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Abstract: This paper proposes a formal concept of stochastic workflow activity-to-performer 
affiliation network model. The proposed model is based upon the conceptual formalism of an 
extended information control net [20] that is revised from the original so as to adopt the probability 
theory to the activity-to-performer bindings in specifying a workflow procedure. In general, when a 
workflow management engine enacts a workflow procedure, it has to bind each of the 
corresponding activities up with a performer, together, and which is embodied through an 
activity-to-performer binding mechanism. As a more sophisticated approach, it is important to 
apply the probability theory to specify the activity-to-performer bindings, and which is called the 
probabilistic activity-to-performer bindings. In consequence, this paper expatiates the formal 
definition of a stochastic workflow activity-to-performer affiliation model that is algorithmically 
discovered from a set of the probabilistic activity-to-performer bindings specified in an extended 
information control net, and summarizes the implications of the proposed model in terms of 
analyzing and quantifying the human-centered knowledge in a workflow-supported organization, 
such as probabilistic closeness, degree, and betweenness centrality measures, affiliation network 
dynamics, and degree of fidelity. 
Keywords: stochastic workflow model; probabilistic activity-to-performer binding; stochastic 
affiliation network; fidelity (model$-$log comparisons); centrality analysis. 

 
 
1. Introduction 

In principle, the information control net (which is 
abbreviated as ICN.) [6][17][19] is a typical 
open-ended meta-model for understanding, describing, 
analyzing, and visualizing workflow procedures in 
organizations. Many organizational information 
systems have been modeled using ICNs that formally 
describe several organizational perspectives [11] such 
as the process, informational, resource 
(invoked-applications, roles, and performers), and the 
historical perspectives. So far, there developed several 
members of the ICN family of models in the workflow 
literature.  
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The stochastic information control net [19] is a 
formal methodology to specify the probabilistic flow 
of control in the original information control nets; the 
stochastic performer-to-activity binding [20] is a 
formal specification to support the probabilistic 
affiliation bindings between workflow performers and 
activities in the original information control nets. The 
stochastic workflow activity- to-performer affiliation 
network model of this paper is another member of the 
ICN family of models, which is based upon the 
concept of probabilistic affiliation bindings introduced 
in [19]. 

Due to the page limitation, the paper is simply 
organized with a single major section including 
introduction and conclusion. In the next section, which 
is the main part of the paper, we describe a formal 
representation as well as a mathematical representation 
of the stochastic workflow activity-to-performer 
affiliation network model with an operational example 
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of the library book acquisition workflow model, which 
was firstly introduced in [19]. 

 
2. Formal Definition of the Stochastic 

Performer-to-Activity Affiliation Net- 
work Model  
A stochastic performer-to-activity affiliation 

network consists of two different types of nodes—a set 
of performers and a set of activities—and a set of 
edges connecting the different nodal types with 
probabilities. The formal representation is de- fined as 
the following [6]: 
• A stochastic performer-to-activity affiliation 

network is formally defined as Λ = (C, A, Ep, Ea, 
Sp, Sa), and it is a connected bipartite network; 

• C is a set of performers (={φ1, ..., φn}) and A is a 
set of activities (={α1, ..., αm}); 

• Ep = (C × A) is a set of edges (pairs of performers 
and activities) and pr<Ep > is the probabilities of 
the edges; Assume that 
. Ep(φ) returns a group of the edges, (<φ, α1>, …, 

<φ, αl>), that are affiliated to that specific 
performer, φ. � 

. Ep(α) returns a group of the edges, (<φ1, α>, …, 
<φk, α>), that are affiliated to that specific 
activity, α. 

• Ea = (A × C) is a set of edges (pairs of activities 
and performers) and pr<Ea > is the probabilities of 
the edges; Assume that 
. Ea(α) returns a group of the edges, (<α, φ1>, …, 

<α, φk>), that are affiliated to that specific 
activity, α. 

. Ea(φ) returns a group of the edges, (<α1, φ>, …,  
<αl, φ>), that are affiliated to that specific 
performer, φ. 

• In a stochastic activity-to-performer affiliation 
network from a corresponding workflow procedure, 
the activity compartment consists of the only 
manual activity nodes; The performer compartment 
consists of a set of workflow-performers; 
. Each manual activity node, αi, has 

group-degree, dgroup, of k: (dgroup(αi) = k ∧ 1 ≤ 
k ≤ |C| ∧αi ∈A). 

. Each performer node has multifuction-degree, 
dmulti, of l: (dmulti(φi) = l ∧ 1 ≤ l ≤ |A| ∧φi ∈ 
C) 

. Each manual activity node, αi, has 
group-member, mgroup, of {φ1, …, φk}: 

(mgroup(αi) ={φ1, ..., φk} ∧1 ≤ k ≤ |C| ∧αi ∈ 
A). 

. Each performer node has multifuction-member, 
mmulti, of {α1, …, αl}: (mmulti(φi) ={α1, …, αl} 
∧1 ≤ l ≤ |A| ∧φi ∈ C) 

• Sp and Sa are finite sets of work-sharing performers 
and activities, respectively, in external 
performer-to-activity affiliation networks. 

 

 
Figure 1. A Stochastic Workflow 

Performer-to-Activity Affiliation Network from the 
Extended Library Book Acquisition Workflow 

As shown in Figure 1, the graphical 
representation of a stochastic performer-to-activity 
affiliation network is depicted by a undirected bipartite 
graph that consists of two types of graphical nodes—a 
set of performers (shaped in the identifiers of 
performers) and a set of workflow activities (shaped in 
circle)—and a set of undirected edges between the two 
nodal types. Therefore, a stochastic performer−activity 
affiliation network with the g number of performers 
and the h number of workflow activities can be 
transformed into an adjacent matrix with 2-dimension 
of g × h, and the entries of the adjacent matrix are the 
probabilities of the edges. 
 
3. Conclusion 

This paper proposes a solid mathematical 
presentation of a new and novel concept, which is the 
stochastic workflow performer-to-activity affiliation 
network model. This proposed model is based upon 
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the extended Information Control Net with supporting 
the theory of probability in binding activities and 
performers. This proposed stochastic model gives us 
an effective means not only to represent a valuable 
workflow-supported affiliation network, but also to 
analyze the progression of the affiliation network 
dynamics. 
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