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Abstract. This paper focuses on analyzing workload-centralities of ‘workflow-supported

social networks’, which are discovered from workflow models or workflow packages, and on

visualizing the analyzed results. The workflow-supported social network has been known as

organizational intelligence knowledge implying the degree of workload and work-intimacy

among employees, and in general it can be analyzed by two kinds of workload-centrality

techniques, actor-degree and group-degree workload-centralities. The paper, so, imple-

ments a workload-centrality analysis tool to gracefully visualize the analyzed results, and

additionally extends the functional equations of the workload-centralities to incrementally

accommodate a number of workflow-supported social networks discovered from the whole

workflow models and packages running under a workflow-supported organization.
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1. Introduction. Recently, the workflow literature just starts focusing on “People”. In
principle, a workflow management system is a people system, and so people’s social re-
lationships and collaborative behaviors supervised in a workflow-supported organization
ought to be very valuable knowledge for evaluating their overall performances in the real
business affairs as well as the working productivity measurements. Consequently, applying
the concept of social network to workflows, which is dubbed “workflow-supported social
network”, is addressed in this paper. There are two main branches of research approaches
in resolving the workflow-supported social network issues. One is so-called rediscovery is-
sues; the other has something to do with discovery issues. The former is concerned about
mining a workflow-supported social network from workflow event logs, which was firstly
issued by [6, 10]; the latter is to discover a workflow-supported social network through ex-
ploring human’s collaborative behaviors from a specific workflow model, which has firstly
issued by [9, 12, 13].

More specifically we would differentiate the latter from the former; the latter is to
explore a modeled workflow-supported social network (predefined social network aspect)
embedded in the underlying workflow models or packages1, but on the other hand the for-
mer is to explore an enacted workflow-supported social network (executed social network
aspect) from the execution logs of the corresponding models or packages. In this paper,
we define a series of workload-centrality analysis equations for workflow-supported social
networks, which are extended from the conventional social network analysis techniques,
and describe the implications of the workload-centrality analysis results as organizational
intelligence and knowledge. Based upon the workload-centrality analysis equations, we

1A workflow package implies an operational group of inter-related workflow models.
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implement a workflow-supported social network analysis tool for visualizing the defined
workflow-supported social networks and their analysis results.

2. Workflow-Supported Social Network. There are two kinds of social perspectives
on workflow models: Role and Actor (Performer). Typically one or more participants
are associated with each activity via roles. A role is a named designator for one or more
participants which conveniently acts as the basis for partitioning of work skills, access
controls, execution controls, and authority/responsibility. 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 procedures. The workflow-supported social network firstly
proposed in [12] can eventually be used for visualizing various shapes of social perspectives
embedded in workflow models, and particularly we focus on the workflow-supported social
perspective in this paper.

We start from introducing the basic concept and definition of workflow-supported social
network [12, 13] that can be formed through either being discovered from workflow models,
or being rediscovered from workflow execution logs. Basically, the origin of the workflow-
supported social network is stemmed from the actor-based workflow model [1], and its
rationale is on where it represents the behaviors of acquisitioning activities among actors
in a workflow model, which we would call workflow-supported social relationships that
form this special type of social networks. As given in the formal definition [12], Definition
2.1, of the workflow-supported social network model, the behaviors of the model are
revealed through incoming and outgoing directed arcs labeled with activities associated
with each of actors. The directed arcs imply two kinds of behaviors—workflow-supported
social relationships and activity acquisition of actors—through which we are able to get
precedence (candidate-predecessor knowledge/candiate-successor knowledge) knowledge
among actors as well as activity acquisition of each actor in a workflow model.

Definition 2.1. Workflow-supported Social Network Model. A Workflow-support-
ed Social Network Model is formally defined as Λ = (σ, ψ,S,E), over a set C of actors,
and a set A of activities, where

• S is a finite set of coordinators or coordinator-groups connected from some external
workflow-supported social network models;

• E is a finite set of coordinators or coordinator-groups connected to some external
workflow-supported social network models;

• σ = σi ∪ σo /* Social Relationships: successors and predecessors */
where, σo : C −→ ℘(C) is a multi-valued function mapping an actor to its sets of
(immediate) candidate-successors, and σi : C −→ ℘(C) is a multi-valued function
mapping an actor to its sets of (immediate) candidate-predecessors;

• ψ = ψi ∪ ψo /* Acquisition of Activities */
where, ψi : C −→ ℘(K) is a multi-valued function returning a bag2 of previously
worked activities, (K ⊆ A), on directed arcs, (σi(o), o), o ∈ C, from σi(o) to o; and
ψo : C −→ ℘(K) is a multi-valued function returning a bag of acquisition-activities,
(K ⊆ A), on directed arcs, (o, σo(o)), o ∈ C from o to σo(o).

