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ABSTRACT
Recent literature demonstrates that the network structure of
a hyperlinked environment can be an effective source for in-
ferring the importance of content in documents. To compen-
sate for the problems of pure hyperlink connectivity analysis,
we introduce consideration of document content by creating
a variant of a known algorithm. Using Web data, we inves-
tigate how incorporating document similarity modifies how
link structure determines the importance of documents.
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INTRODUCTION
Our research focuses on improving the Hyperlink-Induced
Topic Search (HITS) algorithm for determining importance
and ranking a set of documents accordingly. [4] HITS deter-
mines importance of documents (e.g., pages on the Web) not
by their content (e.g., frequency of query terms in document),
but by the hyperlink structure of the collection. The under-
lying assumption is that when a document links to another,
there is good reason for the hyperlink. Essentially, documents
referenced most frequently are considered ‘better’ authorities
and therefore more important.

Work by Bharat and Henzinger modifies HITS to address the
topic drift problem: hyperlink structure can generalize a spe-
cific query. [1] If the topology of the local graph is well-
connected and not relevant to a narrow query topic, HITS
may determine that pages within the local graph are more
important because HITS considers all hyperlinks equally im-
portant. Chakrabarti, et al. investigate a similar problem: pre-
venting consideration of purely navigational links. [2]

ALGORITHM
We modify the HITS algorithm, calling it HITS-SW because
we assign similarity weights to each hyperlink and consider
links to be of unequal importance. Each hyperlink’s impor-
tance is determined by the similarity between the content of

the source and destination documents, where weight assign-
ments are real numbers between 0 (dissimilar) and 1 (simi-
lar). HITS-SW then considers a subgraph of a collection of
pages based upon a desired range of similarity weights.

As illustrated in figure 1, dotted hyperlinks indicate those not
matching the desired similarity range. “Q” pages contain the
query terms. On the subgraph of desired edges, white pages
are neighbors of query pages, whereas grey pages are not.
Grey hyperlinks leave or enter grey pages. In this example,
HITS-SW considers only white pages and bold hyperlinks;
HITS would consider all (including grey and dotted) pages
and links, as all hyperlinks are internal. HITS-SW performs
the same calculation as HITS but on this different graph. [4]

Figure 1: Web with Similarity Weights for HITS-SW

METHOD
Our full study uses several classic methods to determine sim-
ilarity between documents; here we report just one. The dis-
tinct words and word-pairs found in pages were stored in bi-
nary term vectors normalized by an arithmetic mean coeffi-
cient. [5] All 150,000 pages within the princeton.edu domain
normally indexed by the local search engine were used as
data for the evaluation of HITS-SW. The text from each page
was retrieved, cleaned using a standard stopword list, and
stemmed using an algorithm by Porter. [6]

We ranked 29 queries with HITS-SW using links weighted
greater than (hi) and less than (lo) the median weight value.
As a control, each query was also ranked with HITS-SW us-
ing randomly assigned similarity weights. The control tests
were run 25 times for each query, with each simulating an
arbitrary “similarity weighting function” by which 50% of
the edges were declared “within the threshold” for HITS-SW.
The goal was to test whether HITS-SW-like results could be



achieved by considering an arbitrary subset of links.

COMPARING HITS AND HITS-SW
Modeling user behavior, our analysis focused on the top 20
documents of each query, paying particular attention to the
top 10. Quantitative measurements were developed to de-
scribe the difference between a HITS-SW ranking and its re-
spective HITS ranking. No one explicit metric could capture
all types of differences between two permutations, so a set
was used. One measures the total number of elements in the
HITS ranking (RH) versus the HITS-SW ranking (RSW ), as
HITS-SW often ranks a subset of pages. Others measure: the
number of inversions seen in RSW with respect to RH ; the
amount of intersection seen in the top positions of RH and
RSW ; the distance each element in the top 10 of the HITS-
SW ranking traveled to its final destination:

1
2

10∑

i=1
log2|i − R−1

H (RSW [i])|.

The quantitative metrics show distinct differences among the
control, hi, and lo HITS-SW rankings. The data for the dis-
tance metric is displayed in figure 2. The values for the hi and
lo queries are normalized by the median random distance, as
shown on the scale of the x-axis. The distance the top 10
elements traveled is almost universally lower in the random
queries than in the hi queries. The lo queries are typically
similar to the randomized query, although there are some
cases where the lo query is very close to zero. In a signifi-
cant number of executed queries, the results for HITS-SW lo
are almost identical to HITS. This characterizes the original
HITS query as being primarily dominated by low-similarity
hyperlinks; often, the majority of the random results are com-
posed of pages dominating the HITS ranking.

PROBLEMS IN HITS-SW
Clustering of documents, a problem often seen in HITS, also
affects HITS-SW, as hi rankings often appear to contain the
same sort of pages from the same location. HITS-SW hi and
lo queries exhibit clustered results, but often from different
areas of the Web. Clustering is still noticeable even within
the high-similarity queries; evidently, there exist clusters of
highly similar documents like API documentation or other
archives of data. [3] Using current clustering research, it may
be possible to ameliorate some of these problems by elimi-
nating or condensing these pages, which would enable typi-
cal users to obtain results from various sources on the Web.

HITS-SW hi rankings often include documents that seem
dissimilar in content from their neighbors, yet they contain
the query terms and are highly ranked. For example, the query
for “sex” at Princeton includes several pages containing ar-
ticles from the student newspaper. Aside from a few navi-
gational links, these highly ranked pages have no common
links. The content is not similar to neighboring pages, yet the
pages are highly promoted. These pages are structurally sim-
ilar. Because they are generated by the same template, they
have many keywords in common, which artificially increases
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Figure 2: Distance Metric in HITS-SW Rankings

their similarity.

CONCLUSIONS
The goal of HITS-SW was to address problems in HITS such
as topic drift. Clustering of results, a known problem in HITS,
continues in HITS-SW; new heuristics that prune similar en-
tries within a single domain would assist us here. The content-
based focus of HITS-SW introduces the problem of “struc-
tural text”, which is perhaps analogous to navigational links
in HITS; further research into separating structural data from
“actual content” should mitigate this effect. Including simi-
larity information in a connectivity-based algorithm produces
greatly modified results. But there is no clear indication whe-
ther hyperlinks with high or low similarity weights produce
better results; each query tends to be different. Further eval-
uation is necessary to determine whether HITS-SW can be a
useful method of improving document ranking.
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