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RDF Principles and Usage

@ Keep it simple, stupid.

@ Information in the form of statements (subject, predicate,
object).

@ URIs for resolving ambiguity.

@ A model theory as a precise foundation for entailment.
RDF Data on the Web:

e DBPedia: about 274 million triples (2008)
o LinkedData Initiative: estimated 2 Billion triples (last year)
@ OpenStreetMaps: more than 3 Billion triples
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The need for an RDF path query language

What SPARQL (and other single-rule languages) cannot do:
e arbitrary depth path traversal
Path query languages for SSD:

e XPath for XML
o CSS for HTML

No expressible, yet efficient RDF Path query language yet!!
The need for qualified descendant pointed out in [Mar05]

Embeddability in more general rule and query languages

o NREs [PAGO08] may evaluate to pairs of nodes and edges
e path languages should complement rule languages

Francois Bry, Tim Furche, Benedikt Linse The Perfect Match: RPL and RDF Rule Languages



Overview

o RPL by example

e Simple queries
o RDFS queries
o Nested queries with negation

RPL Syntax and Formal Semantics
RPL Evaluation

RPL Implementation and Demo
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RPL by Example Concatenations and Flavored RPL expressions
Directed and Adorned Expressions, Wildcards, Kleene Closure
Tree Queries, Predicate Negation and Disjunction

Paths in RDF Graphs

Definition (RDF triple, graph)

Let U, B, L be three disjoint sets of URIs, blank node identifiers
and RDF literals. Then t = (s,p,0) e UUBx Ux UUBUL s
an RDF triple. A RDF graph is a set of RDF triples.

Definition (Path in an RDF graph)

Let G be an RDF graph. The sequence ny,...,ng is a path in G,
iff the triples (n1, n2, n3), (N3, na, ns), ..., (nk—2, Nk—1, nk) are in

G.
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RPL by Example Concatenations and Flay
Di

cted and Adorned E

An example RDF graph

(eg:france) (eg:train)
rdfs:spo rdfs:spo

eg: TGV eg:Seafrance eg:NExpress
eg: TGV eg:NExpress

aép")’?)

rdfs:spo

eg.country

eg:Seafrance

g TGy eg:calais
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RPL by Example c nations and Fla\ s
Di 1 and Adorned E: s, Wildcards, Kleene Closure
ree Queries, Predicate Negation and Disjunction

An example RDF graph (continued)

spo spo
(Seafrance)

Seafrance
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RPL by Example Concatenations and Flavored RPL expressions
and Adorned Expressions, Wildcards, Kleene Closure
ries, Predicate Negation and Disjunction

Concatenations and Flavored RPL expressions

@ edge-flavored expressions:

EDGES e;... €k
@ node-flavored expressions:

NODES nqp...ng
@ edge-flavored expressions:

NODES nje;y...ex_1ng
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RPL by Example Concatenations and Flavored RPL expressions
Directed and Adorned Expressions, Wildcards, Kleene Closure
Tree Queries, Predicate Negation and Disjunction

Direct class membership

@ Find all pairs of nodes connected over a type edge.

@ Edges type

500

(Seafrance

Seafrance
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RPL by Example Concatenations and Flavored RPL expressions
Directed and Adorned Expressions, Wildcards, Kleene Closure
Tree Queries, Predicate Negation and Disjunction

Directed and Adorned Expressions, Wildcards, RSEs,
Kleene closure

RPL expression evaluate to pairs of nodes
path- and edge-flavored expressions may have directed edges

matches any node or edge

regular string expressions (RSE) for

e matching literals only: /".*"/

e matching blank nodes only: /_:/

e matching nodes/edges from a particular domain: eg:/.*/
e Kleene closure operators (7, *, +) for matching paths of
arbitrary length, qualified descendant
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RPL by Example Concatenations and Flavored RPL express
Directed and Adorned Expressions, Wildcards, Kleene Closure
Tree Queries, Predicate Negation and Disjunction

RPL Example Queries (

@ Find all direct subproperties of transport.

