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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
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What is an Ontology?

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

A conceptual model of (some aspect of) the world

= Introduces vocabulary
relevant to domain, e.qg.: .
Thyroid —, QL TN\ Aona

. An atOmy Trachea _ Hear
Sup ) ' , - Esophagus
vena cava <
Lung — ’4 AT _—— Diaphragm
Live cnininil __——— Aorta

) | spleen

" Stomach

" Pancreas
Kidney -~

Ureter — | | T Small

4 (
)
o
i
] i
= intesting
4 T
% i
A T—
2 - Large
intesting
ectur

Appendix —

@
2
@
"’ ._."’ W\
’1 ’\
" " ~
=4
|
\
el

. .
COMPUTER 7

et SCIENCE
EEEEEEEEEEEEEEEE
RRRRRRRRR




What is an Ontology?

A conceptual model of (some aspect of) the world

= Introduces vocabulary
relevant to domain, e.g.: Microfilaments
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What is an Ontology?

A conceptual 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 conceptual model of (some aspect of) the world

= Introduces vocabulary T AT

' k
relevant to domain, e.g.: Cmicor

Speaker

Flash tor camera

Anatomy

Camera module

Antenna

Cellular biology

Satellite DMB Tuner Earphone gck

SR Lischnology 8690% Q536 - Unknown

H Ae rOSpaCG RF recieve solution
- Qualcomm
Camera’ DMB menu
buttan
= Cell Phones

Modem Chipset
Direct-Conversion Tuner IC 2 « Qualcomm

- MAXIM
Batery power unit - Philips

H IOy - S St
Video processor Memory - SAMSUNG

- INAGIS

T

11DA port

Motherboard - Front | Battery charge sockel

|
COMPUTER
oo SCIENCE ~SEVENTH FRAMEWORK

PROGRAMME



What is an Ontology?

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

relevant to domain, e.g.: Derrick /T\
= Anatomy ] :
= Cellular biology |
[
. Aerospace g!g\vv:nuttar\/ |'| Turntable
=« Cell Phones Spare Pipe 7 SRRAT tu tumtable
wl % 5
= Oil and gas Casing
Drill String Electric  Mud and Casings
Generator
Drill Collar
Bit
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What is an Ontology?

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

relevant to domain g ﬂ\
= Specifies meaning (semantics) . F
of terms iy
l
Oil pipeline is a pipeline from a facility ".'
that is an oil facility Pravantor rumtable
Spare Pipe ] 7 A5 turn tumtable
%% S
Casing
Drill String Eleatric Mud and Casings
Generator
Drill Collar
Bit
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What is an Ontology?

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

relevant to domain e /T\
= Specifies meaning (semantics) ik
of terms iy
[
Oil pipeline is a pipeline from a facility ".
that is an oil facility 352‘33-11\/ h’i’f"" ngines
= Formalised using suitable logic ﬁj'{éﬂ/ S
Vx.[OilPipeline(x) — Pipeline(x) A m::: e e
Jy.[fromFacility(, ¥) A suwcor Ganersior
QOilFacility(y)]] -
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What is an Ontology?

A conceptual model of (some aspect of) the world
= Introduces vocabulary
relevant to domain

= Specifies meaning (semantics) . F
of terms B
[
Oil pipeline is a pipeline from a facility ".
that is an oil facility L | romtte
= Formalised using suitable logic &j'u;]y L
OilPipeline C Pipeline 1 e
dfromFacility.OilFacility N Genersior
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Applications: Semantic Web

THE OLYMPIC

BROADCASTER

Modern Pentathlon =~ Men | Women | Athletes Schedule & Results | Medals | Olympic Sports |v| )

