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Abstract— Location models play an important role in location-
based services (LBSs), because LBSs require a well-defined
representation of location knowledge to support location brows-
ing, navigation and query processing. Current location models
can be divided into two categories: symbolic and geometric.
Symbolic models try to represent the semantic relationships
between entities, and geometric models are based on geometric
coordinates and Euclidean distance.

In this paper, we propose a lattice-based semantic location
model (LSLM) for the indoor environment. LSLM is based
on the exit-location model and the theory of “formal concept
analysis.” The model can provide an explicit representation of
the basic relationships between two entities such as containment
and overlap. The nearest neighbor relationship on the concept
lattice is used to define the optimal distance between two entities.
Furthermore, the dual (location/exit) property of the model can
cater for different navigation needs. We provide examples to show
the effectiveness of our model.

I. INTRODUCTION

Location based services (LBSs) are growing rapidly with

the advent of wireless communication and mobile devices.

LBSs must be able to support sophisticated applications, such

as location-based instant messaging and location-based alerts,

to a large user community. A location model is an essential

part of location-aware applications, which require the location

knowledge to be understandable and capable of capturing the

rich semantics of the physical world. Much research has been

carried out on the development of location models to describe

the physical space and the properties of the objects contained

in it.

In this paper, we focus on semantic location models for

indoor navigation. Compared with outdoor environments, the

indoor environment is inherently diverse and complex. In

general, an outdoor environment can be clearly described

by the universal longitude-latitude-altitude coordinate system.

However, this coordinate system is not suitable for indoor

environments since each indoor environment has a different

context and its own way to describe its locations. Therefore,

a more flexible location model is needed to capture for indoor

applications the semantic relationships and semantic distances

among locations.

We propose in this paper the application of formal concept
analysis introduced by Rudolf Wille in 1980 to semantic

location modeling for indoor navigation. The indoor space is

modeled by two types of entities: locations and exits, where a

location is a bounded geometric area with one or more exits

and an exit is a boundary point through which a user can

leave or enter a location [19][16]. Based on this model, we

construct an exit-location matrix A, of which the elements

aij are either 1 and 0, with 1 (respectively, 0) indicating

the presence (respectively, absence) of the ith exit in the jth

location. We can deduce a concept lattice from the exit-

location matrix based on the theory of formal concept analysis,

which is called the Exit-Location Lattice. It can reveal the

basic relationships between two entities, such as containment

and overlap. The optimal distance between two entities can be

calculated according to the nearest neighbor relationship on the

concept lattice. Notice that “optimal distance” does not refer

to the shortest Euclidean distance between two entities but the

minimal number of locations/exits that must be passed through

to reach from one entity to the other. The dual explanation for

exit-location lattice can meet different navigation needs, for

example, walking from one location to the other location or

from one exit to the other exit.

In comparison with graph-based models, our lattice-based

model has the following advantages. Each node in the concept

lattice is capable of dual representation since each formal

concept attached to the node consists of location extent and
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exit intent. Contrarily, each node in the graph model can

only represent either a location or an exit. Furthermore,

the subconcept-superconcept relationship between two formal

concepts generates a hierarchical structure of the concept

lattice, which is easier to understand by human users and

therefore can reveal more semantic information than the graph

structure.

The rest of the paper is organized as follows. Section 2

discusses the related work on modeling locations. Section 3

reviews the basic concepts of formal concept lattice, which are

the foundation of the core subjects of the paper. In Section

4, we first represent the indoor space as an exit-location

matrix, and then build the exit-location lattice in terms of

the incidence matrix. Some important semantic relationships

among locations are derived from this model. By using the

nearest neighbor relationship on the concept lattice, we can

compute the optimal distance between two locations/exits. In

Section 5, a detailed example is given to illustrate the whole

modeling process and to explore some potential problems. The

last section summarizes the results obtained in this paper and

discusses directions for future work.

II. RELATED WORK

This section gives an overview of the existing location

models, which can be generally classified into symbolic and

geometric models [20].

In the symbolic location model, all objects are represented

as symbols and referenced by names. Based on the inclusion

relation between two sets, the symbols can be divided into sets

and subsets, which are organized in a hierarchical structure,

such as a tree or a lattice [16][18][9]. A representative example

of symbolic models is the semantic location model proposed

by Brumitt and Shafer [2]. The model is not a geometric

model since it can represent containment and connectedness

relationships within a space but does not represent any specific

geometric positions of the objects in that space. Moreover,

it has a lattice structure and a user-friendly naming system,

which allow a user to perform queries according to the

semantic information of the symbols. The main advantage

of symbolic models is that they can clearly describe spatial

relationships with semantic information which can be easily

understood by humans. However, the construction and main-

tenance of symbolic models incur heavy human cost.

