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Abstract 

 
This paper formalizes a special type of social networks, which is called ‘workflow-supported affiliation 
network.’ A workflow model specifies execution sequences of the associated activities and their 
affiliated relationships with roles, performers, invoked-applications, and relevant data. Especially, these 
affiliated relationships exhibit a stream of valuable organizational knowledge and utilize to explore 
business intelligence concealed in the corresponding workflow model. In this paper, we particularly 
focus on the performer-role affiliation relationships and describe its implications as organizational 
knowledge and business intelligence in workflow-driven organizations. Conclusively, we formally and 
graphically define a workflow-supported performer-role affiliation network model as a performer-role 
affiliation knowledge representation technique of a workflow model. It eventually becomes a 
theoretical basis for discovering those performer-role affiliation knowledge from a workflow-supported 
organization. 
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1. Introduction 

In general a workflow management system 
consists of two components – modeling, 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. Particularly, the logical foundation 

of the workflow management system is based 
upon the modeling component which is called 
workflow model. Until now, many workflow 
models have been proposed in the workflow 
literature, and almost all commonly employ the 
five essential entity-types, such as role, activity, 
actor, repository and application entity-types, to 
represent organizational works and their 
procedural collaborations. These entity-types 
evenually become reflecting the typical 
people-oriented organizational perspectives like 
behavioral, social, informational, collaborative, 
and historical perspectives, onto workflow 
models[10].  
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Therefore, we can conclude that these workflow 
management systems are “human conceptual 
systems” that must be not only designed, 
deployed, and understood within their social and 
organizational contexts, but also conveyed, 
facilitated, and navigated in large-scaled 
operational knowledge collections. So, 
workflow-supported affiliation networking 
knowledge formed by several groups – 
performers, roles, activities, applications – in a 
workflow model, as shown in Fig. 1. 

 

 

Fig. 1.  The Workflow-supported Affiliation 
Knowledge 

More recently, individuals as employees and 
their companies have started to adopt the concept 
of social networks both intra-organizationally 
[1,2,3] and inter-organizationally[4,5]. Likewise, 
the workflow literature starts being interested in 
“social networking.” It begins from the strong 
belief that social relationships and collaborative 
behaviors among employees affect the overall 
performance in the real businesses and the 
working productivities, as well, over 
workflow-supported enterprises. Therefore, the 
authors' research group has been doing research 
on applying the concept of social networking 
services and its analysis methods to workflows in 
the names of workflow-supported social 
networking knowledge and workflow-supported 
affiliation networking knowledge[6].  
Particularly, this paper is concerned with a 
special type of workflow-supported affiliation 
networking knowledge, workflow 
performer-role affiliation networking knowledge, 
which is the essential knowledge that can be 
discovered from a workflow model or a group of 

workflow models, and it is also called a 
workflow membership network representing the 
involvements (or participations) of a set of 
performers with a set of roles in the 
corresponding workflow model. That is, 
workflow performers (or actors) are linked 
through their joint participation in performing 
roles; conversely, workflow roles are connected 
to the extent that they have performers in 
common. Through the workflow performer-role 
affiliation networking knowledge, it is possible 
to visualize how performers and roles are 
simultaneously interrelated in a workflow model 
or package. The main purpose of this paper is to 
theoretically develop a means, which is called 
‘performer-role affiliation network model,’ for 
discovering and visualizing performer-role 
affiliation knowledge from a 
workflow-supported organization. In terms of 
making up the paper, the next section gives the 
technological backgrounds, mainly focusing on 
ICN(Information Control Nets)-based workflow 
model and its perspetives. And the next 
consecutive section describes the details of 
workflow-supported performer-role affiliation 
model. Finally, we give a summary with a brief 
description of conclusions including future 
works. 

2. Backgrounds : ICN-based 
Workflow Model 

This section shortly introduces the basic concept 
of ICN-based workflow model[11,12] as a 
technological background. In describing the 
ICN-based workflow model, we start from 
defining a workflow meta-model[11,12] that is 
theoretical basis of the ICN-based workflow 
model, and next we introduce the graphical 
notations and their formal representations of the 
model. 
 

