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Abstract. The Semantic Link Network model SLN and Resource Space Model
RSM are semantic models proposed separately for effectively specifying and
managing versatile resources across the Internet. Collaborating the relational
semantics of SLN with the classification semantics of the RSM can support
richer semantic modeling in applications. This paper introduces the Resource
Class Hierarchies into the SLN and investigates to cooperatively model with the
RSM. The proposed approach can be used as a normalized semantic overlay of
the Knowledge Grid environment.

1 Introduction

The relational data model is the milestone of data management [1, 2]. Different from
the hierarchical and network models, it separates the logical data representation from
physical implementation. Object-oriented databases and object-relational databases
extend the application scope of the relational databases [5, 8, 10]. Several graph-based
semantic models built on the traditional hierarchical and network data models have
been proposed [4, 6, 7, 9, 11]. But, these data models are incapable of effectively
managing heterogeneous, distributed and ocean resources in an open and dynamic
Internet environment.

The Resource Space Model RSM is a semantic data model for uniformly, normally
and effectively specifying and managing resources. Its theory basis is the normal forms
based on orthogonal classification semantics and relevant resource operations [13, 14,
15, 18]. The Semantic Link Network model SLN is a semantic model for semantically
interconnecting resources [15]. The SLN has the advantages of enabling rich semantic
representation, reasoning, execution, referential search, and normalization.

To facilitate the cooperation between RSM and SLN, this paper extends the SLN
by introducing a structure called Resource Class Hierarchy, which can be derived
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from the RSM. The combination of the classification semantics of RSM and the rela-
tional semantics of SLN can support richer semantic modeling and applications in the
open and dynamic Internet environment [16, 19].

2 Resource Space Model and Semantic Link Network Model

A resource space is an n-dimensional space, denoted as RS(X|, X5, ... , X,) or just by
name RS in simple [13]. Axis is defined by a set of coordinates denoted as X; = {Cjj,
Cp, ..., Cin}. A point p(Cy i, Cyp, ..., Cyjn) is determined by the coordinate values at
all axes. Every point in the space can uniquely determine a resource set, where each
element is called a resource entry. Point and resource entry are two fundamental op-
eration units of RSM.

A Semantic Link Network (SLN) is a network consisting of nodes and semantic
links between nodes. A node can be either a resource defined in the name space or an
SLN. The Semantic Link Network can be formally represented as a directed graph
SLN=<Resources, SemanticLinks>, where Resources and SemanticLinks represent the
sets of nodes and semantic links respectively. The operations, normal form theory,
characteristics, criteria and integrity constraints have been proposed in [15]. A set of
semantic relationships such as Cause-effect, Implication, Inclusion, Similar-to, In-
stance, Membership, Sequential and Reference has been introduced in [12]. More
types of semantic links can be imported according to application requirements. The
SLN theory has been applied to the peer-to-peer environment to achieve efficient
query routing [17].

3 The Extended Semantic Link Network

Fig.1 illustrates a part of an extended semantic link network representing a simple
teaching system. The dotted circles represent resource class hierarchies, each of
which corresponds to a resource space. The rectangles in dotted circles denote the
resource classes corresponding to classes of resources in a resource space. The edges
in the dotted circles represent the inclusion relationships between resource classes.
The formal definitions of resource class hierarchy, resource class and inclusion rela-
tionship will be introduced in section 4. And other nodes and edges are from the ge-
neric concepts defined in the original SLN.
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Fig. 1. A Semantic Link Network with resource class hierarchies
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Definition 1. The extended Semantic Link Network is a triple S = (VE, RE, RCH),
where VE is a finite set of nodes in the extended Semantic Link Network which could
include resources, generic classes and resource classes; RE is a finite set of triple <vy,
v,, re>, where re represents the relationship between nodes v, and v, coming from VE;
and, RCH is a finite set of resource class hierarchies, each of which corresponds to a
resource space in the RSM.

Through incorporating the RSM and the SLN, the extended SLN has the following
three advantages.

(1) The extended SLN provides an efficient mapping mechanism from RSM to
SLN. The extended SLN has increased the mapping granularity from RSM to
SLN. In contrast with the original SLN, a point, an axis and even a resource
space in the RSM can be mapped to a node in the extended SLN. Secondly, the
extended SLN provides not only resource mappings but also operation mappings
from the RSM to the SLN.