In the geometric location model, the physical space is

represented as the Euclidean space and the objects therein

are represented as points, lines, regions or volumes in the

Euclidean space. Each object in the geometric model is

described by the set of coordinates defined in the Euclidean

space. Distance between two objects can be calculated based

on their coordinates. There are no set inclusion relationships

between two objects as in symbolic models. GPS is a well-

known application based on the geometric model, where

locations are described by the universal longitude-latitude-

altitude coordinate system [18][17][20]. Geometric models

have the following advantages: they provide accurate position

representation for objects and flexible ways to retrieve location

information. However, they support only primitive structures

among objects and cannot reflect the semantic relationships

among objects very well.

Symbolic and geometric models have complementary pros

and cons [17]. To overcome their weaknesses, hybrid location

models were proposed by [20][17][9], which are combinations

of symbolic and geometric models. These hybrid models share

the common idea that objects are organized in a hierarchy in

which every level is a refinement of its previous and then each

object in the hierarchy is given its own coordinate system [18].

Moreover, coordinate systems of subspaces and superspaces

can be transformed between two spaces[17].

Pradhan [23] introduced a semantic representation of ob-

jects, which is totally different from symbolic and geometric

representations. The semantic representation provides the con-

textual information of an object for characterizing the situation

around the object [25]. Another semantic location model for

indoor navigation was developed by Hu and Lee [15][16]. The

model consists of two types of entities: location and exit. It

is a graph-based symbolic model, but it can be derived from

the geometric representation of the indoor space [26][19]. The

hierarchical structure of the model is consistent with human

cognition during navigation and therefore is more suitable for

display on mobile devices than a plain floor plan. However,

this model cannot fully support object movement and can deal

with only one type of relation “reachability” [19].

Further related work in this direction includes Ye et al.

[26], who proposed a unified space model for more complex

environment based on lattice and graph models, as well as

O’Connell [21], Pederson [22] and Schlieder et al. [24], who

developed models for mobile objects and users.

III. MATHEMATICAL FOUNDATIONS

Formal concept analysis (FCA) was first proposed by

Rudolf Wille in 1980 [10][8][14]. The research interest in

this area has been increasing ever since Ganter and Wille

published their book [10] in 1999. The theory of concept
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lattice has been successfully applied to information retrieval

[4][3][5][11][13][7].

FCA consists of two major components: the generation

of concepts from data and the identification of the inherent

structure of these concepts. Moreover, a lattice can be formed

in terms of the partial order relation on the above structure.

The fundamentals of FCA [10] are described below.

Definition 1: A formal context is a triple (G, M, I), where

G and M are sets and I is a binary relation between the two

sets. The elements g ∈ G are the objects of the context and

the elements m ∈ M are the attributes of the context. If

we write (g, m) ∈ I or gIm, it means the object g has the

attribute m.

Definition 2: Let (G, M, I) be a formal context. For X ⊆
G and Y ⊆M , we define

X ′ = {m ∈M |gIm, ∀g ∈ X}
and

Y ′ = {g ∈ G|gIm, ∀m ∈ Y }.
That is, X ′ is the set of attributes common to the objects in

X and Y ′ is the set of objects common to the attributes in Y .

Definition 3: Let (G, M, I) be a formal context. A formal

concept of (G, M, I) is a pair (X, Y ), where X ⊆ G, Y ⊆M ,

X ′ = Y and Y ′ = X . We call X and Y the extent and

the intent of the concept (X, Y ), respectively. The set of all

concepts of the context (G, M, I) is denoted as C(G, M, I).
Definition 4: Let (G, M, I) be a formal context and let

(Xa, Ya) and (Xb, Yb) be two formal concepts in C(G, M, I).
We write (Xa, Ya) � (Xb, Yb) if and only if Xa ⊆ Xb or

equivalently Yb ⊆ Ya. We call (Xa, Ya) a subconcept of

(Xb, Yb). Alternatively, we call (Xb, Yb) a superconcept of

(Xa, Ya).
Proposition 1: The relation � on the formal concepts is a

partial ordered relation.

