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Abstract — A Resource Space Model is a semantic model to 
organize, locate and operate Web resources in a multi-
dimensional resource space. It’s easy for users to understand the 
resource space and locate resources in it because a resource 
space is constructed based on the classification semantics. In 
general, resource spaces models are manually designed and 
constructed based on domain knowledge and resource analysis. 
Human factors, such as personal opinions, knowledge level and 
design skill, will influence the design result of a resource space. 
To reduce the difficulties of the manual design and ease the 
designing process, this work studies the issues of automated 
creation of a resource space and proposes a general method to 
automatically construct resource spaces from XML files. 

I. INTRODUCTION 

A. The Basic Concepts of Resource Space Model 
A  Resource Space Model (RSM) is a semantic data model 

for specifying, storing, managing and locating contents of 
Web resources based on a appropriate classification on the 
contents of resources [1][2][3] . Users can query and locate 
the resources in a resource space based on the classification 
coordinates of the resource space. It’s easy for users to 
understand and manipulate a resource space based on the 
classification semantics since the classification is not only an 
approach to efficiently managing resources but also a basic 
method for human to percept the real world [7][8]. 

A resource space is a multi-dimensional space in which 
each point has its corresponding coordinates that map into a 
relevant resource set (maybe an empty set). In an n-
dimensional resource space, each axis has a number of 
coordinates that can be flat or can have a certain hierarchy. 
Axes and the coordinates reflect the classification semantics 
of the resources. The distribution of resources depends on the 
classification information. Resources with the same 
classification semantics are located in the same point 
according to their classification coordinates in the space. 

 A Resource Space Schema is a five-tuple {RS, A, C, S, dom} 
that defines the structure of the space [3]: 

(l) RS is the name of the resource space; 
(2) A={Xi|1≤i≤n} is the set of the axes; 
(3) C={Cij|Cij∈Xi, 1≤i≤n} is the set of the coordinates; 
(4) S is the power set of the domain ontology; 
(5) dom is the mapping from the axes set A and the 
coordinates set C to S. dom: A*C→S, for any axis Xi={Ci1, 
Ci2, ……, Cip}, dom(Xi, Cij)=Vij, Vij∈S, where 1≤i≤n , 
1≤j≤p. 

B. Motivation of automatic construction  
The approach to design and create the resource space is as 

following steps [16]: 

(1) Resource analysis. It is to determine the application 
scope, to explore the resources to be managed, and then to 
specify the resources in a Resource Dictionary.  
(2) Top-down resource partition. Different designers can 
have different opinions of the resource partition, so we need a 
unified method on the resource partition on the top level. 
(3) Design a low dimensional resource space (e.g., a 2-
dimensional resources space). A low-dimensional space is 
easier to handle. So, we first design low dimensional resource 
spaces, then integrate low-dimensional spaces into a higher 
dimensional resource space. 
(4) Join resource spaces. In order to obtain an unified 
resource view, we need to join the low-dimensional resource 
spaces into a higher dimensional resource space.  

Due to the large number of the resources, it is important to 
explore the approach to automatically classifying the 
resources and uploading the resources into the resource space. 
There are some limitations in designing and creating the 
resource space manually, such as heavy workload, personal 
knowledge level and design skills. 

To ease the resource space design process, this work studies 
the issues of automated creation of resource spaces and 
proposes a general method to automatically construct resource 
spaces from XML files and resource entities. 

II. AUTOMATIC CONSTRUCTION OF RSM 

A. Task Introduction 
The construction of the resource space is based on domain 

knowledge. In manual work of resource space building, we 
can classify the resource and design the resource space 
according to certain domain knowledge. To make 
automatically build a resource space, we need an objective 
method to construct the resource space which can correctly 
reflect the domain knowledge and the classification semantics 
of the resources.  

A resource space includes three parts: the structure of the 
space including axes and their coordinates, the specification of 
the content (including identity, path and semantic description) 
of resources and the resource entities. The task of the 
automatic construction the RSM includes the following two 
aspects: 
1. Design a better method to construct the structure of the 

resource space according to the existing files that describe 
the contents of the resource. 

2. Insert the resources into the resource space, that is, 
mapping the resources to each dimension and find the 
corresponding relations between the resources and the 
coordinates. 

The input of the system includes the resource entity and 



The 7th International Conference on Semantics, Knowledge and Grid, Beijing, China, Oct 24-26, 2011 

 2

their content description, and the output is the automatically 
generated. 

B. Basic Idea 
The resource space model is based on the classification 

semantics of the resources and the resource partition related to 
certain characteristics of the resources. This section presents a 
method to get the classification rules from XML files. 
Through parsing the XML files we can obtain the resource 
elements (resources in the resource space corresponds to the 
element tag in the XML file), the child elements of the 
resource element and the attributes of the resource element 
which describe the classification features of the resources.  

XML is a set of rules for encoding documents in machine-
readable form. The design goals of XML emphasize 
simplicity, generality, and usability over the Internet. It is a 
simple self-described data storage language using a series of 
simple tags to describe data. It can not only describe the 
content of the data but also highlight the data structure which 
reflects the relationship among the data. The construction 
method of the resource space based on the XML files is 
shown in Fig.1. 

