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Abstract

We consider the problem of compressing graphs of the link structure of the World
Wide Web. We provide efficient algorithms for such compression that are motivated by
recently proposed random graph models for describing the Web. The algorithms are based
on reducing the compression problem to the problem of finding a minimum spanning tree
in a directed graph related to the original link graph. The performance of the algorithms
on graphs generated by the random graph models suggests that by taking advantage of the
link structure of the Web, one may achieve significantly better compression than natural
Huffman-based schemes. We also provide hardness results demonstrating limitations on
natural extensions of our approach.

1 Introduction
A snapshot of the World Wide Web can be thought of as a graph, with Web pages represented
by nodes and hyperlinks represented by directed edges. This representation is used by a wide
variety of Web algorithms, including algorithms for ranking pages based on their connectivity
[12, 4] and algorithms for finding natural communities of pages on a shared topic [14]. At
least one major search engine has designed a tool called the connectivity server for storing the
Web graph [3, 5].

Given this interest, a natural question to ask is how well the Web graph and Web-like
graphs can be compressed. Such compression would allow for more efficient storage and
transfer of Web graphs, and may improve the performance of Web algorithms by allowing
computation to be performed in faster levels of computer memory hierarchies. Good com-
pression requires using the structural properties of the Web graph, and hence an important
first step is understanding this structure. Previous work gives us important insights. It is clear
that the Web graph appears to be significantly different from the likely graphs resulting from
traditional random graph models. In particular, there appear to be natural clusters of related
pages with similar connections. Hence, in [13, 15], a new random graph model was introduced
with these clustering properties. The basis of this model is that pages and links enter the sys-
tem dynamically, and new pages may link to other pages by finding one or more reference
pages and copying links from these references.
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Recent studies of the Web graph suggest that the structure of the Web is actually more
complex than this random graph model; see, for example [5]. However, as a first approxima-
tion, this model captures important high level behavior, and it may be especially suitable for
specific subdomains, such as all the pages within a given university. Hence, in this paper we
focus on variations of this graph model, although we also test our prototype on real data [10].

Our primary results are the following:

� We provide a compression algorithm specifically designed for graph structures with
many shared links. Under appropriate assumptions, the running time of our algorithm is
O(n logn), where n is the number of nodes in the graph. The algorithm requires finding
a directed minimum spanning tree on a graph associated with the original graph.

� We provide hardness results demonstrating that several natural extensions of our algo-
rithm are NP-Hard.

� We demonstrate the effectiveness of our approach on a testbed of random graphs derived
from the random graph models that motivate our approach.

Space limitations require us to limit our exposition here. More details can be found in the
complete extended abstract [1].

1.1 Previous and Concurrent Work

Since developing this work, we have found that similar ideas have been used by the creators
of the connectivity server, a tool for keeping compressed Web graph data [3]. They have
found the reference-based approach extremely effective [17], although they also use locality.
Our approach, however, is significantly different from theirs. For example, here we focus on
optimal algorithms and corresponding theoretical limitations. The connectivity server project
has focused on approximate algorithms that seem to be effective in practice, but without the
same theoretical guarantees that we provide. We believe both works represent important steps
in understanding and improving compression of Web graphs.

The Web graph can be thought of as a sparse bit array. Methods for compressing sparse
bit arrays that make use of the probability distributions of the gaps between successive entries
are discussed in [20]. Similar approaches are used by the creators of the connectivity server
and are useful for compressing local links between pages on the same host [17]. Our reference
approach, in contrast, is designed for links between pages on distinct hosts, and thus is better
suited to the simple Web models we examine here.

Directed minimum spanning trees have been used previously in other scenarios to provide
good compression. Tate [18] uses such trees to obtain a reordering of the bands of a multispec-
tral image that allows for the optimal compression. More recently, a similar idea is alluded
to in [6], in the context of compressing tables of data. There, the authors use one column to
compress another, and mention that the problem can be reduced to a minimum spanning tree
problem, although in their case, edges are undirected.

1.2 Framework

When we discuss compressing Web-like graphs, there are actually a variety of distinct situa-
tions we may wish to consider:
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