Proof: For any formal concepts (Xa, Ya), (Xb, Yb), and

(Xc, Yc) in C(G, M, I), the relation � is:

• reflexive: (Xa, Ya) � (Xa, Ya), ∀(Xa, Ya) ∈
C(G, M, I);

• antisymmetric: (Xa, Ya) � (Xb, Yb) and (Xb, Yb) �
(Xa, Ya) imply (Xa, Ya) = (Xb, Yb);

• transitive: (Xa, Ya) � (Xb, Yb) and (Xb, Yb) � (Xc, Yc)
imply (Xa, Ya) � (Xc, Yc).

Definition 5: A lattice is a partially ordered set in which

every pair of elements has a unique least upper bound and a

unique greatest lower bound.

Based on Definition 3 and Proposition 1, we know that the

ordered formal concepts of C(G, M, I) along with the relation

� can form a lattice, which is called concept lattice and

denoted as L(G, M, I) or (C(G, M, I),�). A Hasse diagram

is a simple picture of a finite partially ordered set, which can

help us observe the hierarchical structure of a concept lattice.

We use the above basic knowledge to build the following

semantic location model.

IV. A LATTICE-BASED SEMANTIC LOCATION

MODEL

In this section, we build a lattice-based semantic location

model (LSLM) for indoor navigation and then discuss the

semantic relationships among entities based on the model.

A MATLAB pseudo-code for generating concepts and Hasse

diagram is given. By using the nearest neighbor relationship

on the concept lattice, we obtain the optimal route for indoor

navigation.

A. Modeling the Indoor Environment

The indoor environment under consideration consists of two

type of entities, namely, locations and exits. A location is

defined as a bounded geometric area with one or more exits

and an exit is a boundary point through which a user can leave

or enter a location [19][16]. We then construct an exit-location

matrix A = [aij ], where the elements aij have values 1 or 0,

with 1 (respectively, 0) indicating the presence (respectively,

absence) of the ith exit in the jth location. Based on the above

mathematical foundation, we see that the set of locations, the

set of exits and the binary relationship between the two sets

form a formal context. The following simple example gives a

detailed explanation for the modeling process.

Example 1: Figure 1 shows a small area of a building,

which consists of 4 rooms(R), 1 corridor(C), and 6 exits(e).

R1, R2, R3, R4 and C are locations, and e1, e2, · · · , e6 are

exits. Table I gives the 6×5 exit-location matrix corresponding

to Figure 1.

In this example, R1, R2, R3, R4 and C are considered

as objects. The attributes are e1, e2, . . ., e6. Notice that R4

has two exits e4 and e5. Since no other location includes

the two exits, ({R4}, {e4, e5}) is a formal concept according

to Definition 3. Exit e5 is the only exit common to the

locations R3 and R4. Thus, ({R3, R4}, {e5}) is a formal

concept. Since {R4} ⊆ {R3, R4}, we have ({R4}, {e4, e5}) �
({R3, R4}, {e5}). In a similar way, we can obtain the other

formal concepts of the formal context and the partial order
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R1 R2

R3

R4

e1 e2

e3

e4

e5

e6

Fig. 1. A small area of a building.

R1 R2 R3 R4 C

e1 1 0 0 0 1
e2 0 1 0 0 1
e3 0 1 0 0 0
e4 0 0 0 1 1
e5 0 0 1 1 0
e6 0 0 1 0 1

TABLE I

THE EXIT-LOCATION MATRIX CORRESPONDING TO FIGURE 1.

relations among them. A Hasse diagram in Figure 2 is used

to visualize the hierarchical structure of the concept lattice, in

which each node represents a formal concept and each edge

denotes the subconcept-superconcept relationship between two

formal concepts.

Observing Figure 2 in Example 1, we formalize the follow-

ing propositions, which can describe how this lattice-based

model explores the semantic relationships among locations.

Proposition 2: Let (L, E, I) be a formal context, where L

L=1

L=2

({R1, R2, R3, R4, C}, φ)

({R2, C}, {e2})
({R1, C}, {e1})

({R4, C}, {e4})
({R3, R4}, {e5})

({R3, C}, {e6})

({R2}, {e2, e3})
({C}, {e1, e2, e4, e6})

({R4}, {e4, e5})
({R3}, {e5, e6})

(φ, {e1, e2, e3, e4, e5, e6})
Fig. 2. The concept lattice generated from the formal context in Table I.

is the set of locations and E is the set of exits. Let ({l1}, El1)
and ({l2}, El2) be two formal concepts, where l1 ∈ L, l2 ∈ L,

El1 ⊆ E and El2 ⊆ E. If El1 ∩El2 �= φ, then ({l1, l2}, El1 ∩
El2) is a formal concept.

