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Abstract—For researchers, the retrieval needs on multi-
source and heterogeneous academic data are increasingly urgent. 
However, the existing retrieval systems still have some shortcom-
ings, such as expensive prices, poor integration, loss of informa-
tion. In this paper, we present a general framework for designing 
a unified retrieval system, called the multi-source heterogeneous 
academic literature search engine (Abbr. MH-ALSE). MH-ALSE 
is constructed into three phases, i.e., information collection, data 
integration, and engine implementation. Furthermore, the colla-
borative filtering mechanism is also introduced, for achieving 
personalized recommendation and early warning service. It is 
expected that MH-ALSE can provide easy-to-use retrieval func-
tions to help researchers develop novel ideas and improve re-
search efficiency. 

Keywords—unified retrieval engine; MH-ALSE; heterogeneous 
data; collaborative filtering 

I.  INTRODUCTION 

Academic literature retrieval can help researchers to 
establish the starting scientific objectives, and avoid invalid 
repetitive work. The effective capture of academic data is one 
of the main means of scientific research to achieve results. At 
present, researchers access to literature through several major 
academic resources platform, such as CNKI [1], IEEE Xplore 
[2], Elsevier [3], Springer [4], etc. However, due to the large 
number of literature and the existence of duplication, 
researchers have to carefully identify and select, resulting in 
waste of human and material resources. 

The typical feature of academic data is multi-source and 
heterogeneous. They exist in the form of structured data such 
as traditional relational database, or semi-structured data such 
as format files, and unstructured data such as multimedia files, 
which caused sharing difficulties. In addition, many 
organizations in the establishment of their own applications 
and data storage, there is no unified planning and management. 
It makes the data become "information island", and is difficult 
to achieve integration and unity. 

For researchers, the needs of mutual search on multi-
source and heterogeneous data are increasingly urgent. 
Heterogeneous data integration is not a simple integration on 
database model or the establishment of a global database view, 
but makes autonomous systems to cross-platform information 
collaboration [5-6]. It integrates distributed heterogeneous 

data sources together so that users can access these data 
sources in a transparent way [7]. At present, many 
organizations have adopted public modeling or data exchange 
tools (UML, XML) to carry out standardization. Moreover, 
they build the norms and standards, called meta-model for 
specific area of complex information resources [8]. However, 
each organization, in the meta-model standardization of only 
for its scope, takes a specific way to develop their own 
standards. Thus, there are still double differences of 
conceptual definition and adopted techniques [9-10]. 

In recent years, a variety of academic resources unified 
retrieval system has emerged. These systems have their own 
characteristics due to the use of different technologies. 
According to the search style, they can be divided into two 
categories: metadata-based index centralization and the system 
based on real-time processing. 

Metadata-based index centralization can aggregate 
multiple heterogeneous  sources into service centers through 
crawling, mapping and importing. Ex Libris's Primo Central 
[11] maintains and updates data from different resource 
providers, and achieves a centralized index of integration of 
these data. Serials Solution's Summon Unified Search Index 
[12] is also a metadata-based indexing system similar to Primo 
Central. On the whole, metadata-based system has a faster 
retrieval speed, and the result integration is relatively easy, but 
it has the difficulty of updating and maintaining resources. 

The system based on real-time processing requires real-
time response, instant analysis and feedback of the user's 
retrieval request. It converts the retrieval request into a 
expression of the corresponding source, and concurrently 
retrieves multiple heterogeneous data on the local and Internet. 
Explorit [13] developed by Deep Web Technology is an 
instant processing system that retrieves hundreds of 
repositories at the same time and returns highly relevant 
search results. Finally, the results are presented in a smart 
clustering fashion. Ex Libris's Metalib [14], Innovative's 
Encore [15], Swets' SwetsWise Searcher [16] also uses the 
similar mechanism. However, the retrieval speed on real-time 
system is relatively slow, and when the retrieval interface 
changes, the re-configuration is needed. 

Based on the above analysis, the establishment of a simple 
and practical academic resources unified retrieval system is 
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particularly significant. It should also provide customized 
services, and can recommend and push the preference 
information. Moreover, it will carry out early warning of new 
research hotspots and major academic events. This paper will 
construct a unified search framework for academic resources, 
which we call the multi-source heterogeneous academic 
literature search engine (MH-ALSE). MH-ALSE is designed 
for the researchers to provide a unified search platform for 
academic resources, and in which collaborative filtering 
mechanism is joined to achieve personalized information 
recommendation and early warning services. 

