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Abstract. The Resource Space Model RSM and Semantic Link Network SLN
are models of future interconnection environment, and the combination of them
forms a rich semantic layer for the next-generation web. This paper investigates
the combination between RSM and SLN. The methods of the transformation
between RSM and SLN are proposed. From the perspective of transformation,
the correlations between the normal forms of RSM and SLN are investigated.
The investigations show that although RSM and SLN are independently pro-
posed, they are well-cooperated models for the future Semantic Web and
Knowledge Web.

1 Introduction

The current web is based on the HTTP and HTML protocols as well as the cli-
ent/server infrastructure. It enables people to share web information to some extent in
form of using browsers to retrieve web pages. It could not meet the needs of the rapid
expansion of the Internet applications like e-business. There also exist issues like
accuracy and efficiency from the viewpoint of information retrieval. To overcome the
shortcomings of the current web, people have made efforts towards the next-
generation web. The Semantic Web, the Web Service and the Grid are three new
areas, where many leading research institutes and companies have been involved in.

The Resource Space Model RSM is a semantic data model for uniformly, normally
and effectively specifying and managing resources. RSM is to organize versatile Web
resources according to semantic normal forms [6, 8, 14]. Given a set of coordinates of
the space can uniquely determine one or a set of resources. The model includes nor-
mal forms based on the orthogonal classification semantics and relevant criteria and
methods.

The motivation of Semantic Web is obviously right, however, easy-to-use and
easy-to-build are two important criteria that determine the success or failure of new
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techniques. We have proposed the Semantic Link Network SLN as a model to
facilitate the Semantic Web [5, 7]. The links among resources (documents, images,
and concepts etc) are not simply hyperlinks but semantic links, which support
certain semantic reasoning. The semantic link network is the semantic “map” of
distributed versatile resources to enable people to publish, manage and browse
resources according to the map.

The combination of RSM and SLN forms a rich semantic layer for the next genera-
tion Web [9, 11, 12, 15]. Users make and use the orthogonal semantic space and the
semantic link network according to their cognitive spaces. The orthogonal semantic
space can help users focus their operation destination. The SLN reflects the semantic
relationships between versatile resources [13, 16].

In this paper, the integration of RSM and SLN are discussed. First given a semantic
link network, the corresponding high-level resource space is constructed, and the
correlations between their normal forms are discussed. Then on the contrary, we give
a method to construct a semantic link network that is semantically equivalent to a
given resource space. In this perspective, the corresponding relationships between the
normal forms of RSM and SLN are discussed.

2 The Transformation from SLN to RSM and the Correlations

Each resource defined in the RSM has a mapping image in the SLN. In this section,
given a semantic link network, the corresponding high-level resource space is con-
structed. And the correlations between their normal forms are discussed.

The semantic similar nodes in SLN (N, SL) can be looked as a point in the high-
level resource space, so we can get the corresponding high-level resource space from
a semantic link network as follows:

For a semantic link network SLN (N, SL), let SLN ={C;, C,, ..., C,,}, where C; is a
strong connected component of SLN and C; N C; = ®, 1< i, j <m. Then N
(SLN)=UN(C;), where N(C;) denotes the nodes of C;. Suppose we can describe SLN

from such aspects in semantics as X;, X,, ..., X;, then all C; can be represented as
Ci(x;, x2, ..., X,), where x; is the value of C; in the semantic of X;. If we view every
Ci(x;, x3, ..., X,) as a point pi(x1, x2, ..., xn) in a resource space, then we get the high-

level resource space RS(X1, X2, ..., Xn).

Well normalized data makes programming (relatively) easy, and works very well
in multi-platform, enterprise wide environments [1, 2]. The normal forms are to guar-
antee the correctness and effectiveness of operations [3, 4].

Then the correlations between the normal forms of the semantic link network and
the resource space will be discussed.

Corollary 1 (INF): The first-normal-form of a semantic link network SLN is also the
first-normal-form of the corresponding resource space RS.

