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1. Introduction 
 

The goal of engineering product development in today's industry is to provide products 
meeting individual requirements at the lowest cost, the best quality and the shortest time. 
Abundant design knowledge is needed, and cases and designers' experiences should be 
utilized at most as possible. In addition, product development is becoming more often done 
collaboratively, by geographically and temporally distributed design teams, which means a 
single designer or design team can no longer manage the complete product development 
effort. Therefore it is necessary to collect and manage the design knowledge to support share 
and pass of them among designers. In some sense, quick capture and effective use of design 
knowledge are essential for successful product development. 
The modern manufacturing environment and the new product development paradigms 
provide more chances with enterprises and customers to cooperate among different 
enterprises, different departments of a firm, enterprises and their customers, etc. Designers 
are no longer merely exchanging geometric data, but more general knowledge about design 
and design process, including specifications, design rules, constraints, rationale, etc (Simon 
Szykman, 2000). Product development is becoming increasingly knowledge intensive and 
collaborative. In this situation, the need for an integrated knowledge resource environment 
to support the representation, capture, share, and reuse of design knowledge among 
distributed designers becomes more critical. 
A great deal of technical data and information including experience generated from product 
development is one of the most important resources of product knowledge. It is necessary to 
use knowledge based information management methods and technologies, which can dig 
and capture product knowledge from those resources supporting product development. The 
engineering design community has been developing new classes of tools to support product 
data management (PDM), which are making progress toward the next generation of 
engineering design support tools. However, these systems have been focusing primarily on 
database-related issues and do not place a primary emphasis on information models for 
artifact representation (Simon Szykman & Ram D. Sriram ,2000). Furthermore, although 
these systems can represent non-geometric information—for example, about design process, 
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manufacturing process, and bills of materials — representation of the artifacts is still 
generally limited to geometry. For example, PDM techniques focus on product data 
management but little product knowledge, and they are limited to capture, organization and 
transfer of product knowledge (Ni Yihua, Yang Jiangxin, Gu Xinjian,et,al, 2003). Moreover, 
they are unable to elicit knowledge from lots of product data and cannot satisfy the 
requirements of knowledge management in product development. In such cases, the need for 
building a kmowlege management system to support PLM (product lifecycle management) 
becomes more critical. Such kmowlege management system can not only represent the 
knowledge of product and product development processes, but also support firms to quickly 
identify, capture, store and transfer the knowledge, on which a better and more effective 
mechanism of knowledge accumulation and management is formed. 
In response, the main purpose of this paper is to study product knowledge management 
methodologies, build an integrated knowledge management framework for 
decision-making, and develop a software prototype to support quick capture and reuse of 
knowledge during product development. The remaining part of this paper consists of five 
main sections: 2. Related research work; 3. Product knowledge management system (PKMS) 
framework; 4. Semantic object network model; 5. Product knowledge management process; 
6. Design repository; 7. Implementation and application of PKMS; 8.Conclusions. Following 
on from a brief literature review to construct a PKMS research framework, a great portion of 
this paper focuses on the product knowledge management process, along with several 
illustrations of software prototype. The paper ends with concluding remarks. 

 
2. Related research work 
 

Product development is complex system engineering. It involves in representation, capture, 
and reuse of product knowledge. Recently, researches on knowledge representation, 
acquisition and management are emphasized increasingly. 
 
2.1 Product knowledge representation 
The knowledge representation is the core issue in AI and many representational methods 
such as logic and predicate mode, procedure mode, production system, semantic network, 
framework, knowledge unit, case base, and object orientation, etc. have been reported in AI 
to meet the requirements for the specific problems. Production system, semantic network, 
framework, case base, object orientation, and graph, etc. have been used to represent product 
knowledge in mechanical engineering, in which object orientation, rule-based, and hybrid 
representation schemes are popular. 

