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Preface

Enterprises of the 21st century are crucial components in delivering services
to society and contributing to economic prosperity. Service is delivered when
an enterprise is conducting its business within its business environment. With
the growing complexity of modern business processes and continuously chang-
ing business environment, enterprise study (enterprise engineering) requires pro-
found engineering approaches with properties such as ability for reengineering,
scalability, adaptability, and reimplementation. Enterprises are purposefully de-
signed and implemented systems to fulfill certain functions. As any system, enter-
prises are objects of continuous improvements, redesign and reimplementation.
Usually, a redesigning activity is triggered by changes in the business environ-
ment, where the enterprise is functioning (delivering its service), or an internal
need for efficiency. The departure point for any design or redesign activity per-
tinent to an enterprise is first to understand the enterprise business processes.
Therefore, in the overall enterprise engineering activities, business process mod-
eling plays a central role. However, an extended enterprise and organizational
study involves both analysis and design activities, in which modeling and simula-
tion play prominent roles. The growing role of modeling and simulation attracts
serious attention of researchers in the context of enterprises. Modeling and sim-
ulation are the tools and methods that are effective, efficient, economic, and
widely used in enterprise engineering, organizational study, and business process
management. Complementary insights of modeling and simulation in enterprise
engineering constitute a whole cycle of study of these complex sociotechnical
system enterprises. In order to monitor and study the business processes and
interaction of actors in a realistic and interactive environment, simulation has
proven to be a powerful tool and method, especially if simulation is supported
with rich animation and gaming elements. In order to explore these topics, ad-
dress the underlying challenges, find and improve solutions, and demonstrate
application of modeling and simulation in enterprise engineering, its organiza-
tion and underlying business processes, peer-refereed papers were accepted for
presentation at EOMAS 2010. A subset of these fully reviewed papers was se-
lected for publication in this book in the LNBIP series published by Springer.

June 2010 Joseph Barjis
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Business Process Simulation Revisited

Wil M.P. van der Aalst

Department of Mathematics and Computer Science,
Eindhoven University of Technology,
P.O. Box 513, NL-5600 MB, The Netherlands
w.m.p.v.d.aalst@tue.nl

Abstract. Computer simulation attempts to “mimic” real-life or hypo-
thetical behavior on a computer to see how processes or systems can be
improved and to predict their performance under different circumstances.
Simulation has been successfully applied in many disciplines and is con-
sidered to be a relevant and highly applicable tool in Business Process
Management (BPM). Unfortunately, in reality the use of simulation is
limited. Few organizations actively use simulation. Even organizations
that purchase simulation software (stand-alone or embedded in some
BPM suite), typically fail to use it continuously over an extended pe-
riod. This keynote paper highlights some of the problems causing the
limited adoption of simulation. For example, simulation models tend to
oversimplify the modeling of people working part-time on a process. Also
simulation studies typically focus on the steady-state behavior of busi-
ness processes while managers are more interested in short-term results
(a “fast forward button” into the future) for operational decision making.
This paper will point out innovative simulation approaches leveraging on
recent breakthroughs in process mining.

1 Limitations of Traditional Simulation Approaches

Simulation was one of the first applications of computers. The term “Monte
Carlo simulation” was first coined in the Manhattan Project during World War
II, because of the similarity of statistical simulation to games of chance played
in the Monte Carlo Casino. This illustrates that that already in the 1940s peo-
ple were using computers to simulate processes (in this case to investigate the
effects of nuclear explosions). Later Monte Carlo methods were used in all kinds
of other domains ranging from finance and telecommunications to games and
workflow management. For example, note that the influential and well-known
programming language Simula, developed in the 1960s, was designed for simula-
tion. Simulation has become one of the standard analysis techniques used in the
context of operation research and operations management. Simulation is par-
ticularly attractive since it is versatile, imposes few constraints, and produces
results that are relatively easy to interpret. Analytical techniques have other
advantages but typically impose additional constraints and are not as easy to
use [9]. Therefore, it is no surprise that in the context of Business Process Man-
agement (BPM), simulation is one of the most established analysis techniques
supported by a vast array of tools.

