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Abstract. This paper proposes a formal definition of stochastic performer-activity af-
filiation network model. In dealing with a workflow model, the valid workflow system
has to specify its performer-to-activity planned-bindings during buildtime, and fulfill its
performer-to-activity observed-bindings on runtime. Applying the probability theory to
the performer-to-activity bindings is the very probabilistic performer-to-activity binding
formalism. As one of the subsequent works, this paper tries to finish up the conceptual
definition of the probabilistic performer-to-activity binding formalism, and the finished
formalism is surely the stochastic performer-activity affiliation network model. This paper
formalizes the stochastic performer-activity affiliation network model in the information
control net of a workflow procedure. Moreover, the graphical representation as well as
the mathematical representation of the proposed model is defined and exemplified by an
operational example.
Keywords: Stochastic workflow model, Probabilistic performer-to-activity binding, Sto-
chastic workflow performer-activity affiliation network, Fidelity

1. Introduction. In principle, the information control net (which is abbreviated as ICN)
[3,11] is a typical open-ended meta-model for understanding, describing, analyzing, and vi-
sualizing workflow procedures in organizations. Many organizational information systems
have been modeled using ICNs that formally describe several organizational perspectives
[3] such as the process, informational, resource (invoked-applications, roles, and perform-
ers), and the historical perspectives. So far, there developed several stochastic models
of the ICN family in the workflow literature. A typical model is the stochastic infor-
mation control net [4] that is a formal methodology to specify the probabilistic flow of
control [4] in the original information control nets. Another is the stochastic performer-
to-activity binding model [2] that is a formal specification to support the probabilistic
affiliation bindings between workflow performers and activities in an information control
net. Conclusively, the stochastic performer-activity affiliation network model of this pa-
per is a third member of the ICN family, which is based upon the concept of probabilistic
affiliation bindings introduced in [2].

We can discover a stochastic performer-activity affiliation network from the probabilistic
affiliation binding specification [2] of an extended information control net of workflow
procedure. Based upon the stochastic model, we obtain all the possible planned binding
cases, and then we can compare them with the observed binding cases from its enactment
event logs. These model-log comparison results used to quantitatively gauge our internal
understandings of a workflow-supported organization. In consequence, a new and novel
concept of stochastic performer-activity affiliation network as a new member of the ICN
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family is formally defined in this paper1, and it eventually allows us to do the qualitative
and quantitative analyses (e.g., centrality analyses [5] and prestige analyses [12]), and
model-log comparisons [1,13,15] for assessing human-centered resource allocations and
distributions as workflow knowledge and intelligence [8,16].

The paper is organized with three main sections excluding introduction and conclusion.
In the next section, we summarize the literature survey on the main topics of the paper,
and the third section, which is the main part of the paper, starts from introducing the
formal representation of the stochastic performer-activity affiliation network model along
with its graphical representation of the performer-to-activity bindings in the extended
information control net modeling methodology. And the consecutive section describes a
mathematical representation of the statistic performer-activity affiliation network model,
and exemplifies the proposed model with an operational example of the library book ac-
quisition workflow model, which was firstly introduced in [4]. Finally, we finalize the paper
with explaining the implications of the stochastic performer-activity affiliation network
model as human-centered organizational knowledge and intelligence.

2. Related Work. Recently, technology-supported social networks and organizational
behavioral analytics issues have been raised in the IT literature. Naturally, the workflow
literature has just started to transit to and focusing on social and collaborative work
analysis in workflow-supported organizations, because workflow management systems are
“human-centered systems [10]”, where workflow procedures must be designed, deployed,
and understood within their social and organizational contexts, and they must be con-
veyed, facilitated, and navigated in large-scaled operational knowledge collections, at the
same time. Individuals as employees in workflow-supported organizations have worked
intra-organizationally and inter-organizationally under the controls of workflow enactment
systems. In particular, it is important to remind that each of the individuals is associated
with the essential entity-types of the organizational resources like activity, role, applica-
tion, and relevant data, when the systems enact the instances of their workflow models.
So far, three types of human-centered affiliation networks [7] were introduced in the liter-
ature, namely, performer-activity affiliation network [2], performer-role affiliation network
[6], and performer-application affiliation network [9].

The next phase of the human-centered affiliation netowrks’ research works is to pose
the probability theory [14,15] in information control nets. Ellis et al. [4] were the first
trial that posed the concept of probabilistic flow of control in the information control
nets, and named the concept as the stochastic information control nets. Another trial
was fulfilled in [2] that was concerned with the probabilistic bindings between performers
and activities in defining information control nets. A third trial was done by [9] from
which this paper is extended. Conclusively, we would say that these pioneering works,
which are concerning about the human-centered affiliation networking knowledge until
now, are the outputs in the stage of initiative research works of the discovery phase. The
next stage ought to be the analysis phase. That is, the current stage of the research works
is just a half-finished step on the way of forwarding to the analysis phase shifting. In this
paper, we try to complete the step opening the door to the analysis phase by extensively
investigating formal approaches of the workflow-supported stochastic performer-activity
affiliation networks.

