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ABSTRACT Even though the extremely uncertain current global business environment requires organiza-
tions to change their business processes and organizational structures to adapt to their extremely uncertain
and complex environments, existing methodology and system cannot support this problem. This paper
presents a comprehensive simulation and redesign system to simulate business processes and organizational
structure simultaneously and derive the most process-oriented organizational structure efficiently. The
methodology and system suggested in this study can predict the effects of changing business processes
and organizational structures through the simulation and derive appropriate and practical organizational
structures that execute current processes efficiently through the genetic algorithm. Existing business process
researches have the limitations that they rarely have considered the effects of organizational structure on the
performance, and this study have outstanding academic contribution in solving the problem systematically
using simulation and optimization techniques.

INDEX TERMS Business process simulation, business process analysis, organizational redesign, business
process, organizational structure.

I. INTRODUCTION
Many organizations now face a complex and dynamically
changing environment because of globalization, frequently
changing markets, and more intense competition. There-
fore, organizations need to continuously innovate their busi-
ness processes and organizational structure, which should be
aligned with their strategy and business model to adapt to
these fluctuating environments.

Numerous efforts and research to determine successful
business process innovation (BPI) have been conducted in
many academic and industrial areas. The information tech-
nology that handles business processes, such as business pro-
cess re-engineering (BPR), process innovation (PI), workflow
management system (WfMS), and business process man-
agement system (BPMS), have been researched and devel-
oped for managing and innovating business processes for
the last few decades [1]–[5]. Furthermore, process mining, a
data-driven approach for business process analysis, has been
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researched for extracting meaningful insights from business
process execution results [6]–[8].

Even thoughmany organizations have conductedBPR or PI
projects, 50% to 70% of them failed to achieve the expected
performance [9]. Researchers indicate that the main reason
for the failure of existing BPR or PI projects is that only busi-
ness processes have been analyzed without considering other
organizational factors, such as the organizational structure,
even though these factors significantly affect business process
execution and performance [1], [4], [9]–[15]. In particular,
business processes and organizational structures have been
designed and researched independently despite their inter-
relationships [10], [16]. As shown in Figure 1, an identi-
cal business process can be executed differently according
to different organizational structures and human resources
who execute these tasks. Performer_C is managed by Man-
ager_C in Organizational_Structure_A whereas he/she is
managed by Manager_B in Organizational_Structure_B.
In the identical situation where Task_A is assigned to Per-
former_B and Task_B is assigned to Performer_C, Organi-
zational_Structure_A has longer communication channels to
transfer the work between Performer_B and Performer_C
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FIGURE 1. Different executions of identical business process instance on different organizational structures.

than Organizational_Structure_C, Even for the identical
business process and task allocation, business process is
executed in different ways according to their organizational
structures.

Thus, business innovation activities, such as BPR and PI,
should consider organizational structure to derive more real-
istic and effective redesign alternatives.

However, most research has focused on business process
optimization without reflecting the features of the organi-
zational structure and human resources that influence the
business process performance [5], [6], [17], [18]. Although
some process mining research have been attempted to
derive organizational information from event and process
logs, only limited organizational information was derived
from their analysis since the process log and data model
were not designed to support the integrated analysis of
business processes and organizational structure simultane-
ously [7], [19], [20].

Most existing approaches do not consider a data model to
analyze business processes and the organizational structure
simultaneously [5]. For comprehensive organizational anal-
ysis, a data model that can incorporate other organizational
information such as resource availability, task capability fully
needs to be designed. Moreover, existing business process
simulation approaches also do not consider organizational
structures [10]–[12], [21]–[24].

In this research, to overcome the limitations of exist-
ing business process researches and systems that didn’t
reflect effects of organizational structure at all, the system
is developed for simulating business process with effects of
organizational structure and deriving the process-oriented
organizational structure. Through the system presented in
this study, many researchers and enterprises could predict the
effect of changes in business processes and organizational
structures in advance, also find the organizational structure
that is suitable for current business processes.

