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Semantic Search
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Google [is taj mahal taller than eiffel tower?

search: @ the web O pages from India

Web

Amazon.com: Lego Make & Create Eiffel Tower 1:300: Toys & Games
Standing taller than 3-1/2 feet, the Lego Make & Create Eiffel Tower kit lets builders
re-create an ... Lego Taj Mahal - Make and Create Set 10189 ...
www.amazon.comiLego-Make-Create-Eiffel-Tower/dp/BO00P0Z9KQ - 299k -
Cached - Similar pages - &

Plans for Eiffel Tower in Dubailand, Dubai UAE

Eiffel Tower, Dubai is to be part of the $1.5 billion Falcon city of ... Believe it or not, the
‘Dubai Eiffel Tower' is to be in true Dubai style, taller than the ... Dubailand-Leaning-
Tower-Pisa-Taj-Mahal-replicas ...
www.overseaspropertymall.com/regions/middle-east-property/uae-propery/dubai-
propery/eiffel-tower-in-dubai/ - 75k - Cached - Similar pages -

World's tallest viaduct to be inaugurated in France.(Worldwatch ...

... reaches 343 metres atits highest point, 19 metres taller than the Eiffel Tower. ...
Look, | said, there's the top of the Eiffel Tower. Don't be so daft, ... The Eiffel Tower is in
France. yes no 5. The Taj Mahal is blue. yes no 6. ...
www.encyclopedia.com/doc/1G1-125568202.html - 51k - Cached - Similar pages -

Routemaster scale: constructions &/

The Eiffel Tower, Paris, France The Great Pyramid of Giza, Egypt ... The top of the dome
is 365 ft (111 metres) high - taller than a column of ... In contrast, only two buses could
safely be accomodated in the Taj Mahal in Crawley, UK. ...
www.lighthouse.org.ukirms/constructions.html - 14k - Cached - Similar pages -

Dubai's the Limit; In the Persian Gulf, on a not particularly oil ...

1 Jun 2006 ... The Dubai Eiffel Tower Residence will be "taller than its Parisian cousin."
The Dubai Grand Taj Mahal Hotel is "rich with the complexity and ...
www.accessmylibrary.com/coms2/summary 0286-15603407 ITM - 35k -

Cached - Similar pages - —;

Falconcity of Wonders (L.L.C) [+

The Falconcity includes multi-purpose/ residential buildings, Eiffel Tower (taller than
original), Taj Mahal (bigger than the original}, Hanging Gardens of ...

www falconcity com/fag.asp - 27k - Cached - Similar pages - &

Falconcity of Wonders - Wikipedia, the free encyclopedia |+ [+

14 Feb 2009 ... It would be taller than the original Eiffel Tower and be named "Dubai
Eiffel Tower". ... Leaning Tower of Pisa and Taj Mahal replicas ...
en.wikipedia.org/wiki/Falcon_city_of wonders - 34k - Cached - Similar pages - =




Semantic Searc
(contd)

1. Understand that “tall” relates to height

2. Fetch the heights of “Taj Mahal” and
“Eiffel Tower” from semantically
annotated sites on the internet

3. Perform a comparison
4. Return the result

In short, do Logical Inferencing



Motivational example
* Ontologies

» Description Logic

e Querying

e Conclusion

Outline



obile stereo and
adio retall store

2. Automobile engine
rebuilding, repair and
exchange workshop

. Car repair and retail shop

eep repair and retail shop

o

tor mending and
lacement workshop

t day search: Keyword

based

Query Results
Automobile 1,2
Automobile retail 1
Car repair 3
Motor repair
Engine repair 2
Motor exchange

*Example from Ontoseek(1999) by Guarino et al



Improve: Add structure

ness type Activity Object Market area
Retail Radio, Automobile
Stereo
Workshop Rebuilding, repair, Engine Automobile
exchange
3 Shop Retail, repair Car
4  |Shop Retail, repair Jeep
5 Workshop Replacement, mending Motor
Business Activity Object Market Result
type area
- Automobile -
Retail Automobile -
Repair Car - 3
Repair Motor -
Repair Engine - 2
Repair Motor -




e

‘Improve: Add structure

Activity Object Market area
Retall Radio, |Automobile
Stereo
Workshop Rebuilding, repair, Engine Automobile
exchange
3 Shop Retail. repair Car
4  |Shop
Workshop . - .
Increase In Precision!
Business arket Result

type 0 _area

- Automobile -
Retall Automobile -
Repair Car - 3
Repair Motor -
Repair Engine - 2
Repair Motor -




