Selection of representative subsets of link key candidates

Nacira Abbas, Alexandre Bazin, Jérome David, Amedeo Napoli

UNIVERSITE 4
:‘.I Grenoble : informatics gPmathematics
4 Alpes & zZica—

Laboratoire d’Informatique de Grenoble
Montbonnot, France
Firstname.Lastname@inria.fr
https://moex.inria.fr

Atelier Decade, le 28/06/2022, St Etienne

Partly funded by Elker ANR project (ANR-17-CE23-0007-01)
Most of this work is from the PhD of Nacira Abbas (Loria, Nancy)



Data interlinking

Link keys

Link key candidates extraction (with FCA)

Link key candidate reduction and selection

Selection of representative subsets of link key candidates



Data interlinking

Outline

Data interlinking

resentative ts of link key candidates



Data interlinking

The problem: RDF data interlinking
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Data interlinking

Approaches to RDF data interlinking

» Numerical specifications (Link Specifications)
» Express or learn a similarity from RDF data
> Generate links using frameworks such as SILK or LIMES
» NLP/IR based approaches
» Change representation: from RDF space to VSM, or embedding spaces
» Compute or learn a similarity on this new space
> Logical link specifications

> Key-based: combine keys and alignments for deducing links
> Link keys: cross dataset, generalization of keys without requiring
alignment between properties or concepts
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Link keys

What is a link key?

two sets of property pairs and a pair of classes like
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On this example, the link key will generate the link (a, owl:sameAs, b)
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A more complex example Link keys

They may be several expressions having the form of link keys

D (Employés) D’ (Staff)
id prenom datenaiss poste bat. H firstname  birthdate position building id
i Paul 1967 Dir. B2 Paul Dir. B2 z
i3 Mary 1963 Dir. B1 Mary Dir. B1 73
iy John 1963 Pr. B1 John Pr. B1 Z4
is Bill 1980 Pr. B1 William 1980 Pr. Zs
i7 Ana 1947 Dir. B2 Ana 1947 Dir. z7
is  John 1967 Pr. B2 John 1967 Pr. 78

Example of link key expressions:

> k= ({}, {(datenaiss, birthdate) }, (Employe, Staff))

> h = ({(datenaiss, birthdate) }, { (poste, position) } (Employe, Staff))

> [ = ({(datenaiss, birthdate), (poste, position) }, {{poste, position) }, (Employe, Staff))
And generated links (if used as link keys):

/
> LI?’D :{<i7,27>,<i3,23>,(is,Z(,),<iz,Zs>}

/ /
> LID’D = Ll?7D = {<i7,Z7>, <i3723>7 <i6726>}
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A more complex example Link keys

They may be several expressions having the form of link keys

D (Employés) D' (Staff)
id prenom datenaiss poste bat. firstname birthdate position building id
i Paul 1967 Dir. B2 Paul Dir. B2 z
i3 Mary 1963 Dir. B1 ,\ Mary Dir. B1 z3
ia John 1963 Pr. B1 John Pr. B1 Z
is Bill 1980 Pr. B1 William 1980 Pr. Z
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Example of link key expressions:

> k= ({}, {(datenaiss, birthdate) }, (Employe, Staff))

> h = ({(datenaiss, birthdate) }, { (poste, position) } (Employe, Staff))

> [ = ({(datenaiss, birthdate), (poste, position)}, {(poste, position) }, (Employe, Staff))
And generated links (if used as link keys):

> LI?,D’ = {(ir, z7), (i, 28), (i, 26), (i2, z8) }

/ /
> 1P =10 = ((iy, 1), (s, z8), (i, 26)
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Data interlinking
Link key induction Link
Link key candidates extraction (wi
Link key candidate reduction

Conclusion

Problem: How to induce link keys from data ?

