Obi-Wan: an RDF integration system

Maxime Buron
GraphlK - June 9, 2022



Ontology-Based Data Access (OBDA)

Query
v

P

Ontology
l \

. |RDF Graph|
- 00
A A :

- - - -

Mappings

ol &l 2




Preliminaries

RDF integration system

Query answering strategies

Query rewriting using GLAV mappings

Tatooine, the Obi-Wan mediator



Preliminaries



RDF graph: data and RDFS ontology

LightSaber

subclass
pilotOf



Graph saturation w.r.t. Rgata and Ronto

Raata ={  (pa, :subproperty,ps), (s,pa,0) = (s,pp,0) ... }
Ronto = { (pa :subproperty, pa)a (pav -range, O) — (p’ .range, O) coco }

The full saturation of G is GRerteURdata:




Basic graph pattern queries

We consider queries over the data and the ontology.

"Find anyone who uses something that is a kind of object"

q(x,y) < (x,:uses, z),(z, :type, y), (v, :subclass, : Object)



Saturation-based query answering

q(x,y) < (x,:uses, z), (z, :type, y), (v, :subclass, : Object)

q( GRdntaUROnto) = <ﬁ7 :L/ghf53b6r>
(4] : Vehicle)
(&, :StarShip)




RDF integration system
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Contributions
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More powerful integration setting:

e Global-Local-As-View mappings in an
OBDA context

e Queries on the data and the ontology




Global-Local-As-View mapping

GLAV mapping

data ¢2(z) head
graph T
data




Global-Local-As-View mapping example

(x, :pilotOf, y), .M.ﬂ_.
data (y,:type, :StarShip) Q e @

graph T

data l name |vehicle type
sources q1(z) Luke | starship
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RDFS ontology

data ¢(xz) | ontology
graph T
data

sources ¢ ()
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RDFS entailment

saturated saturated

graph ontology

 [Reata o ?ﬁ;@ """"""
data ¢(z) | ontology

graph T

data |

sources ¢ (x)
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RDF Integration System

saturated saturated

graph ontology

N o ?ﬁgm'o """"
data ¢(z) ~ ontology

graph T

data

sources ¢ (2)
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->Demonstration

https://pages.saclay.inria.fr/maxime.buron/projects/obi-wan/app/ris/

star-wars-example/index.html
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Query answering problem

saturated saturated
graph ontology

ontology

sources




Query answering strategies




Materialization and mediation-based approaches
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Obi-Wan dependencies for:
e materialization
e OntoSQL (triple store)
e mediation

e Graal (rewriting algorithm)
e Tatooine (mediator)
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Obi-Wan query answering strategies

Query
v

PN
Obi-Wan implements: lOntO|09y

e several techniques to handle a part of

the reasoning at query time or offline

e 9 query answering strategies based on
materialization approach

e 4 query answering strategies based on
mediation approach
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Classical strategy: all reasoning at query time (REW-CA)

F{Omo\A Raata ontology
query Reformulation REURIEES
data q2(x)
graph f
data I In mediator
sources ¢(z) evaluation
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Some reasoning at query time method (REW-C): mapping saturation

saturated Roato ontology

raph " n
srap q;a;(g;) mapping saturation

data
sources ¢ (x)




Some reasoning at query time method (REW-C): query time

saturated query  Ronto ontology
graph sat \ 5
92 A(x) E I DI Ee ] 2answers
Rdata
data
graph
data () In mediator
sources A evaluation
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RDF Integration System:

e Extension of Berlin SPARQL BenchMark

3863 GLAV mappings

e RDFS ontology of 2011 triples

Induced graph with 108M triples (185M triples when saturated)

Two data sources: One relational and one JSON
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Query answering times on heterogeneous data sources

e Materialization (MAT) - kind of reference time
o Full reformulation + rewriting (REW-CA)
e Mapping saturation + partial reformulation + rewriting (REW-C)
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Query rewriting using GLAV
mappings




Global-Local As View mappings decomposition

Definition
Given m a GLAV mapping
q1(X) = qa(A(X), ..., (X))

with fi, ..., f, template functions.

We introduce V,, a view symbol to decompose m in two mappings:

1. mapping lower part
g1(X) = Vin(A(X), ..., (X))

2. mapping upper part or LAV views:

Vin(y1, -+, ¥n) = q@2(y1,-- -, ¥n)
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Global-Local As View mappings decomposition

Definition
Given m a GLAV mapping

q1(X) = q2(f(X), ..., fa(X))
with fi, ..., f, template functions.

We introduce V,, a view symbol to decompose m in two mappings:

1. mapping lower part
g1(X) = Vin(A(X), ..., (X))

2. mapping upper part or LAV views:

Vin(y1, -+, ¥n) = q@2(y1,-- -, ¥n)

We want to rewriting a query on the integrated graph using the upper part of the mappings.
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View-based query rewriting

Definition
A view-based rewriting of g is a sound and complete rewriting of g as a conjunctive query
involving only views symbols.