3. Stochastic Workflow Performer-Activity Affiliation Network Model. A sto-
chastic workflow performer-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 defined as follows.

1This paper is extended from the conference paper [9] published in the proceedings of the BMFSA2015,
Kumamoto, Japan. It is also a subsequent result to the paper [2] published in ICIC Express Letters.
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• A stochastic workflow performer-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}).
|A| and |C| are the numbers of activities and performers, respectively, that are in-
volved in a specific workflow procedure.

• Ea = (A×C) is a set of edges (pairs of activities and performers) and pr < εa ∈ Ea >
is a probability of the edge, εa; Assume that
– Ea(α) returns a group of the edges, (< α, ϕ1 >, . . . , < α, ϕk >, 1 ≤ k ≤ |C|), in

which all the performers (ϕ1, . . . , ϕk) are affiliated with a specific activity, α;
– pr < εa ∈ Ea(α) > returns a probability of the edge, εa =< α, ϕ >;
– The summation of the probabilities of all the edges, < α, ϕ1 >, . . . , < α, ϕk >,

must be equal to 1.0.
• Ep = (C×A) is a set of edges (pairs of performers and activities) and pr < εp ∈ Ep >

is a probability of the edge, εp; Assume that
– Ep(ϕ) returns a group of the edges, (< ϕ, α1 >, . . . , < ϕ, αl >, 1 ≤ l ≤ |A|), in

which all the activities (α1, . . . , αl) are affiliated to a specific performer, ϕ;
– pr < εp ∈ Ep(ϕ) > returns a probability of the edge, εp =< ϕ, α >;
– The summation of the probabilities of all the edges, < ϕ, α1 >, . . . , < ϕ, αl >,

may be either less than or greater than 1.0, or be equal to 1.0.
• In a stochastic performer-activity 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 multifunction-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 multifunction-member, mmulti, of

{α1, . . . , αl} :
(
mmulti(ϕi) = {α1, . . . , αl} ∧ 1 ≤ l ≤ |A| ∧ ϕi ∈ C

)
.

• In a stochastic performer-activity affiliation network, the activity compartment con-
sists of manual activity nodes and automatic activity nodes. Each manual activity
node, αm

a , has group-degree, dgroup, of k, and each automatic activity node, αa
a, has

group-degree, dgroup, of 0(zero) : (dgroup(αm
a ) = k ∧ 1 ≤ k ≤ |C| ∧ αm

a ∈ A).
• In a stochastic performer-activity affiliation network, the performer compartment

consists of a set of workflow-performers affiliated into a corresponding workflow pro-
cedure. Each performer node has multi-degree, dmulti, of l :

(
dmulti(ϕi) = l ∧ 1 ≤ l ≤

|A| ∧ ϕi ∈ C
)
.

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

The graphical representation of a stochastic performer-activity affiliation network is
depicted by an 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. Figure 1 is a
graphical representation of the stochastic workflow performer-activity affiliation network
discovered from the extended information control net of the library book acquisition
workflow model [4,17]. Also, a stochastic performer-activity affiliation network with the
g number of performers and the h number of workflow activities can be mathematically
represented by an adjacent matrix with 2-dimension of g × h, and the entries of the
adjacent matrix are the probabilities of the corresponding edges.
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Figure 1. A stochastic workflow performer-activity affiliation network
from the library book acquisition workflow model [17]

4. Mathematical Representation of the Proposed Stochastic Model. Eventually,
the stochastic workflow performer-activity affiliation network model has to be transformed
into a form of mathematical representation in order to be analyzed to obtain quantitative
organizational knowledge. The stochastic model is mathematically represented by a bi-
partite affiliation matrix as though it is graphically represented by a bipartite affiliation
graph. The bipartite affiliation matrix can be realized by either an involvement adjacent
matrix or a participation adjacent matrix. That is, a stochastic performer-activity affilia-
tion network is mathematically transformed into a bipartite affiliation matrix that records
the presence-probabilities and the absences of g performers at h workflow activities; thus
its dimensions are g rows and h columns, respectively. If a certain performer ϕi attends
on a workflow activity αj within a probability pr << ϕi, αj >>, then the entry in the ith

and jth cell in the matrix equals pr << ϕi, αj >>; otherwise the entry is 0. Denoting a
stochastic performer-activity affiliation matrix as Z, its xi,j values meet the conditions of
Equation (1) as follows:

xi,j =

{
pr << ϕi, αj >> if ϕi is affiliated to αj on probability, pr << ϕi, αj >>
0 otherwise