The number of set of pairs of properties is exponential

Our approach:

> restrict on link key expressions that would generate at least one link
between the datasets

> consider only closed expressions : those which are maximal for a set of
links

we call such expressions “link key candidates” (LKC) and we extract them
using Formal Concept Analysis
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Formal context for candidate link key

Link key candidates extraction (with FCA

extraction

The formal context for link key candidates (G, M, 1} is:

M
o Api pl) | ViR

(0, O,> e 1ifEpPLO) N PP (o) £ D ... ... 1iff pPo) = p'P' (o)

> G : the set of pairs of objects from each dataset
> M : two sets of pairs of properties from each dataset

» 3J:if the objects share at least one value ({0, o) I3(p;, p}))
> V: if the object have the same values ({0, o) I¥(p;, p}))
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Data interlinki

Lattice of extracted link key candidates , e
Link key candidates extraction (with FCA

Link key candidate reduction and selectio
Conclusion
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Data interlinking
Implementation: Linkex : : Lin
Link key candidates extraction (wi
Link key candidate reduction and se

Conclusions

FCA link key extraction is implemented in Linkex
(https://gitlab.inria.fr/moex/linkex)

Characteristics/functionalities:
> Fully unsupervised: only two RDF datasets as input.

» Normalization of textual content: lowercase, remove diacritics,
tokenization, sort

» Can compute inverse and composition of properties
» Compute the class expression of concepts (i.e. covering instances)

» Different output formats: Alignment Format, GraphViz (dot), tabular file,
etc.

> Implementation of diverse quality measures (discriminability, coverage,
etc)
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The problem: link key selection Link ke

Link key candidates extraction (with FCA
Link key candidate reduction and selectio

Conclusion

Many link key candidates can be extracted!

ex: OAEI Spimbench task, > 2k candidates

How to reduce the lattice and select the interesting/representative ones?
1. Reduce

> ldentify redundant LKC according to owl:sameAs semantics
> Representative link key candidates based on clustering

2. Evaluate

» Quality measures: discriminability and coverage
3. Combine: Disjunctions based on antichains

» Explore the antichains of the LKC lattice
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Pattern structure for link key candidate

Link key candidate reduction and selectio

discovery

el
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Nacira Abbas, Jérome David, Amedeo Napoli: Discovery of Link Keys in RDF Data Based on Pattern Structures: Preliminary Steps. CLA 2020:
235-246
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Pattern Structures lattice

Link key candidate reduction and selectio

pco
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0
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Pattern Structures lattice

pPa

pco

I(c1) X I(c2)

0

pc2

{(as, bs), (as, ba)}

{(as, bs), (as, bs)}

ki = {V(ps, q1), 3(pa> qa) }

ky = {¥(ps, 43), 3(p3, 43)}

c7

Link key candidate reduction and selectio

owl:sameAs is an equivalence relation!

‘ {(a1, b1, by, @), (a3, b3)} ‘

pc3

pca

{(a1, b1), (a1, bo),
(a2, b2), (a3, b3)}

{(a1, b1), (a2, b1),

ks = {3(p2, 32)}

)
(a2, b2), (a3, 63;}
ke = {3(p1, 1)}
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e
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ks = {VY(p1, @1), 3(p1, q1),

(P2, 92)
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Partition pattern Structures lattice Lin

Link key candidates extraction (with FCA

Link key candidate reduction and selectio
Conclusion

Idea: use Partition pattern structures to detect redunda

PPco

Link Key Candidates

Singleton Partition

peci ppc2 pecs
Objects | Descriptions k ks ke
LKC partitions induced by owl:sameAs
k1 {(a4,b5),(a5,b4) {(as, bs), (as, ba)} {(as, bs), (as, bs)} {(a3, b3)}
ky (aa, bs), (as, bs) i
ks (a1, b1, a2, by), (a3, b3) ks
ka (a1, b1, @2, by), (a3, b3) (a1, b1), (@2, ba), (a3, b3)}
ks (a1, b), (@2, b2), (a3, b3)} P
ks (a3, b3)} P

