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Nowadays web has an imperative impact on our daily life 
providing required information. Regarding to [1] size of 
web is estimated 11.5 billion pages at 2005. This size is now 
even larger and become larger as the time elapse. Web 
search engine like Google, Yahoo, MSN,… has an 
important role for facilitating information access. Because 
of huge amount of information in web, without these search 
engine people can not find their relevant information from 
billion’s pages in web. A web search engine consists of 
three main parts: A crawler that retrieves web pages, an 
indexer that builds indexes, and a searcher. Figure 1 shows 
anatomy of a large scale web search engine [2]. A major 
question a crawler has to face is which pages to retrieve so 
as to have the "most suitable" pages in the collection [3]. 
Crawlers normally retrieve a limited number of pages. In 
this regard the question is how fast a crawler collects the 
"most suitable" pages. A unique solution to this question is 
not likely to exist. In what follows, we try to answer this 
question.  

Different algorithms with different metrics have been 
suggested to lead a crawl towards high quality pages [4,5]. 
In [4] Cho, Garcia-Molina, and Page suggested using connectivity-based metrics to do so. To direct a crawl, they 
have used different ordering metrics: breadth-first, and backlink count, and PageRank and random. They have 
revealed that performing a crawl in breadth-first order works nearly well if "most suitable" pages are defined to 
be pages with high PageRanks.  

Najork and Wiener extend the result of Cho, 
Garcia-Molina, and Page examined the average 
page quality over time of pages downloaded 
during a web crawl of 328 million unique pages. 
They have showed that traversing the web graph 
in breadth-first search order is a good crawling 
strategy. 

Regarding to Henzinger's work [3] better 
understanding of graph structure might lead to a 
more efficient way of the web crawling. We use 
this idea in to develop our algorithm. First we 
define the "most suitable" pages. We then show 
how a crawler can retrieve most suitable pages. 
We use three metrics to measure the quality of a 
page. The first metric is community of pages. A 
collection of good crawls should contain pages 
from different communities. The second metric 
is PageRank [2] of a page. Pages with high 
PageRank are the most important pages in web.  
The third metric is number of visited pages at 
iterations. A good crawler will visit more pages in less iteration. 

We present an algorithm for extracting seed set from a previously crawled pages. Using offered metrics we show 
that starting extracted seeds by our algorithm a crawler will quickly collect most suitable pages.  

We have studied different community extraction algorithm: PageRank, Trawling, HITS, and Network flow base 
community discovery. Regarding our analysis we use HITS ranking without keyword search in our algorithm for 
community discovery and collecting seeds set. We have found bipartite cores very useful for selecting seeds set. 
Bipartite cores contain Hub and Authority pages. Since we are interested in having Authority pages in our crawl, 
we would need to start crawling from Hub pages. Hub pages are durable pages, so we can count on them for 
crawling.  

In comparison with Trawling algorithm, HITS ranking finds 
bipartite cores more quickly. Network flow base community 
discovery algorithm searches for dense sub graphs and finds 
communities containing bipartite cores. Yet, it does not 
provide information about the value of the pages in the 
extracted community. As HITS algorithm ranks web pages, its 
ranking can be used for evaluating the importance of selected 
pages in bipartite cores.  

From the structure presented by [6] and their analysis the most 
important web pages in the web are expected to be in 
SCC+OUT. Figure 2 shows the structure of web. From [2] we 
know that nodes or web pages with high page rank are the 
most valuable pages in the web. In addition from [3, 7, 8] we 
understand that bipartite cores are one of the valuable sources in he web usually called hubs and authorities. 
Besides we know that web contains thousands of different communities. In [7] Kleinberg used keyword and a 
ranking method for finding hub and authorities pages which result contains pages in one or more communities. In 
[9] Flake et al suggested a method based on network flow algorithm for finding web communities. The relation 
between communities extracted from their algorithm and Kleinberg's community is that result of Kleinberg's 
algorithm is expected to be a subset of Flake et al algorithm [10]. See Figure 3 for a sample of relation between 
results of these two algorithms. 
A crawler normally do not crawl the entire web and continue to retrieve a limited number of pages. Crawlers 
tend to collect "most suitable" pages of web rapidly. We defined "most suitable" pages of web are pages with 
high PageRank. These pages are pages that HITS algorithm calls them Authority pages. The difference is that 
HITS algorithm finds the authorities pages relating to key word but PageRank shows the importance of a page in 
the whole web. As well we know that good hubs links to good authorities. If  we be able to extract good hubs 
from a web graph and from different communities than we will be able to download good authorities which have 
high PageRank of different communities.  

