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Abstract. This talk explores aspects relevant for peer-to-peer search infrastruc-
tures, which we think are better suited to semantic web search than centralized
approaches. It does so in the form of an (incomplete) cookbook recipe, listing
necessary ingredients for putting together a distributed search infrastructure. The
reader has to be aware, though, that many of these ingredients are research ques-
tions rather than solutions, and that it needs quite a few more research papers on
these aspects before we can really cook and serve the final infrastructure. We’ll
include appropriate references as examples for the aspects discussed (with some
bias to our own work at L3S), though a complete literature overview would go
well beyond cookbook recipe length limits.

1 Introduction

Why should we even think about building more powerful peer-to-peer search infrastruc-
tures? Isn’t Google sufficient for every purpose we can imagine? Well, there are some
areas where a centralized search engine cannot or might not want to go, for example the
hidden web or community-driven search.

The hidden web requires replication of data usually stored in databases in
a central search engine which seems like a bad idea, even though Froogle
(http://froogle.google.com/) attempts to do this for a limited domain / purpose (shop-
ping, of course). A central data warehouse just does not seem an appropriate infrastruc-
ture for the world wide web, even though replicating much of the surface web on the
Google cluster is (still) doable.

The main characteristic of a community-driven search infrastructure is its strong
search bias on specific topics / results. While the last two years have seen techniques
emerging for biasing and personalizing search [1-3], catering for a lot of small and
specific search communities in a centralized search engine neither seems easy to ac-
complish nor particularily useful to implement for a search engine company which has
to target the average user, not specialized communities.

Besides covering these new areas, another advantage of a distributed search in-
frastructure is the potential for faster updates of indices, because we can exploit local
knowledge about new and updated content directly at the site which provides it, with-
out necessarily crawling all of its content again. Last, but not least, decentralized search
services might also appeal to those who would rather opt for a more “democratic” and
decentralized search service infrastructure instead of centralized services provided by a
(beneficial) monopolist or a few oligopolists.



In this talk, we will discuss some necessary ingredients for a Google2Google recipe,
which have to be mixed together to provide a general decentralized search service in-
frastructure. Please be aware, that a well-tasting solution is still a few years away, and
cooking it all together is not as simple as it might seem at the first moment.

2 Distributed Search Engine Peers

As the first ingredient, we need a large set of distributed Google2Google search peers.
These are not just distributed crawlers such as the peers in the distributed search engine
project Grub (http://grub.org/), but rather provide crawling, indexing, ranking and (peer-
to-peer) query answering and forwarding functionalities.

Each Google2Google search peer will be responsible for a small partition of the web
graph, with some overlaps to achieve redundancy, but without centralized schedulers.
As the web graph is block structured, with inter-block links much sparser than links
within blocks, search peers have to orient themselves on this structure [4, 5].

Obviously, it will be important how we connect these peers. A super peer architec-
ture [6, 7] might be a good choice because it allows us to include task specific indexing
and route optimization capabilities in these super peers. As for the exact topology, we
will have a range of options, most probably building upon one of the P2P topologies
derived from Cayley graphs [8] used in DHT and other P2P networks [9-12].

Typical search engine users will rely on simple text string searches, though for more
sophisticated applications we certainly want to provide more sophisticated query ca-
pabilities as they are available for example in the Edutella network [13]. For certain
applications we might opt for publish/subscribe infrastructures instead [14], which can
re-use many of the ingredients mentioned in this talk.

3 Distributed Ranking Algorithms

One of the main reasons Google quickly replaced older search engines was its ability
to rank results based on the implicit recommendations of Web page writers expressed
in the link structure of the web. So we definitively have to throw in a ranking algorithm
to provide Google2Google with comparable functionalities.

Unfortunately, two main ingredients of Google’s ranking algorithm (TF/IDF and
PageRank) rely on collection wide document properties (IDF) and central computation
(PageRank). There is hope, however, that we are able to solve these problems in the
future: IDF values in many cases do not change much when new documents are added
[15], and distributed algorithms for computing pagerank and personalized pagerank
have been proposed [16, 3].

