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ONTOLOGIES AND ONTOLOGY MAPPINGS

Ontologies
« Knowledge representation

« Multiple interrelated ontologies
in a domain

Ontology mapping

« Set of semantic correspondences between
concepts of different ontologies

* Manual identification or (semi-) automatic matching approaches

Use of mappings

* Ontology merging - creation of the integrated cross-species
anatomy ontology "Uber ontology”

 Knowledge transfer - experiments for different species
 Ontology curation - find missing ontology annotations



ONTOLOGY EVOLUTION

 Ongoing research, new findings — continuous modifications
* Periodical release of new ontology versions

«  Ontology changes =E1= x @

* Invalidate previously determined ontology mappings?
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* Invalidate previously determined ontology mappings?

» Example: Anatomy reference mapping at OAE[ *

 Based on 5 year old versions
* Quality w.r.t. current ontology versions?
* Re-determination of mappings is an expensive process
 Manual verification of correspondences
* Parametrization effort

Future aim: (semi-Jautomatic mapping adaptation

* OAEI = Ontology Alignment Evaluation Initiative 4



CONTRIBUTIONS

* Investigate evolution of life science ontology mappings

* Generic model for ontology and mapping evolution and
their inter-dependencies

o Evaluation for three life science scenarios

How stable are
mappings computed
using different match
techniques?

How do mappings
between popular
life science
ontologies evolve?

To which degree
does ontology

evolution influence

mapping evolution?

What ontology changes lead
to the addition or deletion of
correspondences in the

mapping?




GENERAL EVOLUTION SCHEME

v

version k

* Hartung, M.; GroB3, A.; Rahm, E.:

 COnto-Diff: Generation of Complex Evolution Mappings for Life Science Ontologies,
Journal of Biomedical Informatics, 2012.

« CODEX: Exploration of semantic changes between ontology versions,
Bioinformatics 28 (¢): 895-896, 2012. 6



CHANGE OPERATIONS

Ontology changes:
+ X >
-
Extension set: Reduction set: Revision set:
Ext(ov—m+1) Red(ov—m+1) Rev(ov—m+1)
Insert new concept, Delete existing concept, | | Split, merge, substitute,
subgraph, relationship, [| subgraph, relationship, move concept,
attribute, set concept to obsolete, | | change attribute value,

Mapping changes

- Addition set: AddM,_,.;) =M, {\M,
- Deletion set: DelM,,,.;) = M,\M, 4



Ontology Change Ratio OCR(0,,_,,,1)

 Degree of ontology changes during
evolution from 0, to 0,

* Fraction of concepts in
Ext U Red U Rev versus all concepts (0, U 0,,,1)

Mapping Change Ratio MCR(M,,_,,,1)
 Degree of mapping changes during evolution from M,, to M,

* Fraction of correspondence in Add U Del versus
all correspondences (M, U My, 1)

Impact Ratio IR(O¢p, Mp)

» Share of changed concepts that actually had an impact
on changed correspondences

« Fraction of additive ontology changes that led to
new correspondences: IR(Ext, Add)



EVALUATION SETUP
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ONTOLOGY AND MAPPING GROWTH
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2006 — 2010:

» Slight ontology growth for Anatomy (10%)
* 60-70% for MolecularBiology and Chemistry
* Mapping growth similar to ontology growth, except for chemistry 10



ONTOLOGY CHANGE RATIO
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* Anatomy: only few changes
* Molecular Biology: high change rates until 2007 (nearly 40%)

« Chemistry: change rates around 20%
11



COMPARISON OF CHANGE RATIOS
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Correlation between the ontology and mapping change factors

Domains Anatomy: few mapping changes, relatively stable

MolecularBiology, Chemistry: high degree of mapping changes ,
between 10 and 80 %

Matcher Name: relatively stable
Context: most heavily influenced by ontology evolution,
2008, Chemistry 80% mapping changes
12



CONCLUSIONS & FUTURE WORK

» Study the evolution of ontology mappings
» General evolution scheme and measures (change factors)

» Evaluation for ontology mappings in three life science domcuns

+ comparison of three match strategies ~ =a—: @ Fm 1 ..
A Ek‘“‘*-‘-’ Rt

H OH

» Different stability for different match techniques and domains

* Impact of ontology on mapping changes
* Most correspondence Add / Del are caused by ontology Ext / Red
» Surprisingly high degree of mapping changes caused by ontology Rev

Future Work

* Use known ontology changes to semi-automatically adapt ontology
mappings (without completely new mapping determination)

13
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- Set of semantic correspondances betwean concepls
of diferent cntologias

« Pazsible invalidation of previcusly determined ontolcgy
mappings due to ontology evalufion

Alms

+ Investigate evalution of life scionce entology mappings

- Shudy impact of ontelogy evelifion on mapping avaluion

« Future Work: Usa known onfalogy changes to samiautomatically
adapt antalogy moppings
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http://www.izhi.de/codex

Use CODEX fo explore online semantic changes
between different versions of your ontologies

Motivation

+ Cntclogies svalve to mest chonged requirsmants and ts incarparats
nzw knswladgs

« Diff 3et of changss behwaen fwa antslegy veriians
+ Helpful for mapping adaptation or collabaralive antelogy curatien
+ Diff should be compact and humar-understandable especially for
large fifs szience ontalagie:
+ Small number of semantic changes rather than a lang fist of
simpls” slement addifions,/ delsticn:

+ COnteDiffto determine basiz and cempast iffs uting makhing
and rules

+ Supported changas: margs, split, addSubgraph, movs,

Frye——

+ Web GUl and web service interfoce availoble
+ Mulfiple input possikilities
+ Support for OB and OWL antologies

+ Fils uplead, copy/paste, URL OnEX rapatitary

+ Several explorafion Facili
- Customizable syervisw statisics vie pis chart:
+ Tog clouds to visualizs changes and modified cantent

+ Trasbozed changs sxplarer

+ Impastan Ars my categorie: ofscted by changss?

DiF compusation sad sxplorstion for differsnt lifs scisnce

catslogiss and their versicns

« Examples: Sequance Ontelogy, Ault Mouss Anatamy, Gene
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