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ABSTRACT 
 

In this paper (2), we implement an organizational knowledge discovery system, which is able to explore 
“workflow performer-activity affiliation networking knowledge,” in particular, from a workflow-supported 
organization. That is, we try to theoretically define a knowledge exploration framework for amalgamating workflow 
affiliating knowledge with social networking knowledge, and practically implement a knowledge discovery system 
based upon the framework. The implemented system not only copes with the algorithms discovering workflow 
performer-activity affiliation networking knowledge from an XPDL-based workflow package\footnote (3), which 
represents involvement and participation relationships, after all, between a group of performers and a group of 
activities, but also deals with visualizing the discovered knowledge. Conclusively, we describe the implications of 
workflow performer-activity affiliation networking knowledge in workflow-supported organizations. 
 

I. INTRODUCTION 
 

In general, a workflow management system consists of two componentsmodeling component and 
enacting component. The modeling component allows a modeler to define, analyze and maintain workflow models 
by using all of the workflow entities that are necessary to describe work procedures, and the enacting component 
supports users to play essential roles of invoking, executing and monitoring instances of the workflow model 
defined by the modeling component. Especially, from the organizational intelligence point of view, the modeling 
component deals with the planned (or workflow build-time aspect) knowledge of organizational resources 
allocations for workflow-supported operations, while on the other the enacting component concerns about the 
executed (or workflow run-time aspect) knowledge of organizational resources allotments for the workflow-
supported operations. With being connected to these view-points, there might be two issues, such as discovery issue 
(Song, J., et al. 2010) and rediscovery issues\cite{wil}, in terms of the organizational knowledge discovery 
activities. In other words, the workflow knowledge discovery issue has something to do with exploring the planned 
knowledge from workflow models defined by the modeling component, and the workflow knowledge rediscovery 
issue is to explore the executed knowledge from the execution logs (Park, M. and Kim, K. 2008, and Park, M. and 
Kim, K. 2010) of the workflow models. 
 

Naturally, this workflow performer-activity affiliation networking knowledge can be not only discovered 
from a workflow model defined by the modeling component, but also rediscovered from its execution event logs 
stored by the enacting component. In this paper, we focus on the discovering issue of the workflow performer-
activity affiliation networking knowledge from a workflow model, which implies to discover the planned knowledge 
of performer-activity affiliations. Ultimately, the planned knowledge of workflow performer-activity affiliations is 
to visualize how performers and activities are simultaneously interrelated in the corresponding workflow model. 
Consequently, the paper is directly addressing the workflow affiliation network discovery issue (Kim, H., et al. 
2011), which means that it gives a series of algorithms and their implementations, from discovering the planned 
knowledge of workflow affiliations embedded in an ICN-based workflow model (Kim, K., and Ellis, C. A. 2009) to 
analyzing the discovered knowledge of workflow performer-activity affiliations. 

 

In terms of making up the paper, the next section gives the technological backgrounds, mainly focusing on 
the workflow meta-model and the conceptual idea for discovering workflow affiliation networking knowledge. And 
the next consecutive two sections describe the details of the conceptual algorithm and its implementations for 
discovering the planned knowledge of workflow performer-activity affiliations. Finally, we give a summary with a 
brief description of its related works and conclusions including future works. 
 

II. BACKGROUND AND SCOPE 
 

This section shortly introduces the basic concept of workflow affiliation networking knowledge that can be 
possibly discovered from an ICN-based workflow model (Kim, K., and Ellis, C. A. 2009) as a conceptual 
background. In describing the workflow affiliation networking knowledge, we start from defining a workflow meta-
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model that is the theoretical basis of workflow affiliation networking knowledge, and finalize with the scope of the 
paper. 
 
2.1 Workflow Meta-Model: Affiliated Relationships 

An ICN-based workflow model is instantiated from the workflow meta-model (Kim, K., and Ellis, C. A. 
2009) that can be defined by the following basic conceptual componentsactivity, relevant data/repository, role, 
actor/performer, and invoked application including web services. These essential components and their relationships 
become the primitive entity types to form workflow affiliation knowledge. Thus, an ICN-based workflow model 
instantiated from the workflow meta-model can be defined by capturing the affiliated relationships among the 
primitive entity types, like activities and their control precedence, invoked applications, roles, actors, and 
input/output repositories. In this section, we define the basic associations or affiliations embedded in an ICN-based 
workflow model. 