II. CONSTRUCTION OF MH-ALSE 

The general framework of MH-ALSE is shown in Fig.1. It 
is divided into three phases.(1) Establishment of collection 
system for multi-source heterogeneous academic literature. 
The academic resources are collected through the following 
ways, such as Z39.50 client configuration, protocol 
exchanging, web crawler crawling, etc. (2) Integration of data 
and construction of retrieval platform. The system will provide 
a variety of different retrieval methods, such as database-based 
centralized retrieval, open system-based Lucene text retrieval, 
and real-time source retrieval. Finally, the search results are 
treated in a uniform form after being processed by removing 
duplicates, merging, sorting, paging, and clustering. (3) 
Generation of collaborative filtering mechanism. According to 
the user's browsing and retrieval behavior, some collaborative 
filtering algorithms will be applied for recommending the 
interested resources or content in real time. Meanwhile, it will 
also provide early warning services for new research hotspots 
and major academic events. 

 
Fig. 1. Flowchart of MH-ALSE schema 

A.  Academic Resource Collection 

Resource collection is the first step in building a localized 
repository, playing a key role throughout the system. We will 
use two kinds of means for gathering data, i.e., protocol-based 
way and web crawler. In terms of protocol access, we achieve 
client configuration through standard communication 
protocols, such as Z39.50. It also includes some open 
protocols, such as standard XML, or open APIs. Web crawler 

approach is more difficult than the protocol-based one, since it 
is mainly through the open page to collect resources, and its 
performance determines the speed and quality of accessing to 
data. The crawler collection module is depicted in Fig.2. After 
gathering through the above means, the academic resources 
are eventually collated and stored into the local database. 

 
Fig. 2. Crawler collection module 

In addition, the resource collection module also needs to 
implement the resource update, that is, the incremental 
collection of resources on a regular basis. At the 
implementation level, update function should provide two 
ways, namely real-time acquisition and planned updates. Real-
time acquisition can be performed by the administrator or 
automatically after the new address of source database is 
added to the system. Whereas scheduled updates are set to 
solve the problem of periodic updates. 

B.  Data processing and platform construction  

On the basis of the gathered raw data, we start to design 
the database model, which is directly related to retrieval 
performance. The stability and efficiency are also considered. 
In the database design, we follow the appropriate requirements 
and norms. If the entity can be well modeled, and the 
relationship between the entities can be well analyzed, then 
the database design will play a vital role in the entire system.  

The relationships in the database must first follow the 
principle of entity integrity, that is, the key values cannot be 
empty to ensure that each entity is valid and distinguishable. 
In addition, the principle of referential integrity is also 
followed. If there is a link between the two relations, 
appropriate foreign key should be added. The retrieval system 
also ensures that data redundancy is as low as possible, while 
avoiding inserting, deleting, and updating exceptions. 

After the data processing, unified retrieval platform can be 
established. It consists mainly of two functional modules: (1) 
Integrated search module. The module is the core component 
of the retrieval system. It needs to provide three different 
retrieval methods, namely, centralized retrieval based on 
database index, Lucene-based text retrieval, and real-time 
retrieval for direct data sources. After removing duplicates, 
merging, sorting, paging, and clustering, the retrieval results 
are presented in a unified form. (2) Resource browsing module. 
The module includes at least two kinds of ways. One is the 
navigation on e-journal name, and another is on subject name. 
Among them,  e-journal navigation can be directly linked to 
the home page of the journal, or can be directly localized to 
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the local resource database with the latest paper resources. 
Subject navigation can be found through the corresponding 
subject of the link of source database, or directly located to the 
relevant subject in resource database. 

C. Collaborative Filtering Mechanism 

We further introduce the collaborative filtering mechanism 
into MH-ALSE for analyzing the user-specific behavior. The 
mechanism provide the services of personalized 
recommendation, push, and early warning. Fig.3 shows its 
description.  

 
Fig. 3. Collaborative filtering mechanism 

Personalized recommendation is usually done by machine 
learning algorithms. For the push, the MH-ALSE will first 
combine the user's personalized custom information and the 
operating behavior records to make a specific analysis, for 
further establishing the corresponding preference model. Then, 
the resources that the user may be interested in will be 
presented or mailed. Early warning can discover new research 
hotspots and significant academic events, through the analysis 
and mining of all resources. 

As a result, we construct the MH-ALSE framework is 
shown in Fig.4. 

 

Fig. 4. MH-ALSE Framework 

III. CONCLUSION 

In this paper, we presented a unified retrieval system, i.e., 
MH-ALSE. It collects academic resource in protocol-based 
way or web crawler, and standardize and structure these 
resource. Then, the database model is built by following the 
appropriate requirements and norms, for reducing redundancy 
and avoiding exceptions. After the data processing, unified 
retrieval platform is finally established. It provides different 
retrieval way, such centralized retrieval based on database 
index, Lucene-based text retrieval, and real-time retrieval for 
direct data sources. Moreover, the collaborative filtering 
mechanism is introduced, for achieving personalized 
recommendation and early warning service. It is expected that 
MH-ALSE can provide easy-to-use retrieval functions to help 
researchers develop novel ideas and improve research 
efficiency. 
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