J. Barjis (Ed.): EOMAS 2010, LNBIP 63, pp. 1-14] 2010.
© Springer-Verlag Berlin Heidelberg 2010
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Fig. 1. Classical view on simulation: focus is on steady-state and model is made by
hand

Figure[Il positions business process simulation in the context of a “world” sup-
ported by information systems. In the “world” consisting of people, organizations,
products, processes, machines, etc. information systems play an increasingly dom-
inant role. Moreover, there is continuous need for process improvements resulting
in a better performance (e.g., better response times, less costs, higher service levels,
etc.). Simulation can assist in this. Figure[llshows the traditional use of simulation
were data is gathered and used to parameterize hand-made models. These mod-
els are then used for simulation experiments answering “what-if” questions. For
simulating business processes at least three perspectives need to be modeled: (a)
control-flow, (b) data/rules, and (c) resource/organization. The control-flow per-
spective is concerned with the ordering of activities and uses design artifacts such
as sequences, AND/XOR-splits/joins, loops, etc. [I]. The data/rules perspective
models decisions made within the process and the role that data plays in these
decisions. For simulation it is important not to model the data in too much de-
tail and select the right abstraction level. The resource/organization perspective
is concerned with the allocation of activities to resources, availability and speed of
resources, and organizational boundaries [21]. In all of this time (e.g., the duration
of an activity) and probabilities (e.g., the likelihood of following a particular path)
play an important role. By answering “what-if” questions, managers and users get
more insight into the effects of particular decisions.

Although many organizations have tried to use simulation to analyze their
business processes at some stage, few are using simulation in a structured and
effective manner. This may be caused by a lack of training and limitations of
existing tools. However, as argued in this paper, there are also several addi-
tional and more fundamental problems. First of all, simulation models tend to
oversimplify things. In particular the behavior of resources is often modeled
in a rather naive manner. People do not work at constant speeds and need to
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distribute their attention over multiple processes. This can have dramatic effects
on the performance of a process [2/I5] and, therefore, such aspects should not
be “abstracted away”. Second, various artifacts available are not used as input
for simulation. Modern organizations store events in logs and some may have
accurate process models stored in their BPM/WFM systems. Also note that in
may organizations, the state of the information system accurately reflects the
state of the business processes supported by these systems because of the tight
coupling between both. Today such information (i.e., event logs and status data)
is rarely used for simulation or a lot of manual work is needed to feed this infor-
mation into the model. Fortunately, process mining can assist in extracting such
information and use this to realize performance improvements [47]. Third, the
focus of simulation is mainly on “design” while managers would also like to use
simulation for “operational decision making” (solving the concrete problem at
hand rather than some abstract future problem). Fortunately, short-term sim-
ulation [16J20024] can provide answers for questions related to “here and now”.
The key idea is to start all simulation runs from the current state and focus the
analysis of the transient behavior. This way a “fast forward button” into the
future is provided.

In the remainder, we elaborate on the above three problems and discuss some
solution approaches grounded in process mining.

2 Oversimplified Simulation Models

FEverything should be made as simple as possible,
but not one bit simpler.
Albert Einstein (1879-1955)

Simulation can be used to predict the performance under various circumstances,
e.g., different business process re-engineering alternatives can be compared with
the current situation. The value of such predictions stands or falls with the qual-
ity of the simulation model. Unfortunately, in many situations the quality of the
simulation model leaves much to be desired. Basically, there are three problems:
(a) the process is modeled incorrectly, (b) not enough data was collected to be
able to parameterize the model, and (c) the language does not allow for the
modeling of more subtle behaviors. The first two problems can be addressed by
training people and a better validation of the model, e.g., by comparing the sim-
ulation results with real data. Here process mining can help as will be discussed
in later sections. In this section, we focus on the last problem.

