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Abstract 
With the rapid development and popularization of web services, the available 
information types and structure are becoming more and more complex and 
challenging. Actually web services involve the need for dynamic integration 
and transparent knowledge integration, in light of the urgent information chang-
ing track. Under this situation, the traditional search engine and information 
integration cannot finish this challenge, thereby bringing the opportunity for 
knowledge fusion and synchronization. This paper proposes a multi-matching 
strategy ontology mapping method for web information, i.e., ubiquitous ontol-
ogy mapping method (U-Mapping), which can be viewed as a base collection 
of information on multiple ontologies made to appear anytime and everywhere. 
This approach is usually built independently by different information provid-
ers, avoiding the grammatical and semantic conflict. Finally, the ontology case 
information can be utilized under the consolidation of the U-Mapping, con-
cerning language technology and machine learning methods. 
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1. Introduction 

Ubiquitous computing is a concept in computer science and software engineer-
ing, where computing is made to appear anytime and everywhere. In contrast to 
desktop computing, ubiquitous computing can occur using any device, in any 
location, and in any format. In terms of ambient intelligence, the information 
source is often to build a collection of information communicating with each 
other over web technologies [1] [2]. Due to the independent autonomy of in-
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formation sources, the ontologies made by different people, are a set of concepts 
and categories in a subject area or domain, which shows the properties and the 
relations between them [3] [4]. To achieve information sharing and communi-
cation purposes, it is the ontology that can establish semantic mapping with ent-
ities interrelationships that really or fundamentally exist for a particular domain 
of discourse. In this paper, we build the ontology mappings for urgent need of 
ubiquitous computing. The corresponding semi-automatic or automatic com-
pletion of the mapping process can save a lot of favor [5] [6]. Consequently, we 
propose a ubiquitous ontology mapping method (U-Mapping) under a multi- 
mapping strategy. 

As the most important manner to get information, web scale is growing at a 
rapid rate. However, the vast majority of the information on the Internet is 
represented in a readable format, e.g., HTML, and the software program and 
software agent cannot understand or deal with these information, concerning 
the potential far from being excavated [7] [8]. In order to facilitate comparison 
with the method of existence, the conceptual space will be replaced by the on-
tology to study related issues. 

With the development of the semantic web, the information is gradually ex-
pressed in a semi-structured and structured form, and the ontology is used to 
show the semantics. Ontology is an explicit description of the conceptual world, 
which allows the knowledge of the domain to be expressed as a concept class 
system, where each concept has its own attributes [9] [10]. So, the software agent 
can be related to the body to understand the meaning of information, thereby 
completing the web information collection and integration automatically.  

However, different information sources may be represented by different on-
tologies, and there is no single ontology to do all the work [11]. In this paper, in 
order to achieve the information exchange, it is necessary to establish semantic 
mapping. Also, in the semantic web, information sources are more and more, 
and these information sources can establish a set of instances on the ontology. 
Furthermore, due to the independent autonomy of the information source, the 
ontologies can be built by different people, thereby having semantic conflict due 
to ontological diversity.  

Because the ontology development is different, the corresponding modeling 
method used is different. There is many a discrepancy in the ontology developed 
by experts among different fields, such as the use of different terms and con-
cepts. This paper builds the ubiquitous ontology mapping, which is to find the 
semantic links of the concepts, thus achieving the purpose of sharing multiple 
sources of information.  

2. Background 

There are many automatic mode or semi-automatic ontology mapping tools, and 
most tools are implemented the simplest (1:1) mapping. According to the classi-
fication method, these tools can be attributed to two categories:  
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1) The ontology information mapping tool is mainly based on ontology in-
formation, while the ontology structure is to determine the similarity of the con-
cept. They are compared with the concept name to produce a match list, while 
the user has the mapping list to determine the final concept mapping.  

2) Instance-based ontology mapping is concerned with ontology information 
over the instances to determine the mapping relationship. They are analyzed by 
the examples to calculate the concept of similarity, and do not consider the con-
cept of the relationship. 