 
 

Fig. 2. The Workflow meta-model. 
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2.1 The Workflow Meta-Model 

In describing an ICN-based workflow model, 
we would use the basic workflow terminology, 
such as workflow procedure, activity, job, 
workcase, role, actor/group, and invoked 
application including web services. These terms 
become the primitive entity types to be 
composed into an ICN-based workflow model, 
and also they have appropriate relationships with 
each other, as shown in Fig. 2. The followings 
are the basic definitions of the primitive entity 
types:  

 
 A workflow procedure is defined by a 

predefined or intended set of tasks or 
steps, called activities, and their temporal 
ordering of executions. A workflow 
management system helps to organize, 
control, and execute such defined 
workflow procedures.  

 An activity is a conceptual entity of the 
basic unit of work (task or step), and the 
activities in a workflow procedure have 
precedence relationships, each other, in 
terms of their execution sequences. Also, 
the activity can be precisely specified by 
one of the three entity types-|compound 
activity, elementary activity and gateway 
activity.  

 A role, as a logical unit of the 
organizational structure, is a named 
designator for one or more participants, 
which conveniently acts as the basis for 
participating works, skills, access 
controls, execution controls, authority, 
and responsibility over the associated 
activity. 

 An actor is a person, program, or entity 
that can fulfill roles to execute, to be 
responsible for, or to be associated in 
some way with activities and workflow 
procedures. 

 Multiple instances of a workflow 
procedure may be in various stages of 
execution. Thus, the workflow procedure 
can be considered as a class (in object 
oriented terminology), and each 
execution, called a workcase, can be 
considered an instance. A workcase is 
thus defined as the locus of control for a 
particular execution of a workflow 
procedure. 

 An invoked application program that 

automatically performs the associated 
activity, or provides automated assistance 
within hybrid activities are called scripts. 
If an activity is executed in automatic or 
hybrid mode, this means that whole/part 
of the invoked application program 
associated with the activity is 
automatically launched by a workflow 
enactment service. 

 Finally, a repository is a set of input and 
output relevant data of an activity. 
Eventually, the repository provides a 
communication channel between the 
workflow enactment domain and the 
invoked application programs domain. 
That is, the input and the output 
repositories are used to realizing the input 
parameters and the output parameters of 
the associated invoked application 
program, respectively. 

 

2.2 Information Control Net 

An ICN-based workflow model can be 
defined by capturing the notations of workflow 
procedures, activities and their control 
precedence, invoked applications, roles, actors, 
and input/output repositories, as explained in the 
previous section of the workflow meta-model[6]. 
In this section, we define the basic concept of 
workflow model with respect to the formal and 
graphical descriptions of ICN-based workflow 
model. The following Definition 1 is a formal 
definition of ICN-based workflow model, and its 
functional components to be used for retrieving 
workflow-related information, such as activity 
precedence (control flow), activity-role 
association, activity-relevant data association 
(data flow), activity-invoked application 
association, activity-transition condition 
association, and role-actor association 
information. Based upon these types of 
information, it is possible to retrieve several 
types of derived workflow-related information 
like activity-actor association, relevant 
data-invoked application association, role 
complexity, actor complexity information, and so 
forth. 
 
[Definition 1] Information Control Net (ICN) 
for formally defining workflow model. 
 
A basic ICN is 9-tuple Γ = (δ,ρ, γ, λ, ε, π, κ, I, O) 
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over a set of A activities (including a set of group 

activities), a set of E ⊆(A x A) edges (pairs of 
activities), a set T of transition conditions, a set 
R of repositories, a set of G of invoked 
application programs, a set of P of roles, and a 
set of C of actors (including a set of actor groups), 
where (A) represents a power set of the activity 
set, A: 
 
 I is a finite set of initial input repositories, 

assumed to be loaded with information by 
some external process before execution of 
the ICN; 

 O is a finite set of final output repositories, 
perhaps containing information used by 
some external process after execution of the 
ICN; 

 δ= δi ∪ δo  

where, δo:A→(R) is a multi-valued 
mapping function from an activity to its sets 
of (immediate) successors, and δi: A→(R) 
is a multi-valued mapping function from an 
activity to its sets of (immediate) 
predecessors; 