Improve further: Use Ontology

1 No

Document

Disambiguated description

.~ Automobile stereo

and radio retail store

[car, auto, automobile, machine, motorcar], [radio receiver,
receiving set, radio set, radio, tuner, wireless], [stereo, stereo
system, stereophonic system], [retalil, sell retail], [shop, store]

replacement
workshop

Automobile engine [car, auto, automobile, machine, motorcar], [engine], [rebuilding],
rebuilding, repair and [repair, fix, fixing,mending, reparation], [substitution, exchange],
exchange workshop [workshop, shop]
3  Carrepair and retail |[car, auto, automobile, machine, motorcar], [repair, fix, fixing,
shop mending, reparation], [retail, sell retail], [shop, store]
4 Jeep repair and retail [jeep, landrover], [repalr, fix, fixing, mending, reparation], [retall,
- shop sell retail], [shop,store]
5  Motor mending and  [motor], [repalr, fix, fixing, mending, reparation], [replacement,

replacing], [workshop,shop]




Use Ontology (contd)

Disambiguated query Result

‘Automobile [car, auto, automobile, machine, motorcar] 1,2,3,4

Automobile retail |[car, auto, automobile, machine, motorcar], [retalil, sell, 1,3,4
retail]

Car repair [car, auto, automobile, machine, motorcar], [repair, fix, 2,3,4
fixing,mending, reparation]

Motor repair [motor], [repair, fix, fixing, mending, reparation] 2,5

ngine repair [locomotive, engine, locomotive engine, railway -
locomotive], [repalir,fix, fixing, mending, reparation]
or exchange |[motor], [substitution, exchange] 2,5




~ Use Ontology (contd)

Disambiguated query Result
[car, auto, automobile, machine, motorcar] 1,2,3,4
Automobile retail |[car, auto, automobile, machine, motorcar], [retalil, sell 1,3,4
retail]
Car repair WMQ, [repalr, fix, 2,3,4
Motor repair . | ration] 2,5
2paration]
or exchange |[motor], [substitution, exchange] 2,5




Individuals
e Concepts
 Relations

e Roles
e AXIOMS

invertebrate is disjoint from vertebrate.

Ontology

X
entity
t
physical
t 4
object entity
t t
self connected object  physical
t t
corpuscular object object
t t
organic object agent
t t
t
organism
t
animal
t
vernebrate

If bone is an instance of bone, then there exists vertebrate vert so that bone is a part of vert.



Description Logic

Description logics (DL) are a family of
knowledge representation languages

Used to represent the concept definitions
of an application domain formally

“Description”

- refers to concept descriptions used to
describe a domain
HLOgiC”

- logic-based semantics which can be
given by a translation into first-order
predicate logic.



DL - Constituents

Concepts Unary predicates Eg. Person, Female
Roles Binary predicates Fg. hasChild
Individuals Constants Fq. Mary, John

Constructors e Union LI: Eg. Man U Woman
e Intersection M: Egq. Person I Female
e Restriction Exists d: Fg. JdhasChild. Female
e Restriction ForAll V: Eg. YhasChild. Engineer
e Negation —: Eg. ~Man

e Number restriction: < k, > m

Axioms Mother C Parent



DL Constituents
(contd)

< “A man that is married to a doctor and
has at least five children, all of whom
are professors”

Human M —-Femalell dmarried. Doctor
(> 5child) M Ychild. Professor



DL Interpretation

"o An interpretation 7 is a tuple(a?,-!) where

— Al is the domain

— .1 is a mapping which maps

+ Names of individuals to elements of A!

+ Names of concepts to subsets of A’
+ Names of roles to subsets of AT x Al



Concepts, Roles and
Interpretation

Iﬂdividuals E'I - &I Interpretation function -F

Mary
John
Coneepts G2 CAL

Teacher

Student
Car

Roles B CcA” x Af

hasChild
owns

Interpretation domain A%
Teacher M Student



DL Knowledge base

« TBox

Woman =Person " Female

Man =Person N —-Woman
Mother =W oman M JhasChild. Person
Father =Man M JhasChild.Person

Parent CPerson

e ABOX

(PETER) : Father

(MARY) : Mother

(MARY, PETER) : hasChild
(PETER,HARRY) : hasChild



Inferencing on the KB

Satisfiability: Is there some interpretation that
satisfies axioms in TBox?

Subsumption: Is concept A more general than
concept B?

Equivalence: Are concept A and concept B the
same?

Instance check: Can assertion a be entailed by
the ABox?

Retrieval: Which individuals satisfy concept C?



Inferencing on the KB

Satisfiability: Is there some interpretation that
satisfies axioms in TBox?

han

C All of these can be reduced to
E checking satisfiability 3 the

S - 4

Instance check: Can assertion a be entailed by
the ABox?

Retrieval: Which individuals satisfy concept C?



Tableaux Inferencing Algorithm

| (1) Convert description to Negation Normal form

(2) For any existential restriction, introduce a new
iIndividual as role filler such that it satisfies the
constraints expressed by the restriction.

