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SAOR - Reasoning for SWSE n

http://swse.deri.org/

SMS

( Search )

m We want the challenge data plus OWL inferred data
in the search results!

m Our approach:
SAOR - Scalable Authoritative OWL Reasoning

Enabling networked knowledge.
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m Apply a subset of OWL reasoning to the billion triple challenge
dataset

m Forward-chaining rule based approach, e.g.[ter Horst, 2005]

m Reduced output statements for the SWSE use case...
0 Must be scalable, must be reasonable

m ... incomplete w.r.t. OWL BY DESIGN!

0 SCALABLE: Tailored ruleset

— file-scan processing
— avoid joins

0 AUTHORITATIVE: Avoid Non-Authoritative inference

” 1]

(“hijacking”, “non-standard vocabulary use”)
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SWSE

Scalable Reasoning n

m Scan 1:

Scan all data (1.1b statements), separate T-Box statements,
load T-Box statements (8.5m) into memory, perform
authoritative analysis.

m Scan 2:
Scan all data and join all statements with in-memory T-Box-.

0 Only works for inference rules with 0-1 A-Box patterns
0 No T-Box expansion by inference

- Needs “tailored” ruleset

s
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PG Rules Applied:

SWSE Tailored version of [ter Horst, 2005]

# DL Syntax Rule # Inferred
GO : NO A-BOX PATTERNS IN ANTECEDENT
00 {o;...o0n}  7C :0neOf (701 ... 70n) . = ?01 ... Ton a 7C . 35,161

Gl : ONE A-BOX PATTERN IN ANTECEDENT

01 CCD 7C rdfs:subClassOf 7D . 7s a 7C . = ?7sa 7D . 1,124,758.,631
02, C=D 7C :equivalentClass 7D . 7s a f"‘!ff‘ = 7sa’?D. 8,137,162
02, ?C :equivalentClass 7D . ?s a 7D . = ?s a 7C . 90,372
03 PLQ 7D rdls:subPropertyOr 7Q . ‘?s P P0. =18 7Q 70 . 156,462,399
04, P=0 7P :equivalentProperty 7Q . 7s 7P 70 . = 7s 7Q 7o . 5,667,464
04, 7P :equivalentProperty 70) 78 70 7% .= "7 7P 70 . 6,642
05, p—p- 7P :inverseOf 7Q . 7s 7P ?o .= ?o 7Q 7s . 230,945,040
05, ~~ © 7P :inverseOf 7() . 7s 7)) 70 . = 70 7P 7s . 230,941,648
06 TCEVP .C' 7P rdfs:domain ?7C . 7s 7P 70 . = 7s a 7C . 588,530,865
07 TCVPC 7P rdfsicrange 7C . 7s 7P 70 . = 70 a 7C . 528,995,909
08 P=P~ 7P a :SymmetricProperty . 7s 7P 7o . = 70 7P 7s . 560,460
09, APy 7C :hasValue 7x; :onProperty 7P . 7y 7P 7x . = 7y a 7C . 98,601
09, 7C :hasValue 7x; :onProperty 7P . 7y a 7C . = 7y 7P 7x . 104,780
10 CiU...uCy 7C :unionOf (7C,...7C;..7C,) . 7xa 7C;, . = 7x a 7C. 81,736,234
11 (> 1P) 7C :minCardinality 1; :onProperty 7P . 7x 7P 7y . = 7x a 7C . 65,283,322
12, C1 M ... Cp 7C intersectionOf (7C; ... 7C,) . 7y a 7C . = 7y a 7Cq, ..., 7C,, . 115,383
12, C1 M ...y 7C iintersectionOf (7C1) . 7y a 7Cy . = 7y a 7C . 42

_ﬁ".i Enabling networked knowledge.
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" 5 Good “excuses” to avoid G2 rules n

SUSE XeIX

m The obvious:
0 G2 rules would need joins, i.e. to trigger restart of file-scan

m The interesting one:

0 Take for instance IFP rule:
T CEV<1P~ 7P a :InverseFunctionalProperty . 7x 7P 7o . 7y 7P 70 . = 7x :sameAs 7y .

0 Maybe not such a good idea on real Web data

o000 SWSE, Semantic Web Search Engine (@)
I’\i):' 'ﬁ\§/,‘ ':‘ ‘E' [ L) htp://swse.deri.org/list?keyword=++++08445a31a78661b5¢c746feff39a9dbbe4er v ) e [i Google Q’
Home

