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Abstract: To deal with a lack of semantic interoperability of traditional knowledge retrieval approaches, a

semantic-based networked manufacturing (NM) knowledge retrieval architecture is proposed, which offers a

series of tools for supporting the sharing of knowledge and promoting NM collaboration. A 5-tuple based

semantic information retrieval model is proposed, which includes the interoperation on the semantic layer, and a

test process is given for this model. The recall ratio and the precision ratio of manufacturing knowledge retrieval

are proved to be greatly improved by evaluation. Thus, a practical and reliable approach based on the semantic

web is provided for solving the correlated concrete problems in regional networked manufacturing.
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It is common knowledge that the cooperation
among enterprises is a process involving the allocation
and combination of the advantageous knowledge re-
sources of each individual enterprise, which involves a
series of activities, such as discovering knowledge, ac-
quiring knowledge, sharing knowledge, and combining
knowledge, etc!"™. How to manage these activities in
a reasonable and effective way and how to ensure max-
imum knowledge sharing have become the central tasks
in knowledge management in the networked manufac-
turing environment.

As the web technology of the coming generation,
the advent and development of the semantic web have
become an important impetus in the development of
561 In addition,
with the deepening of research and the wide application

knowledge management technology'

of semantic web technology, the criteria and technology
needed by the semantic web are being perfected, and in
particular, the standardization of SPARQL, which will
be completed in the near future'”’. At the 15th W3C In-
ternational Conference held in Edinburgh in May,
2006, Berners-Lee announced that the time had come to
apply the large amount of existing data to the semantic
web.

It is known that web services aim at service and
that the semantic web aims at intelligibility and man-
ageability. If a semantic service description and reason-
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ing research is to be carried out by combining the ad-
vantages of web services and the semantic web with
SOA as guidance, a semantics-based service retrieval
mechanism can be built, which can provide enterprise
users better and richer services and at the same time
improve the degree of automation of manufacturing
knowledge integration.

1 Framework of Semantic Web-Based Man-
ufacturing Knowledge Retrieval System

Based on the characteristics of semantic web de-
velopment and the analysis of the above mentioned
knowledge retrieval system and by considering the re-
quirements of manufacturing knowledge management
under the networked manufacture model, this paper
presents a framework for the semantic web-based man-
ufacturing knowledge retrieval system, including a se-
ries of facilities to support knowledge sharing to im-
prove networked manufacturing. The framework is
shown in Fig. 1.

This resources retrieval system provides the ad-
ministrators a flow model of information resources
management including information collection, verifica-
tion, marking, and storage, etc. It also serves as a cus-
tom-built platform for the users to search and transfer
information. With this system, users can add semantic
descriptive information according to the contents of the
proper resources and by using the knowledge ontology
developed by domain experts, and the users can find
the information relevant to the semantics in a more
convenient way. Logically, the framework of the sys-
tem is divided into seven layers. From top to bottom,
they are the user layer, the access layer, the interface
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Fig.1 Framework of the semantic NM knowledge retrieval system

layer, the search engine layer, the ontology layer, the
knowledge layer, and the resources layer.

The basic work principle of the knowledge man-
agement system is as follows.

When the user puts in search conditions after hav-
ing gained access to the access layer, the system re-
ceives the search request from the user and carries out
corresponding semantic processing and intelligent
search; then through ontology mapping, it carries out
synonymous extension and association to the key
words; afterwards it feeds the results back to the user,
letting the user make selections and determine the
search range; the normative search key words are given
to the ontology mapping module via the search engine
to conduct searches in ontology base; the ontology
mapping carries out matching of the matched ontology
model (the concepts and semantic relations) in the
knowledge base; in the end, the matched results are fed
back to the user interface via the search engine.

2 Improved Model of Semantic Web-Based
Information Retrieval

With the development of information search tech-
nology, the development of the multi-element-array in-

formation search model has aroused great interest
among researchers and the development of ontology,
web mining and fuzziness correlation has accelerated
the development of web information search. Most of
the conventional information search models are based
on a four-element array, which can only be interoperat-
ed on the data layer and the grammar layer and lacks
interoperation on the semantic layer. Since semantic in-
teroperation of information can be realized by ontology
and web mining technology, in this thesis an improved
semantic-based web information search model is pro-
posed. The framework is shown in Fig.2.

The work principle of this information retrieval
improved model is as follows.

First, original document bases are preprocessed by
document classification, feature abstraction and meta-
data semantics annotation. Accordingly, the respective
document model, the domain model and user model are
formed. Among them, the document model is expressed
as D=(D,, D), where D, is the document subject, D;
is non-subject property and the dynamic adjusting
node, the domain model is the formal expression of a
series of concepts or terms used for the search of nor-
mal and extensive users. The uncertainty of the deduc-
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Fig.2 Framework of semantic-based web information retrieval model

tion users can be expressed as O = {C, R), where C is
the concept; R is the relationship between the con-
cepts; the user model used to express the information
demand of the users is expressed as U = {U,, U, ),
where U, is the expression of the user concept; U, is
the expression of the users’ other attributes and also
the dynamic adjusting node of the users’ information
intentions. And then, corresponding document knowl-
edge base, domain knowledge base and user knowledge
base can be created. Finally, the search results will be
provided for users through several search algorithms
(such as the approximate semantic algorithm, the fuzzy
approximate algorithm, the reference algorithm and the
web mining algorithm).