(3) Use value restrictions in interaction with already
defined role relationships to Iimpose new constraints
on individuals

(4) For disjunctive constraints, try both possibilities in
successive attempts. Backtrack if you reach an

0
(5)
a

pVIious contradiction
f an at-most number restriction iIs violated then the

gorithm must identify different role fillers



‘Tableaux Inferencing
algorithm (example)

(Fteaches.Biology) M (Fteaches.Statistics) C (Jteaches.(Biology M Statistics))

\\ Bio-statistics
(AR.A) M

M (3R.B) C (3R.(AN B))




Tableaux Inferencing
algorithm (example)

"o Check whether (3R.A) N (3R.B) C (3R.(AN B))

o If C'=(dR.A)N(IR.B) M —(3IR.(AN B)) is unsatisfiable, then (IR.A) M
(3R.B) C (3R.(AN B))

e Move the negations as far inside as possible.
C'=(3R.A)N(3JR.B)NVR.(-AL—-B)

(' is now in negation normal form.

Now, we try to construct an interpretation Z such that C* # ¢. This
means there must exist an individual in AZ that is an element of C*. So,
we construct an individual b € CZ.

nce C' is the conjunction of 3 concepts, b must satisfy b € (AR.A)%,b €
.B) and b € (VR.(mA U -B))~.



Inferencing algorithm
(contd)

From b € (AR.A)%, we can see that there must exist an individual ¢ such

that (b,c) € R and ¢ € A%. Similarly, b € (3R.B)? implies that there
must exist an individual d with (b,d) € R? and d € BZ.

e Since b must also satisfy VR.(—ALI—-B), and ¢, d were introduced as fillers
of b for R, we get 2 more constraints ¢ € (—AL—-B)? and d € (~AL-B)~.

Now, ¢ € (mA U -B)! means ¢ € (-A)f or ¢ € (=B):. c € (mA)?*
clashes with the constraint ¢ € A%, implying that this choice leads to an
obvious contradiction. Hence, we must choose ¢ € (=B)%. Similarly, we
must choose d € (—mA)? in order to satisfy the constrait d € (=A L —B)*
without contradicting d € BZ.



nferencing algorithm
(contd)

. Now, since we have satisfied all constraints without encountering an obvi-
ous contradiction, we can conclude that C' is satisfiable.

G e We have generated an interpretation Z as proof of this fact: A = {b,c,d}; R* =
- {(b,0),(b,d)}; AT = {c¢} and BT = {d}. This means that, for this inter-
pretation, b € C% i.e. b € (3IR.A) N (IR.B))%, but b ¢ (IR.(AT1 B))Z.
This shows that (3R.A) M (3dR.B) is not subsumed by dR.(AM B).

(3R.A)N(3R.B) ¢ (3R.(AN B))



DL Family

e /QC - Concepts constructed using LI, 1,4, V, =, but roles are atomic.
e S is an abbreviation for ALC with transitive roles.

e H for role hierarchy. Eg: hasDaughter C hasChild

e (O for nominals. Eg: {Mary, Hohn}

e 7 for inverse roles. Eg: isChildOf = hasChild~!

e N for cardinality restrictions. Eg: > 2hasChild

e J restricts cardinality to be 0 or 1.

o O for qualified number restrictions. Eg: > 2hasChild.Professor

e R for role inclusion and role disjointness.

e (D) to denote use of datatype properties, data values or data types.

example, SHOZQ = ALC with transitive roles +H + O +7 + O



eb Ontology Language

* A language based on RDF, RDFS and
XML to represent Ontologies

e A W3C standard

—<rdfs:Class rdf: 1D =" ">
<rdfs:subClassOf rdf:resource="#0Organism"/> &k
—<rdfs:comment>
An Organism with eukaryotic Cells, and lacking stiff cell walls, plastids, and photosynthet
</rdfs:comment >
</rdfs:Class>

=owl:ObjectProperty rdf:ID="wears">

rdfs:comment>

(wears ?AGENT ?CLOTHING) means that PAGENT is wearing the item of Clothing
/rdfs:comment>

di:type rdf:resource="#BinaryPredicate"/>

fs:domain rdf:resource="#Animal"/>

fs:range rdf:resource="#Clothing"/>

ObjectProperty=>



OWL Species

- Uses SHOIN(D)
- Non deterministic exponential time reasoning

-+ OWL Lite
| - Uses SHIF(D)
— Deterministic exponential time reasoning

WL Full

— Goes well outside DL framework
- Reasoning undecidable



Querying

"« Q =“John Little Sysedit publications”




Querying

"« Q ="“John Little Sysedit publications”

hasProject

authorOf

hasProject

Is-a

authorOf

supervises



Querying

"« Q =“John Little Sysedit publications”

[

authorOf
hasProject

Is-a

authorOf

supervises ™




Querying

) — (x, JohnLittle) : name N ( ,Y) : author A (y, z) : hasProject
z, Sysedit) : name A (y : publication)

/-w\ hasProject

hasProject

- Is-a

authorOf

authorOf

4 Isa supervises ™




Conclusions

emantic web is a hot topic of research

» Semantic annotation of documents using
ontologies and inferencing gives better
search results

Need of the hour

Standards

Annotation tools

Efficient large scale inferencing engines
World wide acceptance and use
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