\

v/ ' \ ‘ )
/ \ Related to this story /e
| £V 77 i Svoboda wins gold
| 8 as GB miss out
11 Aug 2012 MODERN
PENTATHLON
Murray and Spence in medal hunt
12 Aug 2012 MODERN PENTATHLON
Medany struggles with sport & religion
31 May 2012 MODERN PENTATHLON
Featured in this story
Olympics modern pentathlon: & UPM
S th M . .l ' Pentathlon GB
amantna viurray wins siiver ' Pentathion Scotland
By Ollie Williams
1 BBC Sport at Greenwich Park
7/
Samantha Murray won modern pentathlon silver for
Great Britain in the final event of the London 2012
Olympic Games.
The 22-year-old world bronze medallist started the run-shoot finale eight — o S
seconds off the pace, but caught up to finish a superb second. Get Involved: MODERN PENTATHLON
Expert analysis, rules, history, ones to watch, how
Honestly, if Lithuania's Laura Asadauskaite won as GB's Mhairi Spence, the world to get involved and an explanation of just why

vnit hava a champion, finished 21st. modern pentathlon is good for you
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Applications: Semantic Web

Journalist
CMS CMS
[blogs] [stories]
SPORTS
STATS Asdots
ets

Extract
Metadata
i Assot CONCEPT

e | EXTRACTION
[Sixedight] Metgdata omomx driven
Content Creation ﬁr

Network

REST API
(java)

Metadata

rgf
[ison/n3/xml]

Dynamic
Rendering
[php]

HTMU/RDF Asgets

News Proxy
Static
[apache]

Request Team/Player/Group Page
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Semantic Technologies

= SemWeb motivated development of robust infrastructure:
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Semantic Technologies

= SemWeb motivated development of robust infrastructure:

= Languages
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Semantic Technologies

= SemWeb motivated development of robust infrastructure:
= Languages

= Storage and querying

co Hermit FaCT+4+ ORraAcLE
Racer psarcy 2400000
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Semantic Technologies

= SemWeb motivated development of robust infrastructure:
= Languages

= Storage and querying

= Development tools
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Semantic Technologies

= SemWeb motivated development of robust infrastructure:
= Languages
= Storage and querying
= Development tools

= Increasingly used in “Intelligent Information Systems”, and in
particular Ontology Based Data Access (OBDA)
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Applications: HCLS

= OBO foundry includes more than 100 biological and
biomedical ontologies

= Siemens “actively building OWL based clinical solutions”
= SNOMED-CT (Clinical Terms) ontology

= used in healthcare systems of more than 15 countries, including
Australia, Canada, Denmark, Spain, Sweden and the UK

= also used by major US providers, e.g., Kaiser Permanente

= ontology provides common vocabulary for recording clinical data
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Applications: Energy Supply Industry

- EDF Energy offer personalised energy e
I I ‘ ¥i 20/10/2003 22:08
saving advice to every customer N T
comt T, 38 |
- (8
- OWL ontology used to model relevant — i
_ ) )\ ) @) (-
environmental factors Sceor

= 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

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

= OWL ontology used to model environment
and infer context (e.g., coffee with friends)

= Applications exploit context to enable
more intelligent behaviour
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Applications: OBDA
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Applications: OBDA
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Applications: OBDA

Pipelines from
oil facilities?
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Applications: OBDA

Pipelines from
oil facilities?
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Applications: OBDA

Pipelines from
oil facilities?

Q(x) < Pipeline(x) A
fromFacility(z, y) A

v OilFacility(y)

&4 COMPUTER ?
s SCIENCE S |

SEVENTH FRAMEW
RRRRRRRRRR



Applications: OBDA

A
N

Pipeline(p1)
fromFacility(p1, f1)
OilFacility(f1)

OilPipeline(p?) g
fromFacility(p2, f2) Q(z) <+ Pipeline(z) A
fromFacility(z, y) A

OilFacility(2) omkac
w OilFacility(y)

Pipelines from
oil facilities?
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Applications: OBDA

A
N

Pipeline(p1)
fromFacility(p1, f1)
OilFacility (1) pl
OilPipeline(p?) g
fromFacility(p2, f2) Q(z) <+ Pipeline(z) A
fromFacility(z, y) A

OilFacility(2) omkac
w OilFacility(y)

Pipelines from
oil facilities?
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Applications: OBDA

