Knowledge Management Model Definition Language and Its Application

Kaiji Liao, Junjie lv, Jianqing Xi, Yongsheng Zhang

（College of Business administration of South China University of Technology, Guangzhou, Guangdong, China，510640  kjliao@scut.edu.cn）

Abstract:  Knowledge management modeling is foundation of knowledge management practice. Previous work of knowledge management modeling is mainly about concept architecture. Its tools and methods are not strong. This paper suggested a new knowledge management meta-model based on the analyzing and integration of knowledge management model. The core of the meta-model includes organizational structure, business process, resource and knowledge. A knowledge management definition language (KMDL) is proposed, which defines a least set of knowledge management modeling components and properties. It also offers a shareable exchange format in common sense. Based on the meta-model and KMDL, we developed a knowledge management modeling tool. 
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1．Preface

As a complex system engineering, Organizational knowledge management involves stuff, workflow, knowledge, information system etc. Effective organizational knowledge management is built upon well-structured knowledge management system. The first approach to the well-structured system is to distinguish the key elements in Organizational knowledge management and build rational knowledge management model. Thus the application of knowledge management modeling includes: (1) Supplying stratagem analyzing methods and tools for organizational decision-maker; (2) Building organizational knowledge management architecture and guiding for organizational knowledge management stuff; (3) Supplying systems analysis and designing tools for software developer of organizational knowledge management.

Recently Knowledge Management Modeling is regarded more and more. Many college and institutes build projects about it and gain much achievement. The achievement can be classified as:

（1）The theoretical architecture of knowledge management: It describes the fundamental concept, fundamental process and key elements at the qualitative layer. Typical models about it include the SECI developed by Ikujurio Nonaka (1995) and the KMRM built by El-Sayed Abou-Zeid (2002), the N-Form Organization model proposed by Gunnar Hedlund (1994), the three Pillars model suggested by Wiig (1993), and so on. These models are very useful for people to understand knowledge management.
(2) The implementing models of knowledge management: These show us the actualizing steps of Organizational knowledge management, such as Knowledge Management Systems Assessment proposed by Mario L Vasquez (2000) and Stage Model for Knowledge Management suggested by Jang-Hwan Lee (2001). These are guiding for the actualizing of the organizational knowledge management.  

(3) Repository, Organization Memory Modeling methods and tools evolved from original knowledge engineering projects, such as commomKADS (Schreiber, G., et al., 2000) and Protégé 2000 (Noy, N.F, Sintek, M., et. al, M.A., 2000). These tools are very important for knowledge engineering and used in knowledge management projects.

The research about the structure, model and definition language is relatively weak. There remain many problems. The key problem of them is Knowledge Management Modeling that is transformation from organizational behave based on knowledge to software development. In another word, If Knowledge Management Modeling language would meet the needs of decision-makers, managers and software developers, knowledge management model must be combined with the organizational business model seamlessly. Thus there should be some features for knowledge management modeling: (1) For consumer, the view should be multiple; (2) For knowledge, there should be elementary knowledge process such as the produce, store and use of knowledge; (3) For system, there should be combination of knowledge and operation.

Based on the destination mentioned previously, the second part of this paper will discuss the concepts in knowledge management meta-model and the relation among the elements of the meta-model. According to the models, the third part will describe KMDL and the instance level model. The fourth part will show how to design and actualize the tools of knowledge management modeling.  The last part will give a summary of this paper.
2．Meta-model of Knowledge Management

Meta-model is used to define the construction and rule of the model and named usually language model which defines expressing model. All the derived documents should obey the rule of the meta-model. The meta-model of firm knowledge management is used to express the inner elements of the firm and relation among them as well as restricts and properties.

In a firm, organization meta-model covers four sub-meta-models related with each other:

(1) Workflow meta-model: It is used to customize the work flow. The designer of the customization is allowed to distribute resource among the activities in the work flow and append knowledge. This enables executer to locate the knowledge needed by the execution of this activity rapidly.

(2) Structure meta-model: The firm’s structure view can be customized whose definition covers stuff, knowledge, right and distribution of roles.

(3) Resource definition meta-model: It defines firm’s resource of hardware and software. It is a pandect of firm’s resources and benefits decision-maker to distribute the resource at the strategic level. It is also the gist of the resource distribution during customizing workflow.
Some important elements are also defined:
-Package is the container of all meta-models, covering the declarations of processes, actors, resources, knowledge, and so on.