This remainder of this paper is organized as follows.
Section 2 describes the existing literature related to this
research. Section 3 describes our methodology to simulate,

analyze, and redesign business processes incorporating the
effects of the organizational structure. Section 4 describes the
validation result of our methodology and the system architec-
ture of the implemented system. Finally, Section 5 presents
our conclusions and contributions.

II. RELATED WORK
The definitions of the business process, task, and transfer-
of-task employed in business processes and organizational
structures are provided. The workflow management coalition
(WFMC) organization defines a business process as ‘‘a set
of one or more linked procedures or activities which collec-
tively achieve a business objective within the context of an
organizational structure defining their functional roles and
relationships’’ [25]. A task is an atomic process that cannot
be further divided [26]. A transfer-of-task is required to man-
age the coordination between tasks [27]. An organizational
structure is defined as ‘‘the sum total of the ways in which
an organization divides it labor into distinct tasks and then
achieves coordination among them’’ [28].

A. EFFECTS OF ORGANIZATIONAL STRUCTURE ON
BUSINESS PROCESS EXECUTIONS
Existing BPR and PI projects imply that their expected
results cannot be achieved if business processes were not
designed in correspondence with the organizational struc-
tures [1], [4], [9]–[14]. As shown in Figure 1, business pro-
cesses are performed differently depending on their organi-
zational structure. Although some studies have considered
the structures [10], [29]–[31], they have limited themselves
to variables such as changing the number of employees and
grouping them around their tasks.

The processes can be modeled by process event
log data with process mining and process analytics
technology [7], [32]. Using these technologies, bottle-
necks or structural problems of existing business process
can be detected, and these processes can then be updated
to enhance their business processes. However, business pro-
cesses are executed by human resources who can execute
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each task in each business process instance based on the
organizational structure. The most important limitation of
existing research is that the organizational structure was
not considered in their analysis [33]. Thus, it is difficult to
improve their business performance without considering their
organizational structure.

To overcome these limitations of existing research, Hearn
et al. suggested the process and organization fit index (POFI)
model to evaluate the fit between business processes and
organizational structure [4]. This POFI model measures the
total coordination overhead expenses by calculating vertical
coordination overheads between different departments for
business process executions quantitatively. This research is
meaningful in that it considers the organizational structure
and the business process in an integrated perspective, how-
ever, the POFI model does not consider the availability and
task capability of each resources.

B. DATA MODEL FOR INCORPORATING BUSINESS
PROCESSES AND ORGANIZATIONAL STRUCTURE
An increasing amount of information about business process
execution is recorded by information systems such as ERP,
CRM, BPMS in the form of so-called ‘‘event logs’’ (e.g.,
transaction logs, audit trails) [33]–[36].

Recently, process mining research has considered not only
the control-flow perspective, but also the organizational per-
spective as an important aspect for analyzing organizations
[7], [17], [19]. However, the inter-related effects between
organizational structure and business processes have not been
considered. Although big data was considered to improve
business processes, the organizational structure was not con-
sidered in their research [6], [17], [37].

In addition, the information about organizational struc-
ture was very restricted because of their limited process
logs [19], [38], [39]. Although the integrated organizational
ontology that can represent various relationships between
organizational units was suggested to complement these limi-
tations, it does not define the types of organizational units nor
quantitatively evaluate the effects of various organizational
unit relationships on business process performance [40]–[44].

To overcome these limitations, the data model that incor-
porates the business process information and organizational
structure information such as task capability and availability
of human resources.

C. EVALUATION AND REDESIGN METHODOLOGY OF
BUSINESS PROCESS AND ORGANIZATIONAL STRUCTURE
There have been some attempts to overcome the limitation
of previous research efforts. Reference [22] discussed the
impact of organizational resources to consider them in the
modeling of business processes. Reference [10] addressed the
theoretical gaps between BPR and organizational restructur-
ing (OR) in organizational change and proposed the ‘‘process
re-engineering-oriented organizational change exploratory
simulation system’’ (PROCESS) for facilitating organiza-
tional change in BPR and OR simultaneously. However,

they considered only a partial perspective of organizational
structures, such as organizational resources and departments.
Reference [5] suggested the modeling framework for busi-
ness processes reengineering using big data analytics. How-
ever, they also did not consider the organizational structure.
Furthermore, they did not address how to incorporate the
effects of the organizational structure into business process
analysis.

