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The Semantic Web

Web “invented” by Tim Berners-Lee (an Oxford graduate!), then a
physicist working at CERN

His original vision of the Web was much more ambitious than the reality
of the existing (syntactic) Web:

“... a set of connected applications ... forming a
consistent logical web of data ... information is
given well-defined meaning, better enabling
\computers and people to work in cooperation ...” )

This vision of the Web has become known as the Semantic Web
= Latest (refined) definition:

"a web of data that can be processed directly and indirectly by machines"
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How Does it Work?

0 Standardised language for exchanging data

= W3C standard for data exchange is RDF
= RDF is a simple language consisting of <S,P,0> triples
= for example <eg:lan eg:worksAt eg:Oxford>

= all S,P,0 are URIs or literals (data values)
= Set of triples can be thought of as a graph
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How Does it Work?

0 Standardised language for exchanging data

http:fiwww.w3.0rg/2000/10/swap/pim/contact#Person

M\mw&orgm999/0-2."22=rdf=synlaxxns#lype

http:/www.w3.org/People/EM/contact#ime

hitpfwww w3.0rgl2000/10/swap/mmicontact#fuliName

Eric Miller

hitp: fwww w3.orgf2000/10/swap/pimicontact#mailbox

mailto:em@w3.org

hitp: fwww w2.orgf2000/10/swap/pimicontact#personalTitle

Dr.
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How Does it Work?

@ Standardised language for exchanging schemas

= Use of URIs provides a
flexible naming scheme

Tartav.
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How Does it Work?

@ Standardised language for exchanging schemas

= Use of URIs provides a
flexible naming scheme

= Also need to exchange semantics
of data

= RDF(S) provides basic capabilities

= subclass, subproperty, range and domain
= OWL is W3C standard for
schema exchange

= rich language for conceptual schemas,
aka ONTOLOGIES
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What is an Ontology?

PR oceasrent oF Information Systems Group ® B
b4 COMPUTER o l
VVVVVVVVVVV SCIENCE

OXFORD



What is an Ontology?

A fundamental branch of metaphysics
= Studies “being” or “existence” and their basic categories
= Aims to find out what entities and types of entities exist

Supreme genus: Substance

Differentiae: material immaterial
Subordinate genera: Body \Spl rit
Differentiae: animale/ \inanimate
Subordinate genera: Living \Mlne ral
Differentive: sensitive insensitive
Proximate genera: Animal \Plant
Differentiae: rational irrational

Species: Human \Beast
Individuals: Socrates Plato  Aristotle etc.
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What is an Ontology?

A model of (some aspect of) the world
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What is an Ontology?

A model of (some aspect of) the world
= |Introduces vocabulary

relevant to domain, e.g.: —— \

;.-“J..: 4 v /
X1 £ 3
e Heart

Trachea —

= Anatomy

Supernior - Esophagus

vena cava -~
Long —— %17 _— Diaphragm
Liver — | ____——— Aorta
Inferior ‘ | ~— Spleen
vena cava =

Gallbladder -~ 4T N ~ Stomach

T Pancreas
Kidney -~

Ureter — | | T Small

intesting

T Large
intesting

Appendix ——
Bladder —

Urethra ——t
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What is an Ontology?

A model of (some aspect of) the world

= |Introduces vocabulary
relevant to domain, e.g.: Microfilaments

Lysosome

- An atomy Peroxisome

= Cellular biology Centrioles PN 560 R, Nucteus

Mitochondria

Rough
Endoplasmic

~ Nuclear
“Pores

=z Plasma
. —Membrane

Nucleolus

Micro s
+  Nuclear
-~ Envelope

Chromatin

Rough
Endoplasmic

S, Reticulum
L e Ribosomes Figure 1
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What is an Ontology?

A model of (some aspect of) the world

= |Introduces vocabulary
relevant to domain, e.g.:

= Anatomy
= Cellular biology

= Aerospace
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What is an Ontology?

