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Abstract 

Complicated data structure can handicap the integration of systems in enterprises and 

universities. It is important to find an efficient way to deal with the mass documents of 

these heterogeneous and distributed systems to be integrated. In this paper, a three 

layered data scheme is introduced for data recommendation in software engineering 

process inspired by spreading activation theory. Metadata can be more efficiently 

managed with this scheme in integration and analysis. 
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1. Introduction 

Data integration is an essential work in system integration. However, mass 

heterogeneous tables and views seriously handicaps the efficiency of data integration. It is 

a hard task to comprehend data in old systems and utilize them effectively into new 

systems and platforms. Data structure of core systems in a university is shown in Table 1. 

Table 1. Data Structure of Main Systems In A University 

System Databa

se 

Data 

warehouse 

Number of 

Tables 

Student Management Oracle none 306 

Faculty Management Oracle none 183 

Teaching Management Sybase none 167 

Course Management MySQ

L 

none 69 

Research Management Oracle Implemented 183 

Financial Management DB2 Implemented 137 

 

Concerning great number of attributes and relations in these tables, metadata can 

be complicated for data integration in enterprises with such systems. An efficient 

manage method of semantics in metadata should be advanced to enhance the 

efficiency of metadata analysis.  

Fortunately, study in psychology and knowledge systems provide a way to deal 

with such problems [15]. Spreading activation model is a famous theory about 

reasoning in human memory based on ACT-R theory [1]. The theory can explain the 

nature of human association and some problem solving methods [5]. It is efficient to 

use this theory to model knowledge systems. Metadata can also be managed use this 

model. With the rapid development of XML and knowledge grid [9], it is a good 

idea to setup a scheme to enhance the management and design of metadata in data 

integration and recommend data structure automatically. 
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This paper focus on building an efficient semantic recommending system for 

metadata based on spreading activation theory. The massive document reading task 

can be replaced with several efficient interacts with recommending systems. ETL 

process can also be built automatically. 

The paper analyzed related works on psychology theory, knowledge systems and 

metadata management respectively. Then, a three layered scheme was advanced for 

data integration. After that, spreading activation and metadata recommendation was 

discussed. Finally, data integration process based on the model was evaluated and 

compared with traditional manual data integration process. 

 

2. Related Work 
 

2.1. Spreading Activation Theory 

Spreading activation theory can explain how knowledge is applied in human minds. 

Models also showed the superiority of spreading activation theory in dense knowledge 

environment [5].  

Early version of spreading activation theory was generated in the study of language and 

semantics [2]. In classical description of spreading activation theory, related semantic 

elements such as words can activate related elements to form needed scenarios. Spreading 

activation serves the function of quickly spreading an associative relevancy measure over 

declarative memory [1]. 

 

 

Figure 1. Soaking among Nodes 

As shown in Figure 1, a node can send information to activate connected nodes 

by sending activation information.  Activated nodes can generate new information to 

activate other nodes. In the activation process, heuristic information can be 

generated and the soaking process will be suppressed and will stop at last.  

Spreading activation theory had been successfully used in recommendation 

systems [4] and information retrieval [3]. It is a normal way to reduce the 

complexity of document management with recommending systems. 

 

2.2. Knowledge Grid and Software Design 

XML is a popular technology for knowledge representation and management. 

Knowledge grid [9] and data grid [10] have been implemented for software design 

and distributed data integrating. It is reasonable to use XML to manage metadata. 

Metadata of documents can also be built with XML. 

 

2.3. Metadata and Data Integration 

Management of metadata plays an important role in the design and maintenance 

of software and database. Management of metadata becomes more and more explicit 
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since year 2000 [7]. Generating of metadata of web pages has been advanced in year 

2004 [8]. Distributed metadata management [6] and mining of metadata [11] have 

been advanced in recent time. 

Data integration also becomes a popular topic in research and engineering. 

Thomo advanced a new method for XML data [12].  A framework on data 

integration, data mining and decision support had been advanced in recent time [13]. 

Service oriented distributed and heterogeneous data integration [14, 18] had been 

advanced too. Integration of different type of data becomes matured for realizing.  

Integration of different data models have been discussed in recent works too. 

Exchange from XML to relation model [16] and their equivalence in FDs [17] have 

been discussed in Davidson and Vincent’s paper respectively in year 2007.  

 

2.4. E-R graph and Data Models 

E-R graph is an important meta data representation method [19]. Methods have 

been advanced to recognize entities and relations from data [20, 21]. Different 

models such as object-oriented models can be represented in E-R diagrams easily 

[23, 24]. It is good to extend E-R graph to represent meta data. Searching based on 

E-R graph have been advanced too [22]. 

 

3. Three Layered Data Scheme & Metadata Unification 

For the convenience of data integration, data can be divided into three layers. Data 

layer consists of data which is stored in various types of media and forms. Meta layer 

consists of metadata including data models, data structures and related explains. Semantic 

view layer is the interface layer for data integration which consists of semantic elements 

which can be used for integration. Figure 2 shows the three-layered scheme for data 

integration and metadata management. 