Reference [4] suggested an approach for evaluating the
fit between business processes and organizational struc-
tures in terms of the overhead incurred by organizational
structures for transfers of tasks in business processes. This
approach, however, only considered the concept of transfers
of task, and it did not represent the integrated evaluation
methodology of both business processes and organizational
structure. Reference [45] proposed a business process sim-
ulation model considering the transfer of task that occurs
during business process execution. However, both studies
did not consider the characteristics of human resources such
as resource availability and task capability. Moreover, they
did not consider redesigning the process or organizational
structure. In particular, even though most studies use the
simulation techniques to more effectively predict the effects
of process redesign [23], [35], [45]–[49] and business ana-
lysts simulated redesigned processes to validate the processes
and identify possible problems caused by the changes in
process [10], [23], [24], [47], [50], existing methodologies
do not consider business process and organizational structure
comprehensively to redesign them.

To evaluate and redesign the business process and the
organizational structure comprehensively, a comprehensive
data model for business process simulation incorporating
the effect of their organizational structure must be defined,
and also the simulation system must be developed using the
proposed data model as an input.

III. BUSINESS PROCESS AND ORGANIZATIONAL
ANALYTICS
A. SIMULATION SYSTEM FOR BUSINESS PROCESS AND
ORGANIZATIONAL STRUCTURE
1) REQUIRED DATA MODELS FOR THE SIMULATION
From the perspective of business process and organizational
structure, data definitions are provided by dividing the neces-
sary elements into 4 categories: 1) Business Process, 2) Orga-
nizational Structure, 3) Performer, and 4) Manager; the four
categories are defined in Table 1 below.

In the Process Definition, business process models oper-
ated by the company, their generation time distribution in
which each process model generates a new process instance,
and the control-flow probability of exclusive task combina-
tion is included.

In the Performer Definition, tasks that each performer
can executes and their task capability how long it takes to
perform each task is included. In particular, the effect of the
individual capability of each performer on the performance of
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TABLE 1. Data definition for business process simulation.

the process can be derived by this definition. Further, all time
distributions are assumed to have a triangular distribution.
Organizational Structure Definition defines the types of

resources (Manager or Performer) and their relations in the
organization. In this study, a performer exists only at the
lowest level of organizational structure, and a manager exists
at higher level than the performer to manage performers. The
transfer-of-task between performers is executed according to
the path defined in the Organizational Structure Definition.

The Manager Definition defines the probability of avail-
ability, unavailable time distribution, and available time dis-
tribution of each manager. It is assumed that the man-
ager can participate in tasks except business process
management. To reflect this feature, the availability of
the manager is changed randomly. Therefore, even if a
transfer-of-task occurs, if the current manager is unavailable,
the transfer-of-task cannot be proceeded.

In this study, four definitions for business process simu-
lation reflecting the effect of the organizational structure are
suggested. These data definitions can be effectively extracted
from various enterprise information systems such as ERP and
BPMS.

2) BP SIMULATION PROCEDURE WITH EFFECTS OF
ORGANIZATIONAL STRUCTURE
In the previous subsubsection, the four data definitions were
presented to simulate a business process with the effects of
organizational structure. Even though there are already busi-
ness process simulation procedures in the existing research,
they do not fit our suggested data models and consider the
effect of organizational structure. Therefore, a new business
process simulation procedure needs to be designed. For the
sake of clarity, the example of this procedure is illustrated
in Figure 2.

The business process models defined in Process Definition
will create a new process instance according to the defined
process generation time distribution. Tasks that can be per-
formed by Performers and their task execution time distri-
butions are defined in Performer Definition. Among the per-
formers who can perform Task_A, Performer_A is selected,

and it takes as long as the time required for the task execution
time distribution of Performer_A. Further, Performer_D is
also selected to execute Task_B. Then, the transfer-of-task
between Performer_A and Performer_D is defined by the
Organizational Structure Definition.Managers between Per-
former_A and Performer_D are (Manager_B, Manager_A,
and Manager_C), and all managers should execute the
transfer-of-task. All manager is assumed to perform other
management tasks in their organization except transfer-of-
task in Business Process. Therefore, the availability of man-
agers is changed based on the Manager Definition. If the
manager must perform the transfer-of-task at present, but he
is unavailable at that time, then transfer-of-task cannot be
performed. After all transfer-of-tasks from Performer_A to
Performer_D have been performed,Performer_D can execute
Task_B.