 
Fig. 1 The resource space constructed based on XML files 

C. Resources Determination in RSM 
As the description of the resources, XML files can describe 

the resource characteristics by nested elements. When we 
construct the resource space based on XML files, some 
elements in XML files can be regarded as resources, while 
other elements may be used to describe the resource features 
or to define the specific objects that objectively exist in the 
domain area, but these objects are not the resources which will 
be organized and managed in the resource space. 

For example, “inproceedings” is an element describing the 
conference paper in the XML file of the DBLP project and it 
is regarded as a resource element which means it will be 
converted into a resource in the resource space. The 
“inproceedings” record described in the XML file as follows: 
<inproceedings> 

 <author>Alan M. McIvor</author>  
<title>Calibration of a Laser Stripe Profiler.</title> 
<booktitle>3DIM</booktitle> 
<year>1999</year> 
<pages>92-98</pages> 

<url>db/conf/3dim/3dim1999.html#McIvor99</url> 
</inproceedings> 

The statements above describe an "inproceedings" record. 
As the "inproceeding" is one kind of resources that will be 
organized and managed in the resource space, so the 
“inproceeding” element is in the resource elements set as the 
input of the method. The “inproceedings” element includes six 
child elements: author, title, booktitle, year, pages, url, these 
child elements describe the resource features from different 
aspects. 

“proceedings” is an another element in the XML file of the 
DBLP project and it defines the conference in the domain but 
because the conference is not the resource that will be 
organized and managed in the resource space, so, the 
“proceedings” element is not in the resource elements set. 

To determine which elements in the XML file is the 
resource in the resource space, one feasible method is 
mapping the resources in the resource space into the elements 
in the XML file and the set of the resource elements is the 
input parameter of the automatic construction system of RSM, 
which can ensure the accuracy of resource selection. 

D. Construction of the Type Axis 
The resource type expresses the classification of the 

resource itself, so, the hierarchy of resource type can be 
considered as a resource classification rules and can be 
converted in to the type axis. 

If there are a variety of resources to be managed in the 
resource space, then the resource element set as the input will 
contain more than one resource element, which is one of the 
partitions of the resources from the perspective of the resource 
type.  

We can parse an XML file to find the classification types. If 
a document conforms to XML syntax specification, it is a 
“well-structured” document. A well-structured XML 
document can form a tree structure that expands from the 
“root” node to the “branches” nodes. The root node of this tree 
corresponds to root element of the XML document. The 
intermediate nodes of the tree correspond to the sub-elements 
and attributes and all elements can have child elements and 
attributes. The bottom is the leaf nodes of the tree, 
corresponding to the content of the elements and the value of 
the attributes. 

For each resource element in the set, we begin depth-first 
search from the root until we find a resource element node, 
then save all intermediate nodes on the path from root to that 
resource element node. The retained nodes form a hierarchy 
structure which expresses the resource classification clearly 
from the perspective of the resource type according to the 
domain knowledge. 

However, if the existing resources cannot cover all types of 
resources, the type axis of the resource space automatically 
constructed from the XML file cannot express the resource 
classification completely and accurately. Therefore, we need 
to use XML DTD or XML Schema to obtain the partition of 
resources. By parsing XML DTD or XML Schema, the tree 
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structure of the XML document can be obtained, which can 
still be used as the resource type hierarchy. 

We design different methods to get hierarchical structure 
from XML DTD and XML Schema. The hierarchical tree 
structure based on dblp.dtd or dblp.xsd file is shown below in 
Fig.3. 

The hierarchy structure can be considered as the type axis. 
As the top of the structure contains only one root node and it 
doesn’t work to classification, so it should not appear as a 
coordinate in the type axis. When constructing the resource 
space, the root node should be discarded. The type axis is 
shown in Fig.4: 

 

Fig. 3 The tree structure of resource types in DBLP 

 
Fig. 4  The type axis of the resource space. 

E. Construction of the Attribute Axes 
The XML file can describe the resource characteristics by 

using the child elements and attributes of resource elements, 
so it is feasible to construct the attribute axes and set up the 
classification rules according to the attribute values and the 
element content. 

To automatically constructing the attribute axes, we obtain 
the resource elements’ attributes and sub-elements by parsing 
the XML DTD or XML Schema file. If the resource space 
needs to manage a variety of resources, we should obtain the 
sub-elements, attributes, type and constraints for each 
resource element respectively. 

XML DTD and XML Schema take different mechanisms to 
constrain the number of occurrences of elements and attributes, 
for example, XML DTD using the following special tags to 
declare the number of the element occurrences. Tag "*" 
indicates the elements that can occur zero or more times; Tag 
"+" indicates the elements that occur at least once; Tag "?" 
indicates the elements that can occur zero or one time. XML 
Schema can also control the number of occurrences of 
elements by "minOccurs" indicator and "maxOccurs" 
indicator. In addition, XML DTD and XML Schema support 
the optional attribute by different methods. 

