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ABSTRACT
Internet has become the essential platform for access, processing
and dissemination of scientific data and literature. To greatly
enhance academic search, a novel academic metasearch engine
called e-Scholar is presented in this paper, which is combined with
entity extraction techniques to link the relevant data in scientific
databases with the literature. We demonstrate a scalable
architecture implementing the functions with little overhead. We
also present our innovational approach to linking techniques. We
demonstrate the features and significant system performance
improvements by comparing e-Scholar with other academic search
engines.
Index Terms-Information Retrieval, Information systems,
Software performance, System analysis and design
1.

INTRODUCTION

Internet has become the essential platform for access, processing,
and dissemination of scientific data and literature. Many
information retrieval systems like search engines provide the key to
unlock the wealth of literature and data [1]. Among them,
metasearch engine is deemed to be a powerfully competitive way
of discovering academic resources. However, few metasearch
engines make efforts on extracting scientific knowledge that is of
great importance in scientific research, such as relevant
experimental and annotation data with the evidence and
argumentation contained in literature [2].
In this paper, we propose a novel academic metasearch engine
called e-Scholar. By combining metasearch with entity extraction
techniques [3,4], e-Scholar enables scientists to retrieve the
literature together with the relevant data in scientific databases,
thus enhancing the effectiveness of academic search. Here, we take
scientific database in Chinese Academic of Science [5] as our
scientific database basis.
As an example, when a researcher searches for literatures on
Avian Influenza with general search engines, he/she finds some
literatures on bar-headed geese (Anser indicus) ,which have
suffered badly from Influenza in Qinghai Lake in western China.
In order to study if there is a connection with the spread of Avian
Influenza, the researchers need to find the data on the features and
activity of bar-headed geese in Qinghai Lake. In the general case,
he/she has to locate the target databases and query through their
own interfaces for searching and viewing the data, which is
inconvenient and isolated with literature search.
To solve the problem stated above, e-Scholar not only
provides an integrated way of accessing the literature and scientific
data resources, but enables users to discover the relationship

between the two resources. Figure I illustrates the comparison with
general search engines. Our main contribution is combining entity
extraction with metasearch engines and making improvements on
both sides to implement the combination. At present, there are
many mature entity extraction approaches; however, current entity
extraction techniques cannot be adopted in our scenario, because
most of them are quite time consuming, which is also a big concern
in metasearch engine. Therefore, we propose an efficient method of
combining the context information and metadata of database to
identify the entities rather than classify them, which is the main
time-consuming step. As metasearch engine returns the snippet (e.g.
title, keywords and abstract) of a literature (in most cases, snippet
could be representative of main ideas of a literature), e-Scholar
analyzes the snippet and extracts entity from the snippet
consequently lessening the overall processing time. We also make
modifications to the architecture of the metasearch engine to
implement this function.

