

> 260686004 129314006
Method (attribute) Biopsy - action (qualifier value)
405813007 64033007
Procedure site - Direct (attribute) Kidney structure (body structure)

> .’ 260686004 312251004
Method (attribute) Computed tomography imaging - action (qualifier value)

5 363703001 429892002
Has intent (attribute) Guidance intent (qualifier value)

5 405813007 64033007
Procedure site - Direct (attribute) Kidney structure (body structure)




Motivation

Ontology metrics: [2] (0] = [m] []
* Snomed CT :
Metrics
Axiom 1048856
o> 340 OOO C|aSSGS (Logical axiom count 349761 )
Declaration axioms count 349547
] ] CCIass count 349428 )
> 340 OOO Iog|Ca| axioms Object property count 119
Annotation Property count 1
Class axioms
o
Goal SubClassOf 243409
EquivalentClasses 106223
Compute a concise extract GCl count 20
Hidden GCI Count 184

Object property axioms
SubObjectPropertyOf 118
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Ontology reuse

- .+ Ontology versioning

Information hiding
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Ontology Modularity

® Ontology is a set of axioms.
* A Moduleis a

* We are interested in modules that preserve answers to queries about
specified classes and properties, e.g., ERA REFSET, NHS REFSETs, ...

Ontology

ERA Module

NHS Module



Ontology Modularity

* Input

* Ontology

Snomed CT

Ontology

. set of specified classes and properties

Al

Uric acid urolithiasis (disorder)
Urolithiasis (disorder)
finding site (attribute)

ERA REFSET

n
>



Tools for Ontology Modularity

o« OWLAPI: Locality-based module'’
o MEX: Minimal Semantic module ?

o Minimal Subsumption Module *°

1. U. Sattler, T. Schneider, M. Zakharyaschev: Which Kind of Module Should | Extract? In Proceedings of DL’09.
2. B.Konev, C.Lutz, D.Walther, F.Wolter: Model-theoretic inseparability and modularity of description logic ontologies. JAI’13.

3. J.Chen, M. Ludwig, Y. Ma, D. Walther: Zooming in on Ontologies:ﬂl\)/linimal Modules and Best Excerpts. In Proceedings of ISWC’17.



Example: Ontology Modularity

2.={ Urolithiasis (disorder), Calcium oxalate urolithiasis (disorder)
Uric acid urolithiasis (disorder) }

’ : Asserted E
« owl:Thing

> 'Anatomical or acquired body structure (body stru
> 'Calculus (morphologic abnormality)’
v 'Clinical finding (finding)'
'Calculus finding (finding)'
v 'Disease (disorder)’
> 'Disorder by body site (disorder)’
v 'Disorder of body system (disorder)’
'Disorder of the urinary system (disordei
v 'Urolithiasis (disorder)’
'Calcium oxalate urolithiasis (disor

® 'Uric acid urolithiasis (disorder)"
> 'Finding by site (finding)'

17



Example: Ontology Modularity

2 .={ Urolithiasis (disorder), Calcium oxalate urolithiasis (disorder)

Uric acid urolithiasis (disorder)}

' : Asserted E
owl:Thing

'Anatomical or acquired body structure (body stru
'Calculus (morphologic abnormality)’
'Clinical finding (finding)'

>
>
v

A 4

>

| 2
v

'Calculus finding (finding)'
'Disease (disorder)’
'Disorder by body site (disorder)’
'Disorder of body system (disorder)’
v 'Disorder of the urinary system (disordei
v 'Urolithiasis (disorder)’
'Calcium oxalate urolithiasis (disor

® 'Uric acid urolithiasis (disorder)"
'Finding by site (finding)'

12

A\ 4

A 4

Asserted a

owl:Thing
'Body system structure (body structure)'
'Calculus (morphologic abnormality)’
'Disease (disorder)’
v 'Disorder of body system (disorder)’
v 'Disorder of the urinary system (disorde
v 'Urolithiasis (disorder)’
'Calcium oxalate urolithiasis (diso
® 'Uric acid urolithiasis (disorder)"
'Lower trunk structure (body structure)'
v 'Structure of genitourinary system (body si
'Urinary system structure (body structu




