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Introduction
@00

RDF/SPARQL and data management

RDF/SPARQL: the prominent standards for the Semantic Web

@ W3C recommendations
o RDF: graph data model
o Lightweight incomplete, deductive databases
@ SPARQL: powerful SQL-like query language for RDF

o Interrogates both data and schema/ontology of RDF graphs
o Requires reasoning to answer queries

RDF/SPARQL raises a timely data management challenge

o Efficient query answering in the presence of updates

RDF/SPARQL is widely adopted for semantic-rich data applications
o Linked Open Data:
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oeo

Learning commonalities and data management

Learning commonalities: a variety of data management applications

@ Exploration

o lIdentification of common data and query patterns
o Clustering of datasets and queries

o Optimization
o Multi-Query Optimization
o View selection

@ Recommendation

o User-to-user suggestions
o Search suggestions
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ooe

Learning commonalities in RDF and SPARQL

Least general generalization (1gg), a.k.a. least common subsumer

@ Machine Learning (ILP) since the early 70's
o Clauses
o Knowledge Representation since the early 90's
o Description logics
e Semantic Web [Lehmann and Biihmann, 2011],
[Colucci et al., 2013], [Colucci et al., 2016]
o RDF: rooted RDF graphs, purely structural approaches
o SPARQL: tree queries, purely structural approaches
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Introduction

ooe

Learning commonalities in RDF and SPARQL

Least general generalization (1gg), a.k.a. least common subsumer

@ Machine Learning (ILP) since the early 70's
o Clauses
o Knowledge Representation since the early 90's
o Description logics
e Semantic Web [Lehmann and Biihmann, 2011],
[Colucci et al., 2013], [Colucci et al., 2016]
o RDF: rooted RDF graphs, purely structural approaches
o SPARQL: tree queries, purely structural approaches

Our contributions:
@ 1lgg of RDF graphs w.r.t. the entire RDF standard [ESWC17,ILP17]

@ 1gg of SPARQL conjunctive queries w.r.t. ontological knowledge
[BDA17,ESWC17,ISWC17]
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@ Introduction

@ Preliminaries

@ Lgg in RDF
@ Defining the Igg in RDF
@ Computing the Igg in RDF

@ Lgg in SPARQL
@ Defining the Igg in SPARQL
o Computing the Igg in SPARQL
@ Experimental results

@ Related work

@ Conclusion & Perspectives
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Towards defining the notion of Igg in RDF

G. Plotkin

A least general generalization (1gg) of n descriptions di, ..., d, is a most
specific description d generalizing every di<j<, for some
generalization/specialization relation between descriptions.

lgg in RDF lgg in our SPARQL setting
@ descriptions are RDF graphs @ descriptions are Basic Graph
o the generalization/specialization Pattern Queries (BGPQs)
relation is entailment between @ the generalization/specialization
RDF graphs relation is entailment between
BGPQs

6/46



Preliminaries
00@0000000000000

RDF graphs

@ RDF graphs are made of triples:
(s,p,0) € UUB) xUx (UULUB)  Cr—r—()

@ Built-in property URIs to make RDF statements

‘ RDF statement ‘ Triple ‘

Class assertion (s,T,0)
Property assertion | (s,p,0) with p # 7
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RDF graphs

@ RDF graphs are made of triples:
(s,p,0) € UUB) xUx (UULUB)  Cr—r—()

@ Built-in property URIs to make RDF statements

‘ RDF statement ‘ Triple

Class assertion
Property assertion

(S77—7 o)
(s,p,0) withp # 7

hasTitle "LGG in RDF"

T hasContactAuthor
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Adding ontological knowledge to RDF graphs

@ Built-in property URIs to declare RDF Schema statements, i.e.,
ontological constraints.

| RDFS statement | Triple |

Subclass (s, ;C, o)
Subproperty (s, o)
Domain typing (s, <—’d, o)
Range typing (s, o)
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Adding ontological knowledge to RDF graphs

@ Built-in property URIs to declare RDF Schema statements, i.e.,

ontological constraints.

