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ABSTRACT: Ranking of documents has various applications in data mining, information retrieval and natural language
processing. Many approaches are proposed to rank documents according to their measure of importance or relevance. In
addition to importance and relevance of ranked documents, diversity is also recognized as an important criterion in ranking.
Top ranked documents in traditional approaches contain redundant information, which is not desired by users. In order to
address diversity, relevance, novelty and importance of ranked documents, a new novel approach named Manifold Ranking
with Sink Points is proposed. The Manifold ranking process finds the most important and relevant data objects very
efficiently. The ranked objects are converted to sink points in data manifold and the redundant objects are prevented from
receiving a high rank. The Manifold Ranking with Sink Points approach has good convergence property and also satisfies
optimization explanation. MRSP is applied on two applications: query recommendation and update summarization, where
diversity is of important concern in ranking. Experimental results present that MRSP has strong empirical performance than
traditional approaches like MMR and DivRank.
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I. INTRODUCTION

Ranking is a very important problem in natural language processing, data mining and information retrieval.
Generally the ranking problem is explained as follows: Given a set of data objects, the ranking function arranges the objects
in the set according to their degrees of importance, relevance or preferences. But, the mass of ranked documents might
contain duplicated and redundant information which is not of great use to users. The redundancy present in top ranked
results reduces the chance to satisfy multi-faceted requirements of different users. So, diversity in ranked results is very
important in addition to relevance and importance in ranking documents. Diversity in ranking of documents helps the users
to handle user requests with explicit queries related to information present in documents stored on web. Diversity serves as
a means to get the appropriate information very easily.

Many real-time applications demand diversity in the ranking approaches. In addition to relevance and importance,
diversity is also considered as an important criterion in data mining. For instance, in query recommendation, the queries
that are recommended by the ranking approaches must capture the different query requirements of different users (i.e.) the
queries recommended must also be diverse. The concept of diversity when applied to text summarization, the summarized
candidate sentences must be less redundant and must also contain different aspects of information relevant to the query. The
concept of diversity is studied extensively in the recent years. Many approaches have been proposed to address the diversity
issue by many domains such as cluster based centroids, maximum marginal relevance and subtopic diversity. But these
approaches seldom consider relevance and diversity in a unified way.

The manifold ranking process makes use of manifold sink points. These sink points are the data objects that
contain minimum and fixed ranking scores. The ranking scores of data objects closer to the sink points are naturally
included in the ranking process which is usually based on intrinsic manifold. In this way, the diversity and importance as
well as relevance are captured during the manifold ranking process.
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1. RANKING ON DATA DOCUMENTS

There are many traditional ranking approaches available that ranks objects according to their degrees of
importance or relevance. In addition to these criteria, diversity of information content is also an important criterion in
ranking of documents. Furthermore, the user’s needs might be multi-faceted or ambiguous. The redundancy in top ranked
results will reduce the chance to satisfy different users. Thus, it is important to reduce redundancy in these top search
results. Ranking of documents by servers is considered as an important criterion in applications like data mining, natural
language processing, information retrieval and computational biology.

The ranking process gives high ranks to nodes close to the query and also to those sentences in documents that
contain high centrality. Ranked documents using traditional approaches contain highly redundant and also duplicated
information which is not desirable by users. Also, the needs of users in information retrieval are multi-faceted or
ambiguous. So, the redundancy of top ranked results minimizes the chance to satisfy different user’s needs.

For instance, the information that the user is expecting from searching experience may not be relevant to the
query and it may contain repeatedly same information. So, users with multi-faceted queries are not contended with the
searching using traditional approaches. The ranked data according to traditional approaches gives high ranks to documents
that are visited the maximum number of times and do not consider the diversity of information present in it. But MRSP
approach addresses the concepts of diversity and relevance in a unique way. The redundant objects are prevented from
receiving a high rank. As a result, diversity, relevance and importance are captured during the process.

I11. THE MRSP APPROACH

A new approach called Manifold ranking with sink points (MRSPs) is proposed, that addresses the aspects of
diversification of information, relevance as well as importance in ranking. This approach satisfies optimization explanation
on two application tasks: update summarization and query recommendation. Update summarization summarizes the up-to-
date information contained in the new document set given a past document. Also, query recommendation is to provide
alternative queries to help users search and improve the usability of search engines. Diversity is of great concern both in
update summarization and query recommendation. The vast and diverse information present in ranked documents is
grouped together and overall summarized information is presented to the users. This is achieved by turning ranked objects
into sink points.
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FIGURE-THE NOVEL MANIFOLD RANKING WITH SINK POINTS
THE NOVEL MRSP ALGORITHM
The novel MRSP algorithm works as follows:

1. Initialize the set of sink points _s as empty.

2. Form the affinity matrix W for the data manifold, where Wij = sim(xi, xj) if there is an edge linking xi and xj .
Note that sim(xi, xj) is the similarity between objects xi and x;j .
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3. Symmetrically normalize W as S = D—1/2WD-1/2 in which D is a diagonal matrix with its (i, i)-element equal to
the sum of the i-th row of W.

4. Repeat the following steps if |_s| < K:

(a) Iterate f(t + 1) = _SIf f(t) + (1 — _)y until convergence, where 0 < _ <1, and If is an indicator matrix which is a
diagonal matrix with its (i, i)-element equal to O if xi € _sand 1 otherwise.

(b) Let f+ i denote the limit of the sequence {fi(t)}. Rank points xi € _r according to their ranking scores f i
(largest ranked first).

(c) Pick the top ranked point xm. Turn xm into a new sink point by moving it from _rto _s.

5. Return the sink points in the order that they were selected into _s from _r.
IV. COMPONENETS OF MRSP
The novel MRSP model consists of the following components.
a. DATA MANIFOLD

The data manifold framework is mainly based on two criteria. First, nearby sentences are considered to have close ranking
score. Second one, data in the same structure is likely to contain almost same ranking scores. The data manifold process is
intuitively explained as follows: a network is constructed with predefined weights for the nodes. The data and query points
are considered as nodes of the graph. An edge exists between the nodes of the graph, if the two nodes contain close ranking
scores.

b. MANIFOLD RANKING

The manifold ranking process is the next phase of the Data Manifold process and it gives high ranks to the nodes that are
closer to the queries on the data representation process. The nodes propagate the rankings scores to their nearest neighbors
through weighted network. The propagation process is continued until a global state is obtained. In this way, relevance and
importance are well balanced in the manifold ranking.

c. UPDATE SUMMARIZATION

Update summarization summarizes the complete information contained into a new document given a set of documents.
There are two kinds of update summarization approach. First one is abstractive summarization and other summarization
technique is extractive approach. Abstractive summarization applies some deep natural language processing techniques to
compress the sentences present in the sentences to reorganize the sentences, in order to produce a summary of text. The
extractive approach composes the summary by extracting the most representative sentences from target documents.

d. QUERY RECOMMENDATION
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The task of query recommendation is to provide alternative queries to help users improve the usability if search engines
query recommendation mainly focuses on measuring similarity and query log data is used to implement this technique.

V. CONCLUSION

The novel MRSP approach addresses diversity as well as relevance and importance in ranking. MRSP uses a
manifold ranking process over the data manifold, which can naturally find the most relevant and important data objects
present in a document. MRSP can effectively prevent redundant objects from receiving a high rank. The novel MRSP
approach solves the ambiguous requirements of different queries given to the search engine and generates highly relevant
query recommendations and update summarization.
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