We use HITS ranking without keyword search on 
previously crawled web pages and than prune the resulted 
sub graph than we run again HITS ranking and prune it and 
repeat respectively. We show that selected hub nodes from 
the resulted sub graph of iterations can solve crawl 
problem mentioned in this paper. 
We assume that we have a web graph of crawled web 
pages. Our aim is to extract seeds set from this graph so 
that a crawler can collect the most important pages of web 
in less iteration. To do this we run HITS ranking algorithm 
on this graph. This is the second step of HITS algorithm. In 
the first step it searches the keyword in an index-base 
search engine. For our purpose we ignore this step and only 
run the ranking step on the whole graph. In this way, 
bipartite cores with high Hub and Authority rank will 
become visible in the graph. Then we select the most highly 
ranked bipartite core using two algorithms we suggest, 
namely: extracting seeds with fixed size, extracting seeds 
with fixed density. Then we remove this sub-graph from the 
graph and repeat ranking, seed extraction and sub-graph 
removal steps till we have enough seeds set.  

A question that may arise is that when repeating the step 
why we run HITS ranking again? Isn't one time ranking 
enough for whole steps? The answer is removing bipartite 
core in each step modify the web graph structure we are 
working on. In this regard, re-ranking change the hub and 
authority rank of bipartite cores in web graph. Removing high 
ranked bipartite core and re-ranking web graph drive appeared 
bipartite cores be from different communities. Thus, a crawler 
will be able to download pages from different communities 
starting these seeds.  

We have experimented our algorithm using web graph of UK 
2002 containing 18,520,486 nodes and 298,113,762 edges, 
and UK 2005 containing 39,459,925 nodes and 936,364,282 
edges [11,12,13,14]. Our experiments prove that extracted 
bipartite cores have a reasonable distance from each other 
(See figure 6).  

The other question that may arise is that if a crawler starts 
using seeds resulted from our algorithm, why would the 
results of crawl lead to the most suitable pages. The answer is 
that in iterations of algorithm we select and extract high 
ranked bipartite cores from web graph. Extracted bipartite 
cores have high hub or authority rank. It is expected that pages 
with high hub rank link to pages with high PageRank. Our 

experiments on UK 2002 and UK 2005 prove the 
correctness of this hypothesis.  

We have compared the result of the crawls starting from 
extracted seeds set produced by our algorithm, with crawls 
starting random nodes. Consequently, our experiments 
shows that the crawl staring from seeds set identified by 
our algorithm find most suitable pages of web very faster 
in comparison with a random crawler (See figure 7 and 8).  
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Figure 1. Anatomy of a large scale web search engine, 
[2] 

Figure 3. Relation Between Community Extracted by  
NetworkFlow and  Its relation to HITS Bipartite Core 
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Figure 2. Connectivity of The Web
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Figure 4. Log-Log diagram of Hub and Authority sizes 

Extracted from UK 2002
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Figure 5. Log-Log diagram of Hub and Authority sizes 
Extracted from UK 2005

Figure 6. Graphical Presentation of Distances between 
56 extracted seeds from UK-2002 by our algorithm. 
Numbers besides of each node indicate the iteration 
number, in which related node has been extracted.  
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Figure 7. Comparison of PageRank of Crawled pages 
starting 10 seeds extracted by our method on UK-2002 
V.S Random Seeds 
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Figure 8. Comparison Log Count diagram of pages 
visited at each Iteration starting 10 seeds extracted by 
our method V.S 10 seeds selected randomly from uk-
2002 
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