A model of (some aspect of) the world

= |Introduces vocabulary

relevant to domain, e.g.:

= Anatomy

Cellular biology

= Aerospace
= Cell Phones

oste SCIENCE
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What is an Ontology?

A model of (some aspect of) the world

= |ntroduces vocabulary
relevant to domain

= Specifies meaning (semantics)
of terms

Heart is a muscular organ that
Is part of the circulatory system
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What is an Ontology?

A model of (some aspect of) the world

= |ntroduces vocabulary
relevant to domain

= Specifies meaning (semantics)
of terms

Heart is a muscular organ that
Is part of the circulatory system

= Formalised using suitable logic
Vx.[Heart(z) — MuscularOrgan(z) A

Jy. [isPartOf(z,y) A
CirculatorySystem(y)]]

2
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How are ontologies used?
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How are ontologies used?

N
~

Patient(John)
suffersFrom(John, d1)
HeartDisease(d1)

~_
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How are ontologies used?

N
~

Patient(John)
suffersFrom(John, d1)
HeartDisease(d1)

~_

Patients suffering from
vascular disease
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How are ontologies used?

N
~

Patient(John)
suffersFrom(John, d1)

HeartDisease(dl) |e—

~_

Patients suffering from
vascular disease
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How are ontologies used?

N
~

Patient(John)
suffersFrom(John, d1)
HeartDisease(dl) |e—

~_

Patients suffering from
vascular disease
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How are ontologies used?

N
~

Patient(John)
suffersFrom(John, d1)
HeartDisease(d1)

~_

Heart C MuscularOrgan M
disPartOf.CirculatorySystem
HeartDisease = Disease N
Jaffects.Heart
VascularDisease = Disease N
Jaffects.(JisPartOf.CirculatorySystem)

Patients suffering from
vascular disease
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How are ontologies used?

N
~

Patient(John)
suffersFrom(John, d1)
HeartDisease(d1) €

~_

Heart C MuscularOrgan M
disPartOf.CirculatorySystem
HeartDisease = Disease N
Jaffects.Heart
VascularDisease = Disease N
Jaffects.(JisPartOf.CirculatorySystem)

Patients suffering from
vascular disease
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How are ontologies used?

N
~

Patient(John)
suffersFrom(John, d1)
HeartDisease(d1) <

~_

Heart C MuscularOrgan M
disPartOf.CirculatorySystem
HeartDisease = Disease N
Jaffects.Heart
VascularDisease = Disease N
Jaffects.(JisPartOf.CirculatorySystem)

Patients suffering from
vascular disease
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How are ontologies used?

N
~

Patient(John)
suffersFrom(John, d1)
HeartDisease(d1) €

~_

Heart C MuscularOrgan M
disPartOf.CirculatorySystem
HeartDisease = Disease N
Jaffects.Heart
VascularDisease = Disease N
Jaffects.(JisPartOf.CirculatorySystem)

Is heart disease a kind
of vascular disease?
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How are ontologies used?

N
~

Patient(John)
suffersFrom(John, d1)
HeartDisease(d1) <

~_

Heart C MuscularOrgan M
disPartOf.CirculatorySystem
HeartDisease = Disease N
Jaffects.Heart
VascularDisease = Disease N
Jaffects.(JisPartOf.CirculatorySystem)

Is heart disease a kind
of vascular disease?
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How are ontologies used?

N
~

Patient(John)
suffersFrom(John, d1)
HeartDisease(d1) €

~_

Heart C MuscularOrgan M
disPartOf.CirculatorySystem
HeartDisease = Disease N
Jaffects.Heart
VascularDisease = Disease N
Jaffects.(JisPartOf.CirculatorySystem)
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How are ontologies used?

N
~

Patient(John)
suffersFrom(John, d1)
HeartDisease(d1)

~_

Heart C MuscularOrgan M
disPartOf.CirculatorySystem
HeartDisease = Disease N
Jaffects.Heart
VascularDisease = Disease N
Jaffects.(JisPartOf.CirculatorySystem)

Heart = JisPartOf.CirculatorySystem, -

€
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How are ontologies used?