Example: Ontology Modularity

2 .={ Urolithiasis (disorder), Calcium oxalate urolithiasis (disorder)

Uric acid urolithiasis (disorder) }

’owl:Thing

>
>
v

A 4

>

A4

Asserted B

'Anatomical or acquired body structure (body stru
'Calculus (morphologic abnormality)’

'Clinical finding (finding)'

'Calculus finding (finding)'

'Disease (disorder)’

| 2
v

| 2
A 4

v

'Disorder by body site (disorder)’
'Disorder of body system (disorder)’
'Disorder of the urinary system (disordei
v 'Urolithiasis (disorder)’
'Calcium oxalate urolithiasis (disor

® 'Uric acid urolithiasis (disorder)"
'Finding by site (finding)'

Asserted E

owl:Thing

v

'Calculus (morphologic abnormality)'
'Disorder of body system (disorder)'
'Disorder of the urinary system (disorde
v 'Urolithiasis (disorder)’
'Calcium oxalate urolithiasis (diso

® 'Uric acid urolithiasis (disorder)’
'Urinary system structure (body structure)'
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v

A\ 4

Asserted H

owl:Thing
'Body system structure (body structure)'
'Calculus (morphologic abnormality)’
'Disease (disorder)’
v 'Disorder of body system (disorder)’
v 'Disorder of the urinary system (disorde
v 'Urolithiasis (disorder)’
'Calcium oxalate urolithiasis (diso

® 'Uric acid urolithiasis (disorder)"
'Lower trunk structure (body structure)'
v 'Structure of genitourinary system (body si
'Urinary system structure (body structu



Example: Ontology Modularity

2 .={ Urolithiasis (disorder), Calcium oxalate urolithiasis (disorder)
Uric acid urolithiasis (disorder),... }

: 'Uric acid urolithiasis (disorder)' [2]1[1=Mm[x]

Class hierarchy: 'Uric acid urolithiasis (disorde [2][1] = =] [x]

owl:Thing v © owl:Thing

» ( 'Anatomical or acquired body structure (body stru
» ( 'Calculus (morphologic abnormality)’
v () 'Clinical finding (finding)'

» ) 'Body system structure (body structure)'
»  'Calculus (morphologic abnormality)'

© 'calculus finding (finding)' ye ‘'Disease (disorder)’ _
v { 'Disease (disorder)’ v ) 'Disorder of body system (disorder)’
» £ 'Disorder by body site (disorder)' v ) 'Disorder of the urinary system (disorde
v £ 'Disorder of body system (disorder)’ v & 'Urolithiasis (disorder)'
v © 'Disorder of the urinary system (disordel & 'Calcium oxalate urolithiasis (diso
v ! 'Urolithiasis (disorder)’ ® 'Uric acid urolithiasis (disorder)’
£ 'Calcium oxalate urolithiasis (disor v { 'Lower trunk structure (body structure)'
B © 'Uric acid urolithiasis (disorder)' v () 'Structure of genitourinary system (body si
> & 'Finding by site (finding)' () 'Urinary system structure (body structu

ol Class hierarchy: 'Uric acid urolithiasis (disc [2][11 = =] [x]

| & Asserted

owl:Thing
» () 'Calculus (morphologic abnormality)'
v { 'Disorder of body system (disorder)'
v £ 'Disorder of the urinary system (disorde
v £ 'Urolithiasis (disorder)’
£ 'Calcium oxalate urolithiasis (diso

® 'Uric acid urolithiasis (disorder)'
{0 'Urinary system structure (body structure)'

14



Example: Ontology Modularity

2.={ Urolithiasis (disorder), Calcium oxalate urolithiasis (disorder)
Uric acid urolithiasis (disorder) }

267441009
Uric acid urolithiasis (disorder)

‘ > 95566004
Urolithiasis (disorder)

> 1 16676008 88295005
ssomated morphology (attribute) Urate calculus (morphologic abnormality)

363698007 122489005
Finding site (attribute) Urinary system structure (body structure)

“Noise”

15



Noise rate for modules (%)
0.6

0.52

0.5

0.41

0.4

0.3

0.2

0.1

[0,150] [150,300] [300,116865]
B Noise (%) (M*) ™ Noise (%) (Ms) M Noise (%) (M)

Modules contain noise: classes and properties that are not in signatures.