In principle, the workflow-supported social network graph is a directed graph char-
acterized by multiple-incoming arcs, multiple-outgoing arcs, cyclic, self-transitive, and
multiple-activity associations on arcs. However, it can be also transformed to nondi-
rected graph for analysis phases. The activities on the incoming directed arcs are the
previously performed activities by the predecessors of the actor, and the activities on the
outgoing directed arcs are the activities acquired by the actor, itself. And besides, the
activity on the transitive directed arc implies not only the acquisitioning activities of the
actor but also the previously performed activities by the actor, itself.

2The bag theory is same to the set theory except allowing duplicated members.
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3. Analyzing Workflow-Supported Social Network. As stated in the previous sec-
tion, there may be two different kinds of workflow-supported social networks: one is
a modeled one that is built from workflow models and packages, and the other is en-
acted one that is built from workflow enactment histories and logs. For the sake of the
workload-centrality analysis phase, it is necessary for these workflow-supported social
networks to be represented in SocioMatrices; there may also be two different kinds of So-
cioMatrices—binary directed/nondirected SocioMatrix and valued directed/nondirected
SocioMatrix—which should be appropriate for representing a modeled workflow-supported
social network and an enacted workflow-supported social network, respectively. In this
section, we describe a binary nondirected SocioMatrix generation algorithm for a modeled
workflow-supported social network and its workload-centrality analysis equations.

3.1. SocioMatrices from workflow-supported social network. In general, the so-
cial network analysis literature gives suggestions of two classes of SocioMatrices and graphs
to analyze cognitive social structures—binary directed/nondirected SocioMatrix and val-
ued directed/nondirected SocioMatrix, and it uses them to construct a sociogram [7], a
two-dimensional diagram for displaying the relations among actors in a bounded social
system. The term, directed, indicates directed relations or ties from the actor at the
tail to the actor at the arrowhead (e.g., giving advice), while the term, nondirected (no
arrowheas), implies mutual relations. Likewise, when a directed/nondirected graph is
transformed to a SocioMatrix, the term, binary, implies the most basic measurement,
the presence or absence of a tie, a dichotomy indicated by binary values of 1 and 0, re-
spectively; also SocioMatrices may include nonbinary values, reflecting the intensity of
relations or ties, such as frequency of contacts, tie strength, or magnitude of associations,
and therefore the cell entries in SocioMatrix can vary from 0 to the maximum level of
dyadic interaction.

Basically, a workflow-supported social network could be possibly transformed to both
of the SocioMatrix classes, simultaneously, even though its original properties pertain
to the valued directed graph’s properties. We devise a series of SocioMatrix generation
algorithms, which supports the SocioMatrix classes. In this paper we simply introduce
an algorithm of generating a binary nondirected SocioMatrix as follows:

Binary NonDirected SocioMatrix Generation Algorithm

Input A Workflow-supported Social Network Model, Λ = (σ, ψ,S,E);
Output A Symmetric Binary SocioMatrix, Z(N,N), where N is the number elements in

the set of C actors.
Begin Procedure

Initialize all entries of Z(N,N) To Zeroes ;
For (∀o ∈ C) Do

Begin

/* Set the Incoming Relations to Z(N,N) */
Set One To entries of Z(o, each member of σi(o));
/* Set the Outgoing Relations to Z(N,N) */

Set One To entries of Z(o, each member of σo(o));
End

End Procedure

Additionally, it is possible to generate a valued nondirected SocioMatrix by adding two
of the symmetric binary SocioMatrices, Zin(N,N) and Zout(N,N); in this case, then the
values of the entries might indicate the frequency of activity acquisitions between the
paired actors in a workflow-supported social network.

3.2. Workload-centrality analysis equations. In this section, we try to formalize a
series of workload-centrality analysis equations based on a binary (or valued) nondirected
SocioMatrix transformed from a modeled workflow-supported social network (which is
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abbreviated as W-SN). So far, the conventional social network analysis literature has
published several social network analysis techniques and their related equations. We par-
ticularly revise the conventional degree centrality analysis technique [7] to measure the
workload-centralities of an individual actor (actor workload-centrality) as well as a group
of actors (group workload-centrality) in a workflow-supported social network. Further-
more, we extend the workload-centrality analysis equations so as to handle a group of
workflow models, that is a workflow package. The followings are a series of workload-
centrality analysis equations consisting of actor workload-centrality equation, normal-
ized actor workload-centrality equation, group workload-centrality equation, and indexed
group workload-centrality equation. In extending the equations, we assume that a work-
flow package holds n workflow models, and every workflow model in the same workflow
package associates the same number of performers—g actors.