 

 
 

The following [Definition 1] is a formal definition of those affiliated relationships and its functional 
components to be used for retrieving affiliated information, such as activity-role association, activity-relevant data 
association, activity-invoked application association, and role-actor association information. Based upon these types 
of information, it is possible to explore several types of workflow-related affiliations, like activity-actor association, 
relevant data-invoked application association, role complexity, actor complexity information, and so forth. 

 

 
Figure 1. Performer-centered Workflow Affiliation Networking Knowledge 

 
2.2 Scope: Workflow Performer-Activity Affiliation Networking Knowledge 

In this paper, we particularly concern about human-centered affiliation relationships in an ICN-based 
workflow model, and we would especially call it workflow affiliation networking knowledge. There are four types 
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of workflow affiliation networking knowledge on ICN-based workflow model, as shown in Figure 1, which can be 
derived from the affiliated relationships of [Definition 1]. 

 
Performer-Activity Affiliation Networking Knowledge 
Performer-Role Affiliation Networking Knowledge 
Performer-Application Affiliation Networking Knowledge 
Performer-Relevant Data Affiliation Networking Knowledge 
 
Particularly, the scope of the paper is limited to the performer-activity affiliation networking knowledge 

(Kim, H. 2011, and Kim, K. P. 2013), which is abbreviated as WpaAN Knowledge.  That is, we are able to 
theoretically discover performer-activity affiliation networking knowledge through the affiliated relationships of ε = 
εa ∪ εp and π = πp ∪ πc}$; For any activity α, εp(α) = {η1, η2, …, ηn}, where n is the number of roles, ∀ η ∈ P, 
involved in the activity, means that an activity α is performed by one of the roles; Also, πc(η) = {φ1, φ2, …, φm}, 
where m is the number of performers assigned to the role, means that a role η is conducted by the assigned 
performers. Typically, one or more participants are associated with each activity via roles, and a role is a named 
designator for one or more participants. An actor (or performer) is a human-entity that can fulfill roles to execute, to 
be responsible for, or to be associated in some way with activities, after all. Consequently, the main purpose of this 
paper is to theoretically and systematically develop a knowledge discovery framework and its software system for 
visualizing workflow performer-activity affiliation networking knowledge in an ICN-based workflow model. 

 
III. A WPAAN KNOWLEDGE DISCOVERY SYSTEM 

 
In this section, we start from defining a knowledge exploration framework for workflow performer-activity 

affiliation networking knowledge to be used for implementing the proposed system, and we devise a series of 
conceptual algorithms related with the framework. Next, we describe the details of an implemented system, such as 
system's architecture and system's visualization functionality. The implemented system eventually gives the 
meaningful knowledge of how actors and activities are simultaneously interrelated (involvement and participation) 
in enacting the corresponding workflow model. 
 

3.1 A WpaAN Knowledge Exploration Framework 
 

 
Figure 2. A WpaAN Knowlege Exploration Framework 

 

Figure 2 illustrates a knowledge exploration framework from dissolving an XPDL-based workflow package 
(4) to visualizing and analyzing the discovered knowledge conducted by the system. The framework is realized 
through three procedural functionalities—bipartite matrix (Knoke, D., and Yang, S. 2008) generation functionality, 
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knowledge visualization functionality, and knowledge analysis functionality. Basically, workflow performer-activity 
affiliation networking knowledge, also called work-sharing networking knowledge, represents the involvement of a 
set of actors with a set of activities in enacting the underlying workflow model. Performers are linked through their 
joint participation in workflow activities or by their common work-sharing in organizations. Conversely, workflow 
activities are connected to the extent that they have actors in common. Therefore, a workflow performer-activity 
affiliation networking knowledge, which is abbreviated as WpaAN knowledge, consists of two types of nodes—a set 
of performers and a set of activities—and a set of relations between nodal types; the WpaAN knowledge is 
represented as a two-mode network (Knoke, D., and Yang, S. 2008) to be transformed into a bipartite matrix, 
through which it used to accomplish the following dual objectives: 

 

To uncover the relational structures (or knowledge) of workflow-performers through their joint 
involvement in activities, and 

To reveal the relational structures (or knowledge) of workflow-activities through their joint participation of 
common performers. 

