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Data interlinking
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Data interlinking

Motivations

@ Many organisations publish
their data on the web.

@ [ hese datasets need to be
linked to other datasets.

@ same-as links identify the
same entity in different
datasets.

e Data interlinking is the
task of finding the same
entities described in different
RDF (Resource Description
Framework) datasets.

—— (omon|
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Data interlinking

ol : Person 02 : Inhabitant

Same-as links: , (20, 1) and (z3,13).
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Data interlinking
Approaches

There are two main approaches to data interlinking:

@ similarity-based.

@ rule-based (symbolic).

Abbas et al. Linkex
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Data interlinking
Approaches

There are two main approaches to data interlinking:

@ similarity-based.

@ rule-based (symbolic).

o Link keys which generalise keys from relational databases.
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Link Keys

Example of a link key:
{(firstName, given) }{ (lastName,name) } linkkey (Person,Inhabitant)

EQ IN Classes
ol : Person 02 : Inhabitant
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Link Keys

3 forms

© Link key expression: syntactic form of a link key

i<p17p1>7 0y <pk7pk>l i<p17p1>7 ) <pk7pk>7 ) <pn7pn>k7 <C7 C/>
EQ i
@ Link key candidate: link key expression which identifies at
least one link and it is maximal.

© Link key: link key candidate which identifies all the correct
links among two classes (C, C')

{prp1)s s (Prs i)y {P1,P1), s (Pis D)oo (P )} linkkey (C,C)
EQ N

D, D" are two RDF datasets.

C and C' classes, P and P’ properties from D,D/ respectively.

/

P1,--,Pn € Pv p;_w'apn S P,
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Link keys

3 forms

Link key expression: syntactic form of a link key

Generates links: {(firstName,given) }{(lastName,name) }

A

EQ N
Do not generates links: {(firstName,name) }{(lastName, given) }
EQ N
ol : Person 02 : Inhabitant
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Link Keys

Link key candidate

Link key candidate: link key expression which allows to identify
at least one link and it is maximal
Link key candidate: {(firstName,given)}{(lastName,name)}

EQ N
Not a link key candidate: {(firstName,name) }{(lastName,given)}
EQ N
ol : Person 02 : Inhabitant
j————————-- Dupont .~ |-t -—————--=

e —
| Ol:lastl\[ame —

| __ S Dubois ¢

! oli\aStName 02.'name
|
Durand < o2name ~_ IR
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Link Keys

Lattice of link key expression

Lattice of link key expression
Link key expressions set D is a lattice (D,1,U)

K1 = Eq1,/n1 and Ky =Eqgy,/n> two link key expressions.
@ Meet : KiMMKy = Eqi1NEqgy,IniMNIny
e Join: KiUKy = Eqi1UEqo,In1UIny
@ Partial order: K1 C K> iff K1 Ky = Ky

Abbas et al. Linkex
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Link Keys

Lattice of link key expression

Lattice of link key expression
Link key expressions set D is a lattice (D,1,U)

K1 = Eq1,/n1 and Ky =Eqgy,/n> two link key expressions.

@ Meet : KiMMKy = Eqi1NEqgy,IniMNIny
e Join: KiUKy = Eqi1UEqo,In1UIny
@ Partial order: K1 C K> iff K1 Ky = Ky

For example we have:

K1 ={(lastName, name), (firstName, given) }{..}

K2 ={(firstName, given) }{..}

K1 M Ky ={(firstName, given) }{..}

KiTmKs = Ky, Ko C Kj.

K1 U Ky ={(lastName, name), (firstName, given) }{..}.

Abbas et al. Linkex




Data interlinking Link Keys Pattern Structures Link Key Discovery Based on Pattern Structures Conclusions and perspectives
000 00000® 000000 0000000 00

Link Keys

Satisfaction of a link key expression

Satisfaction of a link key expression
A link (s,s) e Cx C satisfies the link key expression K = Eq, In
and we write K = (s,s ) if

V(p,p) € Eg==>p(s)=p(s)# 0 and ¥(p,p) € In=>p(s)Np(s)#0

Example:(z3, i3) satisfies {(firstName, given)},{(lastName, name)}
(z3,i3) do not satisfy {(firstName, given), (lastName, name)}, {}

ol : Person 02 : Inhabitant
F——— - ———= ___, Dupont F———————— ==

o1:lastName T 02:name
|
: Ol.'ﬁrst[\[ame — 02-_g'\\/en |
| .