Furthermore, pagerank variants more suited to decentralized computation have re-
cently been investigated [17, 18], and promise to decrease communication costs in a
Google2Google setting. These algorithms compute PageRank-like values in two sepa-
rate steps, first doing local computation within a site, then computation between sites
(without taking specific pages into account). Additional analysis is needed on how they
compare to PageRank and how sites with a lot of non-related pages (e.g. mass hosters



like Geocities) can be handled. Google2Google search peers will probably have to rely
on blocks within these sites or group the pages of such sites in community-oriented
clusters.

4 Top-k Retrieval and Optimization

Obviously, ranking algorithms are not enough, we also have to use them to prune
Google2Google answers to the best k ones. Imagine shipping hundred thousand an-
swers and more to the user, who only wants to look at the top ten or top twenty answers
in most cases anyway.

Recent work on top-k query processing and optimization in peer-to-peer networks
has addressed these issues, and has shown how (meta) data on query statistics and rank-
ing methods can be used to retrieve only the k best resources [19, 20]. Ranking in this
context is used to score the results that come from distributed sources, reduce the num-
ber of answers, enable partial matches to avoid empty result sets and optimize query
forwarding and answering. Briefly, these algorithms assume a super-peer network con-
nected using for example a hypercube-derived topology [12], and implement three in-
tertwined functionalities (more details are presented in another presentation [19]):

— Ranking: Each peer locally ranks its resources with respect to the query and returns
the local top-k results to its super-peer.

— Merging: At the super-peers results from the assigned peers are ranked again and
merged into one top-k list. These answers are returned through the super-peer back-
bone to the querying peers, with merges at all super-peers involved.

— Routing: Super-peer indices store information from which directions the top-k an-
swers were sent for each query. When a known query arrives at a super-peer these
indices are used to forward the query to the most promising (super-) peers only. A
small percentage of queries - depending on the volatility of the network - has to be
forwarded to other peers as well, to update the indices in a query-driven way.

5 Trust and Security

Finally, trust and security play a role even more important in our decentralized
Google2Google infrastructure than in more centralized settings. Topics here range from
the issue of decentralized trust establishment and policy-based access control for dis-
tributed resources [21, 22] to distributed computations of trust values meant to achieve
the same benefits as trust networks in social settings [16, 23]. The presentations at the
1st Workshop on Trust, Security and Reputation on the Semantic Web [24] covered a
large set of topics in this area and initiated a lot of fruitful discussions.

In our Google2Google setting, malicious peers could for example try to subvert
information they provide, an issue especially critical for ranking information. Recent
analysis of attack scenarios in a distributed PageRank setting [16, 3], have been encour-
aging, though, and have shown that with suitable additional modifications of the dis-
tributed algorithm, PageRank computation becomes quite un-susceptible to malicious
peers even in a decentralized setting. Personalized PageRank variants can be made even
more resiliant if we bias them towards trusted sites / peers [25, 26].



6 Conclusion and Acknowledgements

Even though a decentralized infrastructure makes seemingly simple things surprisingly
difficult (for example how to implement the “Did you mean xx” functionality in Google,
which relies on (global) query and answer statistics), our short search for available
ingredients for a Google2Google infrastructure already turned out rather successful. It
will still take quite a few more research papers (plus an appropriate business / incentive
model for a distributed search engine infrastructure) until we will be able to finalize our
Google2Google recipe. But once we are finished we will have most certainly realized
quite a few new opportunities for searching and accessing data on the (semantic) web.
Regarding the title of the paper as well as the initial idea, let me thank my friend
and colleague Karl Aberer for inventing and using the term Google2Google as a nice
catch phrase for distributed web search engines, on occasion of the panel he organized
at the 2nd International Workshop on Databases, Information Systems, and Peer-to-
Peer Computing [27]. This workshop took place in Toronto on August 29 and 30, in
the context of VLDB’04. Regarding the results and ideas described in this paper, |
gratefully acknowledge all my collaborators at L3S and elsewhere for their valuable
contributions on the issues discussed in this talk and mentioned in the reference list in
the next section. Without their help, my cookbook recipe would not have been written.
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