(a) General search engines

(b) e-Scholar

Figure.1. Comparing e-Scholar with general search engines
The rest of the paper is organized as follows. Section 2
presents the architecture and components of e-Scholar. Section 3
introduces the key techniques of entity extraction. In section 4, we
evaluate our system on performance enhancements and functional
innovations in comparison with current scholar search engines. In
section 5, we discuss the related works. Section 6 and Section 7 are
conclusion and acknowledgements.
2. ARCHITECTURE OVERVIEW
In this section, we firstly present our key insights in the
architecture design including metasearch technology and our entity
extraction approach. Subsequently we demonstrate the architecture
and components.
2.1. Key insights
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In considering many approaches to finding and accessing to
scientific resources, we first consider search engines like Google
and Yahoo, as they are widely used in generous purpose search.
However, they have some limitations on covering the majority of
the Web content, known as deep Web content [6], which contains
large amounts of high-quality scientific and technical information,
whereas inaccessible to the popular search engines. Next we
evaluate metasearch engines which take a different way to access
to the Web. They send user queries to existing search engines and
merge the results to users [7]. This implementation gives
metasearch many advantages over search engines, such as their
abilities to reach richer and newer content, which makes
metasearch the best option and, in many cases, the only option to
find and provide access to credible science [8]. Based on the above
considerations, e-Scholar is implemented on the metasearch
technology. Currently, it is connected to the free online library
catalogs, licensed commercial resources and other search engines
that provide service for literature searching.
Of course, metasearch engines have some challenges on
reducing response time, lessening burdens on the sources and
improving result ranking quality. Among them, leveraging
response time and function is our main concern, as we add the
function of discovering relevant data, which needs to be done in
query time.
Our key insights are: (a) since scientific database gives us
well classified information contained in the metadata of database,
we should make full use of this information as well as the context
information in the literature to establish the relationship between
the database and literature. (b)In metasearch engine, the results are
usually in large size whereas only a small portion could catch
users' attention, in many cases, the top ones. Based on this
observation, the entity extraction could be done asynchronously.
Whenever the researcher requests for one particular literature
detailed information, entity extraction function will be invoked.
We now describe architecture in detail.
2.2. Architecture
The architecture is illustrated in Figure 2. It contains six core
components: user interface, sources selector, search controller,
wrappers, result merger and entity extractor. Basically, it follows
typical metasearch engine architecture [9].
User Interface accepts users query and displays the results.
In order to minimize the time the user has to wait to see some
results, we take the Ajax technology, an asynchronous data loading
technology, to achieve good user experience.
Sources Selector is an essential component that matches user
queries to the best sources, not only lessening the burden on the
sources, but guiding users to relevant sources, especially ones they
may not have considered before.
Search Controller accepts users' queries from user interface
and the selected sources from sources selector, creates the predefined wrappers for the selected data sources, and passes queries
to them.
Wrappers are the collection of multiple wrappers designed
for different sources. As each type of sources has its own
requirements on the accessing interface (e.g. Http, JDBC, SRU),
query format and result format, the wrapper translates the user
query into the requested format, then builds the connection with
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Figure.2. Architecture of e-Scholar
remote server, and parses the result into the unified result schema.
Generating wrappers manually costs too much effort. Thus, in our
system design, we take an automatic wrapper generation algorithm
based on the discovery of a repetitive pattern from search results
[10,11] .
Result Merger combines the results returned by each wrapper,
ranks them into a singled list and forwards it to the user interface.
In order to trade off being adaptive to the various component
search engines and achieving fast response time, we employ
Lucene [12] to do similarity computing and a result merging
technique that leverages the accuracy and efficiency.
In order to extract the entity, we need to add component
Entity Extractor, which takes the snippet of a document as input,
analyzes it and outputs all the matching entities from the given
database. This includes two steps: extracting the candidate entities
and identifying the best matched entities due to the context and
database metadata. We describe this approach in detail in Section 3.
In order to reduce the overhead and improve the user experience,
the Ajax technology is taken again, when the result merger finishes
the top n (n <N, N is the total number of the results) results
merging and pushes them to the user interface, the entity extractor
is invoked in the backend. Once the matching work is done, the
best matched entities will be displayed under the relevant
document asynchronously.
3. ENTITY EXTRACTION APPROACH
The goal of entity extraction is to extract the entities that appear in
the given database from the snippet (like title, keywords and
abstract) of the literature. Different from the name entity extraction
that needs to identify location and classify atomic elements in text
into predefined categories such as the names of persons,
organizations and locations, our system need only extract the
entities in the given database and identify the real relevant ones
due to the context information, hence, which enables us to split the
extraction into two steps: extraction and identification (shown in
Figure 3). In the first step, we utilize the look-up driven extraction
approach [13] to analyze the snippet of a literature and recognize
all the mentioned entities in the database. This step only outputs
those entities that are possibly relevant to the literature, called
candidate entities. That is, we need to filter out irrelevant ones. For

Best matched entities

Frequency importance: The number of times of a term occurs
both in annotation and in the document is also very important,
which means that it is more relevant with the key concept of the
document and more cared by the users. Here we use the analyzer to
filter out non-noun phrases so that the useless stop words often
with high frequency could be filtered out.
Let T(d) denote the set of terms appear in the document d ,
and T( c,d) <;;; T(d) denote the set of terms appearing in the
context of candidate entity c(e). The score of a candidate entity
with respect to literature is computed as follows :
w(t)*tf(t,d). We denote wet) as importance
score(c ,d)=