| RDFS statement | Triple

Subclass (s, ;C,
Subproperty (s, Zsp,0
Domain typing (s, 44,0
Range typing (s, =, 0

hasTitle "LGG in RDF"
T hasContactAuthor
<\€<}ffPaﬁsr/> (::::E}7§3ntact/ﬁj Ehég)
I \
Zse Zsp
T J .
<wfub|icatiorl/><; “d —(JwasAuthof/)* —r H(\Researche[/)
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Deriving the implicit triples

Let us consider the following RDF graph:

hasTitle "LGG in RDF"

hasContactAuthor
w hasContactAuthor

T w

RDF graph G
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Deriving the implicit triples

— hasTitle "LGG in RDF"

T hasAuthor
hasContactAuthor

hasContactAuthor \‘
Pubhcatlon «— 4 4‘7 @

RDF graph G
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Deriving the implicit triples

— hasTitle "LGG in RDF"

T hasAuthor
hasContactAuthor

hasContactAuthor \‘
Pubhcatlon «— 4 4‘7 @

RDF graph G

How to derive implicit triples of an RDF graph ?
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Entallment rules

Rule [W3C-RDFS, 2014] | Entailment rule ‘

rdfs2 (p, +4d,9), (s1,p,01) — (81, 7,0)

rdfs3 (p, =, 0),(s1,p,01) — (01,7,0)

rdfs5 (P17 jsp’ P2), (P2, jspv P3) — (Ph jSP’ P3)
rdfs7 (plvjsp7p2)7(svp17°) - (S,pg,o)

rdfs9 (s, Zsc,0), (51, 7,8) = (s1,7,0)

rdfsii (sy =s¢, 9), (0, %5y 01) = (8, Zsc,01)
extl (p, d,9), (0, =sc, 01) = (P, <d501)
ext2 (p, =, 0), (0, Zsc,01) = (P, —r,01)
ext3 (p7 sps pl) (pl: d, 0) — (P, d, 0)
ext4 (pv —sp» Pl) (P17 s 0) — (P7 “—r, 0 )

Table: Sample RDF entailment rules R.
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Materializing implicit triples using rules

— hasTitle —| "LGG in RDF"
L’ hasAuthor
hasContactAutﬁot

hasContactAuthor

RDF graph g
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Materializing implicit triples using rules
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Materializing implicit triples using rules
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hasAuthor
T T hasContactAuthor
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Materializing implicit triples using rules

rdfs7 : (p1, <sp.P2); (s,pP1,0) = (8,p2,0)
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Materializing implicit triples using rules

rdfs7 : (p1, <sp.P2); (s,pP1,0) = (8,p2,0)
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Materializing implicit triples using rules

rdfs3 : (p,<>r,0),(s1,p,01) — (01,7,0)

asTitle —>| "LGG in RDF"

hasAuthor
T T hasContactAutRo

hasContactAuthor 6

T

RDF graph g

Publication
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Materializing implicit triples using rules

extd : (p, Zsp,P1); (P1,=r,0) = (P, =+, 0)

asTitle —>| "LGG in RDF"

hasAuthor

T T hasContactAutRo
hasContactAuthor

RDF graph g
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Materializing implicit triples using rules

ext3 : (pa jspvpl)v (pla Hdvo) - (p: <_)de)

asTitle —>| "LGG in RDF"

hasAuthor
T T hasContactAutRo
hasContactAuthor

RDF graph g
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Semantics of an RDF graph

asTitle —>| "LGG in RDF"

hasAuthor

hasContactAutho
hasContactAuthor

Saturated RDF graph g

G°° materializes the semantic of G.
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Towards defining the notion of Igg in RDF

G. Plotkin

A least general generalization (1gg) of n descriptions di, ..., d, is a most
specific description d generalizing every di<j<, for some
generalization/specialization relation between descriptions.

lgg in RDF lgg in our SPARQL setting
@ descriptions are RDF graphs @ descriptions are BGP Queries
o the generalization/specialization @ the generalization/specialization
relation is entailment between relation is entailment between

RDF graphs BGPQs
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Entailment between RDF graphs

i.e., there exists a graph homomorphism from G’ to G*°.

GERG —= G (¢ J

GERr G

hasTitle "LGG in RDF"

T hasContactAuthor T
hasContactAuthor
=se Zsp hasTitle

/ i
TG v S e B )
g g
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Entailment between RDF graphs

i.e., there exists a graph homomorphism from G’ to G*.