D atab as es S em is tr u c tu r ed

D a ta

T ex t  &  M ed ia D a ta  w ar eh o u s es

D a t a  L a y e r

M e t a  L a y e r

E n tit ie s Attr ib u te s R e la t io n s

D a ta  D ic t io n a r yC las s es  &  M eth o d s
D a ta  M o d e ls

S em an tic  N o d es

R e la t io n s

S e m a n t icV ie w  L a y e r

 

Figure 2. Three Layered Data Integration 
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Heterogeneous data can be divided into three layers. The semantic view layer unified 

different data structure and data model into semantic nodes and relations. Heterogeneous 

data and metadata should be unified to support the integration. 

 

3.1. E-R graph and Data Models 

Data layer is a set of data in all systems. Metadata needs to be extracted from data in 

this layer.  Data layer can also provide references for the unification of metadata. For 

example, text or XML data without specified field data type may gain data type from data. 

 

3.2. Unifying Meta Layer 

Different data models and structures can be implemented in the meta layer. However, 

entity relation (E-R) model can interpret these models and structures with entities and 

relations. Objects can be implemented to extend the expressive power of E-R model. 

According to the E-R model, a more materialized data scheme can be defined to unify 

the meta layer. 

Definition 1. An E-R graph is a 4-tuple g(T,A,R,I). T is a set of table consists of 

attributes. A is a set of attributes. R is a set of relations which relate the tables. A relation 

can be represented as r(a1,a2). I is a set of inclusion among tables and attributes. 

 

S tu d en ts

S N am e

S tu d en tN o

S tu d en tN o :S tu d en tN o S tu d en tI n f o

Ad d r es s

S tu d en tN o T elep h o n e

 

Figure 3. An E-R Graph in a Visual Mode 

Figure 3 shows an entity relation graph. There are two tables named students and 

studentinfo respectively. The two tables are related with the attribute named StudentNo. 

Entities and relations should be extracted from data layer and meta layer to form E-R 

graphs. 

 

3.3. Generating Data View Layer 

Data view layer provides interfaces for data integration and provides data extraction 

method through meta layer. 

Data view layer consists of E-R graphs which share data structure and semantics for 

integration and configurations of related systems. Schemes of views should be stored for 

integration. Configure information should be stored for every system. 

 

4. Semantic Recommendation 

To find attributes and relate them into a view suitable for data integration, semantic 

recommendation must be carried out based on the E-R graph in meta layer. 

 

 

 

 



International Journal of Hybrid Information Technology 

Vol.8, No.9 (2015) 

 

 

Copyright ⓒ 2015 SERSC  229 

4.1. Spreading Activation on the E-R Graph 

Attributes are regarded as basic elements which carry semantics. The objective of 

semantic recommendation is to generate views which relate these elements together. All 

attributes needed in integration should be indicated as target nodes from the E-R graph in 

the meta layer. 

Spreading activation process can be divided to two stages. The first stage is the 

semantic searching process in which a graph consist all needed semantic elements is built. 

The second stage is the pruning process. In this stage, redundant attributes and relations 

are erased to provide a simple view. 

An E-R graph can be regarded as a graph consists of two kinds of edges and two 

different granularities of nodes. In the semantic searching process, it can be regarded as a 

graph consists of attributes and relations.  All attributes are regarded as nodes of the graph. 

All relations are regarded as edges of the graph. In the pruning process, tables and 

relations are the basic elements considered in order to make the recommendation more 

adaptive. 

Figure 4 shows the semantic searching process which generate the initial E-R graph to 

create needed view for integration. 

 

T ab le1 T ab le2

 

Figure 4. Semantic Searching Processes 

The figure shows semantic searching in two tables. Attributes are represented as 

ellipses. Red ellipses represent attributes required in integration which are regarded as the 

initial nodes. By soaking from the initial nodes, a graph connecting the initial nodes to a 

view is generated. 

Figure 5 shows the pruning process. Tables provide no useful attribute and relations are 

regarded as redundant table. 

Definition 2. Let t be a table. Let A be the attribute set of t. Let At be the set of 

attributes needed in integration. Table t is a redundant table if: 
● The table is not related to two or more non redundant tables and 

● Not exist an attribute a ∈{a| a ∈ At ∩ A, a is not a foreign key related 

to non redundant tables} 

Erasing all redundant tables can make the view simple and clear. 

 

T ab le1 T ab le2 T ab le3 T ab le4

 

Figure 5. Pruning Process 
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The figure shows the pruning process. Table1 provide only a requested attribute which 

is also provided by Table 2. No tables are related through Table1. So Table 1 is deleted. 

Table 3 provide no requested attribute. However, it linked Table 2 and Table 4 together. 

So, it is not deleted. 