@ PATH transport <spo

<p°

(Seafrance

Seafrance
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RPL by Example Concatenations and Flavored RPL sions
Directed and Adorned Expressions, Wildcards, Kleene Closure
Tree Queries, Predicate Negation and Disjunction

RPL Example Queries (

e Find all indirect subproperties of transport.

@ PATH transport <spo _ (<spo _)+

sp°
[francel (train )
spo spo

(Seafrance

Seafrance
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RPL by Example Concatenations and Flavored RPL expressions
Directed and Adorned Expressions, Wildcards, Kleene Closure
Tree Queries, Predicate Negation and Disjunction

Tree Queries, Predicate Negation and Disjunction

necessity for tree queries

(]

nested predicates
EDGES a _[Nodes b[PATH d e f]]

predicates map binary relations on their first components.
In Haskell: predicate list = map fst list

predicate negation
EDGES a _[not Nodes _[not PATH d e f] ]
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RPL by Example c atenations and FI ed R <pressions
Di ed and Adorned Expressions, Wildcards, Kleene Closure

Tree Queries, Predicate Negation and Disjunction

RPL Example Queries (4)

@ Find all cities reachable from Paris.
@ PATH paris (_[PATH (_ spo)* tramsport] _)+ _

>
2
§ (Seafrance)
NExpress

eg:calais
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RPL by Example c ations and Flav S xpressions
i and Adorned E ns, Wildcards, Kleene Closure
Tree Queries, Predicate Negation and Disjunction

Integration of RPL into Rule Languages

Vxpryp2.(xp2y)—(xp1y),(p1 [EDGES sp* 1 pp)

o RDFLog: simple RDF rule language with node invention and
explicit quantifier alternation.

@ sp abbreviation for rdfs:subProperty0f
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Syntax and Semantics of RPL

RPL Abstract Syntax

. 1 . 1 . 1
atomic ——— directed —— predicated —— adorned

*
1 + +
) 1 / /—\\
predicate «——— flavored «— concatenated disjunctive
\i/
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Syntax and Semantics of RPL

[[u]l E,P
L]l E,P
I/re/18P

[>pel*
[<pel®
[[E] Ek]lE
[leq]-.-le)™

lalfq]... [fJIE

|[ E]I E,P
[e+]%
[es]*
[e?]®
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RPL Compositional Semantics

{(n1,n2) [ (n1,u,n2) € G}

{ny,n2) [ 3p. (ny,p,n2) € G}

{(ny,m2) |

dp € L(re). (nqy,p,n2) € G}

Ipel™ for X € {E, P}

{(nz,n1) |

(n1,m2) € [>pel®} for X € {E, P}

{n, =) [ Ing, ooy (

V1 <igk ((nyni) €ledF)))

[eq1¥U...ULey]™ for X € {P,E, N}
U [a'T®

a’elalfi]...[fJIDV

{(n,n) In e N}

[elX U e e+]* for X € {P,E, N}

[elU [e+1* jor X € {P,E, N}

Telu [elX for X € {P,E, N}

The Perfect Match: RPL and RDF Rule Languages



Efficient RPL Evaluation

Efficient RPL Evaluation

Definition (RPL evaluation problem)

Given an RDF graph G, a pair of nodes (n1,n2) € G, and an RPL
expression e, decide if (ng, np) € [e] over G.

Theorem (complexity of RPL)

The evaluation problem for RPL is in O(n - p) where n is the size
of the RDF graph and p is the size of the path expression.
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Efficient RPL Evaluation

Efficient RPL Evaluation

@ Idea:

o Let E(¢) be the set of predicated and atomic subexpressions of
an RPL expression ¢.

e Then ¢ can be written as a regular expression over the
vocabulary E(¢).

o Apply a labeling algorithm (following slide)

e Example:
e ¢ :=PATH a (<b[PATH c d+ e] _)* (_ e[EDGES £]7)
o E(¢)={a ,<b[PATH c d el,_ e[EDGES f]}
e set 7:= <b[PATH c d e] and ¢ := e[EDGES £]
o then ¢ = PATH a (7 J)* (L 0)7?
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Efficient RPL Evaluation

Efficient RPL Evaluation: Labeling Algorithm

@ For each unnested RDF subexpression i of ¢ do:
@ Convert ¢ into an NFA NFA(v) = (Q, X, 0, qo, F).

