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Abstract. Web is considered as the largest information pool and search engine, a 
tool for extracting information from web, but due to unorganized structure of the 
web it is getting difficult to use search engine tool for finding relevant information 
from the web. Future search engine tools will not be based merely on keyword 
search, whereas they will be able to interpret the meaning of the web contents to 
produce relevant results. Design of such tools requires extracting information from 
the contents which supports logic and inferential capability. This paper discusses 
the conceptual differences between the traditional web and semantic web, 
specifying the need for crawling semantic web documents. In this paper a 
framework is proposed for crawling the ontologies/semantic web documents. The 
proposed framework is implemented and validated on different collection of web 
pages. This system has features of extracting heterogeneous documents from the 
web, filtering the ontology annotated web pages and extracting triples from them 
which supports better inferential capability. 
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1 Introduction 

The World Wide Web (WWW) has revolutionized the means of data availability 
on the internet [6]. With the current structural model of the World Wide Web 
where anyone can easily publish its own document leads to lot of unstructured 
information and abundance volume. This is posing difficulties for current web 
crawlers and search engines to gather relevant information and henceforth it is 
becoming difficult for users to find information with proper precision and recall. 

These difficulties have emerged with a solution to the extension of current web 
termed as semantic web. The semantic web is an extension of the current web in 
which information is given well defined meaning, better enabling computers and 
people to work in co-operation [1]. In particular, the semantic web provides a 
mechanism that is very useful for formatting data in machine readable form, 
linking individual data properties to globally accessible schemas, matching local 
references to entities against various kinds of standard names, and providing a 
range of inferences over that data in scalable ways [12]. The main components 
that distinguishes Semantic Web are –Ontologies, Languages used to represent 
ontologies, schemas to represent concepts, adding meaning to document data, 
triples, URI [5].  It is found that semantic markup within documents leads to 
greater number of relevant documents as compared with text documents [13]. 

In present there are different  kinds of resources  in semantic web – HTML 
documents embedded with metadata, RDF, OWL,DAML[4], RDF embedded 
XML documents, all these resources cannot be crawled by the current crawlers 
because of the meaning  based linkage as compared to keyword based linkage in 
traditional web. Hence there is need of design of system that can crawl all these 
resources, extract the information from the semantic annotated documents which 
in turn will help out in providing inferential capability. The above discussed 
requirement for crawler is designed and implemented in this paper. 

The paper is organized as: section 2 discuss about the motivation for 
developing the crawler framework; section 3 describes the related work in this 
area; section 4 discusses the proposed crawler and the corresponding algorithms 
for crawling semantic web documents and ontologies; in section 5 implementation 
of the crawler framework is presented with the validation of the work done and 
finally in section 6 conclusion is given. 

2 Motivation 

Crawling the semantic web is different from crawling the web of HTML 
documents. A traditional crawler starts with some seed URLs, downloads the 
corresponding documents, analyzes each document to gather further URLs for 
crawling and does context specific processing of the retrieved contents, like  
creating the searchable entries in the database. The last steps are repeated until a 
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stop criterion is met (e.g. no more URLs to crawl, reached a predefined link depth, 
or gathered a predefined amount of documents) [14]. But these steps cannot be 
applied for crawling the web documents specified in languages described for the 
semantic web. 

Table 1 Comparison between the traditional web and semantic web  

Parameter Traditional Web Semantic Web
Basic concept It is a collection of 

documents linked by 
hyperlinks described in 
languages with syntax that 
involves keywords. 

It is a collection of documents 
linked by relations with inferential 
capability, hence adding a meaning 
to the links as compared to linkages 
merely via keywords. 

Linkages 
Structure 

Linked using an HTML 
anchor tag (link) which is a 
keyword reference to 
another document generally 
displayed as underlined 
text. 

Linking among the documents are 
implemented using the 
rdfs:seeAlso[17] relationship[11]  

Linkage 
Specification 

An HTML hyperlink 
doesn’t specify the actual 
meaning based linkage 
between documents. 

Documents are written in- 
Resource Description Framework 
(RDF), which make it possible to 
specify how concepts are linked to 
each other. 

Crawling  Operates on HTML 
documents. 

Semantic Web crawler operates on 
RDF, OWL and other semantic 
web representation languages [10]. 