(1)

Assuming that a stochastic performer-activity affiliation network is made up of g
workflow-performers and h workflow-activities, then its stochastic performer-activity affil-
iation adjacent matrix has the elements of (g+h)×(g+h) in two dimensions. Consequently,
by using the involvement adjacent matrix (Zp ⇔ Ep) and the participation adjacent ma-
trix (Za ⇔ Ea), we obtain a stochastic performer-activity affiliation adjacent matrix, Z,
as shown in Equation (2). For example, we apply to the stochastic workflow performer-
activity affiliation network of Figure 1; its eventual stochastic performer-activity affiliation
adjacent matrix and its involvement and participation relationships are shown in Table
1. Based on the stochastic affiliation adjacent matrix, we are able to possibly analyze
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Table 1. Stochastic performer-activity affiliation matrix of Figure 1

Z p1 p2 p3 p4 p5 p6 p7 p8 p9 p10 p11 A C C’ U U’ I P G D T R Z

p1 – 0 0 0 0 0 0 0 0 0 0 .20 .55 0 0 0 0 0 0 0 .33 0 .50
p2 0 – 0 0 0 0 0 0 0 0 0 .80 0 0 .25 0 0 0 0 0 .33 0 0

p3 0 0 – 0 0 0 0 0 0 0 0 0 0 1. 0 1. 0 0 0 0 .34 0 0
p4 0 0 0 – 0 0 0 0 0 0 0 0 0 0 0 0 .50 .30 0 1. 0 0 0
p5 0 0 0 0 – 0 0 0 0 0 0 0 0 0 0 0 0 .70 0 0 0 0 .50
p6 0 0 0 0 0 – 0 0 0 0 0 0 0 0 .25 0 0 0 0 0 0 .40 0

p7 0 0 0 0 0 0 – 0 0 0 0 0 0 0 .15 0 0 0 0 0 0 .60 0
p8 0 0 0 0 0 0 0 – 0 0 0 0 0 0 .35 0 0 0 0 0 0 0 0
p9 0 0 0 0 0 0 0 0 – 0 0 0 .25 0 0 0 0 0 0 0 0 0 0
p10 0 0 0 0 0 0 0 0 0 – 0 0 0 0 0 0 0 0 .35 0 0 0 0

p11 0 0 0 0 0 0 0 0 0 0 – 0 .20 0 0 0 .50 0 .65 0 0 0 0
A .20 .80 0 0 0 0 0 0 0 0 0 – 0 0 0 0 0 0 0 0 0 0 0
C .55 0 0 0 0 0 0 0 .25 0 .20 0 – 0 0 0 0 0 0 0 0 0 0
C’ 0 0 1. 0 0 0 0 0 0 0 0 0 0 – 0 0 0 0 0 0 0 0 0

U 0 .25 0 0 0 .25 .15 .35 0 0 0 0 0 0 – 0 0 0 0 0 0 0 0
U’ 0 0 1. 0 0 0 0 0 0 0 0 0 0 0 0 – 0 0 0 0 0 0 0
I 0 0 0 .50 0 0 0 0 0 0 .50 0 0 0 0 0 – 0 0 0 0 0 0

P 0 0 0 .30 .70 0 0 0 0 0 0 0 0 0 0 0 0 – 0 0 0 0 0
G 0 0 0 0 0 0 0 0 0 .35 .65 0 0 0 0 0 0 0 – 0 0 0 0
D 0 0 0 1. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 – 0 0 0
T .33 .33 .34 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 – 0 0

R 0 0 0 0 0 .40 .60 0 0 0 0 0 0 0 0 0 0 0 0 0 0 – 0
Z .5 0 0 0 .5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 –

the stochastic affiliation network model, proposed in this paper, and eventually to obtain
several types of human-centered knowledge [8], such as degree, closeness, and betweenness
centralities, in workflow-supported organizations.

Z =

[
0 Zp

Za 0

]
(2)

5. Conclusion. This paper is aimed to deliver a new and novel concept of the stochastic
workflow performer-activity affiliation network model through defining its formal repre-
sentation as well as its mathematical presentation. That is, we extended the original
information control nets so as to support the new concept of stochastic performer-to-
activity bindings. From the extended information control net, we can discover the pro-
posed stochastic affiliation network model that is eventually used to analyze the fidelity
[4] issue of a workflow model in terms of measuring the degree of efficiency in conducting
workflow-supported resources allocations and managements without referring the event
logs of workflow enactment histories. At this moment, it is important to emphasize
that we did not differentiate the single-performer binding activity type from the group-
performer binding activity (realtime groupware activity) type that implies that a group of
performers is simultaneously assigned to cooperatively perform a single manual activity.
Therefore, as future work, we need to consider the concept of stochastic group-performer
bindings in formalizing the proposed concept.
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