@ Compute (a variant of) the product automaton P(v, G) of
NFA() and the RDF graph G.

o For details see [BFL09] and [PAGO8].

Q If a state (u, qo) reaches a state (v, gr) in P(3, G), then add
the label ¢ to v in G.
Complexity:
e Step 2: O(|¢)),
e Step 3: O(|¢| - |G]),
e Step 4: O(|¢)] - |G|) (depth first search)
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Efficient RPL Evaluation

Extensions of RPL

@ extension to incomplete paths is just syntactic sugar
@ extension to unordered paths is NP-complete

e for node-flavored RPL expressions
o for edge-flavored RPL expressions

@ extension for consuming variables is straightforward
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Efficient RPL Evaluation

RPL with Unordered Paths

@ Is there a path in a Hamiltonian Cycle in G?

@ G contains a Hamiltonian cylce iff
{ EDGES 1;,,1out,-- -, kin, kour } does not evaluate to () over

the edge-expansion graph of G.
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Efficient RPL Evaluation

Conclusion

@ necessity for RDF path query languages
o Features of RPL

e embedabble in RDF rule languages
regular string expressions

Kleene closure

nested expressions

negation

clear syntax and formal semantics
efficient evaluation
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Efficient RPL Evaluation

RPL online Demonstration

RPE Query Evaluator

ROF Format @ Turtle

ROFMML NToples N3
ot s <hitp: /w3 oro 1505/ CB 22 rdT eyt -
Gprefis rifs: < 5 orar 200000 o schenses

Goreths b1 e, acamie ord/

oiaris proy prcatais
PTGV pii
o

ROEData 1y paris picoun
5700 1 unpragertyo piira
S Resstanea, T Sbbropet iyt peferry
S NBRraga TiT3:subProgaryd Bibus
pitrsin rifs:SWRErORETYGt pitransport
p-ferry rifs:subFropertyof ptransport
pibus il mPrvarnyr psrasport
o-ferry
ey Fi e pecasshal ehly
RPEQUery  PATH (piparis

>(PATH ((_ >rdfs:subpropertyof )+

stransport)] )

Submit Query

Examples

Foar

. Which nodss can be directly reached from Paris via transport means?.
L34 QUEIY . ATH (psparis S[PATH ((_ >rdfs:subpropertyof)s

pitransport)] )

o Which nodes can be reached (over an arbitrary number of intermediate nodes) from Pans via transport means?

Load QUerY gty (psparis (>[PATH ((_ srdfsisubPrapertyof)* pitransport)] )
Which nodes, that have an in their name, can be reached (ovar an arbitrary number of intermediata nodss) from Paris
i

Load query.

i e, B

SrdfeisUbBropertyot)* prtranspert)]
pitransport)] p:

0% S[BRTH (. srdfeisubbrapertyot)

. Which nodes don't have any outgoing edges?
Load QU figpes | [Epees 51

Which nads dor't b
Load auery |

iy incoming and autgaing dges? (The rasult wil shvays be smpty!)
i00ES 1 [EDGES >_11 [EDGES <_]
Which nodes are coastal cities?
Load query | PATH ([BATH (_ >rdf :type pieasstal eity)] | [RATH ([
prcoastal citp) 1)1 )

 srdfsisubPropartyf)* [PATH (_ srdfsidonsin

available at http://vatulele.pms.ifi.lmu.de:8180/rpe/
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Efficient RPL Evaluation
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