(2) The extended SLN makes use of the RSM to facilitate the SLN modeling. Since
quick and easy modeling is one of the salient features of the RSM, the resource
class hierarchies in the extended SLN make the SLN modeling easier without
conflict with other approaches such as Entity-Relationship model [3].

(3) The extended SLN can enhance the interoperability between SLNs. Most of the
operations of the original SLN are mainly based on the structure information.
The extended SLN has introduced some new RSM-based operations, which em-
phasize on not only structure but also semantic information of SLNs.

4 Resource Class Hierarchy

Let & be a resource space, an axis, a point or a coordinate of the RSM, and R(5) be the
resources that & can contain in the RSM. Let RS(X;, X, ... , X,) be a resource space.
Its axis X; = {Cj;, Cpy, ..., Cin} can be extended to Xi* ={Cy, Cyp, ..., Cin, W}, 1<i<n.
A point taking the coordinate value 7; on the axis X; means that the axis X; has no
restriction on the point. Meanwhile, we introduce a constant y; at each axis X; such
that R('\{l) = R(Cll) |\ R(Clz) v ...V R(Clm)

Definition 2. Let RS(X}, X», ... , X;) be a resource space and Xi*, 1<i<n, be its ex-
tended axes. The set of resources represented by (1, ..., T, Vi, Tis1s- .-, Ty) 1S defined
as the axis resource class of axis X;, denoted as ac;. Axis resource class and each
relation in the Cartesian product X;" x X," x ...x X, are generally called resource

classes. Particularly, the relation (m,, m,, ..., ®,) is called the base resource class,
denoted as rootgs.
For any two resource classes ¢ = (Cj, Cojp, ..., Cyjn) and ¢ = (Cy/, Cop’, ...,

C.,;x’) in a resource space, if R(C,j) € R(C,j1’), R(Cyj) < R(Cyp’), ..., R(Cyjn) <
R(C,;,’) hold respectively, then the resource class c is called the subclass of the re-
source class ¢’ and the resource class ¢’ is called the superclass of the resource class c.
And this inclusion relationship is denoted as ¢ . ¢’.

Definition 3. Let RS(X}, X, ... , X,) be a resource space. The resource class hierar-
chy of RS is defined as the directed graph RSG(CS, E) where
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Fig. 2. A resource space and a part of its resource class hierarchy
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() CS=X," xX," x ... xX, U{(m, ..., Ty, Yoo Mgy ..., W) | 1< i<n);

(2) For any resource classes cy, ¢; € CS, if <cy, c;>€ E, then c,C.c| holds;

(3) For any resource classes ¢y, ¢, € CS, if ¢; <. ¢; holds, then there exists at least
one path F(Cl, Cj1> Ci25 +++5 Cjm» 6'2).

The resource class hierarchy of a given resource space can be viewed as a directed
graph consisting of resource classes and the inclusion relationships. I'(vy, vy, ..., v,) 18
used to denote one path from v, to v, in a directed graph. Fig. 2 is the illustration of a
resource space and a part of its resource class hierarchy.

5 Operations in the Extended Semantic Link Network

The extended SLN not only maps resource spaces to resource class hierarchies but
also inherits all operations of the RSM. There exist four types of operations in the
RSM: Join, Disjoin, Merge and Split [13]. The following is the formal definitions of
these four operations on resource class hierarchies of the extended SLN.

Theorem 1. (Rsm-Join) Let RS, (X}, ..., X, Xu1, ..., Xp) and RS>(X41, ..., X,
X1, --., Xp) be two resource spaces that can be joined together to form the resource
space RS(Xy, ..., Xi, Xuts --o5 X Xine1s ---» Xp). Assume that RSG((CS,, E|) and
RSG,(CS,, E,) are the resource class hierarchies of RS; and RS, respectively. The
Rsm-Join operation on RSG(CS, E;) and RSG,(CS,, E,) is defined as the directed
graph RSG(CS, E) such that:

(D) CS=X, XX X..x X, U{(m, ..., Tt Yoo Ty ..., W) | 1< i<n};

(2) For any two classes ¢ = (Cy, ..., C;, Cyy, ..., Cyy Cpyyys ..., Cy) and ¢ = (Cy, ...,
C’,Cyry ..., C’, Ciuyt’s ..., CY) in CS, <c, ¢’> € E holds if and only if both <(C},
seey Ch Cl+17 LEES Cm)’ (C1,7 (XXX} Ct,7 Cl+1’7 s Cm,)> € El and <(Ct+l7 (XXX} Cm7 Cm+17 cees
C),Cyt’,....Cx, Chit’s ..., C)> € E, hold.