 
Table 1 specifies the difference between the traditional web and semantic web 

crawler hence arising the need for design of crawler with different features as 
compared to the crawlers for crawling the traditional web documents. The 
functioning of semantic crawler is differentiated from normal crawler that normal 
crawler must only contend with extracting text from possibly invalid, content and 
subsequent link extraction whereas a semantic web crawler must carry out 
additional processing task like merging of information resources via inverse-
functional- properties; tracking provenance of data; harvesting schemas and 
ontologies in addition to source data [16]. The above tabular representation clearly 
specifies that there is a difference between the linkage structures and linkage 
specification between the two web structures. Because of these different structures 
regular crawlers are not sufficient to crawl semantic web and special semantic web 
crawlers should be developed [15]. Hence there is requirement for crawling 
framework with different specialties to harvest the semantic web and create 
knowledge base.  
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3 Related Work 

Ontotext RDF crawler [16] downloads interconnected fragments of RDF from the 
World Wide Web and builds a knowledge base from this data. At every phase of 
RDF Crawling, a list of URIs to be retrieved as well as URI filtering conditions 
(e.g. depth, URI syntax) are maintained which is done to download the resources 
containing RDF iteratively. To enable embedding in other tools, RDF Crawler 
provides a high-level programmable interface (Java API). 

“Slug” a web crawler (or “Scutter”) [7] is designed for harvesting semantic web 
content. Implemented in java using the Jena API, it works like web crawler, but it 
fetches RDF files instead of HTML pages, and follows rdfs: seeAlso links instead 
of HTML links. It has been designed as command based crawler system and does 
not provide any methods to reuse the crawled data and hence limiting the scope to 
just crawling of few documents and not providing the crawled data reuse. A 
Semantic crawler based on extended CBR algorithm [9] refers to harvesting 
semantic web contents by crawler which abstract metadata from online web pages 
and cluster them by associating with ontological concepts which is based on CBR 
algorithm. Swoogle crawler [8] can harvest, parse and analyze semantic web 
documents or semantic web information pieces embedded in web documents. 
RDF crawler [2] which is a multithreaded implementation capable of downloading 
simultaneously from many sources while aggregation thread does the processing. 
It builds a model that remembers the provenance of RDF and takes care to delete 
and replace triples if it hits the same URL twice.  

Based on the above literature it is found very limited work is done in semantic 
web crawlers that focuses on extracting information from ontology annotated 
documents that will help in better information retrieval. The proposed work is 
different from all these related work, as it is focused on crawling the semantic web 
documents annotated with ontology for harvesting the knowledge base to produce 
more inferential results. A novel framework is developed that works on ontology 
annotated web pages and extract the triples relation from the underlying 
ontologies associated with the web page. 

4 Proposed Framework  

SemCrawler is the proposed crawler having features that crawls the HTML pages 
annotated with RDF/OWL ontology. The proposed crawler incorporates a filter 
module that filters out the HTML web pages and crawls the documents annotated 
with ontologies. The proposed architecture is shown in Fig.1. The proposed 
framework consists of following functional components: 

i. Fetch Module 
        ii. Filter Module  
        iii. Link Extraction Module 

 iv. URI Dispatcher Module 
 v. Parser Module 
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Fig. 1 Architecture of Proposed SemCrawl Framework 

i. Fetch Module  

It is a module that fetches HTML, RDF contents, corresponding ontologies 
associated with the web. After fetching, it stores, the web contents and ontologies 
in a semantic buffer. When the contents are transferred by fetch module to 
semantic buffer, signal “contentready” is sent to the filter module that filters the 
HTML web contents. On getting the “contentempty” signal from filter module, 
this module starts fetching the documents again from the World Wide Web. 

Fetch Module 
{ 

wait (contentempty); 
extract URI from the URI queue; 
fetch the contents from web; 
store the contents in semantic buffer; 
signal (contentready); 

} 

ii. Filter Module  

Filter module waits for the signal from the fetch module. After receiving the signal 
from fetch module, it gets the fetched contents stored in semantic buffer, filters the 
HTML web contents and the filtered contents are given as input to link extraction 
module for further processing sending the “contentempty” signal to fetch module 
for further fetching of contents from the web. 

 

Filter Module (input: semantic buffer, output: filtered pages) 
{ 

wait (contentready); 
input the contents from buffer; 
extract the rdf web pages;  
input the filtered contents to link extraction module; 
signal (contentempty); 

} 
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iii. Link Extraction Module 

Link extraction module looks upon the contents which the filtered web contents 
got as output from the filter module. This module extracts certain constructs from 
the web page which works same as hyperlink <link href = “           “>in HTML 
page representation, hence extracts the further links from the pages is then given 
as input to URI queue. 