 

Those relational structures can be weighed to measure the extent of their strengths by assigning a value to 
each of relations between nodal types. Therefore, there are two types of workflow performer-activity affiliation 
networking knowledge—binary workflow performer-activity affiliation network and valued workflow performer-
activity affiliation network. In the binary workflow performer-activity affiliation networking knowledge, its value (0 
or 1) implies a binary relationship of involvement (or participation), while values in the valued workflow performer-
activity affiliation networking knowledge may represent various implications according to their application 
domains; typical examples of values might be stochastic (or probabilistic) values, strengths, and frequencies. The 
formal representation of workflow performer-activity affiliation networking knowledge is to build a binary or valued 
bipartite matrix, as shown in Figure 2. The bipartite matrix is ultimately used to visualize and analyze workflow 
performer-activity affiliation networking knowledge. 
 
3.2 An Implemented System 

Based upon the WpaAN knowledge exploration framework in the previous subsection, we implement a 
WpaAN knowledge discovery system that is able to explore, visualize, and analyze the affiliated relationships of 
performer-activity as workflow performer-activity affiliation networking knowledge. In this subsection, we illustrate 
a series of systematic components through describing the detailed functionalities and their captured-screens of the 
implemented knowledge discovery system. 

 
3.2.1 The System Architecture 

 

 
Figure 3. Architectural Components of the Implemented System 

 

The essential functional components composing of the framework are bipartite matrix generation 
functionality, knowledge visualization functionality, and knowledge analysis functionality, and these components 
also can be systematically implemented by using the Java programming language. Figure 3 illustrates the system 
architecture of the implemented WpaAN knowledge discovery system in the paper, which is made up of four groups 
of architectural components—XPDL-based workflow packages archive, control component, visualization 
components, and analysis components. Particularly, the XPDL parser of the analysis components group takes charge 
of generating a performer-activity bipartite matrix from an XPDL-based workflow package (5), and the social graph 
visualizer of the visualization components group depicts the WpaAN knowledge as a bipartite graph transformed 
from the bipartite matrix. In terms of the WpaAN knowledge analysis aspect, the system is theoretically backed up 
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by the extended versions of the workload-centrality analysis equations (Knoke, D., and Yang, S. 2008), such as 
actor-degree centrality analysis equations and group-degree centrality analysis equations, so as to mathematically 
analyze a workflow performer-activity affiliation network model discovered from an XPDL-based workflow 
package. 

 

The system's development environments are listed as followings. Particularly, we suppose that the XPDL 
workflow package's release version is XPDL 1.0. So, it is necessary to be extended to support the recently released 
version of XPDL 2.0 or more, which reflects the BPMN (6) graphical constructs. 

 
Operating System: Windows 7 Ultimate 64bit 
Programming Language: Java Development Toolkit v.6.0 
XPDL Version: XPDL 1.0 
Development Tool: Eclipse Indigo Release 2 
Libraries: Awt/Swing, Prefuse, Xpdl 
 

3.2.2 An Operational Example 
As an operational example, we try to discover WpaAN knowledge from the XPDL-based pseudo-workflow 

packages arranged in Table 1. We suppose that there are two pseudo-workflow packages, each of which has two 
workflow models and three workflow models, respectively, and all fifty activities have been conducted by all of the 
sixteen performers. Consequently, the system is able to successfully discover WpaAN knowledge from the pseudo-
workflow packages, and visualize the discovered knowledge as shown in the captured-screen of Figure 4. In the 
visualized WpaAN knowledge as colored bipartite graph, boxes and circles imply performers and activities, 
respectively, and the bold-colored box and its linked circles represent the performer, Alan, and his affiliated 11 
activities, such as α1, α9, α10, α16, α21, α26, α33, α36, α39, α43, and α50. 
 