 
2.1.1 Object orientation representation 
X.F.Zha provided an integrated object model to represent product knowledge and data, 
which supports calculating and reasoning work in assembly oriented design processes (X.F. 
Zha,2001). The integrated object model employed an object orientation scheme and the 
knowledge P/T net formalisms to form a hierarchy of function-behaviour, structure, 
geometry and feature. Such model was used as a uniform description of assembly modelling, 
design and planning. 
The SHARED object model is presented to realize conceptual design (S R Gorti &A 
Gupta,1998). It clearly defines relationships among objects. Object-oriented technology 

makes it possible to naturally decompose design process and hierarchically represent design 
knowledge. S R. Gorti and etc (Simon Szykman &Ram D. Sriram ,2000). presented a flexibly 
knowledge representation model based on SHARED. It further extends object-oriented 
design technology, and represents knowledge of product and design process by combining 
products and their design processes according to the hierarchical structures. The model 
encapsulates design rationale by using structured knowledge code. Artifacts are defined as 
the composition of three kinds of objects: function, form and behavior. Form represents 
physical performance. Behavior represents consequence of operations. 
A product modelling language is developed (Nonaka,1991). It defined products as object sets 
and relations. This product modeling language includes data language (DL) and design 
representation language (DPL). DL independent of any engineering environment is defined 
as basic framework of general object template and data structure. DPL provides methods of 
setting product model by combining DL with engineering environment. The method 
supports complex pattern matching algorithm based on graph and provides a neutral 
language to capture and exchange product information. It uses effective methods to store 
and reuse knowledge (Simon Szykman,2000). 
Oliva R. Liu Sheng and Chih-Ping Wei proposed a synthesized object-oriented 
entity-relationship (SOOER) model to represent the knowledge and the imbedded data 
semantics involved in coupled knowledge-base/database systems (Sanja Vranes,1999). The 
SOOER model represents the structural knowledge using object classes and their 
relationships and encapsulates the general procedural, the heuristic and the control 
knowledge within the object classes involves. 
XB, liU and Chunli YANG presented a product knowledge model which is built with object 
modelling techniques (XB, LIU & Chunli YANG,2003) . In order to easily realize knowledge 
management, the object model is mapped to the Relation Database. 

 
2.1.2 Graph-based representation 
In order to directly capture the relationships among design attributes (geometry, topology, 
features) and symbolic data representing other critical engineering and manufacturing data 
(tolerances, process plans, etc.), W.C. Regli presented a graphical structure called as a design 
signature, i.e. a hyper-graph structure H(V,E) with labeled edges is used to represent the a 
mechatronic design and its design attributes (W.C. Reglil, V.A. Cicirello,2000). All vertices 
representing design attributes are connected to the vertices representing the entities in the 
boundary model that attributes refer to. Such representation method can facilitate retrieval of 
models, design rules, constraints, cases, assembly dada, and experiences and identifying 
those products with similar structures or functions, which helps designers to better perform 
the variant designs based on cases. 
Yu Junhe used structural hypergraph to describe the hierarchical structure of sets in a 
product family structure model. The evolving hypergraph networks represent the 
information on design processes, which can trace the historical information and facilitate 
retrival and reuse of the product information (YU JunHe, QI Guoning,WU Zhaotong, 2003). 
Knowledge representation based on graph, such as knowledge map, concept map, hyper-
graph and so on, belongs to the semantic network category, which has many characteristics, 
e.g. its structure is simple, easily readable, can truly describes the semantics of the natural 
language and has more precise mathematics bases. They will be used in many domains, 
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becomes more critical. Such kmowlege management system can not only represent the 
knowledge of product and product development processes, but also support firms to quickly 
identify, capture, store and transfer the knowledge, on which a better and more effective 
mechanism of knowledge accumulation and management is formed. 
In response, the main purpose of this paper is to study product knowledge management 
methodologies, build an integrated knowledge management framework for 
decision-making, and develop a software prototype to support quick capture and reuse of 
knowledge during product development. The remaining part of this paper consists of five 
main sections: 2. Related research work; 3. Product knowledge management system (PKMS) 
framework; 4. Semantic object network model; 5. Product knowledge management process; 
6. Design repository; 7. Implementation and application of PKMS; 8.Conclusions. Following 
on from a brief literature review to construct a PKMS research framework, a great portion of 
this paper focuses on the product knowledge management process, along with several 
illustrations of software prototype. The paper ends with concluding remarks. 
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acquisition and management are emphasized increasingly. 
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framework, knowledge unit, case base, and object orientation, etc. have been reported in AI 
to meet the requirements for the specific problems. Production system, semantic network, 
framework, case base, object orientation, and graph, etc. have been used to represent product 
knowledge in mechanical engineering, in which object orientation, rule-based, and hybrid 
representation schemes are popular. 