GERG —= G (¢ J

GErG =G E G

asTitle GG in RDF"
hasAuthor T
hasContactAutRo T
hasContactAuthor @ @
sc —d ,ap hasTitle

@

O

G
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Entailment between RDF graphs

i.e., there exists a graph homomorphism from G’ to G*°.

GERG —= G ¢ J

Ry = 9%g'

hasTitle —{*LGG in RDF"

hasAuthor

hasContactAutRvo
hasContactAuthor @
\ hasTltle
gOO

G is more specific than G’!
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Towards defining the notion of Igg in SPARQL

G. Plotkin

A least general generalization (1gg) of n descriptions di, ..., d, is a most
specific description d generalizing every di<j<, for some
generalization/specialization relation between descriptions.

lgg in RDF lgg in our SPARQL setting
o descriptions are RDF graphs @ descriptions are Basic Graph
o the generalization/specialization Pattern Queries (BGPQs)
relation is entailment between o the generalization/specialization
RDF graphs relation is entailment between
BGPQs
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Basic Graph Pattern Queries (BGPQs)

e BGPQs: SPARQL conjunctive queries, i.e., select-project-join queries
e (s,p,0) e VUU)x (VUU)x (VUUUL)
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Basic Graph Pattern Queries (BGPQs)

e BGPQs: SPARQL conjunctive queries, i.e., select-project-join queries
e (s,p,0) e VUU)x (VUU)x (VUUUL)

/®

hasContactAuthor

e%

body(q1)
Sample BGPQ ¢1(x1)
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Entailing and answering queries

Query entailment
GFErqg—= G ¢

asTitle "LGG in RDF"

hasAuthor

hasContactAutho
hasContactAuthor °

ConfPaper
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Entailing and answering queries

Query entailment
GFErqg—= G ¢

fffffffffffffffffffffffffffffffff asTitle "LGG in RDF"

hasAuthor
T T hasContactAutho
T ™
J 4 Zsp “r 7\4
o o

q(x1, x2) g>
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Entailing and answering queries

Query answering

a(9) = {(X)s | G ER a}

@ asTitle "LGG in RDF"

hasAuthor

hasContactAutho
hasContactAuthor e

q(x1, x2)

q(G) = {(b, ConfPaper), (b, Publication), (b1, Researcher) }
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Entailing and answering queries

Query answering

a(9) = {(X)s | G ER a}

@ asTitle "LGG in RDF"

hasAuthor

hasContactAutho
hasContactAuthor @

ConfPaper

q(x1, x2)

q(G) = {(b, ConfPaper), (b, Publication), (b1, Researcher) }
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Towards defining the notion of Igg in SPARQL

G. Plotkin

A least general generalization (1gg) of n descriptions di, ..., d, is a most
specific description d generalizing every di<j<, for some
generalization/specialization relation between descriptions.

lgg in RDF lgg in our SPARQL setting
@ descriptions are RDF graphs @ descriptions are Basic Graph
o the generalization/specialization Pattern Queries (BGPQs)
relation is entailment between o the generalization/specialization
RDF graphs relation is entailment between
BGPQs
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Entailment between BGPQs

gFErq = q¢* =¢

)
T /@ /®

title hasAuth hasAuthor
%<~ o
hasContactAuthor

q>(x1) q'(x)
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Entailment between BGPQs

title

hasAuthor hasAuthor

e Cr>

q>(x1) q'(x)
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@ Lgg in RDF
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Defining the 1gg of RDF graphs

Definition (1gg of RDF graphs)
Let G1,...,G, be RDF graphs and R a set of RDF entailment rules.
o A generalization of Gi,...,G, is an RDF graph G, such that

Gi Er Gg holds for 1 < i < n.

o A least general generalization (1gg) of G1,...,G, is a generalization
Grgg Of G1,...,G, such that for any other generalization G of

g17 ey gnv glgg ':R gg hOldS.