Thomas ¢ l

Lisa
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Pattern Structures

Pattern Structures (PS) are a generalisation of Formal Concept
Analysis (FCA) to deal with complex data such as graphs or
intervals.

objects descriptions

g1 dg @
()

82 d3

83 d1 @ @

g d ’“‘
(@) (&) (&) (@
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Pattern Structures

A Pattern Structure is a triple (G,(D,M),9)

@ G is a set of objects.
e (D,Mn) a semilattice of descriptions.

@ The mapping 0 : G — D maps an object to a description.
6(g1) = ds

objects descriptions
g1 dg

g2 d3

83 d @ @

g da ”‘
(@) (&) (&) (&)

Abbas et al. Linkex
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Pattern Structures

Descriptions are partially ordered in a meet semilattice by the
partial order C defined w.r.t. the similarity operator 1.

If a and b are two descriptions then allb=a< aC band a is
subsumed by b.

diMdy=dy < di Edy and dy is subsumed by dj.

objects descriptions
g1 ds

82 d3

83 di e @

g d ’“‘
(@) (&) (&) (@
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Pattern Structures

Derivation operators .”
A= T] é(g) ACG
gcA
d"={gecG|dC&(g)} deD
0(g3) =di 0(gs) = da diMdy = dq
{g3,8a}" = di dr = {g3.84}

objects descriptions

81 dg
g2 d3
g3 d1
84 dy

Abbas et al. Linkex
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Pattern Structures

Pattern Concept (A,d) is a Pattern Concept if AY = d and
d?=A
APY = A and d"M = d (closed)

({g3,g4},d1) is a pattern concept .

{g3.84}" = dh di' = {g3,84}

objects descriptions
g1 dg

82 d3

83 d @ @

g da ”‘
(@) (&) (&) (&)

Abbas et al. Linkex
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A Pattern Concept (A1,d1) is subsumed by another Pattern
Concept (Az,dy) if A1 C A (or equivalently if db C dy).

objects descriptions

. o
& ds “[a3]
&3 dy [d4]
84 da _

[o1]

Abbas et al. Linkex
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Link Key Discovery Based on Pattern Structures

A Pattern Structure for link key extraction (C x C,(D,,11),8)

o Cx C is the set a pair of instances (s,s ) e C x C .

@ D is a set of link key expressions.

° 8((s,5)) =U{KIK = (s,5)}

_0L: Person 02: Inhabitant Eq In
| 1 e Dupont — 3 | 1 0 -
| °1f\,astNam 2 -"fme 1 (z1,i1) {(lastName, name),(firstName, given)} {..}
| [ OLIName 1 g | [(z1.7) {{FirstName. given) ] {3
ol:first ‘given | Zn 1 firstName, given .
! ol:lastN, o’2:ﬂ3me | {22, -1> U £ K i o
: ! me 3 bubots $ > : | (z0,ip) {(lastName, name),(firstName, given)} {..}
! ol:\astNam ©2iname @ [ (z2,73) 0 {(lastName, name)}
L 4 oZname ' (z3,n) {{lastName, name) } {.}
_____ ° 1"ﬁrst Durand Y on -—— - 3 .2 . U ..
Narme — o (z3,03) {(firstName, given) } {(lastName, name)}
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Link Key Discovery Based on Pattern Structures

(z3,13) satisfies the link key expressions:
{(firstName, given)} {(firstName, given) }
{{firstName, given)} {(firstName, given), (lastName, name) }

