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Defects in Ontologies and Alignments

v" Neither developing ontologies nor aligning them
are easy tasks
v ontologies are not correct/complete
v' mappings between ontologies are not correct/complete
v" the integrated ontology network is not consistent

v Modeling defects are the focus of our work
v’ e.g. wrong and missing relations
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Influence of Defects In Structure

v’ Ontology-based querying

Pubmed E[}U Search PubMed |:| Limits Advanced search Help

1.5, Mational Library of Medicine "Scleral Diseases” [MeSH] m Clear

National Institutes of Health

Medical Subject
Headings (MeSH)

return 1363 articles

All MeSH Categories
Diseases Category
Eye Diseases

: [ Scleral Diseases
Scleritis
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Influence of Defects In Structure

v Incomplete results from ontology-based queries

Pubmed Q[}lf Search PukMed [| Limits Advanced search Help

U.5. Mational Library of Medicine "Scleral Diseases” [MESH] m Clear
National Institutes of Health

Medical Subject

Headings (MeSH) return 1363 articles

All MeSH Categories return 613 articles

Diseases Category
Eye Diseases

: | Scleral Diseases :
-E8-Scleritis

55% results are missed !
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Influence of Defects in Mappings

v' Semantically-enabled applications

Ontology A Ontology B
All _ Eye Diseases is equivalent to Eye Disorders All :
Diseases Body Malfunctions
Eye Diseases <€ > Eye Disorders
V\ A
N 7’
conforms to N .7 conforms to
4

Send me records Sending records for
about Eye Diseases. Eye Disorders.
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Influence of Defects in Mappings

Ontology A Ontology B

All All

Diseases : Body Malfunctions
Eve Diseases Send me records What is Eye Eve Disorders

about Eye Diseases. Diseases ?

N
/

/
¢ conforms to
/

=
\

\
conformsto ~
\
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Outline

v

v" Integrated Ontology Alignment and Debugging
Framework

v
v
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Taxonomy Networks

A taxonomy network consists of a set of taxonomies
and sets of mappings between those taxonomies

Ontology 1 Ontology 2 Ontology n
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Problem Statement

Given a taxonomy network, how to DETECT and
REPAIR:

v" the missing and wrong is-a relations in each
taxonomy AND

v" the missing and wrong mappings between each pair
of taxonomies?

! N
A N LY.

N ’_’
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Alignment and Debugging Framework

USER ]

ﬁ!ﬁ%iﬂfﬂb z Choose 2 missing wons Chbos
o 2 petr o onkp Tz {&a :I'Ehlj':l".':l:f:[l-i]:l]:l'.g TE]:'-ElTH.:'g Icion:
|
Phase3.1 Phase 33 | Phasal.4
|
(Fenerate |::‘) Feconmend Eﬁ} E xecute
repairing repairing repairing
actions actions | achons
|
|
|

ki

1t iy

Y ¥

Missing/Wrong ig-a relations and mappings

Ontologies vui mappings

Candidate missir* is-a relations and mappings

Y
Repairing actions (per missing/wrong is-a rdation/mapping) |
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Outline

v

v" Integrated Ontology Alignment and Debugging
Framework

v" Detection
v

v
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v
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Debugging Workflow: Detection of Defects

USER ]
'H'L:TCTD To0ES 3 mﬁshg1q.:dg ':I!ZIEE
e iza = Iicr of MapEE E]:liii'tr-l‘g actions
. . | |
Phasel Phase 3.1 Phase 3.2 | Phase 3.3 | Phasel.4
Validate | |
DssINg 15-3 reparmng reparmg rEparmg
relations and actions relations amd actions achons
nEppings mappings

candidate (zenerate Rank naissing/ [i:} Reconmmend E xecute
andidate |[)| Generste | [ )| Rankniss . :lr} .
|
| I
| |
I |

A Tl A A

iy

Y ¥

Missing/Wrong l;ﬂ relations and mappings
Repairing actions (per missing/wrong is-a relatmufmaEE g’! |