Link Extraction Module 
{ 
if (Owl: sameAs or rdf: seeAlso or rdf: alsoDefinedby constructs in page) 
input those links to URI queue for further processing; 
else 

  store the web page in semantic repository database for further extraction of 
concepts; 

} 

iv. URI Dispatcher Module 

This module gets the input from link extraction module, a list of URIs, which are 
given as input to fetch module for further downloading of semantic web 
documents from the web. 

v. Parser Module 

This module gets the input from semantic repositories database and will parse the 
web contents. 

Parser Module 
{ 
input the crawled data from semantic repository; 
extract subject, predicate and object from the crawler output repositories; 
store triples in database with three columns subject, predicate, object<S, P, O>; 
} 

5 Experiments and Results 

For the purpose of first experiment 20 web pages were taken, out of which 5 web 
pages were HTML web pages and rest 15 pages were associated with ontology 
related to laptop domain and then gradually the number of pages were increased 
for subsequent tests as shown in Table 2. SemCrawl crawler was implemented in 
java using eclipse framework. Crawler was able to crawl all the web pages and 
ontology with filtering out the HTML web pages. This ontology annotation will 
help in finding relation between entities of the web page which will increase the 
further scope of research that the domain ontology developed by this research 
could be extended and used for classified and relevant results on the web.  
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Fig. 2 Repositories of Web Pages  

Fig.2. shows the repositories of web pages which contain plain HTML pages 
and HTML pages associated with ontology. 

 

Fig. 3 Screenshot of a Web Page associated to Ontology 
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Fig.3. Shows an example of a web page   associated with ontology. SemCrawl 
will crawl these pages associated with ontology and filter out HTML web pages 
with which no ontology is associated. 

5.1 Crawler Evaluation 

 

Fig. 4 Crawler Output of RDF Webpage  

Crawler Output 

The implemented system crawled all the RDF pages embedded with ontology 
from the repository and filter out HTML pages. Fig.4. shows the output of 
crawler, which will be all web pages that are associated with ontology. We have 
implemented our system with the series of three tests Test1, Test2 and Test3 with 
each test taking a collection of 20 pages, 50 Pages and 100 Pages respectively, 
With each test 100% accuracy was achieved for the module created, we were able 
to crawl all the relevant contents from the web discarding the unwanted HTML 
web pages. Table 2 indicates the results of the various test conducted on crawler 
module. 
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Table 2 Series of Test conducted on Repositories for Crawler Module 

Test Repositories Repositories Crawler Output 
Test 1 20 Pages RDF Web Pages 20 Pages
Test 2 50 Pages RDF,OWL,HTML 38 Pages with filtered 

out 12 HTML pages  
Test 3 100 Pages RDF,OWL,HTML 85 Pages with  filtered 

out 15 HTML pages 
 

5.2 Parser Evaluation  

Parser modules have been implemented in java using eclipse framework and jena 
API library. Jena is convenient toolkit to manipulate RDF models for developing 
application within semantic web [3]. Parser module extracts triples from the 
semantic database repositories. Triples are in the form <Subject, Predicate, 
Object>. Number of triples depends on the vocabulary of our ontology. Output of 
triples extracted of parser module developed by us has been specified in Table 2. 
and Fig. 5 shows the output of parser module showing the triples relation<S, P, 
O>.Table 3 indicates the result of triples discovered by parser module. 

 

Fig. 5 Console output of parser module extracting Subject, Predicate, Object<S, P, O> 
Triples 

Table 3 Triples discovered by Parser Module 

Number of Web pages crawled 20
Number of Triples discovered 146 Triples 
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Crawler and parser module were executed on particular repository and RDF 
triples. 

6 Conclusion 

This paper presented a detail insight into the various differences between crawling 
in the traditional web as compared to crawling in the semantic web documents. 
Also the technique with which semantic data can be crawled, for later indexation 
and classification is proposed. In this research, crawler framework is implemented 
for harvesting web pages associated with ontology and creating semantic web 
based knowledge base. In future work further study on the different indexing 
mechanism of the ontologies associated with the web pages will be done. This 
paper is concluded with that there is great potential for research in this area 
regarding how these documents can be indexed which is a very innovative 
concept. 
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