Data

informadcion
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ications: Semantic Web

Textonly | Melp
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SPORT  FOOTBALL WORLD CUP 2010 GROUPS & TEAMS FIXTURES & RESULTS VIDEO BBC COVERAGE

Latest matches -+ England

NED 2-1 BRA B England 1-1 United States Match report A B C D 3 F G H
Saturday, 12 une Group C Teams w D L GD PTS
. usA 2

B England 0.0 Algena Match report - US L ¢ 0 ! 5
Friday, 18 June + Eng 12 B0 ) s
D Slovenia 0-1 England Match report i Slovenia L L 1 0 4
Wednesday, 23 June 8 Algena 0 1 2 -2 1
D Germany 4-1 England Match report

Sunday, 27 June Features

German lessons
Jurgen Kinsmann on how to
revolutonise England

Latest stories

Gerrard commits
future to England NEW

Pressure got to
Rooney - Ferguson

» A German view on Englksh football

» Redknapp backs England to shine

» England sponsorshep hkely to FA unfit for purpose says Cabom » BAC pundits on England
and
» Roy Hodgson QBA
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. .[ ;"3‘, R 0 » World Cup goals analysis
» England duo bypass London
event
PARO-1ESP Around the web
» Barwick baftled by disma
Englanc » B2 he country page
» England F¢a Prohle
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Applications: Semantic Web

CMS

Journalist

CMS

= uthor
[stories)

Content

Metadata | EXtract
ul Asset

[silverlight) Metadata

CONCEPT
EXTRACTION
ontol driven

Metadata REST API

[json/r{3/xml)

Dynamic
Rendering
[php]

HTM?RDF Asgets

News Proxy
Static
[apache]

Request Team/Player/Group Page
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Applications: Semantic Web
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Applications: Oil and Gas Industry

= Statoil use data to inform production
and exploration management

Large and complex data sets are
difficult and time consuming to use

= Using ontologies to improve
access to relevant data

= Statoil estimate that this could add
€1B/year to their net income
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Applications: Energy Supply Industry

= EDF Energy offer personalised energy £ - cOmess
saving advice to every customer .
 |EnergyNow 5 7 G e
cont 7. £3.8 |
e (8 -
- OWL ontology used to model relevant : =

\

- =)\
o
)

environmental factors

T eDF:!

—

= Oxford’s HermiT reasoner used to match customer
circumstances with relevant pieces of advice
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Applications: Intelligent Mobile Platform

= Samsung developing Intelligent Moblile
Platform to support context-aware applications

= |MP monitors environment via sensor data
(GPS, compass, accelerometer, ...)

= Reasoning enabled semantic data store used
to infer context

= Applications exploit context to enable
more intelligent behaviour
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Research ~~ Practice

= Selecting suitable language/logic

= expressiveness -v- computability tradeoff
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Research ~~ Practice

= Selecting suitable language/logic
= expressiveness -v- computability tradeoff

= Description Logics are a family of FOL fragments
with useful computational properties
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Research ~~ Practice

= Selecting suitable language/logic
= expressiveness -v- computability tradeoff

= Description Logics are a family of FOL fragments
with useful computational properties

12

' MnAcC A MCT
MCA ... MC A, — MCZ3IRN NLC.L
— — : -L'E — —
R1 VMEC DA_Ce(’) R2 MEL
MCdRi.N MLCVR.A MCdRi.N NLCVR:.A _
= = : C = = : Co R
M C 3R,.(N N A) fiEo R MCA fiCo B
MCdR,.Ny, N:.C B MCdR,.Ny MCB
M C dR;.No N; C B N; C HRQ.(NZ |_IA)
M LC <£18.B "RiCoS N, C £18.B NQHAEB_ngos—

R5

: R6 :
MC3R,.(NiNN:) R:Co S MCA MC3R,.Ny R:CoS
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Research ~~ Practice