Ontologies vui mappings

Candidate missir* is-a relations and mappings
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Debugging Workflow: Detection of Defects -
candidate missing is-a relations

v" Two small pieces of MA and NCI-A, both about
concept “joint”, and 3 equivalence mappings

A piece of @ A piece of
Ontology MA Ontology NCI-A

pd £
. \6 \s\b

Tplp A 7
4,

|

| Q

l

hlnderllmb_Jomt forellmb_jomt 7 ( joint of rib @ :

1 ® t_E _Slte
] L7

|

v % 1 (_fibrous_joint .
@I b 'A,',',.'
w @ erow_Jomt — — —» (_Elbgiv_Joint ‘w K

 —
—
— —
———

-
-—
— — —
— —
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Debugging Workflow: Detection of Defects -
candidate missing mappings

Reference 101

; MastersThesis

304 CEny 3
N s

302

Q\_Publication

A
=>

Cpar)
Lecture @
Notes /

M MastersThesis @

MastersThesis
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Alignment Workflow: Detection of Defects

USER ]
'H'L:TCTD To0ES 3 mﬁshg1q.:dg ':I!ZIEE
e iza = Iicr of MapEE E]:liii'tr-l‘g actions
. . | |
Phasel Phase 3.1 Phase 3.2 | Phase 3.3 | Phasel.4
Validate | |
DssINg 15-3 reparmng reparmg rEparmg
relations and actions relations amd actions achons
nEppings mappings

candidate (zenerate Rank naissing/ [i:} Reconmmend E xecute
andidate |[)| Generste | [ )| Rankniss . :lr} .
|
| I
| |
I |

A Tl A A

iy

Y ¥

Missing/Wrong l;ﬂ relations and mappings
Repairing actions (per missing/wrong is-a relatmufmaEE g’! |

Ontologies vui mappings

Candidate missir* is-a relations and mappings
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Alignment Workflow: Detection of Defects -
candidate missing mappings

v Matchers
v" Linguistic matchers
v Matchers employing auxiliary information

v" Combination and filtering of similarity values

v Mapping Suggestions are Candidate Missing
Mappings
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Outline

v

v" Integrated Ontology Alignment and Debugging
Framework
v

v" Validation
v

;.

v
v
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Alignment and Debugging Workflow: Validation

USER ]
'H'L:TCTD To0ES 3 mﬁshg1q.:dg ':I!ZIEE
o 2 pek o oniolgeis izz EL:_ﬁ.:r of mappnE fapairing acion:
I - - | |
| Phase 1 Phasel.1 Phase 3.2 | Phase 33 | Phasel.4
! Detect ! !
EF:‘; candidate (zenerate |::‘) Rank naissing/ [i:} Reconmmend Eﬁ} E xecute
nEssIng is-a reparing Wrong is-a repairing repairing
| relations and actions relations and | | actions | actions
| mAppings mappings | | I
| T T A A A | T AA | i
I I _ |
Ontologies %pd mappings Y
Candidate m issir* is-a relations and mappings ¥ ¥

Missing/Wrong l;ﬂ relations and mappings
Repairing actions (per missing/wrong is-a relatmufmaEE g’! |
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Outline

v

v" Integrated Ontology Alignment and Debugging

Framework
v

v
v Repairing

;.

v
v
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Alignment and Debugging Workflow: Repairing

USER ]
'H'L:TCTD To0ES 3 mﬁshg1q.:dg ':I!ZIEE
o 2 pek o oniolgeis izz EL:_ﬁ.:r of mappnE fapairing acion:
I - | |
| Phase 1 Phasel Phasel.1 Phase 3.2 | Phase 33 | Phasel.4
! Detect Validate ! !
| i y| candidate | [ % | candidate || ) Generate | | } Rank naissing/ [i:} Reconmmend E xecute
nEssIng is-a nuissing is-a reparing Wrong is-a repairing Eifl} repairing
| relations and relations and actions relations and | | actions | actions
| mappings nmppings mappings | | |
| T A f A A A | T AA | i
| | | |
Ontologies %pd mappings Y
Candidate m issir* is-a relations and mappings ¥ ¥