 
2.1.1 Object orientation representation 
X.F.Zha provided an integrated object model to represent product knowledge and data, 
which supports calculating and reasoning work in assembly oriented design processes (X.F. 
Zha,2001). The integrated object model employed an object orientation scheme and the 
knowledge P/T net formalisms to form a hierarchy of function-behaviour, structure, 
geometry and feature. Such model was used as a uniform description of assembly modelling, 
design and planning. 
The SHARED object model is presented to realize conceptual design (S R Gorti &A 
Gupta,1998). It clearly defines relationships among objects. Object-oriented technology 

makes it possible to naturally decompose design process and hierarchically represent design 
knowledge. S R. Gorti and etc (Simon Szykman &Ram D. Sriram ,2000). presented a flexibly 
knowledge representation model based on SHARED. It further extends object-oriented 
design technology, and represents knowledge of product and design process by combining 
products and their design processes according to the hierarchical structures. The model 
encapsulates design rationale by using structured knowledge code. Artifacts are defined as 
the composition of three kinds of objects: function, form and behavior. Form represents 
physical performance. Behavior represents consequence of operations. 
A product modelling language is developed (Nonaka,1991). It defined products as object sets 
and relations. This product modeling language includes data language (DL) and design 
representation language (DPL). DL independent of any engineering environment is defined 
as basic framework of general object template and data structure. DPL provides methods of 
setting product model by combining DL with engineering environment. The method 
supports complex pattern matching algorithm based on graph and provides a neutral 
language to capture and exchange product information. It uses effective methods to store 
and reuse knowledge (Simon Szykman,2000). 
Oliva R. Liu Sheng and Chih-Ping Wei proposed a synthesized object-oriented 
entity-relationship (SOOER) model to represent the knowledge and the imbedded data 
semantics involved in coupled knowledge-base/database systems (Sanja Vranes,1999). The 
SOOER model represents the structural knowledge using object classes and their 
relationships and encapsulates the general procedural, the heuristic and the control 
knowledge within the object classes involves. 
XB, liU and Chunli YANG presented a product knowledge model which is built with object 
modelling techniques (XB, LIU & Chunli YANG,2003) . In order to easily realize knowledge 
management, the object model is mapped to the Relation Database. 

 
2.1.2 Graph-based representation 
In order to directly capture the relationships among design attributes (geometry, topology, 
features) and symbolic data representing other critical engineering and manufacturing data 
(tolerances, process plans, etc.), W.C. Regli presented a graphical structure called as a design 
signature, i.e. a hyper-graph structure H(V,E) with labeled edges is used to represent the a 
mechatronic design and its design attributes (W.C. Reglil, V.A. Cicirello,2000). All vertices 
representing design attributes are connected to the vertices representing the entities in the 
boundary model that attributes refer to. Such representation method can facilitate retrieval of 
models, design rules, constraints, cases, assembly dada, and experiences and identifying 
those products with similar structures or functions, which helps designers to better perform 
the variant designs based on cases. 
Yu Junhe used structural hypergraph to describe the hierarchical structure of sets in a 
product family structure model. The evolving hypergraph networks represent the 
information on design processes, which can trace the historical information and facilitate 
retrival and reuse of the product information (YU JunHe, QI Guoning,WU Zhaotong, 2003). 
Knowledge representation based on graph, such as knowledge map, concept map, hyper-
graph and so on, belongs to the semantic network category, which has many characteristics, 
e.g. its structure is simple, easily readable, can truly describes the semantics of the natural 
language and has more precise mathematics bases. They will be used in many domains, 
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especially in the knowledge representations based on Web, the topic map is the development 
tendency (Zhang lei &Hou dianshe, 1998). 