= Selecting suitable language/logic
= expressiveness -v- computability tradeoff

= Description Logics are a family of FOL fragments
with useful computational properties

= OWL based on SROZQO DL
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Research ~~ Practice

= Selecting suitable language/logic
= expressiveness -v- computability tradeoff

= Description Logics are a family of FOL fragments
with useful computational properties

= OWL based on SROZQ DL
= Dealing with computational intractability

= SROZQ is 2NExpTime (-v- logspace for databases) 7y=2
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Research ~~ Practice

= Selecting suitable language/logic
= expressiveness -v- computability tradeoff

= Description Logics are a family of FOL fragments
with useful computational properties

= OWL based on SROZQ DL
= Dealing with computational intractability

= SROZQ is 2NExpTime (-v- logspace for databases) 7y=2

= Goal directed algorithms and highly optimised
implementations effective for schema reasoning
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Schema Reasoning — Solved Problem

uuuuuuuuuu

OXFORD

SNOMED CT GALEN FMA GO
Logic ELC ELC ELC EL
#classes 315,489 23,136 78,977 19,468
#properties o8 950 7 1
F#axioms 430,844 36,647 121,712 28,897
#C > 10! >10%2 > 10° > 108
ELK (1 worker) 13.15 1.33 0.44 0.20
ELK (4 workers) 5.02 0.77 0.39 0.19
Plant Anat. SWEET-P NCI-2 DOLCE-P
Logic SHIF  SHOIN ALCH SHOIN
#classes 19,145 1,728 70,576 118
#properties 82 145 189 264
F#axioms 35,770 2,419 100,304 265
#C > 108 >10° > 10° > 10*
HermiT 11.2 11.2 — 105.1
Pellet 87.2 — 172.0 105.1
FaCT++ 22.9 0.2 60.7 —
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Query Answering Still Problematical

Large datasets — conflicting requirements

Modeling complex application domains requires:
Rich ontology languages

Fine-grained information access requires:
Powerful query languages
Processing large datasets requires:
Scalable reasoning
Applications (often) require:
Reliable answers (guaranteed sound and complete)
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Various Approaches — Different Tradeoffs

O Use full power of OWL and complete reasoner
input: any OWL ontology, dataset and query
output: sound and complete query answer

® Use a suitable “profile” and specialised reasoner:
input: restricted OWL ontology; any dataset and query
output: sound and complete query answer

® Use full power of OWL and incomplete reasoner
input: any OWL ontology, dataset and query
output: sound but (possibly) incomplete query answer
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Various Approaches — Different Tradeoffs

O Use full power of OWL and complete reasoner:

v" Well-suited for modeling complex domains
v" Reliable answers

x High worst-case complexity

% Scalability problems for large datasets

Complete ontology reasoners:

- E.g., FaCT++, HermiT, Pellet, ...

- Based on (hyper)tableau (model construction) theorem provers
- Proof needed for each answer tuple

- Unlikely to scale to very large datasets

w DEPARTMENT OF Information Systems Group ® '
4 COMPUTER }

et SCIENCE




Various Approaches — Different Tradeoffs

® Use a suitable “profile” and specialised reasoner:

v" Tractable query answering in size of data

v" Reliable answers (for inputs in the profile)

x Restricted expressivity of the ontology language
% Reasoners reject inputs outside profile

OWL 2 QL ontology reasoners:
- E.g., QuOnto, Requiem, ...