 
 

 
Figure 4. Visualization of the Discovered WpaAN Knowledge by the Implemented System 

 

http://www.jaabc.com/


ISSN 1540 – 1200  
www.jaabc.com 

 
 
The Journal of American Academy of Business, Cambridge    *    Vol. 19  *  Num. 2  *  March  2014                       177 

IV. RELATED WORK 
 

Recently, the workflow literature just focused on social and collaborative work analysis on workflow-
supported organizations. Particularly, our work, workflow performer-activity affiliation networking knowledge 
discovery, is directly related with a converged issue of model-log comparison issue (Park, M., and Kim, K. 2008, 
Kim, K., and Ellis, C. A. 2007, Ellis, C. A., et al. 2006, Kim, K. 2006, Wainer, J., et al. 2005, Kim, K., and Ellis, C. 
A. 2006, Park, M., and Kim, K. 2010, and Rembert, A. J. 2008) and social networks analysis issue (Aalst, W. M. P., 
et al. 2005, Knoke, D., and Yang, S. 2008, Kim, K. 2011, Kim, H. 2011, Ferneley, E, and Helms, R. 2010, 
Skerlavaj, M., et al. 2010, Faust K. 1997, and Kim, K. P. 2013). With respect to this converged issue, there have 
been two main branches of research approaches: workflow-supported affiliation networking knowledge discovery 
(Kim, H., et al. 2011, Song, J., et al. 2010) issue and rediscovery issue (Aalst, W. M. P., et al. 2005). In this paper, 
we are particularly interested in the workflow-supported affiliation networking knowledge discovery issue. 
Additionally, the organizational work-sharing (or work-allocation) networking knowledge to be discovered from 
workflow procedures can be classified into two kinds of networking knowledge; One is human-based organizational 
work-sharing knowledge, the other is resource-based organizational work-allotting knowledge. Also, the research 
issue addressed in the paper has something to do with the resource-based organizational work-allotting knowledge. 

 
A typical one of a few research results on the workflow-supported affiliation networking knowledge 

discovery issue might be (Kim, H., et al. 2011) and (Kim, K. P. 2013). In these papers, they tried to build a 
fundamental theory and its related algorithms for discovering organizational work-sharing or work-allocation 
networking knowledge, which is represented by workflow affiliation networking knowledge that is a special type of 
workflow-supported social networking knowledge (Knoke, D., and Yang, S. 2008, Song, J., et al. 2010, Kim, K. 
2011, and Ferneley, E, and Helms, R. 2010). Fortunately, this special type of workflow-supported social networking 
knowledge, the workflow performer-activity affiliation networking knowledge mainly concerned in this paper, was 
firstly introduced in (Kim, H., et al. 2011). In this paper, we have implemented the conceptual framework (Kim, H., 
et al. 2011, and Kim, K. P. 2013) exploring the special type of knowledge from an ICN-based workflow model. The 
implemented system has extensively revised the conceptual framework so as to deal with a group of XPDL-based 
workflow models (workflow packages). 
 

V. CONCLUSION 
 
In this paper, we suggested a possible way of projecting the special affiliation knowledge of the workflow-

supported affiliation relations (involvement and participation behaviors) between workflow-based people and 
workflow-based activities by converging the social network techniques and the workflow discovering techniques. 
As a consequence of this suggestion, we have newly defined a knowledge exploration framework for workflow 
performer-activity affiliation networking knowledge, and implemented a knowledge discovery system to explore 
performer-activity affiliation networking knowledge from an XPDL-based workflow package. Conclusively, we 
have successfully verified the implemented system through applying to two pseudo-workflow packages and 
visualizing the discovered WpaAN knowledge from them. 

 
However, the implemented system only works for very limited functionality. In other words, it doesn't 

cover the workflow performer-activity affiliation networking knowledge analysis and rediscovery issues. So, we 
would leave those insufficient functionalities to the future works of this paper. Especially, the author's research 
group, in the near future, would try to extend the basic ideas of the workflow performer-activity affiliation 
networking knowledge discovery issue to the rediscovery issue. 
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3. A group of workflow models is defined as a workflow package in the WfMC's standardization terminology. 
4. In WfMC's terminology, a group of workflow models is defined as workflow package. 
5. The system is able to handle a group of XPDL-based workflow models as well as individuals of the workflow models. 
6. BPMN stands for Business Process Modeling Notations, and it is released by OMG's BMIDTF (Business Modeling & 

Integration Domain Task Force). 
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