 
2.1.3 STEP-based representation 
Recently, as more CAD companies incorporate the ability to import and export STEP data, 
the use of the STEP AP 203 as a neutral format will leverage research efforts and maximize 
interoperability with existing CAD software used in industry. STEP provides a standard 
modeling method. Yang zijiang proposed a STEP-based organization, transfer and exchange 
mechanism for product information model (Yang Zijiang, Yang Xiaohu, Li Shanping, Dong 
Jianxiang, 2001). The NIST design repository also used STEP as representing the geometry 
information. 

 
2.1.4 Generalized representation 
Data, information and knowledge have some inner relationships. In order to effectively 
support product development, many researchers proposed that data, information and 
knowledge should represnt uniformily, thus a generalized knowledge representaion model 
was presented, which was organizaed, stored and managed by using database management 
systems. E.g. Cao Jian thought the data and knowledge invovled in the product development 
processes as the product knowledge (Cao jian, Zhang Youliang, Huang Shuangxi, Zhou 
Xinguang, 1999). Qi Yuansheng defined the generalized design knowedge as design 
information which was used to make decisions (Qi Yuansheng,Peng Hua, Guo Shunsheng, 
Yang Mingzhong, 2002). The generalized design informaion includes not only the formal 
design information and engineering information , such as industry documents, formulae, 
CAD data, tolerances, solutions,etc. , but also market information, forecasting information 
and some decision-making information. He used multi knowledge representaions including 
object-oriented, ontology, XML-based methods. The BEST's knowledge-representation 
language Prolog/Rex (Vranes^E and StanojevicÂ , 1994) attempts to combine rules, frames 
and logical expressions under a unique formalism. 
All of the above mentioned knowledge representaion methods combine the product 
development and its charactristics. In addtion, they discribe design, design process and the 
used knowledge accroding bo the given domains. Their goals are to fast develop, design and 
manufacture good products. However, how to represent the design historical information, 
design rationale, expriences and other tacit knowledge needs to deep research. In addition, 
product knowledge has complicated semantics and heterogeneous constrains. Therefore 
product knowledge representation model should define and represent these semantics and 
constrains in order to subsequently share, transfer, and reuse product knowledge. 

 
2.2 Product Knowledge Acquisition 
Engineering product development is a knowledge intensive and creative action. The whole 
product development process will access and capture quite lots of knowledge about design 
and design process. However, the knowledge acquisition issues also become the bottleneck 
during the product development processes for lack of effective knowledge capture methods 
and techniques, e.g. only those salted "old designers" can do some product development 
activities well. Recently, in order to alleviate the knowledge acquisition issues, researches on 
knowledge acquisition are emphasized increasingly. 

2.2.1 Design catalog 
Design catalogue is used to capture and store engineering product design knowledge(Zhang 
han, Zhang yongqin,1999). Ontology is also employed to aid acquire product knowledge, 
since ontology provides an explicit scheme of structuring knowledge content according to 
coherent concepts. Designers can easily find the needed knowledge though ontology. 

 
2.2.2 Ontologies 
Soininen T. (Soininen T. ,2000)presented configuration ontology for representing knowledge 
on the component types in product configuration design. Recently most of design and 
manufacturing knowledge is stored in digital form in computer, therefore knowledge 
discover and data dig methods and tools are contributed to knowledge acquisition(Zhu 
cheng, Cao wenze,2002). 