? KEYWORD 08445a31a78661b5c746feff39a... U

Results 1 - 10 of 195 nex

enid1http3A2F2Fluk: — | £ ~, Erweiterte Suche
e ( ‘;O { )(g le 0844523127866 105c746feff39a0dbbese2ccScf (‘Suche ) Sroteresuce

genid Lhttp3A2F 2Ftorr Suche: ® Das Web Seiten auf Deutsch Seiten aus Deutschland
Person
— Web Ergebnisse 1 - 10 von ungefahr 16.000 fir 08445a31a78661b5c746feff39a9db6ede2ccScf. (0,15 Sekunden)

0 More experiments including G2, G3 rules in [Hogan, Harth, Polleres, ASWC2008]

3 Enabling networked knowledge.
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Susp AR Authoritative Reasoning

m Document D authoritative for concept C iff:

0 C not identified by URI
- OR

0 De-referenced URI of C coincides with or redirects to D
O FOAF spec authoritative for foaf:Person v
O MY spec not authoritative for foaf:Person X

Ontology Hijacking

m Only allow extension in authoritative documents
O my:Person rdfs:subClassOf foaf:Person . (MY spec) v

m BUT: Reduce obscure memberships
O foaf:Person rdfs:subClassOf my:Person . (MY spec) X

m Similarly for other T-Box statements.

m In-memory T-Box stores authoritative values for rule execution

N
i)

N
National University of Ireland, Galway
Qllscoil ng ':4, Cgitlim

Enabling networked knowledge.



oo .

SWSE

Rules Applied

# DL Syntax Rule # Inferred
| G0 : NO A-BOX PATTERNS IN ANTECEDENT |
00 {os...on}  7C :0neOf (701 ... 70,) . = 701 ... 70, a 7C . 35,161
‘ Gl : ONE A-BOX PATTERN IN ANTECEDENT |
01 CCD 7C kdfs:subClassOf 7D . ?7s a 7C . = ?sa 7D . 1,124,758,631
024 C=D M@ equivalentClass 7D . 7sa 7C . = 7s a 7D . 8,137,162
02, ?7C :equivalentClass 7D . 7sa 7D . = 7s a 7C . 90,372
03 PCQ 7P rdfs:subPropertyOf 7Q . 7s 7P 70 . = 7s 7Q 70 . 156,462,399
04, P=Q 7P :equivalentProperty 7Q . 7s 7P 70 . = 7s 7Q 7o . 5,667,464
04, 7P :equivalentProperty 7Q) . 7s ?() 70 . = 7s 7P 70 . 6,642
054 p—p- 7P inverseOf 7Q . 7s 7P 70 . = 70 7Q 7s . 230,945,040
05, 7P :inverseOf 7(Q) . 7s 7Q) 70 . = 70 7P 7s . 230,941,648
06 TCVP .C 7P rdfs:domain ?7C . ?s 7P 70 . = ?s a 7C . 588,530,865
07 TCEVPC 7P rdfsirange 7C . 7s 7P 70 . = 70 a 7C . 528,995,909
08 P=P~ ’P a :SymmetricProperty . 7s 7P 70 . = 70 7P 7s . 560,460
09, 1P 7C :hasValue 7x; :onProperty 7P . 7y 7P 7x . = 7?7y a 7C . 98,601
09 ' ?C :hasValue 7x; :onProperty 7P . 7y a 7C . = 7y 7P 7x . 104,780
10 CiU...UuCy 7C :unionOf (7C1...7C,..7C,) . 7xa ’C, . = 7x a 7C . 81,736,234
11 (> 1P) 7C :minCardinality 1; :onProperty 7P . ?7x 7P 7y . = ?x a 7C . 65,283,322
124 C1 M ..M Cy 7C :intersectionOf (7Cy ... 7C,) . 7y a 7C . = 7y a 7Cq, ..., 7Cy . 115,383
12, C1 M...MNCy 7C :intersectionOf (7Cy) . 7y a /C; . = 7y a ?7C . 42
The 17 rules applied including statements considered to be T-Box, elements which must be spoken for
(including for ), and output count
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National Umvermty of Ireland Galway

science fou ndat\on reland
onduireacht ©



Authoritative Resoning covers
rdfs: owl: vocabulary misuse

oo .