- Based on query rewriting technique — ontology used to
rewrite (expand) query

- Data in scalable (relational) data stores

GEEyY  DeparTMENT OF Information Systems Group ® V
4 COMPUTER l

et SCIENCE




Query Rewriting

Given ontology O query Q and mappings M:
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Query Rewriting

Given ontology O query Q and mappings M:

= Rewrite Q@ — Q' s.t. answering Q' without O equivalent to
answering Q w.r.t. O for any dataset

O

O
Q% Rewrite [

(’é) DEPARTMENT OF Information Systems Group o '
A compuUTER ))
oy SCIENCE




Query Rewriting

Given ontology O query Q and mappings M:

= Rewrite Q@ — Q' s.t. answering Q' without O equivalent to
answering Q w.r.t. O for any dataset

= Map ontology queries — DB queries (typically SQL) using
mappings M to rewrite Q' into a DB query

O ./'M

|
l Qv SOc
Q*{ Rewrite | : Map [
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Query Rewriting

Given ontology O query Q and mappings M:

= Rewrite Q@ — Q' s.t. answering Q' without O equivalent to
answering Q w.r.t. O for any dataset

= Map ontology queries — DB queries (typically SQL) using
mappings M to rewrite Q' into a DB query

= Evaluate (SQL) query against DB
O ./'M

| D
l O v SOc
Q*{ Rewrite Map— > DB Ans
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Query Rewriting — Example

O Doctor C dtreats.Patient
Consultant C_ Doctor

Q Q(x) « treats(zx, y) A Patient(y)

Patient +~— SELECT Name FROM Patient

M {Doctor — SELECT Name FROM Doctor
treats +~— SELECT DName, PName FROM Treats
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Query Rewriting — Example

r) « treats(z, y) A Patient(y)
z) « Doctor(z) A Patient(f(z))

octor C dtreats.Patien (z)

O{ Doctor C Jtreats.Patient (2)
() « treats(z, f(x)) A Doctor(z)

(z)

(z)

Consultant L Doctor Q/

Q Q(x) « treats(zx, y) A Patient(y) — Doctor(z)

z) < Consultant(z)

Patient +~— SELECT Name FROM Patient

M {Doctor — SELECT Name FROM Doctor
treats +~— SELECT DName, PName FROM Treats
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Query Rewriting — Example

t t A Patient
O { Doctor [ Jtreats.Patient Q(z) « treats(z, y) A Patient(y)

Consultant C Doctor Q/
GH—trestsia—f{a-ADoctor(®)
Q(z) «— Doctor(z)

— treats(z, y) A Pati
Q Qle) = treats(z, y) A Fatient(y) Q(z) <« Consultant(z)

Patient +~— SELECT Name FROM Patient

M {Doctor — SELECT Name FROM Doctor
treats +~— SELECT DName, PName FROM Treats
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Query Rewriting — Example

Q(x) « treats(z, y) A Patient(y)

St —BoctortrAPatientfiri-
Ql

He——treatsta e -ADocter(2)

Q(z) «— Doctor(z)

Q(z) — Consultant(z)

O { Doctor C 3treats.Patient

Consultant C_ Doctor

Q Q(x) « treats(z,y) A Patient(y)

Patient +~— SELECT Name FROM Patient

M {Doctor — SELECT Name FROM Doctor
treats +— SELECT DName, PName FROM Treats

SQE SELECT Name FROM Doctor UNION
SELECT DName FROM Treats, Patient WHERE PName=Name
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Various Approaches — Different Tradeoffs

® Use full power of OWL and incomplete reasoner:

v" Well-suited for modeling complex domains

v Favourable scalability properties

v" Flexibility: no inputs rejected

% Incomplete answers (and degree of incompleteness not known)
x Materialisation based techniques assume static data

Incomplete ontology reasoners:

E.g., Oracle’s Semantic Datastore, Sesame, Jena, OWLim, ...
- Based on RDF triple stores and deductive DB technologies
- Widely used in practice to reason with large datasets
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Materialisation

Given (RDF) data DB, ontology O and query Q:
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Materialisation

Given (RDF) data DB, ontology O and query Q:

« Materialise (RDF) data DB — DB’ s.t. evaluating Q w.r.t. DB’
equivalent to answering Q w.r.t. DB and O

nb: Closely related to chase procedure used with DB dependencies

O
|

%

DB | ’{ Materialise |
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Materialisation

Given (RDF) data DB, ontology O and query Q:

« Materialise (RDF) data DB — DB’ s.t. evaluating Q w.r.t. DB’
equivalent to answering Q w.r.t. DB and O

nb: Closely related to chase procedure used with DB dependencies

« Evaluate O against DB’

O
|

%

DB | ’{ Materialise |
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Materialisation — Example

O Doctor = dtreats.Patient
Consulatant L Doctor

treats(dy, p1)
Patient(p1)
DB Doctor(d>)

Consultant(cy)
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Materialisation — Example

(,) Doctor = dtreats.Patient
Consulatant = Doctor

treats(dy, p1)
treats(dy, p1) Patient(p1 )
Patient(p;) , ) Doctor(d>)
DB Doctor(d>) DB Consultant(cy)
Consultant(c,) Doctor(d)
Doctor(cy)
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Materialisation — Example

(,) Doctor = dtreats.Patient
Consulatant = Doctor

treats(dy, p1)
treats(dy, p1) Patient(p1 )
Patient(p;) , ) Doctor(d>)
DB Doctor(d>) DB Consultant(cy)
Consultant(c,) Doctor(d)
Doctor(cy)

Q1 Q(z) — Doctor(y)
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Materialisation — Example

(,) Doctor = dtreats.Patient
Consulatant = Doctor

treats(dy, p1)
treats(dy, p1) Patient(p1 )
Patient(p;) , ) Doctor(d>)
DB Doctor(d>) DB Consultant(cy)
Consultant(c,) Doctor(d)
Doctor(cy)
Q1 Q(z) < Doctor(y) ~  {dz,dy, 1}
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Materialisation — Example

O Doctor = dtreats.Patient
Consulatant C_ Doctor

treats(dy, p1)
treats(dy, p1) Patient(p1 )
Patient(p; ) , ) Doctor(d>)
DB Doctor(d>) DB Consultant(cy)
Consultant(c,) Doctor(d)
Doctor(cy)
Q1 Q(x) — Doctor(y) ~  {dy,d1, 1}

Qs Q(x) « treats(zx,y) A Patient(y)
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Materialisation — Example

O Doctor = dtreats.Patient
Consulatant C_ Doctor

treats(dy, p1)
treats(dy, p1) Patient(p1 )
Patient(p; ) , ) Doctor(d>)
DB Doctor(d>) DB Consultant(cy)
Consultant(c,) Doctor(d)
Doctor(cy)
Q1 Q(x) — Doctor(y) ~  {dy,d1, 1}

Qs Q(z) « treats(z, y) A Patient(y) = {d}
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Materialisation — Issues

O Frequently changing data

= Materialisation is time consuming

= Need to re-materialise whenever ontology or data changes
= Data may change very frequently

® Incompleteness
= Difficult to predict and/or quantify
= May be unacceptable in some applications

)Y DEPARTMENT OF Information Systems Group o '
b4 COMPUTER 9 }
oeiod SCIENCE




Dealing With Frequently Changing Data

Adding data is relatively easy

= Monotonicity of FOL means that extending existing
materialisation is sound

= Can still be quite costly if naively implemented

Changing/retracting data is much harder

= Naive solution requires all materialised facts to be
discarded

= Re-materialisation very costly for large data sets
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Samsung Delta-Reasoner

Incremental materialisation OWL 2 RL < SPARQL T\
Ontol Q
= Ontology translated - Ontology =
. A4
Into rules
Translation Into SWRL
= Separates TBox and
. Y y
ABox reasoning el
= |nitial materialisation B Reasoning , v
easonin :
of ABox ° Query Evaluation Cgt::;::gs
= View Maintenance for : v i \
1 : . Datatypes & Query Result
incremental reasoning In-Memory Triple Store pohes e

Supports
= OWL 2 RL ontology axioms and SWRL rules
= SPARQL queries, including registration of continuous queries
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Samsung Delta-Reasoner

Test Ontologies:

TBox Class Property DL

axioms assertions assertions expressivity
VICODI 223 33,238 82,943 ALHZ(D)
SEMINTEC 219 17,941 47,299 ALHIF
LUBM 93 18,128 82415  ALEHIT (D)