-Knowledge, as the kernel resources of an organization, has two arguments of tacit and explicit. Tacit knowledge comes from knowledge stuff (such as experience, skill). Explicit knowledge comes from resource definition (such as rules, documents). The synthesis of the knowledge forms a knowledge map.
-Actor, who possesses some skills and plays some roles in a specific organization, is the executer of business processes. An actor may be the internal worker, technological system or external expert of an organization. He or she may also belong to more than one organization unit. There are three levels of the skill for each actor: apprentice, operator and expert, which are defined according to his or her experience and ability.

-Resource generally covers human、material and knowledge. It can also be classified as inner and extra. Organizational explicit knowledge is defined as a kind of resource explicitly.

-Workflow (K-Process): K-Process, consisting of activities and transition, is an abstract of organizational business processes. Modern workflow technology can dissociate process from business system of an organization. It also covers action and transformation.

-Activity (K-Activity): K-Activity, an important element of K-Process, represents a minimal execution unit of business process. Different from workflow modeling language, K-Activity must be associated with knowledge. We call key activity with knowledge as knowledge home. Resource is distributed among activities when the process is built in order that the K-Actor can easily find the knowledge needed by the execution of the activity.

-Privilege is the access control to operate resources.
-Role possesses a specific set of privilege. During the organization process, a specific actor is assigned to play a particular role (however, this does not limit agents from playing multiple roles). To meet the needs of business, role is introduced to dissociate system privilege from actor.
-Application is an extra application invoked by some activity in the process executing the workflow.
-Workflow relevant data（Relevant data）is checked to see which is the next activity. Its important properties include data name (path) and data type.
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Fig.1  A knowledge management meta-model

3．Knowledge Management Model Definition Language

There are some model elements and their properties in the Knowledge Management Meta-model. Knowledge Management Model Definition Language (KMDL) is such a description language built upon the meta-model. As a standard generally used knowledge management model definition language, KMDL describes a least set of knowledge management elements and properties. It also develops a common exchange format generally. The definition format of some main meta-model is following.

Knowledge Management Model definition is used to describe the logic relation between each key element of knowledge management and inner logic relation of it. It covers four kernel elements: workflow definition, structure definition, resource definition and knowledge definition. Extended workflow process definition language (EWPDL) (Zhao Wen, Hu Wenhui, et al., 2003) is used here as workflow definition language, We will discuss other sub-model definition language：

Organizational structure has many organizational units. A unit has a format as：

OrgUnit<unit id>

[Description <description>]

[Roles <role list>]

[ConnectedNodeID <connected node list>]

[ConnectedNodeType < father node, son node, other node>]

[UnitRelationType<close cooperation, partner, autonomous>]

[Roles <role list>]

END_OrgUnit

Organizational units linking each other network structure should be suitable for knowledge management. Generally, a real organization is of tree-form structure, in which each Organizational unit is a node of the tree. Hence, we define three types of node, that is, parent node, child node and the other. There are types of relationship between organizational units: compact relation (such as paternity relation), partner and relatively autonomous relationship. The compact relationship indicates closer coupling of information and knowledge between organizational units. The independent relationship means hardly exchange information and knowledge. The partner relationship means more independent than the compact relationship between organization units but less loosely coupling than the autonomous relationship. These relationships can be extended to external organization. All organizations in value chain form knowledge management alliance.
Knowledge actors are the stuff who participates in a knowledge activity. They are the most kernel resource that is most difficult to manage. They also have tacit knowledge resource. They have such a format: 

Actor<actor id,name,sex,keywords>

[Description <description>]

[Experince <experrince list>]

[Forte <forte list>]

[Roles <role list>]

[Contact <address,phone,email,others>]

[Grade < rudiment, operation, expert>]

[Scope <inner,outter>]

END_Actor


Where keywords attribute specifies the keywords of knowledge possessed by the actor and grade for craftiness of the knowledge craftsmanship. There are three craftiness level: apprentice level, operator level and expert level. The value inner of attribute called Scope indicates that the actor is a internal worker of an organization and value outer for an external expert.

Resource is the main quarry for firm explicit knowledge and also has a format:

Resource<resource id, name, keywords>

[Description <description>]

[ResourceType <human resource, physicial resouce, intangible rensource>]

[Scope innert, outter

[Location url
[ResourceTimeout resource timeout, warning timeout
[resourceOwner<ower list>]

END_Resource

There are three types of organizational resources: human resource, physical resource and intangible resource. The intangible resource includes software, information and knowledge. The knowledge is an important part of organizational resource. The attribute of keywords describes the key word for the resource and location for the address of the resource. There is also an attribute named scope checkable to see whether the resource is inner or extra.
Privilege is the access control for special operation on some resource and has a format:

Privilege< privilege id, name, operation>

    [Description <description>]

    [Resource <resource>]

END_ Privilege
The attribute of operation determinates the operation on the resource.