A
N

Pipeline(pl)
fromFacility(p1, f1)
OilFacility(f1)
QilPipeline(p2)
fromFacility(p2, f2)

OilFacility(f2)

QilPipeline(p3
OilPipeline C Pipeline I
dfromFacility.OilFacility

Pipelines from
oil facilities?
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Applications: OBDA

A
N

Pipeline(pl)
fromFacility(p1, f1)
OilFacility(f1)
QilPipeline(p2)
fromFacility(p2, f2)

OilFacility(f2)

QilPipeline(p3
OilPipeline C Pipeline I
dfromFacility.OilFacility

Pipelines from
oil facilities?

€
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Applications: OBDA

A
N

Pipeline(p1)
fromFacility(p1, f1)

Pipelines from
oil facilities?

OilFacility(f1) pl, p2, p3
OilPipeline(p2) € >
fromFacility(p2, f2) Q(z) <+ Pipeline(z) A

OilFacility(f2) fromFacility(z, y) A
QilPipeline(p3 OilFacility(y)

OilPipeline C Pipeline I
dfromFacility.OilFacility
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OBDA: Practical Issues

= Scalability is always an issue, particularly when we have
large and heterogeneous data sources

= Can be a large (startup) cost for
building and maintaining ontologies (and mappings)

= Users may still have difficulty
formulating queries
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Objectives

= Provide semantic end-to-end connection
between users and data sources
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Objectives

= Provide semantic end-to-end connection
between users and data sources

= Enable users to rapidly formulate
intuitive queries using familiar vocabularies
and conceptualisations
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Objectives

= Provide semantic end-to-end connection
between users and data sources

= Enable users to rapidly formulate
intuitive queries using familiar vocabularies
and conceptualisations

= Return timely answers from large scale
and heterogeneous data sources
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Solution

End-user IT-expert
Appli- Query Ontology & Mapping
cation Formulation Management

DPP>PPPP
results
Aianb

Y

A
A

\
y
Ontology @@
y

Y A

Query Transformation

Query Planning

2

v *

Stream Adapter

Query Execution

streaming data ?
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Solution

End-user IT-expert
Appli- Query Ontology & Mapping
cation Formulation Management

DPP>PPPP
results

Aanb

Y

A

A

A
Ontology @@

A

y

Query Transformation
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Solution

End-user IT-expert
Appli- Query Ontology & Mapping
cation Formulation Management

Query rewriting:

* uses ontology & mappings
* computationally hard

« ontology & mappings small

A
Y

Y Y \4

DPP>PPPP
results
Aianb

Query Transformation

Query Planning

A
2 \J %
Stream Adapter Query Execution| --

strew 8 B3 é%
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Solution

End-user IT-expert
Appli- Query Ontology & Mapping
cation Formulation Management
Query rewriting: 7y

Y

Y Y \4

* uses ontology & mappings
* computationally hard
« ontology & mappings small

DPP>PPPP
results
Aianb

Query Transformation

Query Planning

Query evaluation: -
» ind. of ontology & mappings ¥ 7
« computationally tractable DL VEER Q“ery Execution

« data sets very large streaming data %%
yEE -, e 8 8
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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' s.t. answering @’ without O equivalent to
answering Q w.r.t. O for any dataset

O

% Q’

Q*{ Rewrite | >
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Query Rewriting

Given ontology O query ©Q and mappings M:

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

O

% Q’

Q*{ Rewrite | >

Q(x) < Pipeline(x) A fromFacility(x, y) A OilFacility(y)
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Query Rewriting

Given ontology O query ©Q and mappings M:

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

O

% Q’

Q*{ Rewrite | >

Q(x) < Pipeline(x) A fromFacility(x, y) A OilFacility(y)
V OilPipeline(x)
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Query Rewriting

Given ontology O query ©Q and mappings M:

= Rewrite @ — Q' s.t. answering @’ 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 ./"\/l
|

v o v SOrL

Q *# Rewrite | > Map ‘

Q(x) « Pipeline(x) A fromFacility(x, y) A OilFacility(y)
V OilPipeline(x)