When constructing the attribute axes, the required sub-
elements and attributes of resource elements need to be 
retained, giving up those sub-elements that may not appear 

and optional attributes. This is because the third normal form 
of RSM requires that all axes must be reasonable, that is, all 
resources in a resource space can be projected on any axis 
finding the corresponding coordinates so that the resource set 
that each axis represents is equal.  

For example, the element “article” in dblp.dtd is described 
as follow: 

<!ENTITY % article.fields 
"author,title,booktitle,year,volume?,number?,pages?,m
onth?,note?"> 
<!ELEMENT article       (%article.fields;)> 
<!ATTLIST article 

                        key CDATA #REQUIRED                         
                        mdate CDATA #IMPLIED 
> 

The resource element article includes the required sub-
elements and optional sub-elements, the required sub-
elements such as "author", "title", "booktitle" and "year", the 
optional sub-elements such as "volume", "number", "pages", 
"month" and "note". The element article has a required 
attribute "key" and an optional attribute "mdate". 

After getting the sub-element set and attribute set, we will 
find the intersection of them to select the common features of 
various types of resources. Then, we will construct the 
attribute axes based on these common features to classify 
resources and the axes, which will be named after the sub-
element name or attribute name. 

The next step is to generate the coordinates on the attributes 
axes automatically. The coordinate express the content of sub-
elements or the value of attributes. The coordinate value of a 
resource projected on the attribute axis can be obtained from 
the content of sub-elements or the value of attributes. 

XML Schema offers a variety of data types for elements 
and attributes and allows users create their own data types 
derived from the standard types. A data type may contain a 
finite number of values or contain an infinite number of values. 
As the RSM requires the number of coordinates on any axis 
be finite, so, we need an appropriate treatment if the axis 
contains an infinite number of values. Two methods are 
proposed to generate the coordinates on attribute axes:  
1. Design a division scheme for each built-in data type 

respectively. For example, we can divide xsd:string into 
27 fields according to the first letter: a, b,……,z and other; 
For the type xsd:integer, we can divide it into 3 fields 
according to the value magnitude: >0，=0，<0, and so 
on. 

2. According to the distribution of resource classification 
property values by parsing the XML files, classify the 
resources automatically by making use of the existing 
classification or clustering methods in the fields such as 
pattern recognition or knowledge discovery. 

XML Schema supports the restriction mechanism to further 
define the data type for the elements and attributes. Restriction 
can also provide reference to the value division of data types. 
Sometimes it is possible to construct the coordinates on 
attribute axes exactly according to the restriction. XML 
Schema provides the restriction types partially shown in Table. 
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For example, we use restrictions "maxInclusive" and 
"minInclusive" to limit the element year indicating the XML 
file only stores the resources published from 2000 to 2010. 
The relevant statements in XML Schema are as follows: 

<xsd:element name="year"> 
<xsd:simpleType> 

            <xsd:restriction base="xs:integer"> 
                 <xsd:minInclusive value="2000"/> 
                 <xsd:maxInclusive value="2010"/> 
            </xsd:restriction> 

</xsd:simpleType> 
</xsd:element> 

The attribute axis constructed based on the year element 
with restrictions contains eleven coordinates 2000, 2001, …,  
2010. Thus, it meets the RSM requirement of the reasonable 
design of axes. 

The attribute axes have been constructed through this 
method. Although this process has selected the sub-elements 
and attributes, but in practice not all retained child elements 
and attributes are suitable for building attribute axes. For 
example, each resource element contains a title child element 
to express the name of a resource. If we convert it to an 
attribute axis, then each coordinate on that axis will map 
exclusively to a resource, which is meaningless to the resource 
classification. Therefore, it is necessary to determine whether 
the property is suitable for converting the axis according to its 
ability to express the classification semantics. To determine 
whether a property is suitable is difficult, we can take the 
following method to deal with it: calculate the ratio of the 
number of coordinates to the number of the resources, if the 
ratio is close to 1, the property is of little importance to the 
classification and therefore it is not suitable for the 
conversion [4]. 

III. EXPERIMENTAL ANALYSIS 
We take the DBLP dataset as input and produce a 3-

dimensional resource space to organize and manage the paper 
resources in the computer science based on the dblp.dtd and 
dblp.xsd file. The result is shown in Fig.5. The 3-dimensional 
resource space includes a type axis and two attribute axes. 
After inserting the resources into the resource space, the 
resource classification management system is achieved. The 
resource space allows users to search the resources from 
multi-faceted such as Year, Author and Type dimension. Users 
can have a comprehensive understanding of the distribution of 
resources through the holistic view of the resource space. 

 
Fig. 5 The automatically constructed 3-dimensional resource space. 

IV. CONCLUSION 
This paper presents a framework that automatically 

constructs a resource space from XML resource data. The 
proposed method can extract the classification rules, the 
coordinates, the attributions to build a multi-dimensional 
resource space and insert resource entities into corresponding 
points in the resource space. We use the DBLP XML dataset 
to test the proposed method and the results show that the 
proposed method can easily construct a proper resource space 
for managing literature resources in DBLP dataset.  Future 
work includes the generation of the complex semantic space 
integrating the resource space and semantic link network 
deployed on P2P network towards the ideal of the future 
interconnection environment [7-19]. 
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