 
2.2.3 Multi knowledge-capturing schema 
Generally, a multi knowledge-capturing schema is needed as product design requires many 
kinds of knowledge and one kind of knowledge acquisition method cannot capture all kinds 
of knowledge. Many kinds of knowledge acquisition method are integrated with work in 
product design process, which satisfies its requirements of knowledge (Zhang shu, Li 
aiping ,1999). 

 
2.2.4 Web-based knowledge capture 
In addition, web-based computer aided design technologies are becoming new product 
development methods driven by customer requirements, which needs to capture the relative 
knowledge through Internet/Intranet environment (Lai chaoan, Sun yanming, 2002). 
Web-based information platform provides abundant information resource for product 
innovation development. However, the traditional knowledge acquisition methods have not 
met the requirements of knowledge capturing, disposal, and use in the Internet/Intranet 
environment. So many researchers begin to study how to quickly acquire knowledge by 
Internet technologies. 
A great deal of technical data and information including experience generated from product 
development exists in the form of files, communications, meeting notes and Emails, in which, 
design semantic information, such as design intent, design rationale, etc. is regarded as the 
important knowledge resource and the basis of new product development and the past 
product improvement. There are abundant product knowledge resource, but designers 
usually do not know where to find the right design knowledge, how to understand the 
original design purpose, how to reuse design methods, and so on. The main reason is that 
these technical data and information cannot be effectively organized, stored, and 
accumulated due to lack of methods and tools of knowledge acquisition, which leads to 
many efforts spent on retrieval. 

 
3. Product knowledge management framework 
 

To address those issues described above, we proposed the product knowledge management 
framework. It contains five main components: design repository (DR), OLAP, knowledge 
reduction, Case Based Reasoning (CBR), and machine learning, as shown in Fig.1. 
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2.2.4 Web-based knowledge capture 
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To address those issues described above, we proposed the product knowledge management 
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3.5 Machine learning 
Machine learning module is responsible for extracting process information and knowledge 
from CBR cycle and builds Solution Subject Model (SSM). SSM is stored as a kind of design 
rationale in DR. SSM includes all the background knowledge such as deliberating, reasoning, 
trade-off and decision-making in the CBR cycle of an artifact—information that can be 
valuable, even critical to various designers who deal with the artifact. Therefore, SSM 
contains a description of why it is revised the way it is, and more detail, it also includes how 
it is revised, who revised it, when it is revised, which part is revised, etc. SSM can be used as 
a basis to record the history of configuration and variant design process; to modify and 
maintain existing designs, or design similar artifacts. 

 
4. Semantic object knowledge representation model 
 

Knowledge in product customization design process is diverse. Design objects change 
dynamically with the change of the design process, and knowledge used during the whole 
process changes, too, even is iteratively used. Thus, product knowledge representation 
model should be constructed according to the features of product design and the process. 

4.1 Semantic object network 
From above analysis, semantic object network is used to represent knowledge on product 
customization design. Semantic object network is a kind of Semantic Networks (SNs), in 
which nodes are semantic objects. Semantic object networks link all information, documents 
and other descriptive knowledge related to the final products. Therefore, Semantic object 
networks are convenient for product structure and configuration management. 
Semantic Object (SO) is a naming collection of attributes that sufficiently describes a distinct 
identity (Huang Wei, 2001). Attributes are described by attribute types, cardinality and 
domains. SO is divided into simple objects and composite objects according to attribute 
characters (Li SiQiang ,1999). 
The nodes in Semantic object network represent SO, and directed arcs represent relations 
among nodes including Generalization Association (G), Aggregation Association (A), 
Composition Association (C), etc. AKO (a kind of), APO (a part of), and ACO (a composition 
of) respectively represents the G association, the A association, and the C association. 