16



Forgetting
® aset of axioms over specified classes and properties

® preserve answers to queries about

® no noise: not a subset of the ontology

Ak

Snomd CT

Ontology

T

» requires reasoning, hard to compute
17



Forgetting Tools

. NUI'

1. B.Konev, D.Walther, F.Wolter: Forgetting and Uniform Interpolation in Large-Scale Description Logic Terminologies In Proceedings of IJCAI’09.

2. P.Koopmann, R.Schimidt: https://lat.inf.tu-dresden.de/~koopmann/LETHE/

3. Y.Zhao, R.Schimidt: http://www.cs.man.ac.uk/~schmidt/sf-fame/

18


https://lat.inf.tu-dresden.de/~koopmann/LETHE/
http://www.cs.man.ac.uk/~schmidt/sf-fame/

Forgetting Tools

. NUI'

Expressivity“

ALC

EL

NUI

Size of Signature
Small Large

19



Signature Adjustment

» Assumption of the tools: the signature is given by the user

20



Motivation of Signature Adjustment

SNOMEDCT

The global
language of
healthcare

Disease

Heart tissue
(body structure)

21



Motivation of Signature Adjustment

SNOMEDCT

The global
language of
healthcare

Disease

Heart tissue
(body structure)

View is empty!

22



Motivation of Signature Adjustment

SNOMEDCT

The global
language of
healthcare

refcompid
140004
281004
297009
330007
368009
563001
568005
602001
792004
805002
811004
815008
965003
967006
1023001
1085006 ERA refset
1145003

1201005

1261007

1335005

View is not really useful!

23



Signature Adjustment

« Assumption of the tools: the signature is given by the users

« Solution: utilise the ontology to adjust signature

A

— —

267441009

Uric acid urolithiasis (disorder)

L,
GTOT

— —
-~ — —
- —_  —_—-  —_-  —_  —_- =

Urolithiasis (disorder)

(/ 116676008

Associated morphology (attribute)

rg;attr2

3 88295005
| Urate calculus (morphologic abnormality)

(/ 363698007

\ _Finding site (attribute) Y

122489005
Urinary system structure (body structure)

24




Example: Forgetting

2*:={ Urolithiasis (disorder), Calcium oxalate urolithiasis (disorder)
Uric acid urolithiasis (disorder), Calculus (morphologic abnormality)
Urinary system structure (body structure),... }

' | Asserted E . Asserted a
owl:Thing v owl:Thing

> 'Anatomical or acquired body structure (body stru > 'Body system structure (body structure)'

> 'Calculus (morphologic abnormality)’ . . N
v ‘Clinical finding (finding)’ > Calculus (morphologic abnormality)

‘Calculus finding (finding)" v 1 Disease (disordery _

v ) 'Disease (disorder)’ v '‘Disorder of body system (disorder)’

'S 'Disorder by body site (disorder)’ v 'Disorder of the urinary system (disorde
v 'Disorder of body system (disorder)’ v 'Urolithiasis (disorder)’
v 'Disorder of the urinary system (disordel 'Calcium oxalate urolithiasis (diso
v £ 'Urolithiasis (disorder)’ ® 'Uric acid urolithiasis (disorder)'
'Calcium oxalate urolithiasis (disor v 'Lower trunk structure (body structure)'

© 'Uric acid urolithiasis (disorder)' v () 'Structure of genitourinary system (body st
> 'Finding by site (finding)' 'Urinary system structure (body structu

Asserted E
v owl:Thing
P> 'Calculus (morphologic abnormality)'
v 'Disorder of body system (disorder)'
v 'Disorder of the urinary system (disorde
v 'Urolithiasis (disorder)’

'Calcium oxalate urolithiasis (diso

® 'Uric acid urolithiasis (disorder)’
'Urinary system structure (body structure)'

25



Example: Forgetting

2*:={ Urolithiasis (disorder), Calcium oxalate urolithiasis (disorder)
Uric acid urolithiasis (disorder), Calculus (morphologic abnormality)
Urinary system structure (body structure),... }