Missing/Wrong l;ﬂ relations and mappings
Repairing actions (per missing/wrong is-a relatmufmaEE g’! |
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Alignment and Debugging Workflow: Example
— repairing missing is-a relations

Structural Repair 1 Structural Repair 2 Structural Repair 3 Structural Repair 4

]
elbow_joint

Question:
How can we recognize the most
Interesting repairing approaches
for a domain expert?

- preferences.

Jomt of r|b

flbrous _jomt
erow _Jomt U
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Alignment and Debugging Workflow: Repairing
— Information-based preference

v' Prefer to add more informative is-a relations

Structural Repair 3 Structural Repair 1
@ C joint
© <<I l \’9’7 ' /&0?
@ Y
Climb_joint > hip_joint _elbow_joint

a—
U

(limb_joint, joint) is more informative than
(hip_joint, joint) and (elbow_joint, joint)
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Alignment and Debugging Workflow: Repair
missing Is-a relations and mappings

v For missing is-a relation (hip_joint, joint), we
generate two sets of concepts representing 3X4

repairing actions
@ Target Set

N
N /&Q \\\
r Al N
/ ! ! g e . \\
P hlnderllmb_Jomt ! forehmb_Jomt ,' 7 (_jointof rib )
| = 51 /
I N / MI
/ / 4
’F A, | (fibrous_joint '
9‘) I

\(0 _ , .

]
1

I 7 /

I 7 /

1

N S

___________

Source Set
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Alignment and Debugging Workflow: Repair
wrong Is-a relations and mappings

v" Find explanations (justifications)
v" Remove part of the explanation

Ontology 3

Ontology 2
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Alignment and Debugging Workflow: Repairing
— Ranking

USER

CTJ'L anonioips

o 2 pek of oniolgeis
i

:
7
|

Phase 1

Datect
candid ate
relations and
mAppings

T

=

Phasel

Vahdate

candidate
nuissing is-a
relations and

nEppings

A

Phase3.1

(Fenerate

reparing
actions

i i

Chooes 2 mizsing vwrons
izz rele fion or mzppnE
1

Y

Chooms

fapairing acion:
1

Phaseld

Feconmend

repairing
actions

|

|

|
=

|

Phase 3.4

E xecute

@ 1 1
achons

Ontologies %pd mappings
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Alignment and Debugging Workflow: Repairing
— Recommendation

USER

CTJ'L anonioips

o 2 pek of oniolgeis
i

:
7
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Datect
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mAppings
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candidate
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relations and
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A

-

1o0ES & missinE vrons
izz rele fion or mzppnE
1

| | |
Phasel.1 Phase 3.1 |
|
(zenerate |::‘) Rank naissing/ [i:}
reparing Wrong is-a
actions relations and | |
mappings |

Tl AA |

Y

Chooms

fapairing acion:
1

Phaseld

Feconmend

repairing
actions

|

|

|
=

|

Tll

Phase 3.4
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Alignment and Debugging Workflow: Repairing
— EXxecuting repairing actions

USER

CTJ'L anonioips
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i
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Datect
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1o0ES & missinE vrons
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| | |
Phasel.1 Phase 3.1 |
|
(zenerate |::‘) Rank naissing/ [i:}
reparing Wrong is-a
actions relations and | |
mappings |

Tl AA |

Y

Chooms

fapairing acion:
1

Phaseld

Feconmend

repairing
actions

|
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Experiments Setup

v Ontologies and alignment from OAEI 2011 —
Anatomy track

Ontology #Concepts #Relations
MA 2737 1807
NCI-A 3298 3761

Alignment #Equivalence
mappings i~
MA - NCI-A 1516
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Experiment 1

v' Complete debugging and alignment session

Part A candidate  missing wrong repair missing repair missing
missing =E/—or— E[/—or— E[/—[]->] is-a relations
mappings derivable / more

informative

Alignme@ 1286/39  59/39 ) (1286/20/8/6/5 ) -

AMA - - - -

NCI-A - - - -

Part B candidate missing missing wrong repair missing repair wrong
is-a relations self / more removed K
all/non-redundant informative / other

