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Typical architecture

User

Local Search Service

Gazetteer

Atomium (x1,y1)
Paleis der Academiën (x2,y2)
Brussels airport (x3,y3)
Grand Place (x4,y4)

List of businesses

Hotel1 (x5,y5)
Hotel2 (x6,y6)
Restaurant1 (x7,y7)
Restaurant2 (x8,y8)
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Problems

Limited coverage
– E.g. no businesses in Belgium
– Some shops, restaurants, hotels are missing

Limited support for landmarks
– Some landmarks have more than one name
– Many landmarks are not covered by a typical gazetteer

Limited support for neighborhoods/regions
– Most neighborhoods are unknown to the system
– Some neighborhoods are reduced to their centroid



Proposed solution

Local Search Service

Gazetteer

List of businesses

WWW

Semi-structured information

Unstructured information

User



Semi-structured information

http://www.hotel-rates.com/belgium/brussels/

Name

Address

Coordinates

geocoding



Unstructured information



Representing closeness

a is located at walking distance from b

d(a,b)



Location approximation

x is located at walking distance from a



Location approximation

x is located two kilometers from b



Location approximation

x is located near c



Location approximation



Neighborhoods

What are the boundaries for neighborhoods 
such as
– European Quarter
– City Center
– Quartier Louise
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Neighborhoods

What are the boundaries for neighborhoods 
such as
– European Quarter
– City Center
– Quartier Louise

Boundaries are often vague
– Gazetteers contain no information on the boundaries
– Sometimes a centroid is provided

Boundaries could be useful 
– To support queries like 

“Restaurants in the European quarter”
– To interpret natural language statements such as

“The hotel is located in the European quarter”



Obtaining footprints

The footprint of a region R is represented as a 
fuzzy set
– Mapping m from locations to [0,1]
– m(x) = 1 iff x belongs to R
– m(x) = 0 iff x does not belong to R
– m(x) ∈ ]0,1[ iff x more or less belongs to R



Obtaining footprints

The footprint of a region R is represented as a 
fuzzy set
– Mapping m from locations to [0,1]
– m(x) = 1 iff x belongs to R
– m(x) = 0 iff x does not belong to R
– m(x) ∈ ]0,1[ iff x more or less belongs to R

Extraction based on set of locations that are 
known to lie in the neighborhood
– “Hotel X is located in Brussel’s EU neighborhood”
– Additional heuristics
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Spatial relationships

It may be of interest to know that 
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– is a part of neighborhood B: PP(A,B)
– borders neighborhorhood B: EC(A,B)
– overlaps with neighborhood B: PO(A,B)
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Spatial relationships

It may be of interest to know that 
neighborhood A
– is a part of neighborhood B: PP(A,B)
– borders neighborhorhood B: EC(A,B)
– overlaps with neighborhood B: PO(A,B)

Such relationships are useful
– for query relaxation
– for supporting neighborhoods with an unknown footprint

Pattern-based approach
– the <NP> neighborhood includes <NP>, <NP>, and <NP>
– located on the boundary between <NP> and <NP>



Spatial relationships

Brussels

Anderlecht IxellesCity CenterKoekelberg …

Lower City Upper City

Grand PlaceManneken Pis Quartier Royal

Quartier 
Louise

PP PP PP PP
PP

PPPPPP

PP PP PP

EC

EC
Bois de la 
Cambre

PP

EC



Inconsistencies

Inconsistencies arise because
– Some relationships are wrong: PP(a,b) and PP(b,a)
– Some relationships are vague: PP(a,b) and EC(a,b)



Inconsistencies

Inconsistencies arise because
– Some relationships are wrong: PP(a,b) and PP(b,a)
– Some relationships are vague: PP(a,b) and EC(a,b)

Consistency checking & reasoning are based 
on a fuzzification of the RCC calculus in which
– Regions can be vague (fuzzy footprints)
– Spatial relations can be satisfied to some degree (i.e. 

spatial relations are fuzzy relations)



Conclusions

Our goal is to improve local search services 
based on semi-structured and unstructured 
web-information
– Support for neighborhoods
– Better support for landmarks
– Increased coverage

This requires a formalism that is tolerant for 
imprecision
– Fuzzy relations to represent closeness information
– Fuzzy footprints to delineate neighborhoods
– Fuzzy relations to represent qualitative spatial relations