1) Generate new Process_A Instance based its process
generation time distribution which is defined in Process
Definition

2) Assign Task_A to Performer_A, then Performer_A exe-
cutes Task_A.

3) Manager_B is unavailable when performer_A com-
pletes Task_A becauseManager_B is unavailable at that
time

4) Manager_B become available, then Manager_B exe-
cutes transfer-of-task between Task_A and Task_B

5) Manager_A executes transfer-of-task between Task_A
and Task_B

6) Manager_C executes transfer-of-task between Task_A
and Task_B

7) Assign Task_B toPerformer_D, thenPerformer_D exe-
cutes Task_B.

3) BP SIMULATION SYSTEM FRAMEWORK
In this subsubsection, the implemented system to simulate
the business process automatically according to the BP sim-
ulation procedure is described. The architecture of this BP
simulation system is shown in Figure 3.

This system requires four definitions (Process Definition,
Organizational Structure Definition, Manager Definition,
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FIGURE 2. Example of BP simulation procedure.

Performer Definition) to run the simulation. New process
instances are created by their generation time distribution
periodically, and each process instance also creates a new
task and transfer-of-task. The task and the transfer-of-task
are assigned to a performer who can execute each task, and
the manager who executes the transfer-of-task, respectively.
All tasks and transfer-of-task in each process instances are
completed, and the corresponding process instance is also
terminated. When the simulation is finished, all log data
generated in this simulation is accumulated in the database,
and the data are extracted to the.csv format. This simulation
system is developed using the programming language, python
and its libraries, especially simulation library simpy.
In addition, this system supports the methodology to find

the process-oriented organizational structure by evaluating
the fitness of each organizational structure.

B. METHODOLOGY FOR FINDING PROCESS-ORIENTED
ORGANIZATIONAL STRUCTURE
There exists a large number of resources in a real enterprise.
As the number of resources in an organization increases,
so the number of applicable organizational structure expo-
nentially. There also exists huge amount of organizational
structure alternatives which could be applied to their orga-
nization. Therefore, it is necessary to develop a methodology
that derives the most process-oriented organizational struc-
ture among the various organizational structure alternatives
efficiently.

For that efficiency, a genetic algorithm (GA) is used to
search the optimal solution effectively. A GA is a meta-
heuristic methodology inspired by the natural selection pro-
cess that belongs to evolutionary algorithms (EAs). The GAs
are commonly used to generate high-quality solutions to
search problems; further, they have been used to discover
a business process model from event logs [51], find the
optimal business process [52], [53], and find a valid business

process reference model [54]; however it has not been applied
to find the optimal organizational structure. The organiza-
tional structure refers to the communication channel used
when resources perform each task of a business process.
The global structure and local structure of the organizational
structure both affect these communications and the busi-
ness process performance, the genetic algorithm is the most
efficient method to search process-oriented organizational
structure for considering both of them in a balanced way.
The Framework of methodology for finding process-oriented
organizational structure is shown in Figure 4.

1) FITNESS: PROCESS-ORIENTATION
The most appropriate organizational structure can be defined
differently depending on the context and purpose of the com-
pany. The objective of this study is to find a process-oriented
organizational structure designed to perform more process
instances in a given simulation time. As shown in Figure 5,
various candidates of organizational structure are simulated
to execute the same business process model and evaluate how
many process instances each of the organizational structures
are performed to determine the suitability of the organiza-
tional structure.

n∑
i

(ProcessCounti) ∗ (ProcessWeighti)

n = num.of Process Models

2) MUTATION
In this study, we define three mutation methods that are
used in the search of solutions in the GA. In the case of
the first method—mutation by changing edge randomly—the
new organizational structure is explored by randomly chang-
ing the existing organizational structure, and it is used as a
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FIGURE 3. Business process simulation system architecture.