Loading and (incremental) materialisation times (ms):

Load Materialise Update
VICODI 2127 2820 156 \ A e
SEMINTEC 1048 1123 157 1,000 triples at
LUBM 2597 818 135 random
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Dealing with Incompleteness

= Materialisation based reasoning complete for OWL 2 RL profile

= But for ontologies outside the profile:
= Reasoning may be incomplete
= Incompleteness difficult to measure via empirical testing

= Possible solutions offered by recent work on:
= Measuring and repairing incompleteness

= Chase materialisation
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Measuring and Repairing Incompleteness

= Use ontology O (and query Q) to generate a test suite
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Measuring and Repairing Incompleteness

= Use ontology O (and query Q) to generate a test suite

- Atest suite for Oisapair S = (S,,Sp)
- S| a set of ABoxes that are unsatisfiable w.r.t. O
- So a set of paris (A, )) with A an ABox and ) a query
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Measuring and Repairing Incompleteness

= Use ontology O (and query Q) to generate a test suite

- Atest suite for Oisapair S = (S,,Sp)
- S| a set of ABoxes that are unsatisfiable w.r.t. O
- So a set of paris (A, )) with A an ABox and ) a query

= A reasoner R passes S if:

- R finds O U A unsatisfiable for each A € S|
* R complete for Y w.r.t. O U A for each (A,Y) € Sg
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Measuring and Repairing Incompleteness

Example — consider the following reasoners:

rdf: ignores 7 and evaluates Q w.r.t. 4 only
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Measuring and Repairing Incompleteness

Example — consider the following reasoners:

rdf: ignores 7 and evaluates Q w.r.t. 4 only

rdfs: translates the RFDS subset of 7 into a datalog program
and then evaluates such program w.r.t. Q and. A
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Measuring and Repairing Incompleteness

Example — consider the following reasoners:

rdf: ignores 7 and evaluates Q w.r.t. 4 only

rdfs: translates the RFDS subset of 7 into a datalog program
and then evaluates such program w.r.t. Q and. A

rl: translates the OWL 2 RL subset of 7 into a datalog program
and then evaluates such program w.r.t. Q and. A
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Measuring and Repairing Incompleteness

Example — consider the following reasoners:

rdf: ignores 7 and evaluates Q w.r.t. 4 only

rdfs: translates the RFDS subset of 7 into a datalog program
and then evaluates such program w.r.t. Q and. A

rl: translates the OWL 2 RL subset of 7 into a datalog program
and then evaluates such program w.r.t. Q and. .A

classify: classifies 7 with complete reasoner; extends 7 with
new subsumptions; calls rl with input Q, .4 and extended TBox
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Measuring and Repairing Incompleteness

Example — consider the following 7, Q and test suite:

( itakes.MathCo [ St )
CalcCo [ MathCo

T =\ Mathst C Jtakes.MathCo >
] St Prof C L ]
Q = {St(x) ntakesCo(x,yv) A MathCo(y) — Q(x)}

A, = {takesCo(c.d). MathCo(d)} A, = {takesCo(c. ¢). MathCo(c)}
A = {takesCo(c. d).CalcCo(d)} Ay = {takesCo(c. ¢). CalcCo(c) }
As = {MathSt(c)} 4, = {St(c). Prof(c)}

rdf: Fails all tests ( « ) rl: Fails for As (<)
rdfs: Fails all tests ( « ) classify: Passes all tests (/)
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Chase Materialisation

= Applicable to acyclic ontologies

= Acyclicity can be checked using, e.g., graph based techniques
(weak acyclicity, joint acyclicity, etc.)