Alignment - - - -

AMA 410/263 224 39 144/57/23

NCI-A 55/183 166 17 127/13/26
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Experiment 2

v Debugging leads to alignments with higher quality

| run Il run
=/—or— =/ — or — (more informative) /
derivable / is-a relations
Alignment  1286/39 1286/28(5)/6/5
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Experiment 3

v Extending the alignment leads to discovering more
possible defects

Ontology |run Il run

candidate missing is-a candidate missing is-a

relations relations :

all/non-redundant all/non-redundant
MA 496/280 638/357 d
NCI-A 365/193 460/234 ¥
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Outline

v
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v
v" Conclusions and Future Work
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Conclusions

v" The first integrated Ontology Alignment and
Debugging Framework

v Alignment Contributions to Debugging
v' Calculates possible mappings
v Provides/extends alignments

v Debugging Contributions to Alignment

v" Provides repairing algorithms not available in the
alignment systems

v Repairs the is-a structure and the mappings
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Future Work

v Explore further the interactions between ontology
alignment and debugging

v Include structure-based matchers

v" Include partial-alignment-based filtering and
preprocessing strategies

v Extend the approach to ontologies represented in
more expressive languages
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Demonstration — OAEI 2011 Anatomy track

File

Step 1: Generate and Validate Candidate Missing is i 3 Mappings | Step 3: Repair Wrong is-a Relations
Step 4: Repair Wrong Mappings Step 5: Repair Missing is-a Relations Step 6: Repair Missing Mappings

file: /{/C: MUsers fvaliv/Desktop /ESWC 2013 /DemoPaper [Demo/OntoPieces Vide... -

hip jeint:0->joint:0 P w
Generate Repairing Actions l
Repairing Actions Justifications of current relation
Source : 3 Target : 27 hip jeint
- 4 N
sternaclavigulat jane) 0 TN desmosis
gomphaosis
. Hip_Juint
jeint of girllgilaginous joint
costochandral joint
— P joint of vertebral arch
.3/ RepOSE [ B o] (ETE— synovial joint interchandral joint
Fil R
e ) Joint of rib Joint_By_Site
10 4: Repair Wrona Manoing: | tep 5: Repair Missing is-2 Relatians I Step 6: Repair Missing Mappings ] Tl iy knee joint——> joint stemocostal joint
Step 1: Generate and Validate Candidsts Missing is-2 Relations | step 2: Generate and Validate Candidate Missing Mappings | Step 3: Repair Wirong is-a Relations | fmi Join
- jointof vertebral body
shoulder joint L
file:///C: /Users /valiv Desktop/ESWC2013/DemoPaper Demo/OntoPiec... Show Ontology \ costovertebral jaint
anklejoint
hindlimb joint Joint
wrist jaint
fibrous joint
hip Joint radie-ulnar joint
Generate Candidats Missing is-a Relations Validation started ... | s
radic-carpal joint
Sets of candidate missing is-a relations Justifications of selected relation joit
jaw:0->bone:0 - bgre -
L synchondrosis o
upper jaw Recommendation
Borie
2 . cranial synchondrosis
: posteranial synchondrosis WordNet UMLS

.. sphenoid bone
maxilla ) Irregular_Baone
jaw ez lOWET JAW

?
. ?
parietal-bone
2 J
bone w—s
e temporal bone 3
mandible . 2 Recommendation
? - __Raoommend .
nasal bone Wrong is-a Relations :
frontal b?ﬂﬁ'imal bone [7] WordNet  [7] part-ofin Ontologies
< || > Missing is-a Relations :

WordNet uMLS

Validate
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