Theorem

An 1gg of RDF graphs always exists; it is unique up to entailment.
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Defining the 1gg of RDF graphs

Definition (1gg of RDF graphs)
Let G1,...,G, be RDF graphs and R a set of RDF entailment rules.
o A generalization of Gy,...,G, is an RDF graph G, such that

Gi Er Gg holds for 1 < i < n.

o A least general generalization (1gg) of G1,...,G, is a generalization
Grgg Of G1,...,G, such that for any other generalization G of

glv ceey gn: glgg ':R gg hOldS.

Result : lgg of n RDF graphs vs Igg of two RDF graphs
(3(G1,G2,93) =r £2(£2(G1,92),G3)

én(gla ooog gn) =R £2(€n—1(g17 ©ccog gn—l)a gn)
=R la(la(- - £2(02(G1,G2),G3) -+ ,Gn-1),Gn)

We focus on computing the 1gg of two RDF graphs
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Defining the 1gg of RDF graphs

>
T

hasAuthor

T =

Ssc

ConfPaper

G1

@—T—’

hasAuthor hasContactAuthor hasAuthor

ST Publication

title

" CwFOL"

sc Zsp
w hasContactAuthor
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Defining the 1gg of RDF graphs

f

hasAuthor hasAuthor hasContactAuthor

ST Publication

i)
sc Zsp
ConfPaper W CWFoLu w hasContactAuthor

title T Sse title

G1

@T@* 7 —( Researcher

hasAuthor

) v oo

TN. T

title T sc
\/‘\

=l e ey
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Defining the 1gg of RDF graphs

s i | GO 1o s
T

hasAuthor hasAuthor hasContactAuthor hasAuthor

Q?\T ””@ :T/'::’
)

t|t|e Sse title s Zsp
m ConfPaper l CwFOL" w hasContactAuthor

‘/SA\‘fTHCﬁR’esearchej/v

N
i
hasAuthor
‘/bll\F ST ”@blicati@
\ i
title T Sse
\/‘\

How to comgﬁ% this graph ?
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The cover graph of RDF graphs

Definition (Cover graph)

The cover graph G of two RDF graphs G; and G, is the RDF graph such
that for every property p in both G; and G»:

(t1, p, t2) € G1 and (t3, p, ta) € Go iff (¢(t1, t3), p,s(t2, ta)) € G
with ¢(ty,t3) =ty if t; = t3 and t; € U U L, else ¢(t1, t3) is the blank
node by, ¢, and, similarly (t2, ta) =t if to =ts and to e U U L, else
¢(ta, tg) is the blank node by, .
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The cover graph of RDF graphs

Definition (Cover graph)

The cover graph G of two RDF graphs G; and G, is the RDF graph such
that for every property p in both G; and G»:

(t1, p, t2) € G1 and (t3, p, ta) € Go iff (¢(t1, t3), p,s(t2, ta)) € G
with ¢(ty,t3) =ty if t; = t3 and t; € U U L, else ¢(t1, t3) is the blank
node by, ¢, and, similarly (t2, ta) =t if to =ts and to e U U L, else
¢(ta, tg) is the blank node by, .

Example (Anti-unification)
@ (i1, hasAuthor, SA) € G1 and (i2, hasAuthor, SA) € G, iff
(biti2, hasAuthor, SA) € G
@ (i1, hasAuthor,SA) € Gy and (i2, hasContactAuthor, SA) € G> but
(bitiz, branca, SA) ¢ G
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Cover graph-based 1gg

Theorem

Let G; and G» be two RDF graphs, and R a set of RDF entailment rules.
The cover graph G of G$° and G$° is an 1gg of G; and Go.

Proposition

An 1gg of two RDF graphs G; and G, can be computed in
O(|G$°] x |G5°]) and its size is bounded by |G$°| x |GS°|.
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Cover graph-based 1gg of RDF graphs

B i | (D om0
T

hasAuthor hasAuthor hasContactAuthor hasAuthor
T T ——> Publlcatlon
i

title T Sse

title Zsp
"CwFOL" hasContactAuthor
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Cover graph-based 1gg of RDF graphs

i | o)

hasAuthor hasAuthor hw hasAuthor
: S
i

T Zse

title title

"CwFOL" hasContactAuthor
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Cover graph-based 1gg of RDF graphs

it | @D o)

hasAuthor hasAuthor  hasContactAuthor  hasAuthor
-
i
title T Zse title T Zse Zsp
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Cover graph-based 1gg of RDF graphs
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Cover graph-based 1gg of RDF graphs
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Cover graph-based 1gg of RDF graphs

