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Ontology Alignment

A Ontology alignment

A Ontology alignment strategies

A Evaluation of ontology alignment strategies
A Ontology alignment challenges
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Ontologies inBiomedical Research

GENE ONTOLOGY (GO)

A many biomedical ontologies  [mme e

e.g. GO, OBO, SNOMELT misen roconan.
i- cellular defense response
i- cytokine metabolism
A . . . i- kine bi hesi
A practical use of biomedical " Simommeytotine prod.cion
é
ontologies e
é
. é
e.g. databases annotated with GO reeetacivaion
i- B-cell differentiation
i- B-cell proliferation
i: cellular defense response
ie- T-cell activation
i- activation of natural killer

cell activity
é
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Ontologies with Overlapping

Information

GENE ONTOLOGY (GO) SIGNAL -ONTOLOGY (SigO)
immune respong@s==sssssssamnnpane |ImmMune Response

i- acutephase response i- Allergic Response

i- anaphylaxis I-

i- B Cell Activation
.+ B Cell Development

*

i- cellular defense response .+ i- Complement Signaling

+ ...+ Synonymcomplement activation

i- cytoklne blosynth93|s' oot ,0 i- Cytokine Response
synonymcytoklne productwn i- Immune Suppression

|
|
é . i- Inflammation
|
|

i- cytokine metabolism

p- regulation of cytoque i- Intestinal Immunity
biosynthesis R i- Leukotriene Response

é R i- Leukotriene Metabolism
e R =
i- B-cell activation .+ T Cell Activation
i- B-cell differentiation ,op*" i- T Cell Development
i- B-cell proliferation ‘v" i- T Cell Selection in Thymus
i- cellular defense resQQns‘e
é “

i- T-cell actlvatlon
|_
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Ontologies with Overlapping

Information

A Use of multiple ontologies
custom-specific ontology + standard ontology
different views over same domain
overlapping domains

A Bottom-up creation of ontologies
experts can focus on their domain of expertise

A Important to know the inteontology
relationships



GENE ONTOLOGY (GO) SIGNAL -ONTOLOGY (SigO)
immune response Immune Response
i- acutephase response i- Allergic Response

| |
i- anaphylaxis i- Antigen Processing and Presentatjon
i- antigen presentation i- B Cell Activation
i- antigen processing i- B Cell Development
i- cellular defense response i- Complement Signaling
i- cytokine metabolism synonym complement activation
i- cytokine biosynthesis i- Cytokine Response
synonym cytokine productio - Immune Suppression
€ - Inflammation
p- regulation of cytokine i- Intestinal Immunity
biosynthesis - Leukotriene Response
é i- Leukotriene Metabolism
i- Natural Killer Cell Response
i- T Cell Activation
i- T Cell Development
- T Cell Selection in Thymus

-

é
i- B-cell activation
i- B-cell differentiation
i- B-cell proliferation
i- cellular defense response
é
i- T-cell activation
i- activation of natural killer
cell activity
é
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Ontology Alignment

GENE ONTOLOGY (GO) SIGNAL -ONTOLOGY ( SigO)
immune respong@ss=sssssssannpnal |mmyne Response
- acutephase response i- Allergic Response

- anaphylaxis i-

- i- B Cell Activation

,+" B Cell Development

- cellular defense response ,** i- ComplemenSignaling

- cytokine metabolism .:: .« oo Synonymcomplement activation
. . . . PR ) ) .

i- cytokine t.)lp.synthes)ls' R i- Cytokine Response
synonymcytokine produc:p'o'n i- Immune Suppression

é o i- Inflammation

[

[

LJ

p- regulation of cytokirle' - Intestinal Immunity

biosynthesis o - Leukotriene Response .
i 5 ===ss==:  equivalent concepts

é R i- Leukotriene Metabolism
é R i- eeeeceee equivalent relations
i- B-cell activation .+* T Cell Activation is-a relation
i- B-cell differentiation % T Cell Development

 J
p
PS4

i- B-cell proliferation .
i- cellular defense resgo«s‘e
é ““

. ..
i- T-cell activation
i-

i- T Cell Selection in Thymus

+*

Defining the relations between the terms in different ontologies
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A Ontology alignment

A Ontology alignment strategies

A Evaluation of ontology alignment strategies
A Ontology alignment challenges
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An Alignment Framework

inslance general covmain

COTpUS det worary thesaurus

matg¢her
. matdfer
o / |n£|.',ch&r .
f |
: Preprocessing | I
iF E-
! combination n
iF m
§ filter . ¢ alignment = a set of mappings
&
s ) 1 candidate mappings =
TR mapping suggestions =
mappings which have not been
accepted and {conflict - validated by a user
.[ifljli?cEl?[{mn}i 1 checker
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Classification

A According to input
KR: OWL, UML , EER, XML
components: concepts, relations, instance, axioms

A According to process
What information is used and how?

