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Semantic Search

● Is that a yes or a 
no?



 

 

Semantic Search 
(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



 

 

Outline

● Motivational example
● Ontologies
● Description Logic
● Querying
● Conclusion



 

 

Present day search: Keyword 
based

1. Automobile stereo and 
radio retail store

2. Automobile engine 
rebuilding, repair and 
exchange workshop

3. Car repair and retail shop

4. Jeep repair and retail shop

5. Motor mending and 
replacement workshop

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
No Business type Activity Object Market area

1 Store Retail Radio, 
Stereo

Automobile

2 Workshop Rebuilding, repair, 
exchange

Engine Automobile

3 Shop Retail, repair Car

4 Shop Retail, repair Jeep

5 Workshop Replacement,  mending Motor

No Business 
type

Activity Object Market 
area

Result

1 - - Automobile -

2 - Retail Automobile -

3 - Repair Car - 3

4 - Repair Motor -

5 - Repair Engine - 2

6 - Repair Motor -



 

 

Improve: Add structure
No Business type Activity Object Market area

1 Store Retail Radio, 
Stereo

Automobile

2 Workshop Rebuilding, repair, 
exchange

Engine Automobile

3 Shop Retail, repair Car

4 Shop Retail, repair Jeep

5 Workshop Replacement,  mending Motor

No Business 
type

Activity Object Market 
area

Result

1 - - Automobile -

2 - Retail Automobile -

3 - Repair Car - 3

4 - Repair Motor -

5 - Repair Engine - 2

6 - Repair Motor -

Increase in Precision!



 

 

Improve further: Use Ontology
No Document Disambiguated description

1 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], [retail, sell retail], [shop, store]

2 Automobile engine 
rebuilding, repair and 
exchange workshop

[car, auto, automobile, machine, motorcar], [engine], [rebuilding], 
[repair, fix, fixing,mending, reparation], [substitution, exchange],
[workshop, shop]

3 Car repair and retail 
shop

[car, auto, automobile, machine, motorcar], [repair, fix, fixing, 
mending, reparation], [retail, sell retail], [shop, store]

4 Jeep repair and retail 
shop

[jeep, landrover], [repair, fix, fixing, mending, reparation], [retail, 
sell retail], [shop,store]

5 Motor mending and 
replacement 
workshop

[motor], [repair, fix, fixing, mending, reparation], [replacement, 
replacing], [workshop,shop]



 

 

Use Ontology (contd)

No Query Disambiguated query Result

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

2 Automobile retail [car, auto, automobile, machine, motorcar], [retail, sell, 
retail]

1,3,4

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

2,3,4

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

5 Engine repair [locomotive, engine, locomotive engine, railway 
locomotive], [repair,fix, fixing, mending, reparation]

-

6 Motor exchange [motor], [substitution, exchange] 2,5



 

 

Use Ontology (contd)

No Query Disambiguated query Result

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

2 Automobile retail [car, auto, automobile, machine, motorcar], [retail, sell 
retail]

1,3,4

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

2,3,4

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

5 Engine repair [locomotive, engine, locomotive engine, railway 
locomotive], [repair,fix, fixing, mending, reparation]

-

6 Motor exchange [motor], [substitution, exchange] 2,5

Increase in Recall!



 

 

Ontology

● Individuals
● Concepts
● Relations
● Roles
● Axioms



 

 

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 

● “Logic”

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



 

 

DL – Constituents



 

 

DL Constituents 
(contd)

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



 

 

DL Interpretation



 

 

Concepts, Roles and 
Interpretation



 

 

DL Knowledge base

● TBox

● ABox



 

 

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 α 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?

● Subsumption: Is concept A more general than 
concept B?

● Equivalence: Are concept A and concept B the 
same?

● Instance check: Can assertion α be entailed by 
the ABox?

● Retrieval: Which individuals satisfy concept C?

All of these can be reduced to 
checking satisfiability



 

 

Tableaux Inferencing Algorithm
(1) Convert description to Negation Normal form

(2) For any existential restriction, introduce a new 
individual 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 impose new constraints 
on individuals

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

(5) If an at-most number restriction is violated then the 
algorithm must identify different role fillers



 

 

Tableaux Inferencing 
algorithm (example)

Bio-statistics



 

 

Tableaux Inferencing 
algorithm (example)



 

 

Tableaux Inferencing algorithm 
(contd)



 

 

Tableaux Inferencing algorithm 
(contd)



 

 

DL Family



 

 

OWL – Web Ontology Language
● A language based on RDF, RDFS and 

XML to represent Ontologies
● A W3C standard



 

 

OWL Species

● OWL DL
– Uses SHOIN(D)

– Non deterministic exponential time reasoning

● OWL Lite
– Uses SHIF(D)

– Deterministic exponential time reasoning

● OWL Full
– Goes well outside DL framework

– Reasoning undecidable



 

 

Querying

● Q = “John Little Sysedit publications”

publication

John Little

Sysedit



 

 

Querying

● Q = “John Little Sysedit publications”

publication

John Little

Sysedit

Pub1

researcher Alice

Pub2project

Is-a

Is-a

Is-a

supervises

authorOf

authorOf

hasProject

hasProject
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Querying

publication

John Little

Sysedit

Pub1

researcher Alice

Pub2project

Is-a

Is-a

Is-a

supervises

authorOf

authorOf

hasProject

hasProject



 

 

Conclusions

● Semantic 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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