We want to rewrite this query:
q() = (x, :type, :A), (x,:p, y), (y, :type, :B)

using these views :

o Vi(u) — (u,:type,:A)
o Vo(v) — Ju (u,:type,:A), (u,:p, V)
o V3(w) — (w,:type,:B)
In this example, we have a single complete rewriting:

rew() = Va(z), V3(2)
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Naive rewriting algorithm

1. compute the rewriting of the query using the views as existential rules

2. return the view-based rewriting

q() = (x;:type,:A), (x,:p. y), (v, type, :B)
Vi(u) — (u, :type,:A)

Vo(v) — Ju (u, :type, :A), (u,:p, v)

Vs(w) — (w, :type,:B)
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Naive rewriting algorithm

1. compute the rewriting of the query using the views as existential rules

2. return the view-based rewriting

Vl(U) —

V2(V) — Ju (U7 -type, :A)a (U, P, V)

V3(W) —

(u, :type,:A)

(w, :type,:B)

q() = (x, :type,:A), (x,:p,y), (v, :type,:B)
q1() = Va(x), (x,:p,y), (v, :type, :B)
92() = Va(x), (x,:p,y), Va(y)
a3() = Va(y), (v, :type, :B)
lfeW() = Va(y), Va(y)
qa() = (x_:type,:A), (x,:p,y), Va(y)
92() = Va(x), (x,:p, y), Va(y)
rew() = Va(y), Va(y)
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One step view-based rewriting algorithm

compute the single piece-unifiers of the query with the views
compute all sets of these unifiers that exactly cover the query
aggregate the unifiers contained in every set

rewrite the query with each aggregated unifiers

> ® PN =
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> ® PN =

Vi(u) — (u, :type,:A)

=(x,: LAY (X 0pyy), (v, ,:B
Vo(v) — 3u (u, :type,:A), (u,:p, v) je(\?v() (: V?(”i; V3)(y() p.y): (v, :type,:B)
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One step view-based rewriting algorithm

compute the single piece-unifiers of the query with the views
compute all sets of these unifiers that exactly cover the query
aggregate the unifiers contained in every set

rewrite the query with each aggregated unifiers

> ® PN =

Vi(u) — (u, :type,:A)

Vo(v) — Ju (u, :type, :A), (u,:p, v) je(il(:) SVZS? \2)(;/())( :p,y); (v, :type, :B)

Vs3(w) — (w, :type,:B)
Exact cover

e NP-complete problem

e Knuth's algorithm X (Dancing Links technique for the implementation: DLX)
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View-based rewriting optimizations

We simplify each view-based rewriting by:

1. computing its core

2. using the key on the views to simplify the rewriting
We remove every view-based rewriting, which:

1. are redundant, i.e., that are subsumed by another rewriting

2. contains a clash
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Tatooine, the Obi-Wan
mediator




Tatooine overview

Tatooine

e wraps the answers from
heterogeneous sources as tuples,

Un

r

(48]

Jol

[16 = 17)
SkolemFunction
(<1503166:(0)>)

e allows to evaluate conjunctive

query plans over heterogeneous
sources.

Plan transformations before the e,

ramss

SkolemFunction
TogSel(6 = ~4"] (<bsbm-instdataFromProducer(1)/Product(0}, <lso.

evaluation:

1. original logical plan

SkolemFunction
({2)", <bsbm-Inst:dataFromRatingStte{4)/RatingS!

2' Optlm iZed |Ogica| pla n ("(5)", "(6)", <bshrswk—zlvzwcfaulg?mvRalu\gsue(10)/ P'Wucm?““‘a&ziw"”y
[nr, producer, country]
3. physical plan

SaL
SELECT R.nr AS v, Pname AS name, P.mbox_shatsum.
FROM Person AS P, Review AS R
WHERE R.person = P.nr

SaL
SELECT nr, product, producer, person, reviewDate,
FROM Review
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From view-based rewriting to original logical plan

We unfold each view-based rewriting using the mapping lower parts to build a query plan.

iy

A rewriting: |

rew(y) = Va(y), V2(y773) / Pf(i)dgz‘“) \
7
f

The mapping lower parts:

e qi(x) = Vi(fA(x))
o qo(u,v) = Vo(fa(u), fz3(v)) Q

i o 00

(1) (m) 012@,\/)
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Plan optimizations

1. Tatooine optimizes query plan with:

e local transformations of the plan
e based on heuristics (without statistical information)
e to push as many as possible operators to the source queries.

2. It also reorders the join operators in join trees to gather the ones that are on the same

source.

4

~N
M/ ‘1}/51 i
/N - M/ (S
(11 5 011/51 0(1/ A

-> An optimized plan example

AN

B oy Kk

1
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Local optimizations: moving up function operators

Pushing selection through function operator

H r fi}u i h G\I{)M: . Je [lm)
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From logical to physical plan : join implementations

e Hash join:

1. loads the tuples from the left and right children

2. performs the join using a hash of the values taken on the joint columns
e Left (right) bind join:

1. reads the next tuple t from the left child

2. selects the right tuples using the values taken by t on the joint columns

3. concatenates t with each returned right tuples
4. goto 1.

Bind joins requires less memory, but needs the ability to select tuples from one child.
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Conclusion

e Obi-Wan is an OBDA system that supports RDFS ontologies and GLAV mappings

Obi-Wan proposes several materialization and mediation-based query answering strategies

e Query rewriting is performed using an one step view-based rewriting

The mediator Tatooine implements several query plan optimizations
source: https://gitlab.inria.fr/cedar/obi-wan
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