Proof: An exit is a connector between two locations,

meaning that an exit cannot be shared with more than two

locations. Therefore, the number of locations in the extent of

each concept is at most two (except for the top and bottom

concept of the lattice). El1∩El2 �= φ. Thus, l1, l2 belong to the

extent of the concept. Since the number of the elements in the

extent of this concept is not more than two, ({l1, l2}, El1∩El2)
is a formal concept of the context (L, E, I).

Proposition 3: Let (L, E, I) be a formal context. Let

({c}, Ec) be a formal concept where c is a corridor and Ec

is the set of its exits. We use |Ec| to denote the number

of elements in Ec. Let ({li}, Eli), i = 1, . . . , k be formal

concepts where li represents room and Eli is the set of its

exits. If for ∀e ∈ Ec, ∃Eli , such that e ∈ Eli , then ({c}, Ec)
has |Ec| superconcepts with the form ({c, li}, Ec ∩ Eli).

This conclusion can be derived easily from Proposition 2.

Proposition 3 reveals the relationship between corridor and

room in an indoor environment.

We can produce formal concepts and build Hasse diagram

using Chein’s algorithm [6][12] and Alaoui algorithm [1][12],

respectively. The complete pseudo-code is given as follows.

B. Finding the Optimal Route for Indoor Navigation

The nearest neighbor relation is an important relation on the

concept lattice. It can help us design the optimal navigation

route on the lattice-based location model.

Definition 6: Let (C(G, M, I),�) be the concept lattice of

the context (G, M, I), and (Xa, Ya) and (Xb, Yb) be formal

concepts. (Xa, Ya) is a nearest neighbor of (Xb, Yb) if and

only if there does not exist (Xc, Yc) ∈ (C(G, M, I),�),
such that (Xa, Ya) � (Xc, Yc) � (Xb, Yb) or (Xb, Yb) �
(Xc, Yc) � (Xa, Ya). The nearest neighbor relation is denoted

by ∼.

Based on the nearest neighbor relation ∼, we define “con-

nection length” and “connection strength” between two formal

concepts on the concept lattice as follows.

Definition 7: Let (C(G, M, I),�) be the concept lattice of

the context (G, M, I), and (Xa, Ya) and (Xb, Yb) be formal

concepts. We call (Xa, Ya) and (Xb, Yb) connected if there

exist a sequence

(X1, Y1), (X2, Y2), . . . , (Xj , Yj) (1)

of distinct formal concepts of (C(G, M, I),�), such that
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Algorithm 1 Algorithm for Producing Formal Concepts and

Building Hasse Diagram.
Input: A binary m× n exit-location matrix A, which repre-

sents the binary relation between n locations G and m

exits M .

Output: The Hasse diagram, which represents the hierarchi-

cal structure of the exit-location lattice with locations as

objects and exits as attributes.

1: Level1 ← {({x}, Y )|x ∈ G, Y = {y ∈ M |xAy}}.
{list formal concept candidates in the first level of Hasse

diagram.}
2: k = 1;

3: while size(Levelk) > 1 do

4: Levelk+1 ← ∅;
5: for ((Xa, Ya), (Xb, Yb)) ∈ Levelk × Levelk and

(Xa, Ya) �= (Xb, Yb) do
6: Ỹ ← Ya ∩ Yb;

7: if ∃Xc, such that (Xc, Ỹ ) ∈ Levelk+1 then
8: Xc ← Xc ∪Xa ∪Xb;

9: else
10: add (Xa ∪Xb, Ỹ ) to the set Levelk+1;

11: end if

12: if Ỹ = Ya then
13: mark (Xa, Ya) in Levelk;

14: end if
15: if Ỹ = Yb then

16: mark (Xb, Yb) in Levelk;

17: end if

18: end for
19: delete all marked elements in Levelk;

20: k ← k + 1;

21: end while

22: for j = 1:k do

23: for (X, Y ) ∈ Levelk do
24: for (X̂, Ŷ ) ∈ Levelk+1 do

25: if X ⊆ X̂ then
26: (X, Y ) and (X̂, Ŷ ) is in child-parent relation-

ship;