  =  i ∪  o  

where o:A→(A) is a single-valued 
mapping function from an activity to its set 
of output repositories, and i:A →(A) is a 
single-valued mapping function from an 
activity to its set of input repositories; 

 γ = γi ∪ γo  

where γo:R→(A) is a single-valued 
mapping function from an repository to its 
set of out-degree activities γi: R→ (A) is a 
single-valued mapping function from a 
repository to its set of in-degree activities; 

 λ = λa ∪ λg 

where λg: A→G is a single-valued mapping 
function from an activity to its invoked 
application program, and  λa: G→ (A) is a 
single-valued mapping function from an 
invoked application program to its set of 
associated activities; 

 ε = εa ∪ εp 
where εp: A→P is a single-valued mapping 
function from an activity to a role, and 
εa:P→(A) is a single-valued mapping 
function from a role to its set of associated 
activities; 

 π = πp ∪ πc 

where  πc:P→(C) is a single-valued 
mapping function from a role to its set of 
associated actors, and  πp:C→(P) is a 
single-valued mapping function from an 
actor to its set of associated roles; 

 κ = κi ∪ κo 

where κi:E→(T) is a single-valued 
mapping function from an edge to a set of 
control-transition conditions; and κo: 
T→(E) is a single-valued mapping 
function from a control-transition condition 
to a set of edges 

3. Performer-Role Affiliation Network 
Model  

In order to represent the workflow-supported 
performer-role affiliation knowledge, the paper 
newly defines a graphical (Bipartite Graph) and 
formal representation model, which is dubbed 
the performer-role affiliation network model. A 
performer-role affiliation network model, which 
is abbreviated as PRANM, consists of two types 
of nodes - a set of performers and a set of 
activities - and a set of relations between nodal 
types. Thus, a performer-role affiliation network 
is a two-mode network, through which it used to 
accomplish the following dual objectives 

 
 to uncover the relational structures of 

workflow-performers through their joint 
involvement in roles, and 

 to reveal the relational structures of 
workflow-roles through their joint 
participation of common performers. 

 

3.1 Formal Definitions 

Additionally, 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 performer-role affiliation networks - 
binary performer-role affiliation network and 
valued performer-role affiliation network. In the 
binary performer-role affiliation network, its 
value (0 or 1) implies a binary relationship of 
involvement (or participation), while values in 
the valued activity-performer affiliation network 
may represent various implications according to 
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their application domains; typical examples of 
values might be stochastic (or probabilistic) 
values, strengths, and frequencies. The formal 
knowledge representation of performer-role 
affiliation network model is defined in 
Definition 2. 
 
 
[Definition 2] Performer-Role Affiliation 
Network Model 
 
The performer-role affiliation network model is 
formally defined as 3-tuple formula, Λ= (σ ,ψ, S), 
over a set C of performers(actors), a set P of 

roles, a set V of weight-values, a set Ep ⊆ (C × 
P) of edges (pairs of performers and roles) and a 

set of Ea ⊆ (P × C) of edges (pairs of roles and 

performers), where, (P) represents a power set 
of the role set, P: 
 
 S is a finite set of work-sharing actors or 

groups of some external performer-role 
affiliation network models; 

 σ = σp ∪ σv /* Involvement Knowledge */ 

where, σp: C → (P) is a single-valued 
mapping function from a performer to its 
set of involved roles; σv: Ep → V is a 
single-valued mapping function from an 

edge (∈ Ep) to its weight-value;  

 ψ = ψa ∪ ψv /* Participation Knowledge */ 

where, ψa : P → (C) is a single-valued 
mapping function from a role to a set of 
participated performers; and ψv : Ea → V is 

a single-valued function from an edge (∈ 
Ea) to its weight-value; 
 

And the graphical knowledge representation is 
depicted by an affiliation graph, as shown in Fig. 
3 and Fig. 4. So, the performer-role affiliation 
network’s graphical model consists of two types 
of graphical nodes—a set of performers (shaped 
in hexagon) and a set of roles (shaped in 
circle)—and a set of non-directed edges between 
these two nodal types, which means that a 
workflow affiliation network is a non-directed 
graph. That is, in a performer-role affiliation 
graph, non-directed lines connect workflow 
performers aligned on one side of the diagram to 
the roles aligned on the other side. Importantly, a 
performer-role affiliation graph does not permit 

lines among the workflow performers nor among 
the roles. Therefore, a performer-role affiliation 
graph with g performers and h roles can be 
transformed into a matrix with 2-dimension of g 
× h. 
 