(S r i @H

T
hasAuthor hasAuthor hasContactAuthor hasAuthor

title Sse title
" CWFOL" W hasContactAuthor

gOO
1 2
g _) / bﬁ\ \k T " berr

hasAuthor

*\ ‘ (o)

tltle
Sse Publication
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@ Lgg in SPARQL
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Defining the 1gg of queries

1gg of BGPQs

Let g1,..., g, be BGPQs with the same arity and R a set of RDF
entailment rules.

o A generalization of q1,...,qn is a BGPQ g, such that g; =r g, for

1<i<n.
® A least general generalization of qi, ..., q, is a generalization g4 of
g1, --,qn such that for any other generalization g of q1,...,qn:

Q1gg ':R dg-
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Defining the 1gg of queries

1gg of BGPQs

Let g1,..., g, be BGPQs with the same arity and R a set of RDF
entailment rules.

o A generalization of q1,...,qn is a BGPQ g, such that g; =r g, for

1<i<n.

® A least general generalization of qi, ..., q, is a generalization g4 of
g1, --,qn such that for any other generalization g of q1,...,qn:
Q1gg ':R dg-
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Defining the 1gg of queries

1gg of BGPQs

Let g1,..., g, be BGPQs with the same arity and R a set of RDF
entailment rules.

o A generalization of q1,...,qn is a BGPQ g, such that g; =r g, for

1<i<n.

® A least general generalization of qi, ..., q, is a generalization g4 of
g1, --,qn such that for any other generalization g of q1,...,qn:
Q1gg ':R dg-

o P

hasContactAuthor hasAuthor

I
& > | G | 0

qi(x1) q2(x2) Gigg (%) igg0 ()

QP— hasAuthor —C}P

T T
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Enriching queries w.r.t. background knowledge

—d —r
Publication hasAuthor

) T <
=sc =sc ¢ ““\—\SP o
hasContactAuthor
@

s

g1(x1) q2(x2)

hasAuthor —*@
@— hasContactAuthor *@
’
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Enriching queries w.r.t. background knowledge

—d —r
Publication hasAuthor

) T <
jsc jsc ¢ ““\—\SP o
hasContactAuthor
@

hasAuthor hasAuthor —/
hasContactAuthor
T
r
Publlcatlon ) L ( Pubhcatlv ;L
o QResearcher) - (;Researcherr>

a3 (x1) 9023 (x2)
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Saturation of a query

BGPQ saturation w.r.t. RDFS constraints

Let R be a set of RDF entailment rules, @ a set of RDFS statements,
and g a BGPQ. The saturation of g w.r.t. O, noted q&’, is the BGPQ
with the same answer variables as g and whose body, noted body(qgy), is
the maximal subset of (body(q) U O)> such that for any of its subset S:
if O =r S holds then body(q) =r S holds.

y

(body(q) U O)*
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Entailment between BGPQs w.r.t. background knowledge

Entailment between BGPQs w.r.t. R, O

Given a set R of RDF entailment rules, a set O of RDFS statements, and
two BGPQs g; and g» with the same arity, g1 entails g, w.r.t. O,
denoted q; ':72,(9 q, iff Qe ': g> holds.

Well-founded relation : g1 =r,0 g2
@ Query entailment: if G = g1 holds then G =r g2 holds,
e Query answering: ¢1(G) C ¢2(G) holds

for any graph G whose set of RDFS constraints is O.
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Defining the 1gg of queries w.r.t. background knowledge

Definition (1gg of BGPQs w.r.t. RDFS constraints)

Let R be a set of RDF entailment rules, O a set of RDFS statements,
and q1,...,q, n BGPQs with the same arity.
o A generalization of q1,...,q, w.r.t. O is a BGPQ g, such that
giFr.0qg for 1 <i<n.

o A least general generalization of q1,...,q, w.r.t. O is a
generalization qigz of q1,..., g, w.r.t. O such that for any other
generalization g of q1,...,q, w.rt. O: quggl=7r. 00,-