27: end if

28: end for
29: end for

30: end for

(X1, Y1) = (Xa, Ya), (Xj , Yj) = (Xb, Yb), and (Xi, Yi) is

a nearest neighbor of (Xi+1, Yi+1) for all 1 ≤ i ≤ j − 1. We

call the sequence (1) a chain Cab from (Xa, Ya) to (Xb, Yb)
and the number (j − 1) the length of Cab. For all possible

chains connecting (Xa, Ya) to (Xb, Yb), we call the chain with

the shortest length the optimal chain, which is denoted by

C∗
ab. We call min({|Xr ∩ Xr+1|, r = 2, · · · , j − 2}) and

min({|Yr∩Yr+1|, r = 2, · · · , j−2}) the connection strength

of the extents and the connection strength of the intents of

Cab respectively, where | · | denotes the number of element in

a set.

We give the definition of the “optimal route” between two

locations in terms of Definition 7 as follows.

Definition 8: Let (C(L, E, I),�) be the concept lattice of

the context (L, E, I) where L is the set of locations and E

is the set of exits. For ∀ la, lb ∈ L, let (Xa, Ya), (Xb, Yb

∈ C(L, E, I) and the intents Ya and Yb be equal to the sets

of exits of la and lb, respectively. Then the optimal chain of

C∗
ab with the shortest Euclidean distance is the optimal route

from la to lb.

The above definition tells us that the minimal number of

locations/exits needs to be passed through to reach from one

entity to the other if a user walks along the optimal route,

i.e., the complexity of the optimal route is minimal. We can

find the optimal route between two entities by performing a

breadth-first search on the lattice-based location model.

Example 2: Observing Figure 1 in Example 1, we want to

find the optimal route from location R1 to location R3.

We first build the concept-based location model in Figure 2.

Since the intent {e1} of the formal concept ({R1, C}, {e1}) is

the same as the set of the exits of location R1, ({R1, C}, {e1})
is the formal concept corresponding to location R1. In a

similar way, we conclude that ({R3}, {e5, e6}) is the formal

concept corresponding to location R3. Based on the nearest

neighbor relation ∼ on the lattice, we know that there are two

chains connecting ({R1, C}, {e1}) to ({R3}, {e5, e6}). The

two chains are shown in Figure 3 by the broken line and the

solid line respectively. The length of the chain with solid line

is 3, and the length of the other chain is 5. Therefore, the solid

line represents the optimal route from location R1 to R3. If

we record the Euclidean distance between any pair of concepts

with the nearest neighbor relation, then the optimal distance

between two concepts can be calculated by summation.

In terms of Definition 3, we know that if (X, Y ) is a formal

concept of the context (G, M, I), then (Y, X) is a formal

concept of the context (M, G, I−1). Therefore, we can get
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({R1, C}, {e1})

({C}, {e1, e2, e4, e6})

({R4, C}, {e4})

({R4}, {e4, e5})

({R3, R4}, {e5})

({R3}, {e5, e6})

({R3, C}, {e6})

Fig. 3. Two chains connecting location R1 to R3.

the Hasse diagram of concept lattice (C(M, G, I−1,�) just

by placing that of (C(G, M, I),�) upside down and at the

same time exchanging the positions of extent and intent of

concepts of (C(G, M, I),�). In other words, a Hasse diagram

of a concept lattice can be given a dual angle of view. Hence,

the optimal navigation route between two locations or two

exits can be derived from the Hasse diagram of one concept

lattice.

The connection strength of a chain on the lattice is an-

other important factor for navigation. The following example

demonstrates the fact.

Example 3: Figure 4 models another small area of a build-

ing. The corresponding exit-location matrix is given in Table

II. The Hasse diagram of the corresponding formal concept

lattice is given in Figure 5. Suppose a user is standing at exit

e1 and he wants to get to exit e2. The question is which route

is optimal for him.

From Figure 5, we see that ({L1, L3}, {e1}) and

({L2, L4}, {e2}) are the formal concepts corresponding to

exits e1 and e2, respectively. There are two chains connecting

the two exits:

({L1, L3}, {e1}) ∼ ({L1}, {e1, e3, e4}) ∼ ({L1, L2}, {e3, e4}) ∼
({L2}, {e2, e3, e4}) ∼ ({L2, L4}, {e2}),

(2)

and

({L1, L3}, {e1}) ∼ ({L3}, {e1, e5}) ∼ ({L3, L4}, {e5}) ∼
({L4}, {e2, e5}) ∼ ({L2, L4}, {e2}).