{(a1, b1, @, b2), (a3, b3) }

Link key candidates having the same partition are in the same concept

Nacira Abbas, Alexandre Bazin, Jérome David, Amedeo Napoli: A Study of the Discovery and Redundancy of Link Keys Between Two RDF
Datasets Based on Partition Pattern Structures. CLA 2022: to appear

Selection of representative subsets of link key



Limitations

Link key candidate reduction and selectio

This works but ... this is not so useful in practice : - (

Interlinking task datasets #triple #subj #prop #LKC #NRLKC
i rowsm | was | 1o | 2% | 2170
Abum | gl s | vsas | 5 | 4 “
[t T T T
an [t e mm T | rene
Moutain | Vuoioumtain | w56 | swrs | 3 | ¥ »
Museum jggl\:l;\jﬁ:zxm 116539;102 211802560 ; 8 8
S| Shor | T |G | |
o[ s T [ [ |
ey | Sty s [ [ |

#LKC: number of link key candidates. #NRLKC: number of "non redundant” link key candidates.

Datasets from

Danai Symeonidou, Luis Galarraga, Nathalie Pernelle, Fatiha Sais, Fabian M. Suchanek: VICKEY: Mining Conditional Keys on Knowledge Bases.
ISWC (1) 2017: 661-677
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Similarity between link keys

Link key candidate reduction and selectio

However, a lot of link key candidates generate almost the same links...

cko
S(D1) x S(Dy)
0
cky cks
(((az,bba))x((ab:x)), cky cka {((a|3,bb|3)),((ﬂ|4ybb|4)),
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(a6 bs), (a7, b7), (as, bg) } { (ﬂx«,bbs)- (HA,bbA), {(Ez?]],’bl:?)),’(szjz’bﬁ]z])),’ (a5, b15) }
TR | 0 | | R |
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{(a3, b3), (as, ba),
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Data interlinking

LKC clustering Lk

Link key candidates extraction (
Link key candidate reductiol

Conclusion

We propose to select a subset of representative candidates.

The procedure is as follows:
1. similarity is computed thanks to Jaccard index (between sets of links)
. LKC are clustered with hierarchical agglomerative clustering

2
3. clusters are extracted from the resulting hierarchy
4

. arepresentative LK is selected for each cluster
» the LKC that minimizes the distance to the other
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LKC clustering

Link key candidate reduction and selectio
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7 k1 k2 K3 (53 k4 k7 ks
Link key candidates
700 % 7(0)

Cut at 0.5:
> 4 clusters: {ki, ko, ks}, {ka} and {ke}
> representatives (core): {ks, kq, ke, k7 }

» This gives a compression ratio of 0.43 while preserving 77% of links.
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Results on benchmarks

Link key candidate reduction and selectio

OAEI Doremus 1 OAEI Doremus 3
11— - -
= compression
- link preservation
0.8 —e—  representativeness degree
—o— mean of differences of F-measure
0.6
0.4
0.2
. _nA
0 ——e—o—o - 000 oo oo o o—o—"2
0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1

cutting level cutting level

> Almost 50% of LKC can be removed without loss

» Core LKC are good representative (and preserve F-Measure).

Selection of representative subsets of link key candidates



Data interlinking

Conclusion

Conclusions

The context:
> Link keys are symbolic and meaningful tool for interlinking data
» Fully unsupervised extraction from data with minimal input
» But... a lot of candidates can be discovered

Contributions:
> A pattern structure for non redundant link key w.r.t. owl: sameAs

> A clustering based strategy for selecting representative subset of LKC

Perspectives:

» Combine this approach with selecting disjunctions of LKC
> Generalize this clustering approach to FCA lattice reduction

> Goal: reduce the # of concepts while preserving the order

> adapt the similarity measure to FCA lattices
L(anb)| . |L(a)NL()b
iiave)| instead of iy

> design an optimised algorithm
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Conclusions
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