 
4.2 Domain knowledge semantic object network 
Domain knowledge updates slowly. Designers usually use the definite domain knowledge 
for the specific tasks during product design process. According to this distinct character, 
domain knowledge semantic object networks are built, in which, all the semantic objects are 
basic objects and simple objects, as shown in Fig. 3. 
Most of domain knowledge embodies in documents. Besides, some of domain knowledge 
embodies in program files, material, calculation methods, etc. Therefore, the semantic objects 
in domain knowledge semantic object networks are program objects, document objects, 
material objects, and calculation method objects. The document objects have three types: 
structured document objects, non-structured document objects and drawing document 
objects. 
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3.5 Machine learning 
Machine learning module is responsible for extracting process information and knowledge 
from CBR cycle and builds Solution Subject Model (SSM). SSM is stored as a kind of design 
rationale in DR. SSM includes all the background knowledge such as deliberating, reasoning, 
trade-off and decision-making in the CBR cycle of an artifact—information that can be 
valuable, even critical to various designers who deal with the artifact. Therefore, SSM 
contains a description of why it is revised the way it is, and more detail, it also includes how 
it is revised, who revised it, when it is revised, which part is revised, etc. SSM can be used as 
a basis to record the history of configuration and variant design process; to modify and 
maintain existing designs, or design similar artifacts. 

 
4. Semantic object knowledge representation model 
 

Knowledge in product customization design process is diverse. Design objects change 
dynamically with the change of the design process, and knowledge used during the whole 
process changes, too, even is iteratively used. Thus, product knowledge representation 
model should be constructed according to the features of product design and the process. 

4.1 Semantic object network 
From above analysis, semantic object network is used to represent knowledge on product 
customization design. Semantic object network is a kind of Semantic Networks (SNs), in 
which nodes are semantic objects. Semantic object networks link all information, documents 
and other descriptive knowledge related to the final products. Therefore, Semantic object 
networks are convenient for product structure and configuration management. 
Semantic Object (SO) is a naming collection of attributes that sufficiently describes a distinct 
identity (Huang Wei, 2001). Attributes are described by attribute types, cardinality and 
domains. SO is divided into simple objects and composite objects according to attribute 
characters (Li SiQiang ,1999). 
The nodes in Semantic object network represent SO, and directed arcs represent relations 
among nodes including Generalization Association (G), Aggregation Association (A), 
Composition Association (C), etc. AKO (a kind of), APO (a part of), and ACO (a composition 
of) respectively represents the G association, the A association, and the C association. 

 
4.2 Domain knowledge semantic object network 
Domain knowledge updates slowly. Designers usually use the definite domain knowledge 
for the specific tasks during product design process. According to this distinct character, 
domain knowledge semantic object networks are built, in which, all the semantic objects are 
basic objects and simple objects, as shown in Fig. 3. 
Most of domain knowledge embodies in documents. Besides, some of domain knowledge 
embodies in program files, material, calculation methods, etc. Therefore, the semantic objects 
in domain knowledge semantic object networks are program objects, document objects, 
material objects, and calculation method objects. The document objects have three types: 
structured document objects, non-structured document objects and drawing document 
objects. 
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(ii) Structure deployment: getting the structure tree based on the conditions of structure 
deployment, using CBR to obtain the similar cases and confirming BOM to finish the design 
of assembly model; 
(iii)Variant design: variant design is necessary if similar cases cannot be acquired. The best 
variant design can be obtained from PKM; 
(iv)New design: new design is needed if variant design cannot meet the needs. Function 
design, structure design can be implement based on the framework of product knowledge 
management system. 

 
Fig. 12. The Interface of PKMS 

 
8. Conclusions 
 

At present, product knowledge management techniques have not been applied to the real 
product development process, and the existing document management tools and PDM 
cannot satisfy the rapid capture and reuse of knowledge during the product agile 
development processes. In this context, we proposed a product knowledge management 
framework with DR. A semantic object knowledge model can effectively organize various 
kinds of knowledge. Knowledge is organized into doubly linked list and orthogonal linked 
list.Designers could capture and reuse product knowledge by using the OLAP technique, 
knowledge reduction method, and CBR. Finally machine Learning could acquire new 
knowledge to make DR alive. 
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