FIGURE 4. Framework of methodology for finding process-oriented organizational structure.

FIGURE 5. Fitness evaluation of organizational structure by BP simulation.

benchmark algorithm. As shown in Figure 6, various relations
existing in the organizational structure are randomly changed
to form a new organizational structure, and the following
steps are performed.

1) Remove the relationship in the existing organizational
structure randomly

2) Add new relation between resource pair to the organi-
zational structure randomly

3) Derive new organizational structure candidate

In the second method—mutation by making bottleneck
resource pair closer—a new organizational structure is
derived using the resource pair that spends a considerable
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FIGURE 6. Procedure of mutation by changing edge randomly.

FIGURE 7. Procedure of mutation by making bottleneck resource pair closer.

amount of time in their transfer-of-task be located closer. As it
was shown in Figure 7, summation of transfer-of-task time
between P3 and P4 are much longer than other pairs. Then,
the organizational structure could be mutated to make P3 and
P4 be closer in order to reduce the whole transfer-of-task
time. Then, new organizational structure candidate is derived
by moving P3 under M3, a manager of P4.

The summation of the transfer-of-task of all resource pairs
at the same level is calculated by analyzing the process log.
Resource pairs that have a longer transfer-of-task time than
others have a high possibility to be a bottleneck to hinder
process executions. Therefore, that kind of resource pairs
should be close by managing them using the same manager
to process instances faster.

In the third method— Edge Betweenness Centrality
(EBC)-based mutation—can be used to efficiently find an
appropriate process-oriented organizational structure when
there are considerable human resources in the organizational
structure.

Complete bipartite network weighted by average transfer-
of-task time is created between each resource level. A vir-
tual edge that does not exist in the current organizational
structure is estimated using the weighted (summation of
transfer-of-task time) sum of their shortest path divided
by their shortest path length. Then, by analyzing the edge
betweenness centrality for this network, the higher the edge
betweenness centrality, the more likely is the edge to be
mutated. This mutation method is expected to work for
an organizational structure with a considerable number of
human resources. Procedure of EBC based mutation is fol-
lowing and it is shown in Figure 8.

1) Calculate all edge weight (sum of Transfer-of-Task
time between resources)

2) Estimate weight of virtual edges which do not exist in
the existing organizational structure using the weighted
sum of their shortest path divided by their shortest path
length.

3) Add edge which has the highest edge betweenness
centrality and remove the existing edge

4) Derive mutated organizational structure

3) CROSSOVER
In the crossover step, a new organizational structure is cre-
ated by exchanging the manager-structure and the performer-
structure existing in the organizational structure, such as
in Figure 9, to search for a new organizational structure.
Performer-structure means all resources of the bottom level
in the organizational structure, and manager-structure means
all resource and their relations except performer-structure.

IV. VALIDATION AND PROTOTYPE
A. VALIDATION OF THE METHODOLOGY
To validate the suggested methodology to find the process-
oriented organizational structure in this study, this method-
ology was applied for small and medium virtual enterprises.
As mentioned previously, the possible solution of organiza-
tional structures would be large if there are a considerable
number of human resources. To validate the superiority of
our methodology, two case studies were conducted for each
of the small and medium organizations. Even though we
had requested to lots of company for the data about their

106328 VOLUME 8, 2020



S. Lee et al.: Comprehensive Simulation and Redesign System for Business Process and Organizational Structure

FIGURE 8. Procedure of edge-betweenness-centrality based mutation.

FIGURE 9. Procedure of crossover.

FIGURE 10. Architecture of suggested business process and organizational structure simulation and redesign system.

business process and organizational structure in order to val-
idate the methodology and system presented in this study,
it was difficult obtain because they are very confidential data

for most companies. Therefore, all data definitions includ-
ing business processes and organizational structure were
designed by referring to the interviews of the relevant people.
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FIGURE 11. Screenshot of the implemented comprehensive simulation and redesign system for business process and organizational
structure.

TABLE 2. Description of data definitions for case study.