3.2 Definition of Affiliation Matrix 

Eventually, it is necessary for performer-role 
affiliation network model to be analyzed in a 
mathematical representation. An performer-role 
affiliation network model is graphically 
represented by a bipartite graph, and at the same 
time it is mathematically represented by an 
affiliation matrix. Based upon the performer-role 
affiliation matrices, it is possible to analyze a 
variety of knowledge analytics issues[9], such as 
mean rates analysis[8], density measurements[8], 
centrality measurements[9], and so on, raised 
from the social networking literature. 
 

 

Fig. 3. Graphical representation of the 
ICN-based workflow model. 

 

 
Fig. 4. Graphical representation(Bipartite 

Graph). 
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The affiliation matrix can be realized by either an 
involvement matrix or a participation matrix. 
That is, an performer-role affiliation network 
model is mathematically transformed into an 
performer-role affiliation matrix that records the 
presence and absence of g performers at h roles; 
thus its dimensions are g rows and h columns, 
respectively. If a certain performer Øi attends a 
role  j, then the entry in the ith and jth cell in the 
matrix equals to 1; otherwise the entry is 0. 
Denoting a binary performer-role affiliation 
matrix as Z, its xi,j values meet these conditions; 
 
 

 
 
 
 The row total, also called row 

marginals(   ),of performer-role affiliation 
matrix Z sum to the number of workflow 
roles that each performer will attend, which 
implies the involvement relations between 
roles and performers in a corresponding 
workflow model. 

 

 
 
 The column marginals, (   ), indicate the 

number of performers who will attend each 
workflow role's enactment, which implies 
the participation relations between 
performers and roles in a corresponding 
workflow model. 

 

 
 

4. Related Work 

There exist two main research issues in 
discovering workflow performer-role affiliation 
networking knowledge. One is a knowledge 
discovery issue, the other has something to do 
with a knowledge rediscovery issue[7]. The 
latter is concerned with mining an enacted aspect 

of workflow performer-role affiliation 
networking knowledge from a mountainous pile 
of workflow enactment event logs; the former is 
to explore a planned aspect of workflow 
performer-role affiliation networking knowledge 
by extracting a certain type of associations 
among the entity types of workflow models,  
such as activity-performer association, 
activity-application association, activity-role 
association, role-performer association, and 
model-performer association. More specifically, 
the paper would differentiate the former from the 
latter and be narrowed by scoping out the 
performer-role entity types of associations.  

First, the workflow-supported affiliation 
networking knowledge has been firstly 
addressed by H. Kim, et al. [3], in which they 
introduced the basic concept and its related 
framework for discovery, mathematical 
abstraction, and visual abstraction of the 
workflow-supported affiliation networking 
knowledge. Also, K. Kim[6] dug out a 
theoretical knowledge exploring framework 
from representation to visualization by availing 
of the activity-performer associative 
relationships in the ICN-based workflow model.    
This paper is the conceptual and contextual 
extension of framework[3] in order to 
particularly discover a performer-role affiliative 
relationships model and networking knowledge 
from a group of ICN-based workflow models 
and/or packages. 

5. Conclusions 

In this paper, we suggested a formal model of 
representing the workflow-supported affiliation 
knowledge (involvement and participation 
behaviors) between workflow-based people and 
workflow-based roles, which is called the 
workflow-supported performer-role affiliation 
network model. Conclusively, we are able to 
formally discover performer-role affiliation 
networking knowledge from an ICN-based 
workflow model, and to graphically represent the 
discovered knowledge by the proposed model. 
Additionally, we successfully verified the 
proposed model through applying to 
product-order workflow model already 
introduced in our research group’s previous 
work.  
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