>
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Query Rewriting

Given ontology O query ©Q and mappings M:

= Rewrite @ — Q' s.t. answering @’ without O equivalent to
answering @ 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 ./"\/l

v Q v SOr

Q*{ Rewrite | > Map‘; >

SELECT name FROM pipeline,fromfac,facility . ..
UNION SELECT name FROM oilpipeline
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Query Rewriting

Given ontology O query ©Q and mappings M:

= Rewrite @ — Q' s.t. answering @’ without O equivalent to
answering @ 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 ./"\/l
| - p|
— O SOL
Q*{ Rewrite | >M > DB > ANs
SELECT name FROM pipeline fromfac facility ... [ )
UNION SELECT name FROM oilpipeline B
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Solution

End-user IT-expert
Appli- Query Ontology & Mapping
cation Formulation Management
Query rewriting: 7y

Y

Y Y \4

* uses ontology & mappings
* computationally hard
« ontology & mappings small

DPP>PPPP
results
Aianb

Query Transformation

Query Planning

Query evaluation: -
» ind. of ontology & mappings ¥ 7
« computationally tractable DL VEER Q“ery Execution

« data sets very large streaming data %%
yEE -, e 8 8
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Solution

g

End-user IT-expert Other features:
Appli- Query o - Support for query
cation Formulation é Management formulation

Query rewriting:

* uses ontology & mappings
* computationally hard

« ontology & mappings small

DPP>PPPP
results
Aianb

Y Y

A

A

A

3

y

y

Query Transformation

Query Planning

Query evaluation:

A
* ind. of ontology & mappings 2 v

. Stream Adapter | | Query Execution
 computationally tractable P ry

« data sets very large streaming data %
yEE -, e 8 8
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Query Formulation

Wellbores 200
Wellbore description goes here...
Cores 200
Core description goes here...
Stratigraphic Units 00,
Stratigraphic Unit description goes here...

Query Well Wellbore
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Solution

g

End-user IT-expert

Appli- Query Ontology & Mapping
cation Formulation Management

Query rewriting: A

* uses ontology & mappings ﬁ = 2

: o Ontolo Mappings
« computationally hard A <2 = 2
« ontology & mappings small A A Y Y

Query Transformation

Query evaluation:

Query Planning

A

2

v v

* ind. of ontology & mappings

Stream Adapter

Query Execution| ---|Q.E.

 computationally tractable

e data sets very |arge streaming data ?
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Solution

,T_expeR Other features:

End-user
Appli- Query Ontology & Mapping
cation Formulation Management
Query rewriting: ﬁ 7y
H v \ 4
* uses ontology & mappings ﬁ = 2
(0}
« computationally hard AL 2
* ontology & mappings small A Y -

IT-expert oversees

/ 4 O&M management

Query Transformation

Query evaluation:

Query Planning

2

v

* ind. of ontology & mappings

Stream Adapter

Query Execution

 computationally tractable

e data sets very |arge streaming data ?
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Solution

SED T-expel Other features:
Appli- Query Ontology & Mapping
cation Formulation Management
Query rewriting: 7y

\ 4

Y Y \4

* uses ontology & mappings
* computationally hard
« ontology & mappings small

DPP>PPPP
results
Aianb

Query Transformation

Adapter to support

Query Planning

streaming data
Query evaluation: J

* ind. of ontology & mappings \2
 computationally tractable Query Execution

« data sets very large streaming data %
yEE -, e 8 8
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Solution

End-user IT-expert
Appli- Query Ontology & Mapping
cation Formulation Management

Query rewriting:

* uses ontology & mappings
* computationally hard

« ontology & mappings small

DPP>PPPP
results
Aianb

Y

Y \4

Query Transformation

Query evaluation:

Query Planning

* ind. of ontology & mappings v

A
v
Query ExecutW

. Stream Adapter
« computationally tractable P

e data sets very |arge streaming data ?
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Thank you for listening
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