SWSE

m http://www.polleres.net/nasty.rdf:

r0fs 0wl Hijacking
rdfs:subClassOf rdfs:subPropertyOf rdfs:Resource.

rdfs:subClassOf rdfs:subPropertyOf rdfs:subPropertyOf.
rdf:type rdfs:subPropertyOf rdfs:subClassOf.
rdfs:subClassOf rdf:type owl:SymmetricProperty.

m Naive rules application would infer O(n3) triples

m By use of authoritative reasoning SAOR/SWSE
doesn’t stumble over these ©

s
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SUSE Performance
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Graph showing SAOR'’s rate of input/output statements per minute for reasoning on 1.1b
statements: reduced input rate correlates with increased output rate and vice-versa

Enabling networked knowledge.
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Results

SCAN 1: 6.47 hrs
O In-mem T-Box creation, authoritative analysis:

SCAN 2: 9.82 hrs

0 Scan reasoning - join A-Box with in-mem authoritative T-Box:

1.925b new statements inferred in 16.29 hrs

1.1b + 1.9b inferred = 3 billion triples in SWSE

On our agenda:

0 More valuable insights on our experiences from Web data

0 G2 and G3 rules?
0 Detailed comparison to OWL RL

Enabling networked knowledge.



Search result example:

SWSE

o000 SWSE, Semantic Web Search Engine (@)
=1 ( 4):\:' '\E/' r\:/' iii;} l_ihttp:,f.v'sv.'se.demorg.v‘detail’?’ocus=http%3/\%2F%ZFsemanticweb‘org%ZF,dXZFPeter_Mika WY p ll& OWL skeleton Q' [
ﬂ || YARS2 SPARQL Query Interface €3 | | | htp://swse.der...pt=text%2Fhtml ) | |_| SWSE, Semantic Web Search Eng... €) | | SWSE, Semantic Web Search Eng... €3 | [ | SWSE, Semantic Web Search Eng... ) | -
Peter Mika M
Results 1 -1of 1
Peter Mika &
label type
Peter Mika Person
Peter Mika Resource
name Thing
Peter Mika Agent-3 .
Agent
Person
SpatialThing
Agent
Subject ,
Person
isDefinedBy
Peter Mika
page
Peter Mika
seeAlso "
Peter Mika
Sources
http://sw.deri.org/2008/02 /reasoning/spec#rdfs subClassOf @ http://sw.deri.org/2008/02/reasoning/spec#rdfs range &
http://semanticweb.org/?title=Special:ExportRDF/SeMMA2008&xmImime=rdf & http://semanticweb.org/wiki/Special:ExportRDF/SWKM2008 &
http://semanticweb.org/?title=Special: ExportRDF/ASWCZOO?&xm|m|me—rdf http://semanticweb.org/wiki/Special:ExportRDF/Peter Mika?xmlmime=rdf &
http://semanticweb.org/wiki/Special:ExportRDF/SemSearch 08 & http://semanticweb.org/wiki/Special:ExportRDF/Peter Mika &
http://semanticweb.org/wiki/Special:ExportRDF/ISWC2007+ASWC2007 & http://semanticweb.org/wiki/Special:ExportRDF/ISWC2007?xmImime=rdf &
http://semanticweb.org/wiki/Special:ExportRDF/SemWiki2006?xmImime=rdf &
http://semanticweb.org/?title=Special:ExportRDF/ISWC2008&amp:;xmImime=rdf & http://semanticweb.org/wiki/Special:ExportRDF/SemWiki2006 &
http://sw.deri.org/2008/02 /reasoning/spec#rdfs subPropertyOf & http://semanticweb.org/wiki/Special:ExportRDF/ISWC2007 & :
@

Done

Sfl Enabling networked knowledge.
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Enjoy the data . ¢¢°b c(mm TER scn:c . 'Iﬂ;“'—i;\“ ‘
L microformats Z. 3)

% & | |
g mll] g E Crawler @

l [ SAOR

Extraction Indexing |

4

Query , SPARQL
/ Processing API

\' User

Ranking ~| Interface

"

GUI: http://swse.deri.org/
SPARQL interface: http://swse.deri.org/yars2/

Contact us for feedback!

Enabling networked knowledge.