Knowledge role has a series of privilege. To meet the needs of business change, K-Role is introduced to separate system privilege from actor very well.
Role < role id, name,>

    [Description <description>]

[Actors <actor list>]

    [Privileges <resource list>]

END_ Role

The knowledge has such a format:

Knowledge <knowledge id, name, keywords>

    [Description <description>]

    [knowledgeType <BaseKnowledge,BusinessProcessKnowledge, BusinessKnowledge, CustomTypes>]

    [Explicit <resource list>]

[Tacit <actor list>]

END_ Knowledge
Organizational knowledge is most precious. Organizational knowledge includes tacit knowledge and explicit knowledge. Tacit knowledge lies in the minds of actors and is difficult to express. Explicit knowledge is mainly document and rules in resources. The attribute of keywords describes the key word of the knowledge and KMDL for classifying standard (fundamental object knowledge, workflow knowledge, operational knowledge). Additionally, firms are allowed to classify the knowledge themselves. 
4．The actualizing of a Knowledge Management Modeling tools based on KMDL

Tools are very important for Organizational knowledge management analysis and modeling. On one hand modeling tools are very useful for organization stratagem analysis, structure design, workflow design and reform, resource distribution and decision-making. On the other hand, knowledge management system is a part of organizational information system and support the customer of the information system with knowledge. Thus Knowledge Management system should be synthesized with information system to make the information system more flexible and dynamic.

There should be some functions in the tools of Organizational knowledge management System Modeling:

Organizational stratagem modeling and analysis: problem identifying, destination network analysis and value chain analysis;

Structure design: architecture design, post design, role definition, privilege definition, actor design, rule definition;

Workflow design: workflow definition, workflow update, relevant data, resource distribution, rule definition;

Knowledge map: transaction-knowledge link, knowledge index;

Decision analysis: resource analysis, workflow reform.

Figure 2 shows the actualizing of modeling tools with a three-layer structure. Meta-layer can be called language layer. It consists of all kinds of modeling editors which have special functions. The editors also offer series of modeling language, such as workflow modeling language and stratagem modeling language. Concept layer is the actualizing of the meta-layer. It is used to create, edit and store special knowledge. The editor should assure the model adaptable for the meta-layer language. The content of the concept layer is created and used by customer. The instance just describes all types (such as a fundamental workflow instance), but it can’t run yet. Interface layer covers customer view and the interface for modeling running system.
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Organizational information system should adapt to the change of the inner and extra environment. That is to say, it should meet the needs of dynamic modeling. To do that, the modeling definition should be separated from running. After the output of the organization modeling is interpreted by model interpreter, it can be the input of the business handling system. Modeling tools can be combined with modeling running system (operational layer through XML document. Figure 3 shows the output of the Knowledge Management Modeling tools and appliance. The shadowed box is extra system about the modeling tools. General repository covers organizational knowledge database, Internet/Intranet/Extranet and personnel system.
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Fig. 3:  Application pattern of modeling tool for knowledge management

Based on the modeling system and language, we developed organizational knowledge modeling tools (KMMT), actualized visual knowledge management modeling. KMMT is developed with JAVA and consists of system control module, modeling tools IDE, modeling analysis module, modeling transformation module. System control module mainly controls the modeling tools access and management. It covers privilege distribution and access authentication. The IDE module actualizes modeling function. It covers the design and maintenance of the view for structure, operational process, resource and knowledge map. Modeling object data is stored by KMDL defined previously. It also allow customer to input data into or output data from relational database. To simplify the combination of model and application, KMMT modeling translator allow customer to transform document from KMDL to XPDL. Figure 4 shows a workflow management based on knowledge in KMMT.
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Fig.4  workflow management based on knowledge in KMMT
5．Summary
There are already a lot of works on concept level about knowledge management. There should be engineering research in knowledge management. Knowledge Management modeling tools are very helpful for actualizing organizational knowledge management. The tools can also make the design and analysis of knowledge management system more accurate and efficient. This paper develops a knowledge management meta-model and describes model definition language. Moreover, it builds knowledge management tools. The tool also combines organization design, workflow, access control and knowledge access. During developing the tool, we obey the related specifications of WFMC (1996) and RBAC (Sandhu R., 1997). Thus we synthesize knowledge management and operation system seamlessly. The tools reaches the three destinations of knowledge management modeling tools mentioned in preface: multiple view, knowledge process and information system modeling. 
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Fig. 2:  The architecture of modeling tools
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