Ontology mapping issues play an important role in many applications, such as 
semantic Web, schema/ontology integration, data warehouse, XML message map-
ping, etc. Typically, building ontology mapping is an important part and prere-
quisite of information integration system.  

Once the mapping is established, it is possible consolidate ontology by merg-
ing algorithm. In addition to the above applications, ontology mapping plays an 
important role in many system interoperability and proxy exchange. Specifically, 
we propose a new ubiquitous ontology mapping method (U-Mapping) architec-
ture in Figure 1, with its evolution, domain knowledge and constraints, cooper-
ative consensus building, and GUI. In addition, there are different programming 
languages, such as Python, Java, and others. 

How to automatically or automatically achieve ontology mapping is still an 
important challenge. To achieve a fully automated ontology mapping, which is 
difficult, especially for some complex matches (n:m).  

3. Problem Formulation 

Ontology research is related to pattern matching, which are data members joined 
by certain data structures. The collection is a logical-level view of a data mem-
ber. Most works are in a certain application environment and specific patterns 
and so on. Currently, the main study focuses on how to achieve automatic/semi- 
automatic matching of patterns. Thus, we have the following definitions: 
 

 
Figure 1. The U-Mapping architecture over devices connected to various applications. 

https://doi.org/10.4236/jcc.2017.510001


H. Qin, L. Zhu 
 

 

DOI: 10.4236/jcc.2017.510001 4 Journal of Computer and Communications 
 

3.1. Ubiquitous Ontology Mapping  

Definition 1 (ontology mapping) Given two ontologies 1O , 2O , and an ap-
plication on both ontologies. If there are ontological elements 1 1e O∈ , 2 2e O∈ , 
the results ( )1P e  and ( )2P e  for P are equal or similar, there are semantic 
correspondence between 1e  and 2e , denoted as ( )1 2M e e= . This semantic 
matching process is called ontology mapping. 

This type of mapping is a (1:1) mapping relationship. In addition, there are 
(1:n), (n:1), (n:m) mapping relationship. 

Definition 2 (ontology merge/integration) Given two ontologies 1O , 2O , 
according to the two ontologies expressed by semantic system, to produce a new 
ontology O′  process. 

The semantic similarity function of the ontology element is consistent with 
the object similarity with the following properties: 

1) ( ) [ ], 0,1Sim x y ∈ , where x and y are the ontology elements. 
2) ( ), 1Sim x y = , where two ontologies are semantically identical. 
3) ( ), 0Sim x y = , where two ontologies have completely different semantics. 
4) ( ), 1Sim x x = , where similarity satisfies reflexivity. 
5) ( ) ( ), ,Sim x y Sim y x= , where the similarity satisfies symmetry. 
In general, in the ontology mapping process, the similarity calculation of the 

ontology elements is a sufficient condition to judge the mapping between ontol-
ogy elements. The similarity of the ontology element is to return a value between 
0 and 1.  

3.2. Mapping Description 

Because the developer of the ontology is different, the modeling method used must 
be different. As for the same domain problem modeling, different areas of ex-
perts to develop the body must exist. Before the discussion for the mapping, we 
first give a formal definition of ontology mapping problem: 

Definition 3 Given two ontologies 1O , 2O , the mapping problem can be de-
fined as a 5-tuple ( )1 2, , , ,c a rO O M M M .  

1) The mapping 
1 2

:c O OM C C→ , if there exists 
1Oc C∈ , 

2Oc C′∈ , satisfying 
( ),Sim c c′  is greater than the given threshold, then the two concepts are consi-

dered semantically the same. 
2) The mapping 

1 2
:a O OM A A→ , if 

1Oa A∈ , 
2Oa A′∈ , satisfying ( ),Sim a a′  

is greater than the given threshold, it is assumed that the two attribute slots are 
semantically the same.  

