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Abstract. The goal of personalized search is to provide user with results that
accurately satisfy their specific goal of the search. In this paper, a hybrid
personalized search re-ranking approach is proposed to provide users with
results reordered according to their interests. User preferences are automatically
learned into a concept-based user profile. This profile is then employed in the
re-ranking process with other information resources to personalize results. Our
experiments have shown interesting results in enhancing the quality of web
search.
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1 Introduction

In web search, users usually submit a short query consisting of a few keywords.
However, given different interests of users and ambiguities in natural language, it is
likely that query words of two users may appear exactly same even though
information needs are different. In this paper, a hybrid personalized search re-ranking
model is proposed based on learning conceptual user profiles implicitly. The user
profile represents user’s potential interests from his search history. More specifically,
the user profile consists of user’s interesting concepts obtained from a concept
hierarchy of topics. This user profile is then exploited in the re-ranking process along
with other information collected from the reference hierarchy and original search
engine’s ranking in order to personalize search results for each user.

2 Related Work

Personalized re-ranking considers user’s interests to bring more relevant search results
on the top few [1], [2], [3]. In [4], a vector of weighted terms from visited URLSs is
defined to represent each user. However, this approach cannot distinguish words
having multiple meanings. The user models in [5], [6] are presented by semantic
networks of user’s past queries. However, these approaches may become deficient
when query words do not exist in the dictionary used by the system.
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3 Proposed Personalized Re-ranking Architecture

This paper proposes a hybrid personalized search model that involves learning
concept-based user profiles implicitly from user’s search history as shown in Figure 1.
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Fig. 1. Proposed Personalized Web Search Architecture

We used the Open Directory Project (ODP) [7], [8] as reference concept hierarchy
of topics. Each concept is represented by vector of terms from the first 30 URLSs using
vector space (TF-IDF) mechanism [9]:

Normalized term weight, ntc, = (¢f, *idf,/ X'1c,.) . (1)

Where tf;;is the frequency of term i in document j and idf; is the inverse document
frequency of documents containing term i. Additionally, we implemented Google
Wrapper [10] in order to implicitly collect information from users. The wrapper logs
the queries, search results, and clicks per user. As subsequent step, data obtained by
observing user search history are used to learn and construct concept-based user
profile. The vector space classifier [9] is used in order to hierarchically classify
clicked search results into ODP concepts [11]:
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Where c;, d; denote the weight of term i associated to concept ¢ and weight of term
i in the document d respectively. Eventually, each concept in the user profile contains
two documents. The first document is called the taxonomy document which contains
the same information as in the reference taxonomy. The second document is the
Personal document and it holds all the information that was extracted from a user’s
classified clicked search results.

When user submits a query, it is mapped to the taxonomy documents in the user
profile to identify the concept that most represents the query by equation 2. Next, the
semantic similarity method in [12] is employed to map search result R; to each
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document associated with the query’s concept. The importance of concept’s
taxonomy document Cr and personal document Cp that represent query q is measured
as follows:

Score (R) = CosSim (q, C,) * SemanticSim (R,C,) + CosSim (q, C,) * 3)
SemanticSim(R,C,) .

Finally, Google original ranking is combined with the previous information
resources; taxonomy and personal rankings as follows (with 0 <a < 1):

Final Rank = (1 — o) * OriginalRank + a * Score (R)) . 4

4 Experimental Evaluation

In order to evaluate the effectiveness of the proposed method, 6 users with different
interests were invited to search through our personalized search interface for 10 days.
Average Rank [13] and Precision [14] were used as the evaluation metrics. We set a
to 0.2 since it produces lower average error and provides the best improvement in
personalized search.

4.1 Experimental Results

Figure 2 reports the average improvement of the proposed re-ranking model over
original ranking day by day for all users with two different methods for mapping
documents to the user profile; semantic similarity and cosine similarity. It is observed
that the average improvement of using the semantic similarity for re-ranking over
search engine’s original ranking is 35.23 %. Figure 3 shows the average precision for
the proposed hybrid re-ranking model, concept-only re-ranking model and non
personalized Google search results. Results show that the proposed personalized re-
ranking method provided better precision at all top-n documents.
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day (lower is better) documents




214 N. Fathy, N. Badr, and T. Gharib

5 Conclusion and Future Work

In this paper, a hybrid re-ranking method is employed with concept-based user profile
enriched with user’s clicked search results to improve web search. We plan in the
future to conduct a large scale experiment for longer period with more participants.
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