L

JeT(c ,d)

of a term t in a document. It is defined as:
w(t) = wa if it occurs in the title of d
Figure.3. Process of entity extraction
example, carbon monoxide in the literature may either refer to the
gas database or the chemical toxicant database. Therefore, we need
the second step to help us identity the best matched entities based
on the context information. We now describe the two steps.
3.1. Extracting candidate entities
In this step, the snippet is segmented into tokens by segmentation
tools, especially very essential to Chinese documents . Then we
analyze the tokens and extract all the tokens that match with
entities in the database by string matching and annotating the
entities with metadata of the database such as the name of the table
and database . Without loss of generality, we use document in terms
of snippet or literature. We define a candidate entity
as c(e) = {a(e), document ,position} , where a(e) indicates the
annotation of the candidate entity : table and database.
However, looking up every token in database is time
consuming and not necessary . This could be enhanced by (a)
choosing the noun phrases , which usually hold values in the
databases and by (b) choosing the most frequent ones, which are
usually important and representative of key concepts in the
literature . The part of speech and frequency of the token could be
achieved in the result merging step, thus no need to compute again.
This enhancement could reduce a large amount of work to be
performed in the matching process .
3.2. Identify the best matched entities
After all the candidate entities are extracted from the first step, we
must identify the best matched entities, in other words, the best
relevant ones to the literature. Here the task is how to identify the
right entity in the right database. Our approach is based on the
observations :
Context and annotation relevance: The number of terms either
appearing in the candidate entity annotation or being mentioned in
the context of the document is crucial in determining the relevance
between the entity and the document. Take the former example; if
a document discusses the chemical toxicant, the mention of carbon
monoxide is more likely to refer to the chemical toxicant database .
Thus, the more terms appearing both in the annotation and the
context mentions, the more relevant the entity is.

=

wb if it occurs in the abstract of d

=

we if it occurs in the keywords of d

If t appears in many positions, wet) will take the maximum . After
the scores of each entity are computed, we rank them and take the
top n distinct candidate entities as the final best matched entities.
4. PERFORMANCE EVALUATION
We now present the results of an extensive study to evaluate the
architecture and approach proposed in this paper .
4.1. Functional superiority
e-Scholar solved the problem of isolated search. Researchers could
search for literature, while at the same time retrieving the relevant
data, even some unexpected but useful data. Figure 4 shows the
literature and its relevant data.
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Figure.4. An illustrative screen of entity extraction of e-Scholar
4.2. Performance superiority
We use one popular measure for evaluating the effectiveness of
search engines - the TREC-style average precision (TSAP) [14].
TSAP at cutoff N (only the top N results are considered), denoted
as TSAP@N, is defined below:
N

~;r.

. I'
TSAP@N=l=
N
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where r, = IIi if the i-th ranked result is relevant and r, = 0 if it is
not relevant. This measure takes both the number of relevant
documents and their positions in the result list into consideration.
We compared our system with two famous scholar search
engines : Google Scholar and PaperPundit search engines
(/www.paperpundit.com) by this evaluation method. Table 1 shows
the average TSAP@N values for N = 2, 5, 8 and 10 over the 30
test queries for the three academic search systems.
Tablet. Average TASP @N values
Google Scholar
PaperPundit
e-Scholar
0.691
0.688
0.5
0.383
0.381
0.21
0.266
0.247
0.223
0.237
0.207
0.197
We also tested our system performance. FIgure 5 shows the
response time in returning the top 10 results from the three search
engines with query "metasearch", As Google Scholar and
PaperPundit are all index-based search engines, they naturally have
good response time. As we can see that, although based on
metasearch engines, e-Scholar achieved good response time as the
consequence of our high performance design . In addition, it also
proved that bringing in the function of entities extraction caused
little overhead to our s stem.
N
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Figure.S. Response time
5. RELATED WORK
There are already many search engines as well as metasearch
engines focusing on academic search. (e.g. Google Scholar,
www.scitopia.org). But most of them focus primarily on the pure
literature search and web search. Few metasearch engines combine
the literature search with structured scientific data search.
On the other hand , much recent attention has been paid to the
entity search [15, 16, 17]. However, most entity search approaches
aim for retrieving relevant information in database to improve
search over text or on the reverse side. Little work has been
conducted on the semantic-level fusion of the literature and data
resource . Paper [18] presents one method using POI to fuse these
two resources ; however the overhead of proposed method is not
affordable in serious application and many efforts are needed for
optimization .
6. CONCLUSIONS
In this paper, we presented design and implementation of a novel
metasearch engine , e-Scholar, which not only supports literature
search but also links the literature with relevant data to help
researchers efficiently retrieve important academic and scholarly
information. We demonstrated our innovational ideas, improved
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architecture and proposed special approaches to combining entity
extraction with metasearch engine. Finally, we evaluated our
system on functional and performance superiority in comparison
with other academic search engines .
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