Then, RSG(CS, E) is the resource class hierarchy of resource space RS.

Theorem 2. (Rsm-Disjoin) Let RS (X, ..., Xi, Xu1, ..., Xun) and RS>X 41, .05 X
Xm+1s ---» Xp) be two resource spaces which derive from the Disjoin operation on the
resource space RS(X1, ..., Xy, X1, -y Xy Xine1s .- Xy). Assume that RSG(CS, E) is
the resource class hierarchy of RS. The Rsm-Disjoin operation on RSG(CS, E)
is defined as RSG(CS;, E;) and RSG,(CS,, E,) (similar to RSG(CS;, E1)) such that:
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(1) CS =X, X X5 X oo X Xy U (T, ooy Tty Yoo Mgty -eoy o) | 1< i<m};

(2) For any two resource classes ¢ = (Cy, ..., C;, Cyy, ..., Cy) and ¢’ = (Cy’, ..., C/,
Cyi’, ..., Cy)in CSy, <c, ¢’> € E| holds if and only if there exists at least a pair
of resource classes (Cy, ..., C, Cyy, ..., Cp, Cpyt, ..., Cp) and (Cy’, ..., C/,

Cit’s ooy Cs Coit's .., C) in RSG(CS, E) such that <(C, ..., C, C1, +.., Crmy
Corts ooy €, (Crs s €Oy Cot’s ooy Cots Consts -y C)> € E holds.

Then, RSG(CS}, E)) is the resource class hierarchy of resource space RS;.

Theorem 3. (Rsm-Merge) Let RS, and RS, be two resource spaces that can be
merged into the resource space RS by merging X* and X’ into X. Assume that
RSG(CS,, E;) and RSG-(CS,, E,) are the resource class hierarchies of RS; and RS,
respectively and that ac, ac’ and ac’’ are the axis resource classes corresponding to
axes X, X’ and X"’ respectively. The Rsm-Merge operation on RSG(CS;, E;) and
RSG,(CS,, E>) is defined as the directed graph RSG(CS, E) such that:

(H)CS=CS, v CS, v {ac} —{ac’,ac’’};
QQE=E VE, U {<ac,c>|<ac’,c>€ E,or<ac’, c> € E,} U {<c, ac> | <c, ac’>
€ Eior<c,ac’>¢€ E,} —{<ac’, c><ac’, c>€ E;} — {<ac’’, c>|<ac’, c> € E,}.

If RS is in 2NF, then RSG(CS, E) is the resource class hierarchy of resource space
RS.

Theorem 4. (Rsm-Split) Let RS (X, X, ..., X1, X) and RS,(X1, X5, ..., X1, X77) be
two resource spaces deriving from the Split operation on the resource space RS(X|,
X5, ..., X, X) in 2NF. Assume that RSG(CS, E) is the resource class hierarchy of RS
and that ac, ac’ and ac’’ are the axis resource classes of axes X, X* and X’ respec-
tively. The Rsm-Split operation on RSG(CS, E) is defined as RSG,(CS,, E,) and
RSG,(CS,, E,) (similar to RSG(CS;, E/)) such that:

(1) CS =X, X X5 X ... x X X X" O{(My, ..oy Tty Yoo Mgty oo Ty OIS i<m} U
ac’;

2) Ey ={<c, c’>1ceCS A c’eCS| A <c, ¢’>eE} U {<ac’, c> | ce CS; A <ac,
c>eE} U {<c,ac’>1ceCS| A <c, ac>eE}.

Then, RSG(CS}, E)) is the resource class hierarchy of resource space RS;.

Theorem 5. All of the RSM-based operations on the extended SLN (Rsm-Join, Rsm-
Disjoin, Rsm-Merge and Rsm-Split) keep INF, 2NF and 3NF of the Semantic Link
Network.

6 Conclusion

The collaboration between the Semantic Link Network and the Resource Space
Model is realized by extending the Semantic Link Network and defining the resource
class hierarchy and the RSM-based operations on the extended SLN. The extended
SLN provides an efficient mapping mechanism for the cooperation between RSM and
SLN, facilitates modeling with RSM and SLN, and enhances the interoperability
between SLNs by defining semantic-rich operations.
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Ongoing work is to design an efficient algorithm for automatically transforming

resource spaces to resource class hierarchies, to propose more operations on the ex-
tended SLN, to propose its theory on integrity constraint, and to develop tools for
assisting integrity and normalization checking in future environment.
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