The realization of this semantic web-based infor-
mation retrieval improved model involves dynamic
modeling among users, domains, and documents, and it
is also the basis of the reference search algorithm selec-
tion and realization.

3 Test Methods of Semantic Web-Based
Manufacturing Knowledge Retrieval

With semantic technology becoming increasingly
mature, research on semantic-based ontology knowl-
edge has interested many researchers. However, since
there are not completely mature methods and tools for
semantic information query searches and systematic de-
scriptions of the methods adopted in the available liter-
ature, researchers find no methods and tools for refer-
ence. In addition, due to its complexity and its distribu-
tion, the results of knowledge searches in networked
manufacturing knowledge are difficult to test. There-
fore, the authors propose a set of test methods based on
the idea of semantic web-based network manufacturing
knowledge retrieval, including sample selection, primi-
tive data acquisition, data abstraction and organization,
and the test results of some of the sample data ob-
tained. The test methods designed are proved to be cor-

rect and advanced; they can also be used for reference
in testing other search models.

The following are the procedures of the test meth-
ods:

1) Selection of sample data

To ensure that this process is objective and scien-
tific, it is absolutely necessary to use the theory of
probability and the principles of statistics in the course
of collecting data and sorting out data and analyzing
data so as to discover the rule.

2) Determination of research target

To test that the test method can be used for gener-
al purposes, some influential gateway websites are
adopted in this paper.

3) The acquisition of primitive sample data

In this research, 44% of the resources of the gate-
way sites listed are chosen as samples by random sam-
pling generated by computer. The random sampling
tool used is written in the form of JavaScript. The Chi-
nese industry control website, the Chinese mechanics
website, the Chinese manufacture information gateway,
and the Chinese machine tool website are selected as
information sources.

After comparing several downloading tools, an
offline explorer is chosen to download data from the
websites. When each parameter of the tool is set, it can
be used to download data according to the user’ s in-
tentions.

4) Preprocessing and document logical processing

After downloading the primitive data, the link
must be extracted from the page layout and some oper-
ations must be performed for further analysis, such as
removing overlapped URIs, building inverted sear-
ches, calculating the appropriate number and saving the
data in the base. The logical processing is mainly ap-
plied to subject identification, prediction and relevant
calculations.

5) Knowledge base building
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The reason why the semantic retrieval can provide
more intelligent search service than full text search lies
in the fact that the semantic search has richer knowl-
edge. Therefore, the top priority of realizing the seman-
tic search is to build a user oriented knowledge base.

In building domain models, some existing object-
orientated tools can be used, such as Rational Rose.

tools, such as OIL editor and Protégé. The modeling in
this paper is based on the Java-based ontology develop-
ment tool, namely, Protégé3. 1.

6) The test and test flow chart of the five-ele-
ment-array modeling

The test and test flow chart of the semantic web-
based manufacture knowledge search system is shown

Another method is the direct application of modeling in Fig. 3.
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Fig.3 Five-element-array retrieval model test process

7) Programming and test environment
e Programming environment
The program is written in the integrated environ-
ment of JBuilder 10 by using Java language.
o Database realization
To the database involving the conventional infor-
mation database and the ontology database, SQL Server

Tab.1 The contrast test results between four-element-array and five-element-array model

2000 can be used to save the information and the ontol-
ogy base can also be saved by putting it in the SQL
server in the form of tables.

8) Test results

In this paper, several Chinese web pages meeting
eight search requirements are used to carry out the test.
Tab. 1 shows the test results.

%

Conventional four-element-array model

Conventional five-element-array model

Number Link address Accuracy ratio Recall ratio Accuracy ratio Recall ratio
1 http: //www. gongkong. com/ 61.2 70.3 63. 1 71.6
2 http: //www. gongkong. com/agent/ 68.3 71.4 66. 5 70.5
3 http: //www. gongkong. com/news/ 69. 1 78.5 70.8 79.8
4 http: //www. e-works. net. cn 61.8 69. 8 64. 1 72.3
5 http: //www. jichuangwang. com 67.5 72.6 68. 6 73.4
6 http: //www. jX. cn 60.7 68. 1 61.5 69. 1
7 http: //wWww. jX. cn/Xwzx/Xwzx. asp 59.8 67.2 60.7 68.7
8 http: //www. jx. cn/v33/cpdq/cpdq. asp 62.6 72.8 64.3 73.2

From the above comparison, it is obvious that the
modeling based on the five-element-array is superior to
the one based on the four-element-array. Still, there are
slight differences on certain subjects, which need fur-
ther study and improvement.

4 Conclusion

The premise and key of networked manufacturing
knowledge management lie in the building of an effec-
tive information retrieval mechanism. The semantic

web provides a fine semantic platform for manufactur-
ing knowledge management, enabling the manufactur-
ing knowledge management system to understand the
deep level knowledge and realize automatic manage-
ment. This paper focuses on knowledge sharing and re-
peated applications, meeting all the essential require-
ments of the knowledge management and proposes a
semantic-based NM knowledge retrieval method. Its re-
call ratio and accuracy ratio have been verified by ex-
amples.
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