Proof: If SLN is 1NF, then there does not exist semantic-equivalent nodes in it. From
the definition of strong connected component, there can’t exist the same strong com-
ponent in SLN. Suppose RS is the high-level resource space, then there can not be the
same points in it. So we can get that there does not exist name duplication between
coordinates at any axis in RS. Then RS is also the first-normal-form.
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Corollary 2 (2NF): The second-normal-form of a semantic link network SLN is also
the second-normal-form of the corresponding resource space RS.

Proof: If SLN is 2NF, then there does not exist inconsistent semantic links and dupli-
cate semantic links between the same pair of nodes, this guarantees that the strong

components of SLN are got correctly in semantics. Suppose {C;, C,, ..., C,} is the set
of strong components of SLN and RS is the high-level resource space, then RS={ p,,
D2, ---» Pm}, Where p; is corresponding to C;, 1< 1 <m. If RS is not the second-normal-

form, then there exist some points p; and p; are not independent from each other, i.e.,
R(C;) N R(C;)# @, which means C;n C;# ®. This is not consistent with that C;and C;
are different strong components in SLN, so the RS is also the second-normal-form.

Corollary 3 (3NF): The third-normal-form of a semantic link network SLN is also the
third-normal-form of the corresponding resource space RS.

Proof: If SLN is 3NF, then there does not exist isolated nodes (accessible from each
other), therefore all the strong components of SLN are accessible from each other.
Suppose RS is the high-level resource space, we can get that any of its point are reach-
able from the others, then every axis X; can represent all the resources in RS, which is
equivalent to that any two axes of RS are orthogonal with each other [10], so RS is
also the third-normal-form.

The above three corollaries tell that although we have defined the normal forms of
the RSM and SLN respectively, they have the common properties in solving the re-
dundancy and inconsistency, are the same in some sense.

3 The Transformation from RSM to SLN and the Correlations

In the above section, given a semantic link network, the high-level resource space is
constructed and the correlations between them are discussed. But much semantics is
lost in the procedure of from SLN to RSM. Then on the contrary, we will compare the
RSM with the SLN in the perspective of constructing a semantic link network that is
semantically equivalent to a given resource space.

Given a resource space RS (P, E), we can construct a SLN (N, SL) that is semanti-
cally equivalent to it as follows:

First let N (SLN)=P (RS), then for any two nodes n; and n, in the SLN, we can

refer them as p;(x;, x2, ..., x,,) and p>(y;, ¥z, ..., y») in RS respectively. Then we define
SL (n;, ny)={ SL(x;, y;) | 1< i< n}, where

Im p,, if <x,,y, > E(RS)orx; =y,;
SL('xi’yi):{q) pl i y ( ) y

, otherwise.

In the resource space RS (P, E), if <x;, y>€ E(RS) or x;=y;, then R(x;)2R()), i.e., x;
implies y;. So here we can look every Imp; as an instance of the ‘Implication link’ [5],
1< i< n. Then we can get SL (SLN) from SL (SLN)= \U,,; noeny SL(n;, 12).

Because the semantic links are directed, SL(x;, y;) #SL(y;, x;) in most cases. If
X;=Yy; then SL(x;, y;) =SL(y;, x;)= Imp;. And on the contrary, if SL(x;, y;) = Imp; and
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SL(y;, x;))= Imp;, then x;= y;. It is obvious that the link Imp; is transitive. Note that for
any node n(x;, x, ..., x,) in the resulting SLN (N, SL), R( x; )=U{R( y; )JISL(x;, y;) =
Imp;}. Then from the steps of constructing, it is clear that the resulting SLN (N, SL) is
semantically equivalent to the resource space RS (P, E).

In a resource space RS, an axis with hierarchical coordinates can be transformed
into an axis with flat coordinates if only the leaf nodes of each hierarchy are consid-
ered. So we focus on the flat cases in this section.

