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I. INTRODUCTION

Academic journals (and their more recent brethren, confer-
ence proceedings) have been, for over a century, the primary
method for both disseminating and archiving technical docu-
ments. The advent of electronic publishing and the web has
given rise to various online document repositories that contain
not only the electronic versions of journals and proceedings,
but also host a much larger collection of documents, including
preprints, technical reports, and the like. In some fields, such
as theoretical physics, an online preprint collection has largely
replaced journals as the primary document repository. Other
fields, such as computer science, are moving more slowly,
but even in this field the CiteSeer [1] database has become
a common way to find technical papers.

This paper describes the design of SmartSeer, a system
that allows users to register personalized continuous queries
over the CiteSeer database of technical documents. SmartSeer
supports instantaneous queries as well (though that is not our
primary focus). Our design decisions are also applicable to
other large scale event notification systems (e.g., news alerts,
web alerts), but in this paper, we only describe how it applies
to handling continuous queries over a technical document
database. What distinguishes this system from the well-known
implementations of continuous queries in traditional databases
are two nonstandard design requirements.

The first requirement concerns the nature of queries sup-
ported in SmartSeer – to enable more effective information re-
purchase the necessary resources. However, many universities
and other research institutions would likely be willing to
donate the use of in-place hosts (and their access bandwidth) to
SmartSeer. Thus, we require that SmartSeer should be capable
of running on an “opportunistic infrastructure” consisting
of donated hosts from multiple organizations. Moreover, far
from being a hardened infrastructure, these hosts are loosely
maintained and potentially unreliable. These characteristics
rules out many traditional distributed information retrieval
solutions (such as [2], [3]). We describe the related literature
in Section VIII, but for now we note that, to our knowledge,
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Fig. 1. Bytes Vs Inverted List Size (a) TREC data (b) CiteSeer
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Fig. 2. (Varying Query Selectivity) Bytes Vs Inverted List Size (a) TREC data (b) CiteSeer data

inverting the skew (i.e., those terms that appear frequently
in documents appear infrequently in queries). The first 500
documents are used to infer the term frequency distribution,
and the next batch is used to measure the bandwidth consumed.
The above description of query generation involves several
parameters. In addition, several other simulation parameters,
such as network size and join approach, must also be specified.
Unless otherwise specified, parameter values are set as shown
in Table I.

A. Basic Comparison

First, we compare the three join approaches under different
workload scenarios. Figure 1 shows the average number of
bytes exchanged between the DN and a single QN on the
insertion of a new document. Because different QNs may have
different loads, as some QNs may be responsible for large
inverted lists, along the x-axis we vary the size of the inverted
lists, where size is measured by the number of queries in the
list. We show one curve for each of the three join approaches.

In this figure we see clearly the basic tradeoffs described
in Section IV. First, note that the term q used in our analysis
is (approximately) proportional to the inverted list size. When
the inverted list size (and thus, q) is low, Term Dialogue has
best performance. As inverted list size and q grow, however,
the cost of Term Dialogue grows linearly with q. Likewise,
the cost of the Bloom Filter approach grows linearly with q;
however, its slope (� + � ) is so small, this approach still has

good performance even when q is fairly large. The overhead
of the Send Document is nearly constant since the complete
document is sent. Note that documents are compressed (using
gzip) before being sent on the network. In our simulations
under the default parameters, we did not reach the point where
Bloom Filter has worse performance than Send Document.

B. Query Selectivity

Recall from Section IV that Bloom Filter performs relatively
poorly when � is large – that is, when queries are unselective
and thus many queries are satisfied by the document. Intu-
itively, the more selective a query, the more likely the query
will be eliminated by the bloom filter. To study the impact of
query selectivity on performance of the join approaches, we
indirectly tune selectivity by varying the average number of
terms per query – the higher the number of terms, the more
selective the query.

Figure 2 shows us the performance of Term Dialogue and
Bloom Filter in terms of the number of bytes exchanged
between the DN and a single QN, again as we vary inverted list
size along the x-axis. We do not plot the performance of Send
Document since it is constant irrespective of the selectivity
of the queries. For join approach we show two curves: one
representing the case where queries have an average of 2 terms,
and one where queries have an average of 8 terms.

From this figure, we see that as the number of terms per
query increases (and thus the queries become more selective),
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Fig. 3. (Varying Term Distribution: CiteSeer data) Bytes Vs Inverted List Size (a) Uniform Distribution (b) Inverse Skew Distribution
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the performance of Bloom Filter improves relative to Term
Dialogue. For example in Figure 2a (over TREC data), when
inverted list size is 40 and queries have an average of 8
terms, Bloom Filter outperforms Term Dialogue by over a
factor of 3. When the number of terms is very low, however,
Term Dialogue outperforms Bloom Filter, because of highly
unselective queries. In Figure 2a Term Dialogue consistently
outperforms Bloom Filter by a factor of two when queries
have an average of 2 terms; in Figure 2b (over CiteSeer data),
Term Dialogue outperforms Bloom Filter by over a factor 3.

Therefore, when queries are unselective – such as when
they contain few keywords, or when they contain common
keywords – Term Dialogue is preferred over Bloom Filter. In
addition, recall from Figure 1 that when q is large (i.e., when
the inverted list sizes are large), Send Document outperforms
Term Dialogue. Thus, Send Document is the optimal approach
when many unselective continuous queries are registered.

C. Distribution of Terms

Recall from Section V that by default, the popularity
distribution of query terms is set to be the same as the
distribution of document terms. In addition, we can perturb
the data by increasing the skew of the distribution, ignoring
the skew (i.e., using a uniform distribution), and inverting
the skew. In Figure 3 we show the performance of our three
join approaches under the (a) uniform and (b) inverse skew
distributions. Figure 1 already studied the default skew, and

we omit increased skew results as they are similar to default
skew results. Figure 3 only displays results over CiteSeer data;
experiments over TREC data yielded similar results.

From Figure 3, we find that most inverted lists are very
short: the maximum size being about 6. Such conditions favor
Term Dialogue over other approaches, as observed earlier in
Figure 1. The reason for short inverted lists is that that under
the uniform and inverse skew distributions, the domain of
terms on which queries are registered is very large. In contrast,
under the default or high skew distributions, queries mostly
only contain common terms, which leads to fewer and larger
inverted lists. As a result, the distribution of query terms affects
the inverted list size, which in turn influences the tradeoffs
between the join approaches.

D. Batch Notification

Figure 4 shows the performance of the different notification
methods (Naive, Clustered, and Broadcast) described in Sec-
tion IV-C, as the number of (simulated) nodes in the system is
varied along the x-axis. In this figure, performance is measured
as the total number of exchanged bytes across all query nodes,
on average, across document insertions.

First, note that for all three join approaches, the Naive
notification method, which does not batch notifications by
node, has the same performance regardless of number of
nodes. Clearly, then, performance is suboptimal when the
number of nodes is small. For the Send Document approach,