(3)

The lengths of both chains are equal to 4, but the connection

strengths are different. Based on the definition “connection

strength” of the intents of a chain in Definition 7, we know that

the connection strength of the intents of chain (2) is 2 whereas

that of the chain (3) is 1. Our decision is that the optimal route

is chain (2) if the two chains have the comparative Euclidean

L1

L2

L3

L4

e1

e2

e3 e4

e5

Fig. 4. An exit-location area in a building.

L1 L2 L3 L4

e1 1 0 1 0
e2 0 1 0 1
e3 1 1 0 0
e4 1 1 0 0
e5 0 0 1 1

TABLE II

THE EXIT-LOCATION MATRIX CORRESPONDING TO FIGURE 4.

distances, since the larger connection strength means that the

user has more exit choices to pass through the boundary of two

locations. This kind of decision is more suitable for mobile

environment. For example, suppose both routes have busy

traffic, the user in route (2) can choose an appropriate exit

to go through the location boundary according to the current

traffic condition. However, the other route provides only one

choice.

({L1, L2, L3, L4}, φ)

({L1, L2}, {e3, e4})

({L1, L3}, {e1})

({L2, L4}, {e2})

({L3, L4}, {e5})

({L1}, {e1, e3, e4})
({L2}, {e2, e3, e4})

({L4}, {e2, e5})

({L3}, {e1, e5})

(φ, {e1, e2, e3, e4, e5})
Fig. 5. The concept lattice generated from the formal context in Table II.
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Fig. 6. A bird’s eye view and map of Hong Kong University of Science and
Technology.

RoomsBuilding Wings Floors Corridors

Fig. 7. Connection structure of the building.

V. AN EXAMPLE: MODELING AN ACADEMIC

BUILDING

Observing the examples in the above sections, we notice

that the Hasse diagrams of those concept lattices have only two

levels (except for the top and bottom levels). This is because

there are only two kinds of location considered at present:

corridors and rooms. A formal concept lattice corresponding

to a real indoor environment is far more complicated than

those simple examples described above. Figure 6 shows a

bird’s eye view and 2D map of the main academic building of

Hong Kong University of Science and Technology (HKUST).

It is a complex building where different parts are connected.

Specifically, the building has many wings which are connected

through exits. Each wing consists of different floors which

are connected through lifts and/or stairs, and each floor has

several corridors connecting with rooms through exits. Figure

7 illustrates the connection structure of the building, where the

components of each part are also connected with each other.

Any pair of immediate parts can result in a two-level concept

lattice. Therefore, the whole concept lattice of the building has

at least eight levels. The more detailed structure of this lattice

needs to be studied further.

VI. CONCLUSION AND FUTURE WORK

In this paper, we developed a lattice-based location model,

called Lattice Semantic Location Model (LSLM), for indoor

navigation. The indoor environment is first modelled by two

types of entities: locations and exits, between which there

exists a binary relation. Then, an exit-location lattice is con-

structed based on the theory of “formal concept analysis”.

Semantic relationships and semantic distance within an indoor

environment can be preserved in this novel model. By using

the nearest neighbor relationship on the concept lattice, the

optimal distance between two entities can be calculated, i.e.,

the minimal number of locations/exits needs to be passed

through to reach from one entity to the other. Moreover, the

rich structures of the model, such as “connection strength”

and “duality”, can support flexible navigation in different

environments.

In this paper, we applied the “formal concept analysis”

to semantic location model. The richness resulted from the

theory may cast new light on the development of location

models for location-based services. In the future, we are

interested in developing efficient search algorithms on the

lattice-based model. We also plan to apply the model to large

scale applications such as modelling the building of HKUST

and other location-based applications.

VII. ACKNOWLEDGMENT

This work is supported by the Research Grants Council,

Hong Kong SAR under grants 615806 and 616005. We would

like to thank the anonymous reviewers for their insightful

comments and helpful suggestions for the preparation of this

manuscript.

REFERENCES

[1] H. Alaoui. Algorithmes de Manipulation du Treillis de Galois d’une
Relation Binaire et Applications. Master Thesis, Université du Québec
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