The corresponding semantic link network SLN of RS becomes more regular when
RS is in the flat case. In this case, for any two points p;(x;, X2, ..., x,) and p>(y;, y2, - .,
¥,) in RS, we have x;= y; or R(x;))NR(y;)=®, 1< i< n, i.e., both x;implies y;and y; im-
plies x; hold or neither hold. Correspondingly, for any two nodes n;(x;, X3, ..., Xx,,) and
nz(y1, V2, ..t y,,) in the SLN, SL()C,', y,) :SL(y,', )C,'): Imp, or SL(.X,‘, y,) :SL(y,‘, x,~)= (D, i.e.,
there are no semantic links between x; and y;.

Given a resource space RS, there is a SLN that is semantically equivalent to it, so
we can compare the normal forms of RS and the corresponding SLN to study the cor-
relations between the normal forms of RSM and SLN.

Corollary 4 (INF): The first-normal-form of a resource space RS is also the first-
normal-form of the corresponding SLN.

Proof: If RS is INF, then there does not exist name duplication between coordinates
at any axis, so there can’t be the same points in RS. Suppose SLN is the corresponding
semantic link network of RS, from N (SLN)=P (RS), we can get that there does not
exist semantic-equivalent nodes in SLN, so SLN is also the first normal form.

Corollary 5 (2NF): The second-normal-form of a resource space RS is also the sec-
ond-normal-form of the corresponding SLN.

Proof: If RS is 2NF, then for any axis, any two coordinates are independent from each
other. Suppose SLN is the corresponding semantic link network of RS, then there does
not exist semantic-equivalent nodes in SLN. And for any pair of nodes n;(x;, x, ...,
x,) and ny(y;, ¥2, ..., y,) in the SLN, the semantic links between them fall into the two
cases: SL(x;, y;) =SL(y;, x;)= Imp; or SL(x;, y;) =SL(y;, x;)= @, so there does not exist
inconsistent semantic links and duplicate semantic links between n; and n,, then we
say that the SLN is the second normal form.

Corollary 6 (3NF): The third-normal-form of a resource space RS is also the third-
normal-form of the corresponding SLN.

Proof: If RS is 3NF, then any two axes of it are orthogonal with each other, which is
equivalent to R(X;)=R(X,)=...=R(X,), i.e., every axis X; can represent all the resources
in RS [10], this guarantees that any points in the form of { p(x;, x,, ..., x,)l x; € X;} are
meaningful. Suppose SLN is the corresponding semantic link network of RS, from N
(SLN)=P (RS), we can get that any nodes in SLN in the form of { n(x;, x,, ..., x,)| x;
€ X;} are also meaningful. Then for any two nodes n,(x;, x, ..., x,) and ny(y;, ¥z, ...,
v,) in the SLN, if there exists some i, 1<i<n, such that x;=y;, then SL(x;, y;) =SL(y;, x;)=
Imp;, then n; and n;, can be accessed from each other. Else if x;y;, for 1<i<n hold, let
ns= n3(x;, X2, ..., X5, Yu), from x;#y; and x,#£y,, we can get n;# n; and ns# n,. Then
there exists semantic links n;,—Imp;— n3, and n;—Imp,—n,, so n; and n, can also be
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accessed from each other by the chain n,—Imp;— n;—Imp,—n,. So any two nodes in
the SLN are accessible from each other, i.e., the SLN is the third-normal-form.

The above three corollaries indicate that although we have defined the normal
forms of the RSM and SLN independently, they have the common properties in solv-
ing the redundancy and inconsistency, and are the same in some sense.

4 Conclusion

The investigation of the relationship between RSM and SLN indicates that although
RSM and SLN are proposed respectively, they are well-cooperated models for the fu-
ture semantic and knowledge networking environment [15, 16]. Based on the theory of
the RSM [6, 8, 10, 14] and SLN [5, 13], this paper proposes a method of constructing
the corresponding high-level resource space from a semantic link network, investigates
the correlations between the normal forms of the SLN and RSM, and provides a method
of constructing a SLN that is semantically equivalent to a given resource space.
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