3) The mapping 
1 2

:r O OM R R→ , if there is 
1Or R∈ , 

2Or R′∈ , satisfying 
( ),Sim r r′  is greater than a given threshold, the two troughs are considered se-

mantically the same. 
The ontology mapping is mainly considered with the concept and the map-

ping between the two aspects, the two aspects can affect each other. It is assumed 
that there is a global ontology. The purpose of mapping is for a new addition 
plus the information source, to find out the information on the body and the 
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overall ontology mapping. 
The process of semantic mapping is to find the process of the concept in 1O  

that corresponds to the semantics of a concept of pattern 2O . Such as the con-
cept in 1O  and 2O . Consequently, there is a semantic correspondence between 
the results on demand.  

4. Ubiquitous Ontology Mapping Method 
4.1. Mapping Classification 

The integration of heterogeneous data sources has always been an important 
topic. Ontology relative to the database model deals with the semantics of its 
richer, larger scale. There are still many similarities in their mapping studies.  

For ontology mapping, a multi-strategy approach is generally used. In the 
specific implementation, the general need to combine a variety of matching me-
thods, according to the specific application requirements to flexibly use different 
methods combined. For a separate matching, we consider the following irrele-
vant classification criteria: based on pattern and based on instance, the former 
only considers the model information, regardless of the instance. Pattern infor-
mation includes name, description, relationship (part-of, is-a, etc.) and con-
straints. 

Element-level matching considerations are a single concept, attribute, and re-
lationship in the ontology. Consider the logical link between concepts, i.e., it 
does not take into account when matching the parent concept its sub-concept 
and the relationship between other concepts. In contrast, structural level match-
ing not only takes into account individual objects. Structure may be exactly 
matched or may be partial matching, depending on the required completeness 
and accuracy of the match. Ideally, ontology in the same structure with all the 
concepts can be one by one correspondence.  

The most commonly used information in language-based methods is ele-
ment names and textual descriptions. There are many similarities in measur-
ing the name, such as equivalence, synonymy, upper and lower relationships, 
editing distance and so on. In the specific applications, domain-related dictiona-
ries contain domain knowledge, is particularly helpful. Constraint information 
refers to attribute and relationship definition information, including the value of 
the domain, uniqueness, potential and so on. If the comparison method has such 
constraint information, it is used to determine the similarity of the pattern ele-
ments. 

The relationship over cardinal matching is divided into local and global. If we 
consider in different mapping rules, that is global. Most of the existing matching 
methods are associated with an element in an ontology pattern over the highest 
similarity in another ontology pattern. 

4.2. Consolidation of Multiple Methods 

Each matching method takes advantage of different information. For a given 
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matching task, each method has its own applicability and characteristics. Thus, 
the combination of several single methods tends to produce better results than in 
one way. There are two general combinations: Hybrid matching is the use of 
multiple matching criteria to complete the pattern/ontology element matching, 
while combined matching refers to the fact that each single matcher alone com-
pletes the pattern/ontology element matching, merging on the results. 

The hybrid matching method can use multiple criteria throughout the process, 
and provide more good candidate results and performance. This is because it is 
in the early stages of a standard result of the exclusion. The results of the me-
thods are combined, and these methods can also include the mixing method, so 
it has greater flexibility.  

The selection of the matching method, the execution of the decision and the 
merging of the independent run results, both of which can be matched by the 
matching method itself automatic decision. The automated approach can reduce 
the participation, but it is difficult to get fit common solutions for different ap-
plication areas, although they can be controlled by adjusting parameters. In any 
case, the user’s participation is essential, because itself only provides some can-
didate results, and requires the user to decide whether to receive or reject ulti-
mately. 

In order to handle complex matching tasks, the matching process should be 
an iterative development process, which always supports multiple users. In the 
combination method, each matching method can be executed in a certain order, 
and the matching result provided by the user can also be used as an independent 
matching algorithm. For the matching input by the user, the combination match-
ing method must be aware of its authority, so the focus on solving the mismatch 
part.  