At first, the actor workload-centrality analysis equation for a workflow package is based
upon a group of the binary nondirected SocioMatrices, which are generated from a group
of workflow-supported social networks respectively. For a workflow package with n work-
flow models and each W-SN’s binary nondirected SocioMatrix with g actors, the actor
workload-centrality measurement for actor i is the sum of i’s adjacent ties to the g other
actors including itself, and its equations is given in Equation (1); Cd(Nki) denotes the
degree of workload-centrality of actor i and

∑g

j=1
xkij in in kth workflow model; Cd(Ni)

denotes the workload-centrality of actor i in the whole of a workflow package, which comes
by summing all of the workflow models, Cd(N1i), Cd(N2i), . . . , Cd(Nni).

• Actor Workload-Centrality Analysis Equation for a group of workflow-supported
social networks discovered from the corresponding workflow package:

Cd(Nki) =

[ g
∑

j=1

xkij

]n

k=1

; Cd(Ni) =

n
∑

k=1

Cd(Nki) (1)

As you see, the actor workload-centrality reflects each actor’s connectivity to other
actors. However, its value depends on g, the sizes of workflow-supported social networks
and the sizes of workflow packages; in other words, the larger the network, the higher the
maximum of possible workload-centrality value. It means that it needs to be normalized in
order to eliminate the effect of variation in network size on workload-centrality. Therefore,
Equation (2) gives a series of standardized measurements for all workflow-supported social
networks of the corresponding workflow package, and the values are between 0 and 1,
which is independent to the sizes of workflow-supported social networks as well as the
sizes of workflow packages.

• Normalized Actor Workload-Centrality Analysis Equation for a group of workflow-
supported social networks discovered from the corresponding workflow package:

Cn(Nki) =

[

Cd(Nki)

g

]n

k=1

; Cn(Ni) =

n
∑

k=1

Cd(Nki)

g
(2)

The group workload-centrality measures the extent to which the actors in a workflow-
supported social network differ from one another in their individual workload-centralities,
which is similar to the concept of dispersion, such as the standard deviation that indi-
cates the amount of variation or spread around a central tendency value. The following
Equation (3) and Equation (4) give the group workload-centrality measurement and the
indexed group workload-centrality measurement, respectively, for a workflow-supported
social network discovered from a workflow package. In the equations, Cd(N

∗

k ) denotes the
largest actor workload-centrality measurement observed in kth workflow-supported social
network, CA(Nki) is the actor workload-centrality of the ith actor, and Cd(N

max

k ) indicates
the maximum actor workload-centrality measurement that can be possibly measured in
kth workflow-supported social network.
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Figure 1. The snapshot of the visualization for the actors’ workload-centralities

• Group Workload-Centrality Analysis Equations for a group of workflow-supported
social networks discovered from the corresponding workflow package:
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n
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, (g > 1) (3)

• Indexed Group Workload-Centrality Analysis Equations for a group of workflow-
supported social networks discovered from the corresponding workflow package:

CD =

n
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∑
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)

(g − 1)2













, (g > 1) (4)

Conclusively, the indexed group workload-centrality measurement in a workflow-suppor-
ted social network discovered from the corresponding workflow package may take values
between 0.0 and 1.0. The closer that group workload-centrality measure is to 1.0, the
more uneven or hierarchical workload-centrality of actors is in the workflow-supported
social network, while on the other hand, the closer the measure is to 0.0, then the more
the group workload-centrality of a workflow-supported social network is evenly dispersed.

4. Visualizing Workload-Centrality Analysis Results. Based upon the equations
described in the previous section, a systematic framework to discover, analyze and visu-
alize workflow-supported social networks has been developed and consisted of three ar-
chitectural components—XPDL workflow package, binary nondirected SocioMatrix, and
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workload-centrality measurements and their graphical reports. This systematic frame-
work is based upon not the ICN-based workflow model but the XPDL-based workflow
model to discover workflow-supported social networks, and also it is expansively handling
an XPDL workflow package holding a group of XPDL workflow models. Additionally,
the system is theoretically backed up by the workload-centrality analysis equations, such
as actor workload-centrality analysis equations and group workload-centrality analysis
equations, so as to systematically analyze a group of workflow-supported social networks
discovered from the corresponding XPDL workflow package. Figure 1 is a snapshot cap-
tured from the system’s operational example with an XPDL workflow package consisting
of five XPDL-based workflow models with one-hundred actors. Due to the page limitation,
we would not describe the details of the snapshot that shows the actor workload-centrality
measurements of one-hundred actors and the bigger circles represents the bigger values of
workload-centralities.

5. Conclusion. In this paper, we have described a possible way of viewing the rela-
tionships and collaborative behaviors among workflow-supported people, which are called
workflow-supported social networks, by converging the social network analysis techniques
and the workflow discovering techniques. As a consequence, we have developed an analy-
sis and visualization system that is able to discover a workflow-supported social network
from an XPDL-based workflow package, analyze the discovered workflow-supported so-
cial network by using the workload-centrality concept and measurement equations, and
to visualize the analyzed workload-centralities.
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