Theorem

An 1gg of BGPQs w.r.t. RDFS statements may not exist for some set of
RDF entailment rules; when it exists, it is unique up to entailment

(Fr.0)-
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Defining the 1gg of queries w.r.t. background knowledge

Definition (1gg of BGPQs w.r.t. RDFS constraints)

Let R be a set of RDF entailment rules, @ a set of RDFS statements,

and g1,...,q, n BGPQs with the same arity.
o A generalization of qi,...,q, w.r.t. O is a BGPQ g, such that

iR 0qg for 1 <i<n.

o A least general generalization of q1,...,q, w.r.t. O is a
generalization qigg of q1,..., g, w.r.t. O such that for any other
generalization g of q1,...,q, w.rt. O: quggl=7r.00,-

Result : Igg of n BGPQ queries vs Igg of two BGPQ queries
t3(q1, 2, q3) =r,0 £2(£2(q1,92), g3)

En(qh ©oog qn) =R,0 Z2(£n—1(qla 0000 qn—1)7 qn)
=R,0 52(62( : '62(62(q1a q2)7 q3) Tty qn—1)7 qn)

We focus on computing 1gg of two BGPQ queries
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Defining the 1gg of queries
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Defining the 1gg of queries

“d —r
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hasContactAuthor
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Defining the 1gg of queries
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The cover of SPARQL queries

Definition (Cover query)

Let g1, g2 be two BGPQs with the same arity n.
If there exists the BGPQ g such that
o head(q1) = qi(x{,...,x]) and head(q2) = q2(x3, ..., x3) iff
head(q) = q(viasz, - - - s Vagsg)
o (t1,12,t3) € body(q1) and (14, ts, ) € body(q2) iff
(§(t1? t4)7§(t27 t5)7§(t37 t6)) € bOdy(q) with, for 1 <7 <3,
S(ti, tivs) = t; if t; = tiz3 and t; € U U L, otherwise ¢(t;, ti13) is the
variable vy, ,

then g is the cover query of q1, g>.
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The cover of SPARQL queries

Definition (Cover query)

Let g1, g2 be two BGPQs with the same arity n.
If there exists the BGPQ g such that
o head(q1) = qi(x{,...,x]) and head(q2) = q2(x3, ..., x3) iff
head(q) = q(viasz, - - - s Vagsg)
o (t1,12,t3) € body(q1) and (14, ts, ) € body(q2) iff
(§(t1? t4)7§(t27 t5)7§(t37 t6)) € bOdy(q) with, for 1 <7 <3,
S(ti, tivs) = t; if t; = tiz3 and t; € U U L, otherwise ¢(t;, ti13) is the
variable vy, ,

then g is the cover query of q1, g>.

Example

@ (x1, hasContactAuthor, y1) € body(q1) and
(x2, hasAuthor, y») € body(q2) iff (Vigxs, Vhcana, Vyays) € body(q)
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Cover query-based 1gg

Theorem
Given a set R of RDF entailment rules, a set O of RDFS statements and
two BGPQs g1, go with the same arity,

@ the cover query g of 135, q2% exists iff an 1gg of g1, qo w.r.t. O
exists;

@ the cover query g of g1%5, 2% is an 1gg of g1, g2 w.r.t. O.

Proposition

A cover query-based 1gg of two BGPQs ¢; and g» is computed in
O(|body(g1%5)| x |body(g23)|) and its size is

|body(q135)| % |body(q23)]-
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Cover query-based 1gg of SPARQL queries
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Cover query-based 1gg of SPARQL queries
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Experimentation: BGPQs (DBPedia)

Goal

@ How much more precise 1ggs are when entailment between BGPQs
w.r.t. background knowledge (=r,0) are utilized instead of just
simple entailment ().

Result

Q1<,<ny qi ):R qlgg ):R qlgg
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Experimentation: BGPQs (DBPedia)

Goal

@ How much more precise 1ggs are when entailment between BGPQs

w.r.t. background knowledge (=r,0) are utilized instead of just
simple entailment ().