5. Ubiquitous Process with Similarity 
5.1. Similarity 

Ontology mapping is determined by ontology element similarity. In this paper, 
the result of each matching method is a reflection (or element match pairs), each 
mapping element is assigned a value of 0 (completely different) to 1 (exactly the 
same), which indicates the degree of similarity between the corresponding ele-
ments. Here, we can pay attention to one-to-one (1:1) matching results. The match-
ing algorithm gives a plurality of ontology elements the matching result with 
different similarity values, and then the final decision result is determined by the 
user, including the matching result of (n:m) case. As for the knowledge, the U- 
Mapping architecture is shown in Figure 2, from input source, database ontolo-
gy mapping, knowledge application framework, to user interface and applica-
tion, considering web service and phone service. 

There are four parts in the knowledge application framework, i.e., recom-
mendation system, decision support system, question answering system, and 
semantic search system, in light of file transport of diverse target resources, i.e.,  
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Figure 2. U-Mapping with knowledge fusion being available anywhere. 
 
database, full text, and social media. The ontology elements are a set of simple, 
meaningful strings to identify. In general, the same concept may be represented 
by a different name, and the same name may indicate a different meaning. 
However, with the same domain relationship, the comparison element name is 
still feasible. 

Conceptual similarity refers to the definition of semantic relations between 
concepts from two different ones. The name of the concept represents the se-
mantics of the concept, but because of the length and difficulty of abstraction, it 
often cannot accurately reflect the concept. Therefore, in the conceptual match-
ing method based on ontology information, the similarity of concepts is mainly 
determined by attribute similarity. In addition, relationships can also determine 
the concepts to a certain extent.  

This is because each instance of the information source is an instance of a leaf 
concept. If every leaf concept in the source ontology can find an instance, it is 
also a target ontology example of leaf concepts. However, the same instance in-
formation is used to determine whether the ontology element is not because 
finding the same instance can lead to a dramatic increase in the complexity of 
space and time. On one hand, if the two instances do not have the same instance, 
the matching result may not be obtained to determine the semantic correspon-
dence of elements. On the other hand, the relationship between the concepts in 
the ontology is defined by the implication and synonyms between the concepts. 
The semantics of the concept are determined by the description of the attribute 
set. 

5.2. Mapping Rules 

In order to better define the conceptual matching relationship in the ontology, 
we defines four matching guidance rules, which can be used in the database on-

https://doi.org/10.4236/jcc.2017.510001


H. Qin, L. Zhu 
 

 

DOI: 10.4236/jcc.2017.510001 8 Journal of Computer and Communications 
 

tology mapping process in Figure 2. 
Rule 1 If the properties of the two concepts are completely comparable, i.e., 

the two classes have a common set of attributes and the attributes are true value, 
the range is related, then the two classes are synonymous, denoted as 1 2c c≡ . 

Rule 2 If the properties of the two concepts are partially comparable, i.e., a 
class ( 1c ) an a class ( 2c ) on all the attributes are true, and the range is related, 
vice versa is not established, then called the package including the relationship, 
denoted as 2 1c c⊇ . 

Rule 3 If the properties of the two concepts are not comparable, i.e., an in-
stance of class ( 1c ) is in another class ( 2c ) on all the attributes will not have val-
ue, vice versa is not established, then called the concept does not have a semantic 
relationship. 

Rule 4 If the two concepts have the same direct subordinate concept, the two 
concepts are considered synonymous. If the two concepts have a similar direct 
upper concept, and the concept of the same name, that the two concepts are 
synonymous. 

6. Conclusion 

In summary, we propose the ubiquitous ontology mapping method U-Mapping 
with knowledge fusion, synchronization, and similar semantic vocabulary. Also, 
we can effectively deal with the concept of matching with the learning method, 
with regard to the concept of the connotation of a set of attributes. Moreover, 
the application of synonym dictionaries can effectively address some semantic 
similar but spelling different lexical mappings. Finally, under the similarity analy-
sis and mapping rules, the semi-automatic ontology mapping method of multi- 
mapping strategy can utilize the combining and mixing method to identify the 
complex matching algorithm. 
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