 

4.2. Algorithm of Meta Structure Recommendation 

E-R graph of an information system is normally a connected graph. If it is not a 

connected graph, it can be regarded as different systems. 

At the semantic searching process, E-R graph can be represented as a graph with 

attributes as notes and all relations and inclusion as edges. Let A be the required attribute 

set for integration. Let Gg be the E-R graph in meta layer, N be nodes in Gg and R be 

edges of Gg. The semantic searching algorithm can be described as the algorithm in 

Figure 6. 

 

 

Figure 6. Generating Candidate E-R Graph 

After generating the semantic E-R graph, pruning algorithm should be implemented to 

simplify the interface E-R graph. In the pruning process, tables are regarded as nodes. 

Input of the pruning algorithm become E-R graph G(T,R) generated from the semantic 

searching algorithm and Attribute set A needed for data integration. The algorithm is 

described in Figure 7. 
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Figure 7. Pruning Algorithm 

Pruning of initial E-R graph is shown in this figure. This algorithm generates simple E-

R graph for data extraction and integration. 

 

5. Implement and Results 
 

5.1. Implement Algorithms to Recommend Data Extraction 

The realizing of recommendation algorithms in software takes five steps which are 

described below. 

●Input XML scheme which describe the attributes needed for integration. 

●Find attributes in the E-R graph in meta layer. 

●Run the searching and pruning algorithms in systems to generate E-R graphs as 

candidate graphs. 

●Divide candidate E-R to loop-free E-graphs and create candidate views. 

●Combine candidate views to one view for ETL. 

 

5.2. Input XML Scheme 

An input scheme corresponds to a view in data integration. In order to find attributes 

accurately, XML scheme should provide enough information. The syntax of XML scheme 

can be described in Figure 8. 
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< View  N am e= [ N am e] >

< D es c r ip t io n > [ D es c r ip t io n  o f  v iew ] < /D es c r ip t io n >

< C o n n ec tio n > [ C o n n ec tio n  S tr in g ] < /C o n n ec tio n >

< Attr ib u te  N am e= [ N am e]  D ata ty p e= [ D ata  T y p e] >

< D es c r ip t io n > [ D es c r ip t io n ] < /D es c r ip t io n >

< Alias > [ Alias ] < /Alias > . . .< Alias > [ Alias ] < /Alias >

     < /Attr ib u te>

     . . .

< Attr ib u te  N am e= [ N am e]  D ata ty p e= [ D ata  T y p e] >

< D es c r ip t io n > [ D es c r ip t io n ] < /D es c r ip t io n >

< Alias > [ Alias ] < /Alias > . . .< Alias > [ Alias ] < /Alias >

     < /Attr ib u te>

< /View >

 

Figure 8. XML Scheme for Meta Data 

5.3. Attribute Matching 

Attributes in schemes and system E-R graphs can be matched according to the name, 

description or alias. All attributes matched are regarded as initial nodes for semantic 

searching program. 

 

5.4. Recommendation as Data View 

After the matching of attributes, algorithms can be run for the recommendation of 

views. The system also provides the matching score which is computed based on the 

similarity of the generated views and the target view. After the recommending process, 

SQL statements can be optimized manually. Then, candidate views can be merged to 

generate ETL schedule. 

 

5.5. Dividing and Combination of Views 

Sometimes, an attribute can be matched with two or more attributes in different tables. 

When this situation happens, generated view will be divided into two or more views 

according repeated attributes and their distribution in tables. One candidate view can 

consist of one set of attributes. 

 

5.6. Result of Implementing 

The system is implemented in the integration of systems in a university. 1836 tables 

and about 16000 fields were concerned in this integration. The result can be shown in 

Table2. 

Table 2. Depth and Effect Of Integration Manually and Automatically with 
Recommendation System 

Metrics Manually With Recommendation 

Data views integrated 12 186 

Fields integrated 126 1831 

Relations integrated 6 372 

Time used (Days) 90 4 
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It is resulted that the implementing of recommending system can greatly enhance the 

efficiency and depth of system integration. 

 

6. Conclusion 

This paper advanced a semantic recommendation method based spreading activation 

theory for data integration in complicated data environment. The method was 

implemented in the integration of digital campus project. The result of practice indicated 

that the implementing of the recommending system can greatly enhance the depth and 

efficiency of data integration. 

 

7. Discussion and Future Works 

Spreading activation based algorithms are efficiency aggressive algorithms [5].  It is 

often too complicated to search the full combinations of all nodes in complicated data 

environments. It is also possible to regard the full E-R graph of all systems as the result of 

semantic searching and run pruning algorithm with it. However, it takes much more to 

erase redundant tables while get almost the same result in practice. 

In the pruning process, table is regarded as the basic element.  All attributes of 

remained tables are shown in the E-R graph. If some attributes can not be matched is 

found in E-R graph, it is available to be added manually. It is more of a problem of 

adaptability than efficiency to use table as the basic element in pruning process. 
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