Case-studies for the small-sized and medium-sized compa-
nies were conducted respectively to validate the methodology
for finding the process-oriented organizational structure. The
descriptions of each applied data definitions and the genetic
parameters are as listed in Table 2.

TABLE 3. Validation result.

Value in Table 3 means the number of completed business
process instances in each simulation experiment. As shown
in Table 3, we found that the twomutation methods suggested
in this study were much more effective than the benchmark
random mutation method. The methodology is also good for
both small enterprise and medium enterprise. The organiza-
tional structure derived by the suggested methodology would
execute more business processes than the existing organiza-
tional structure or the other solutions.

Even though this case studies were conducted by limiting
the genetic parameter to a small value, sufficient results
were obtained. In a further study, sensitivity analysis will
be conducted to understand how genetic parameter have
impact on the result. Through sensitivity analysis for genetic
parameters, it can be understood how parameter works to
find process-oriented organizational structure and adjust the
parameter to find the organizational structure efficiently for
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various organizational structure. Moreover, the more case
study for a large-scale company will be conducted to validate
this methodology and system.

B. PROTOTYPE AND SYSTEM ARCHITECTURE
Most of the previous studies in the business process field
haven’t considered the organizational structure, and thus
failed to manage the various changes within the enterprise
systematically. In order to extend and encourage the existing
studies, the prototype system including all the methodol-
ogy presented in this study were implemented. This system
especially will be expected to be a cornerstone for many
researchers who develop methodologies to effectively ana-
lyze and redesign various elements of the organization in the
future.

The system architecture of this system is shown
in Figure 10. The prototype system was developed using
the programming language python and the related libraries
(Numpy, Simpy, NetworkX, Pandas, json) were employed to
perform business process simulation based on the suggested
data definition and to explore the optimal process-oriented
organizational structure in the back-end. In particular, each
service is implemented on the web by flask, python light-
weight WSGI web application framework. Moreover, the
visualization of various charts in the perspectives of Pro-
cess/Task/Resource and the animation of the simulation result
are developed using programming language Javascript and
related libraries d3.js and chart.js. The entire system is
developed as a web system to be used by companies and
researchers. In this implemented system, Business Process
and Organizational Analytics (BPOA), a screenshot to com-
pare the business process simulation between As-Is model
and To-Be model is shown in Figure 11.

Through this BPOA system, users can easily comprehend
what changes occur when organizational structures or busi-
ness processes are redesigned. In addition, it is also possible
to find which organizational structure is better suited to carry
out current business processes and how effective it is.

V. CONCLUSION
In this paper, Business Process and Organizational Analytics
to analyze and manage performance of enterprise from the
perspectives of business process and organizational struc-
ture is proposed. This study comprised the following three
detailed studies.

First, four data definitions reflecting on business process
and organizational structure were defined to simulate the
business activities of companies. The four data definitions are
<Process Definition>, <Performer Definition>, <Manager
Definition>, and <Organizational Structure Definition>.
The proposed four data models support the simulation con-
sidering various aspects such as the characteristics of the
process, the task capability of the human resource in the
organization, and the organizational structure.

Second, the system that can perform business process
simulation using the suggested data definition as an input

is implemented. In particular, the existing business process
simulation methodologies and systems do not consider the
organizational structure and have not achieved meaningful
results. On the other hand, the characteristics of the organi-
zational structure and resource availability were reflected in
this study. This system can also be used to identify how an
organization’s process performance changes over a variety of
situations, including: 1) changes in processes, 2) changes in
organizational structure, and 3) changes in the task ability of
resources.

Third, the methodology for exploring the most process-
oriented organizational structure is developed. Previous
studies have failed to find and validate process-oriented
organizational structure. In this study, a simulation sys-
tem reflecting the effects of the organizational structure is
developed and also the methodology for searching the most
process-oriented organizational structure is suggested. It is
expected that this system will be useful for exploring the
process-oriented organizational structure when the situation
of the organization changes in the future.

Thus, this study suggests a system and methodology to
simulate the enterprise from the perspective of business pro-
cess and organizational structure. Especially, it is imple-
mented as web system for practical use.
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