0((zs3,i3)) ={(firstName, given) } {(firstName, given), (lastName, name) }

_O1: Person 02: Inhabitant Eq In
Dupont
| T Name = — o2mamme 1 : _
| 011'. 2 ame 1 (z1,0i1) {(lastName, name),(firstName, given) } {..}
: o “firstName = Thomas £ o:giver : : (z1,ip) {{firstName, given) } {..}
| ol:firstName ©2:given 1| (z2,i1) {{firstName, given)} {.}
: : ol:IastNam: =3 Dubois £ ozz_name : : (z0,0n) {(lastName, name) (firstName, given) } {..}
| ol:\astNam ° -name [ (z,73) 0 {(lastName, name)}
.name
L-==_= Ly Durand < °i:;:e“ _____ ' 223, I2§ igjastll\\llame, n?me;% e {..} -
Ime o> z3,13 irstName, given astiName, name
\ Lisa /
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Link Key Discovery Based on Pattern Structures

Derivation operators .= are defined as follows for A C C x C' and
K € D:
AD:I_I<S’S/>€A6(<5,5>) and KY={(s,s) |KC 5((s,s))}

{{z1,i1), (20, i2), (z3,3) Y'={(firstName, given) }{ {lastName, name) }

{{firstName, given) }{{lastName, name)}" ={(z1,i1),(z2, i), (z3,13) }

Eq In
(z1,i1) | {({lastName,name) (firstName, given)} {..}
(z1,h2) {(firstName, given) } {.-}
(zp,11) {{firstName, given) } {.-}
(zp,h) | {(lastName, name),(firstName, given)} {..}
(z0,13) 0 {({lastName, name) }
(z3,1p) {({lastName, name)} {..}
(z3,13) {(firstName, given) } {(lastName, name)}

Abbas et al. Linkex




Data interlinking Link Keys Pattern Structures Link Key Discovery Based on Pattern Structures Conclusions and perspectives
000 000000 000000 000@000 00

Link Key Discovery Based on Pattern Structures

If (A, K) is a pattern concept, then its intent K represents a link
key candidate and its extent is the link set generated by this link
key candidate.

<g,@>
<{(ol:firstname,02:given)} , {}> < @, {(ol:lastname,02:name)}>
(ol:z1,02:i2),(01:22,02:i1) (01:22,02:i3)
<{(ol:firstname,02:given)} , {(ol:lastname,02:name) }> <{(ol:lastname,02:name)} , {}>
(01:23,02:13) (01:23,02:12)

<{(ol:firstname,02:given),(o1l:lastname,02:name)} , {}>
(ol:z1,02:i1),(01:22,02:i2)

Abbas et al. Linkex
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Linkex

Prototype tool called Linkex! performs the following treatments:

© From RDF datasets to pattern structure: value
normalization, remove non-discriminating properties and
properties with weak support, compute the description of each
pair of instances and construct the Pattern Structure.

© Building the pattern concept lattice: generates the pattern
concept lattice using a modified version of AddIntent
algorithm.

© Visualize link key candidates in a nice way i.e. organized in a
lattice represented by a Hasse diagram.

Lhttps://gitlab.inria.fr/moex/linkex
Abbas et al. Linkex
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Linkex

Experimentation results

Bibliographical datasets:
O BnF? " Bibliotheque nationale de France” .

@ IdRef?, " Agence Bibliographique de I'Enseignement
Supérieur” .
Samples:

© Variant 1: authors instances that have a combination

firstname, name which is in the top 1000 most frequent
homonyms.

@ Variant 2: authors instance that have a name starting with
letter "A’.

2https://data.bnf fr

3https: //www.idref fr
Abbas et al. Linkex
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Linkex

Experimentation results

Table: Experimentation results

Variant #BnF #IdRef | #Descriptions | #PatternConcepts | Time
Variant 1 15,421 8,162 1,564,495 155 2m10
Variant 2 | 142,571 18,637 12,348,012 186 6m50

Machine: MacBookProl1,3, Intel Core i7 ©@2,3 GHz with 10GB RAM allocated to the
Java virtual machine.

Abbas et al. Linkex
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Conclusions and perspectives

In this work, we:

© Formalize the problem of extracting link key candidates using
Pattern Structures.

© Propose a tool allowing to automatically build a pattern
concept lattice where each pattern concept intent is a
candidate link key.

We aim to extend this work to :

© Consider interdependent classes i.e when rdf objects are
instances of other classes.

© Relax equality constraints used to compare literals by
considering similarity measures instead.

Abbas et al. Linkex
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