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Abstract avoid URL duplication and content duplication. We have de-
] \ i veloped two different versions of the crawler, the first [Sga
We describeDSPHERE — a decentralized system for q stryctured P2P approach based on a Distributed Hash Ta-
crawling, indexing, searching and ranking of documents inpje protocol and the other [3] uses the unstructured P2P ap-
the World Wide Web. Unlike most of the existing search techsqach based on the Gnutella protocol. The design of our de-
nologies that depend heavily on a page-centric view of theenralized crawlers aims at providing extremely fast ¢raw
Web, we advocate a source-centric view of the Web and prapq fnctionality with built-in scalability and fault totance.
pose a decentralized architecture for crawling, indeximgia  £qr ranking purposes, the traditional TF-IDF based measure
searching the Web in a distributed source-specific fashfon. 5.6 sypplemented by link analysis based techniques. Severa
fully decentralized crawler |s_devel_0ped to crawl the _V\_/(_)rld search engines have successfully deployed such techpiques
Wide Web where each peer is assigned the responsibility ofs exemplified by the popularity of Google’s PageRank algo-

crawling a specific set of documents referred to a@®@rce  yithm [4]. However, PageRank and other existing link-based
collection. Link analysis techniques are used for ranking doc'approaches suffer from a number of known problems, such

ument's. Traditional link analysis techniqgg§ sufferfraobp 55 sjow update time, vulnerability to Web Spam, and lack
lems like slow refresh rate and vulnerabilities to Web Spamg gpport for higher levels of abstraction of the Web beyond
to counter which, we propose spurce-based link analysis  he flat page-based view. ODSphereapproach enhances the
algorithm which computes fast and accurate ranking scoregink-pased ranking mechanisms through collection-baiséd |
for all crawled documents. analysis [1]. Motivated by the strong locality-based natur
of Web links, we view the Web graph as a set of interlinked
1. Introduction collectionson top of the interlinked Web pages. The source-

Most current search systems manage Web crawlers witR2sed approach significantly speeds up the update timekof lin
a centralized client-server model in which the assignmént 02nalysis based scores and provides higher resilience tma nu
crawling jobs is managed by a centralized system using cerf€r of known Web Spam attacks [2].
tralized repositories. Such systems suffer from a number o .
problems, including link congestion, low fault tolerantmy . Decentralized Crawler

scalability and expensive administration. X&REperforms A decentralized crawler consists of a network of peers lo-

crawling, indexing, searching and ranking using a fully de-ca4eq in geographically disparate regions across the World
centralized computing architecture. Each peer in the DEphe g,y peer is responsible for crawling a certain portion ef th
network is responsible for crawling a specific sgt qf _dOCU'Web based on the geographical proximity between peers and
ments, referred to as treurce collection, and maintaining  yhe collections to be crawled. We have developed two dif-
an index over its crawled collections to facilitate a fdkt  orant versions of the crawler. one using a structured P2P
keyword search over these collections. A source collection, sy hased on a Distributed Hash Table protocol (called
may be defined as a set of documents belonging 1o a partiGyygidea) and another using an unstructured P2P system

ular domain. For example, a peer may be assigned the r¢jaqeq on Gnutella-like topology (called PeerCrawl).
sponsibility of crawling all or a subset of the documents in Due to space constraints, we describe only the most im

thewww.cc.gatech.eddomain. The D8HEREcrawler uses tant feat fthe DSJEREG tralized ler th
geographical proximity of peers to Web resources for fastePOrtant feature ot the ecentralized crawier the
ivision of laboramong the peers. Interested readers may re-

crawling and distributes the crawling task among a networlﬁE _ -
of peers which exchange information amongst themselves t rio [5, 3] for more detailed descriptions. The structuled

centralized crawler [5] uses the DHT protocol for distribgt
IDSpHEREStands fodecentralized information sphere the World Wide Web space among all peers in the network.
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to link to pages within the same domain) [1]. SourceRank
calculations are significantly faster than flat page-leyel a
proaches like PageRank, which is especially important con-
sidering the size and growth rate of the Web. We have ad-
ditionally incorporated a suite of spam-resilient countea-
sures into the source-based ranking model to support more
robust rankings that are more difficult to manipulate than
traditional page-based ranking approaches [2]. In practic
we treat each domain (likeww.cc.gatech.eduas a source.
So, in Fig.1, Peer A will calculate a local PageRank-based
score for each page in thewvw.cc.gatech.eddomain. Using
source-based link analysis, we will then calculate a source
score for thevww.cc.gatech.eddomain by accumulating in-
formation from other peers regarding all sources that lonk t

www.cc.gatech.edu/people

this domain. This can be done by providing all the source-

based links to a single peer. This peer will be responsibile fo

maintaining the source-based Web graph and calculating the

SourceRank for all the sources from this graph. Since peers

Peers and domains to be crawled are hashed to a comrmonon the Web have different capabilities, we select more pow-

bit space. A peer is responsible for those URLs whose doerful peers for maintaining this source-based Web grapk. Th

main name hashes onto it. source-based Web graph is replicated across multiple peers
Similarly, the unstructured decentralized crawler (Peerfor handling peer exits from the network.

Crawl) performs _the_division o_f labor by introd_ucing a hash-4_ Demonstration Overview

based URLDistribution Functionthat determines the do- . i .

mains to be crawled by a particular peer. The IP address of During the demonstration, a network of peers will be set

peers and domains are hashed to the sanisit space. A UP remotely (if the network connection is provided) to ilus

URL U is crawled by peeP if its domain lies within the ~ {rate the features of the system.

range of peeP. The range of Ped?, denoted byRange(P),

is defined byh(P) — 2™ to h(P) + 2", whereh is a hash

function (like MD5) andn is a system parameter dependent

Fig. 1. Division of Labor for PeerCrawl

e We display the features of the [PSERE decentral-
ized P2P crawlers, including the methodology employed
to resolve URL duplicates, distribution of crawl jobs,

on the number of peers in the system. In our first prototype
of DSphere, we use the number of neighbor peeB aé the

value ofn. Thus whenever a peer joins or leaves the network,
the range of all peers will change dynamically. Consider the
example shown in Fig.1. The poini§, Y, andZ in Fig.1 are
computed based on the neighbor count of pegr8, andC

crawling speed and quality of the crawled pages.

e We will provide a detailed analysis of our source-based

link analysis approach and demonstrate how it outper-
forms existing algorithms in terms of refresh rates and
robustness to Web Spam.
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is responsible for the rest of the domains. A peer broadcast®€ferences

all URLs for which it is not responsible to other peers in the [1)
system. Interested readers may refer to [3] for furtherildeta

3. Source-Based Link Analysis 2]

To provide augmented relevance ranking and search ca-
pabilities, DSHERE relies on source-based link analysis. 3]
Rather than providing a single global authority score tdeac
Web page — much like Google’s PageRank does -PIEERE
assigns two scores: (1) First, each source is assigned an ing]
portance score based on an analysis of the inter-source link
structure; (2) Second, each page within a source is assigned
an importance score based on an analysis of intra-source!
links. This approach is motivated by the strong localitygdih
nature of Web links, which is often centered around organi-
zational responsibility (e.g., pages within one domairdten
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