' | Asserted E . Asserted a
owl:Thing v owl:Thing

> 'Anatomical or acquired body structure (body stru > 'B '
, . e n» ody system structure (body structure)
r 'Ca_lc_ulus_( m_orphcflog_nc aI':normallty) > 'Calculus (morphologic abnormality)’
v Clinical finding (finding) v 'Disease (disorder)
'Calculus finding (finding)' ; .
- 'Disease (disorder)’ v 'Disorder of body system (disorder)’
> 'Disorder by body site (disorder)’ v 'Disorder of the urinary system (disorde
v 'Disorder of body system (disorder)’ v 'Urolithiasis (disorder)’
v 'Disorder of the urinary system (disordel 'Calcium oxalate urolithiasis (diso
v £ 'Urolithiasis (disorder)’ ® 'Uric acid urolithiasis (disorder)'
‘Calcium oxalate urolithiasis (disor v 'Lower trunk structure (body structure)'
o © "Uric acid RIS lIThiAsISI (i oncan); v () 'Structure of genitourinary system (body st
> Finding by site (finding) 'Urinary system structure (body structu
Asserted E _ Asserted E
v owl:Thing .
. . o v owl:Thin
r C?ICUIUS (morphologic abngrmallty) > 'Calc?:lus (morphologic abnormality)’
T v D'S,o rc_jer of body system_ (disorder) . v 'Disorder of the urinary system (disorder)’
Disorder of the urinary system (disorde v 'Urolithiasis (disorder)"

M Urolithiasis (disorder) 'Calcium oxalate urolithiasis (disorder)’

'Calcium oxalate urolithiasis (diso @ 'Uric acid urolithiasis (disorder)’

'Urinary system structure (body structure)’

® 'Uric acid urolithiasis (disorder)’
'Urinary system structure (body structure)'

20



Forgetting Tools

. NUI'

Complexity “

ALC

EL

NUI

Size of Signature
Small Large

27



Forgetting Tools

. NUI'

Expressivity“

ALC

Real-world scenario

NUI I

Small Large

28

EL

Size of Signature



Workflow

Signature
Adjustment

Input

f—ﬁ

an’

Signature
n Adjustment ’

Ontology
Modularity

+

H

OWL API

MEX

Minimal Mod
Tool

T

[ {2

29

FAME

LETHE

NUI




Evaluation: NHS Refsets

* In total: 165 signatures
* 0-33 properties
« 2-116 865 classes

® [0,150] @ [150,300] © [300,116865]

30



Evaluation: NHS Refsets

Success Rate

oM Ms o Mc
100 %
75 %
50 %
25 %
0%

[0,150] [150,300] [300,116865]

LETHE

31

o M O Ms O Mc
100 %
75 %
50 % o
25 %
0%
[0,150] [150,300] [300,116865]

FAME



Evaluation: NHS Refsets

Success Rate
oM Ms O MC Ms
100 % 100 % (& \o

75 % 75 %
50 % 50 %
25 % 25 %

0% 0%

[0,150] [150,300] [300,116865] [0,150] [150,300]

LETHE

32

NUI

[300,116865]



Evaluation: NHS Refsets

 Success Rate

Ontology Modularity
improves performance
of forgetting tools.

oM O Ms O MC
100 % 100 % (=
75 % 75 %
50 % 50 %
25 % 25 %
0% 0%
[0,150] [150,300] [300,116865] [0,150]

LETHE

33

[150,300] [300,116865]

NUI



Challenge

Expressivity “

ALC

EL

Real-world scenario

NUI

Small

34

—

Large

Size of Signature



Challenge

Expressivity “

ALC

scenario
Workflow

EL

—

1

1

i Size of Signature
Small Middle Large d
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Conclusion

 Workflow allows feasible computation of ontology extracts of
SNOMED CT

« Signature adjustment techniques

I. allow user to specify and enhance quality of extracts

li. small sets of key concepts

Expressivity “

ALC

écenaﬂo
EL Workflow

— —

\ J
|

Small Middle Large

Size of Signature
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Future Work

« Extend algorithm for computing minimal subsumption modules to handle
new features of SNOMED CT

« Continue to improve our forgetting tools

100 % O 100 % (o

75 % 75 %
50 % 50 %
25 % 25 %
0% 0%
[0,150] [150,300] [300,116865] [0,150] [150,300] [300,116865]
LETHE NUI
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