Result

Gi<i<m i FRr q:‘L:gg'O Fr qig

v
[ DBpedia query Qi<ic: Mol & [ & [ & [ Q[ & [ & |
Q;'s shape tree | tree | tree graph || graph | graph | graph | graph
|body(Q:)| 416 4 6 4 6 6 6
Number of URI/variable occurrences in Q; ||| 7/5 | 9/9 5/7 7/11 5/7 9/9 9/9 9/9
| Qi(GpBpeaia) | 7 0 41 695 13 6 0 1 0
[ 150dy (QiZny )] [[te]19] 19 [ 238 ] 16 [ 23 ] 23 [ 23 |

Table: Characteristics of our test BGPQs (top) and of their saturations
w.r.t. DBpedia constraints (bottom); times are in ms.
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Experlmentatlon lgg of BGPQS (DBPedla)

[1gg of 2DBpedia BGPQs: [[ 1@ | @QQs [ @@ | Q@Q [ QuQs [ @sQs | QsQ7 [ Qs |

‘ Time to compute Gigg H‘ 3 ‘ 3 ‘ 5 ‘ 4 H 4 ‘ 5 ‘ 6 ‘ 5 ‘

| 9166 (Goepeaia) | I 477,455 | 34,747,102 | 34,901,117 | 34,747,102 [[ 1,977 [ 1221 | 35 [ 70 |
Time to compute qO“"“‘“‘ 13 14 14 15 15 14 17 18
\qs;"""’“(gmpedm)\ 10,637 | 7,874,768 456,690 4,537,824 || 1,701 | 780 34 36

[ Gain in precision M 9777 ] 7733 [ 9869 | 86.94 [[13.96 [ 36.11 | 2.85 [ 4857 |

Table: Characteristics of cover query-based 1ggs of test queries, w/ or w/o
using the DBpedia RDFS constraints; times are in ms.

[1gg of 3DBpedia BGPQs : [ @1 @2Q@ | QQQ | @:@:Q | @@Q: [ QuQrQs [ @5Q7Qs [ Q6@ Qs |

‘ Time to compute Gigg m 5 ‘ 4 ‘ 5 ‘ 6 H 10 ‘ 11 ‘ 12 ‘
| I 9166 (Foppeaia)l Il 34,747,102 | 34,901,117 [ 34,901,117 [ 34,901,117 | 70 [ 1,977 [ 4969 |
[Timetocompute g [[ 19 [ 20 [ 20 [ 24 [ 27 [ 2m | 33 |
| 15227 (Gospoasa) | || 7874768 | 615330 | 7874779 | 4537824 | 36 | 1701 | 335 |
[ Gain in precision [[_7733 | 9823 | 7743 | 8699 || 4857 | 13.96 | 93.25 |

Table: Characteristics of cover query-based 1ggs of 3 test queries, w/ or w/o
using the DBpedia RDFS constraints; times are in ms.
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Related work

Structural approaches

@ Description Logics

- [Baader et al., 1999].
- [ZarrieB and Turhan, 2013].

@ RDF: Rooted graphs, ignore RDF entailment
- [Colucci et al., 2016].

o SPARQL : tree queries, ignore RDF entailment
- [Lehmann and Biihmann, 2011].

Approaches independent of the structure

o First Order Clauses

- [Plotkin, 1970].

- [Nienhuys-Cheng and de Wolf, 1996].
e Conceptual Graphs

- [Chein and Mugnier, 2009].

a>/46



Introduction iminari i i Related work Conclusion & Perspectives
00 6 OC @000

Conclusion

Our contributions on learning commonalities in RDF and SPARQL

@ We revisited the problem of computing a least general generalization
in the entire setting of RDF & SPARQL conjunctive queries.

@ We defined a new entailment relationship between BGPQs
w.r.t. background knowledge.
e We devise algorithms to compute 1ggs of conjunctive queries and
small-to-huge RDF graphs:
o In-memory
o Data management system
o MapReduce

@ We studied the added-value of considering entailment rules when
learning lggs of RDF graphs and entailment rules plus external
ontology when learning Iggs of BGPQs, using synthetic LUBM data
and real DBpedia data.
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Perspectives

Learning commonalities in DL-Lite

@ We study the problem of learning the 1gg of KBs or queries
w.r.t. an ontology, in the setting of the DL-Liter which underpins
the OWL2 QL profile of the Web Ontology Language, the other
Semantic Web data model by W3C.
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Thank you !
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