= Many realistic ontologies turn out to be acyclic

= Given acyclic ontology O, can apply chase materialisation:
= Ontology translated into existential rules (aka dependencies)
= Existential rules can introduce fresh Skolem individuals
= Termination guaranteed for acyclic ontologies
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Chase Materialisation — Example

O Doctor = dtreats.Patient
Consulatant L Doctor

treats(dy,p1)
Patient(p;)
DB Doctor(d>)

Consultant(cy)
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Chase Materialisation — Example

Doctor = dtreats.Patient
O treats(dy, p1)

Consulatant L Doctor Patient(p; )
Doctor(ds)

treats(dy,p1) Consultant(c; )
DR Patient(p1 ) DB’ Doctor(d,)
Doctor(ds) Doctor(c; )

Consultant(e¢y) treats(ds, f d2

Patient( f > T

treats(cy, f cl
Patient( f(c1))
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Chase Materialisation — Example

Doctor = dtreats.Patient
O treats(dy, p1)

Consulatant L Doctor Patient(p; )
Doctor(ds)

treats(dy,p1) Consultant(c; )
DR Patient(p1 ) DB’ Doctor(d,)
Doctor(ds) Doctor(c; )

Consultant(e¢y) treats(ds, f d2

Patient( f > T

treats(cy, f cl
Patient( f(c1))

Q1 Q(z) < Doctor(y)
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Chase Materialisation — Example

O { Doctor = Jdtreats.Patient treats(dy. py)
1, M1
Consulatant C Doctor Patient(p;)
Doctor(ds)
treats(dy, p1) Consultant(cy )
Patient(p1 ) Doctor(d;)
/
DB Doctor(ds) DB Doctor(ci)
Consultant(c;) (e f d2
Patient( f > Ssllers
treats(cy, f cl
Patient(f(c1))
Q: Q(z) — Doctor(y) ~ {da, dy,c1}
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Chase Materialisation — Example

Doctor = dtreats.Patient
‘ ’ treats(dl,pl)
Cons

ulatant L Doctor

Patient(p;)
Doctor(ds)
treats(d(lapl) Consultant(c; )
Patient(p1) , ) Doctor(d;)
DB Doctor(ds) DB Doctor(c;)
Consultant(c;) treats(dz, f d2

Patient( f > T

treats(cy, f cl
Patient( f(c1))

Q1 Q(x) « Doctor(y) w  {dg,dy,c1)
Q> Q(x) « treats(x,y) A Patient(y)
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Chase Materialisation — Example

Doctor = dtreats.Patient
‘ ’ treats(dl,pl)
Cons

ulatant L Doctor

Patient(p;)
Doctor(ds)
treats(d(lapl) Consultant(c; )
Patient(p1) , ) Doctor(d;)
DB Doctor(ds) DB Doctor(c;)
Consultant(c;) treats(dz, f d2

Patient( f > T

treats(cy, f cl
Patient( f(c1))

Q1 Q(x) <« Doctor(y) o {dy, dy,c1)
Qs  Q(x) « treats(x, y) A Patient(y) s {di,dy, 1}
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Discussion

Numerous exciting developments & research areas
= Rewriting: optimisations, extensions (datalog engines), etc.
= Materialisation: chase, repair, truth maintenance etc.
= Hybrid techniques
= Column stores, massive parallelism, etc
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Discussion

Numerous exciting developments & research areas
= Rewriting: optimisations, extensions (datalog engines), etc.
= Materialisation: chase, repair, truth maintenance etc.
= Hybrid techniques
= Column stores, massive parallelism, etc

Consider progress on schema reasoning:

Year  O-size Complete Time (s)

1995 3,000 No 10°
1998 3,000 Yes 300
2005 30,000 Yes 30

2010 400,000 Yes 5}
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Discussion

Numerous exciting developments & research areas
= Rewriting: optimisations, extensions (datalog engines), etc.
= Materialisation: chase, repair, truth maintenance etc.
= Hybrid techniques
= Column stores, massive parallelism, etc

Consider progress on schema reasoning:

Looking forward to similar progress
on query answering!
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Discussion

Semantics M Scalability
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Thank you for listening

IF | HAYE 12
TOMATOES AND
TAKE AWAY TWO
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