A According to output
1-1, mn
Similarity vs explicit relations (equivalence;a$
Confidence (similarity value)



Preprocessing




Preprocessing

For example,
A Selection of features
A Selection of search space



Matchers
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Matcher Strategies

A Strategies based on linguistic matching
A Structurebased strateaies

A Constraitbas oo e amion
A Instancebase \\

A Use of auxilig ~ [s90: comemen sigrai

complement activation




Example Matchers

A Edit distance

Number of deletions, insertions, substitutions required to
transform one string into another

aaaa A baab: edit distance 2

A N-gram
N-gram : N consecutive characters in a string

Similarity based on set comparison of n-grams
aaaa : {aa, aa, aa}; baab: {ba, aa, ab}
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Matcher Strategies

A Strategies based on linguistic matching
A Structurebased strategies
A Constraintbase U

A Instancebased
A Use of auxiliary




Example Matchers

A Propagation of similarity values
A Anchored matching

;



Example Matchers

A Propagation of similarity values
A Anchored matching




Example Matchers

A Propagation of similarity values
A Anchored matching
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Matcher Strategies

A Strategies based on linguistic matching
A Structurebased strategies

A Constraitbasecapproaches

A Instancebasedstrategies

A Useof auxiliary information
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Matcher Strategies

A Strategies based on lingu ——
A Structurebased strategies
A Constraitbased approac

Ontology

A Instancebased strategies

A Use of auxiliary information
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Matcher Strategies

dictionary

A Strategies based lingL
A Structurebased strate(
A Constrairtbased appre

thesauri

A
intermediate
ontology

alignment strategies

A Instancebased strategies
A Use of auxiliary information
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Example Matchers

A Use of WordNet

Use WordNet to find synonyms
Use WordNet to find ancestors and descendants in-the |
a hierarchy

A Use of Unified Medical Language System (UMLS)
Includes many ontologies
Includes many alignments (not complete)

Use UMLS alignments in the computation of the
similarity values



Combinations
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Combination Strategies

A Usually weighted sum of similarity values of
different matchers

A Maximum of similarity values of different
matchers



Filtering




Filtering Techniques

A Threshold filtering

Pairs of concepts with similarity higher or equal
than threshold are alignment suggestions
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Filtering Techniques

A Double threshold filtering

(1) Pairs of concepts with similarity higher than or equalgper threshold are
alignment suggestions

(2) Pairs of concepts with similarity betwedemwer andupper thresholds are
alignment suggestions if they make sense with respect to the structure of the
ontologies and the suggestions according to (1)

(2, B)

M (3, F)
e | f’f’,f - (6, D)
fﬁ/ ;N (B) b upperth — (4 C)_
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An Alignment Framework

inslance general domain
COrpUs dictionary thesaurus

matgher

maldHer

/' [ maf cher

Preprocessing |

combination

- N-B-1 Nt
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%wmsﬂs Bulubiain pue uawubipy ABojojuO

linguistic structure constraints | instances auxiliary
ArtGen name parents, children domain WordNet
specific
documents
ASCO name, parents, children, WordNet
label siblings,
description | path from root
Chimaera name parents, children
FCA-Merge name domain
specific
documents
FOAM name, parents, children | equivalence
label
GLUE name neighborhood instances
HCONE name parents, children WordNet
IF-Map instances a reference
ontology
iMapper leaf, non-leaf, domain, instances WordNet
children, range
related node
OntoMapper parents, children documents
(Anchor-) name direct graphs
PROMPT
SAMBO name, is-a and part-of, domain WordNet,
Synonym descendants specific UMLS
and ancestors documents
S-Match label path from root semantic WordNet
relations
codified

in labels
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OAEI Anatomy Track 200/~2016

A Components

Almost all systems implement preprocessing, matchers,
combination, filtering components

Debugging component and GUI rarely implemented

A Matching strategies:
Variety of string-based strategies
Most often string and structured-based strategies

A Use of background knowledge
Almost all systems use sources of background knowledge

* https://doi.org/10.1186/s13326-017-0166-5
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An Alignment Framework

inslance general domain
COrpUs dictionary thesaurus
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Example: Alignment System
SAMBO 7 matchers, combination, filter

3\

TASAMBO

s

gt tor Allaning and Meraing Blomediaal Ontologies

BEe®

Align Concept in mouse and human

10 NGram iahted binati
- single threshold: 06 &  weighted-sum combination  ©
matchers: 10 _|BIemoasic use preprocessed data
A 10 CTermWN maximum-based combination
double threshold: upperos  lower 04
10 CJUMLSM
10 Naive Bayes
Start Computation | | Finish Computation | | Intemupt Computation interrupt at: 1000

| Use recommendations from predefined strategies

- comments to sambo@ida.liv.se -
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Example: Alignment System
SAMBO T suggestion mode

nose_MA

nasal_cavity _epithelium
defnition: MA: 0001324

synomym: nasal mucosa
part-of: nasal_cavity

nasal_cavity_epithelium

nasal_muoss

new name for the equivalent concapts:

nose MeSH
nasal_mucosa
defnttion: MESH:A.04.531.520
SYNonYym: nasa’ epithelium
part-of;

m Equiv. Concepts

= Su-Concept

» Sypar-Ceacept | [ <sUndd |  »>Skipto Next
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Example: Alignment System
SAMBO i manual mode

nose_MA nose_MeSH
Oonose Onose
p- Cnors I-Onasal_boew
I O external_nans I nasal_cavty (nasal_cavity)
OIntemal_nais @nasal_nmucosd
p- O nEsal_capsule I- Q ollactory_nwicosa
g M pasal_cawly (nasol_cavity) i Qga0let_coll
p- G nasel_cavity_cpithelum I+ QOlfaCioey _receplon_naurcn
p- Cnasal_septum I Onasal_septum
p- Cn3sal_turbinate I- Oparanasal_snus
p- Qofottory_glord |- Otuebinate
p- O ofoctory_reeves

g Cvameronasal_organ

1 Coocept Namo: | [enx]

[etnts | [ wEpm Corcoir | S SbCwtoe | & SpeConcost |

[—Sv‘)?' 0N A0 ]
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Ontology Alignment User Tasks

Navigation &

cxploration
& Panning
& /700Mmin o == = I el
& Scrolling
& Expanding

&Collapsing