Probably the biggest problem of current business simulation approaches is
that human resources are modeled in a very naive manner. As a result, it is not
uncommon that the simulated model predicts flow times of minutes or hours
while in reality flow times are weeks or even months. Therefore, we list some of
the main problems encountered when modeling resources in current simulation
tools. These problems stem from the fact that resources cannot be modeled
adequately.
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People are involved in multiple processes. In practice there are few people
that only perform activities for a single process. Often people are involved in
many different processes, e.g., a manager, doctor, or specialist may perform
tasks in a wide range of processes. However, simulation often focuses on a single
process. Suppose a manager is involved in 10 different processes and spends
about 20 percent of his time on the process that we want to analyze. In most
simulation tools it is impossible to model that a resource is only available 20
percent of the time. Hence, one needs to assume that the manager is there all
the time and has a very low utilization. As a result the simulation results are
too optimistic. In the more advanced simulation tools, one can indicate that
resources are there at certain times in the week (e.g., only on Monday). This is
also an incorrect abstraction as the manager distributes his work over the various
processes based on priorities and workload. Suppose that there are 5 managers
all working 20 percent of their time on the process of interest. One could think
that these 5 managers could be replaced by a single manager (5*20%=1*100%).
However, from a simulation point of view this is an incorrect abstraction. There
may be times that all 5 managers are available and there may be times that
none of them are available.

People do not work at a constant speed. Another problem is that people
work at different speeds based on their workload, i.e., it is not just the distribu-
tion of attention over various processes, but also their absolute working speed
that determines their capacity for a particular process. There are various studies
that suggest a relation between workload and performance of people. A well-
known example is the so-called Yerkes-Dodson law [23]. The Yerkes-Dodson law
models the relationship between arousal and performance as a N-shaped curve.
This implies that for a given individual and a given type of tasks, there exists an
optimal arousal level. This is the level where the performance has its maximal
value. Thus work pressure is productive, up to a certain point, beyond which per-
formance collapses. Although this phenomenon can be easily observed in daily
life, today’s business process simulation tools do not support the modeling of
workload dependent processing times.

People tend to work part-time and in batches. As indicated earlier, people
may be involved in different processes. Moreover, they may work part-time (e.g.,
only in the morning). In addition to their limited availabilities, people have a ten-
dency to work in batches (cf. Resource Pattern 38: Piled Execution [21]). In any
operational process, the same task typically needs to be executed for many differ-
ent cases (process instances). Often people prefer to let work-items related to the
same task accumulate, and then process all of these in one batch. In most simu-
lation tools a resource is either available or not, i.e., it is assumed that a resource
is eagerly waiting for work and immediately reacts to any work-item that arrives.
Clearly, this does not do justice to the way people work in reality. For example,
consider how and when people reply to e-mails. Some people handle e-mails one-
by-one when they arrive while others process their e-mail at fixed times in batch.
Related is the fact that calendars and shifts are typically ignored in simulation
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tools. While holidays, lunch breaks, etc. can heavily impact the performance of a
process, they are typically not incorporated in the simulation model.

Priorities are difficult to model. As indicated above, people are involved in
multiple processes and even within a single process different activities and cases
may compete for resources. One process may be more important than another and
get priority. Another phenomenon is that in some processes cases that are delayed
get priority while in other processes late cases are “sacrificed” to finish other cases
in time. People need to continuously choose between work-items and set priorities.
Although important, this is typically not captured by simulation models.

Process may change depending on context. Another problem is that most
simulation tools assume a stable process and organization and that neither of
them change over time. If the flow times become too long and work is accumulat-
ing, resources may decide to skip certain activities or additional resources may
be mobilized. Depending on the context, processes may be configured differently
and resources may be deployed differently. In [5] it is shown that such “second
order dynamics” heavily influence performance.

The problems stem from oversimplified models. Note that although more than
40 resource patterns have been identified to describe the functionality of resource
allocation mechanisms in the context of workflow management systems [21], few
of these patterns are supported by today’s business process simulation tools.

3 Learning from Event Logs

Learning is not compulsory ... neither is survival.
William Edwards Deming (1900-1993)

As discussed in the previous section, simulation models tend not to capture cer-
tain aspects or stick to an idealized variant of the real process. This can be partly
addressed by better modeling techniques, e.g., additional parameters describing
the resource characteristics. However, to adequately set these parameters and to
make sure that processes are modeled accurately, we propose to also exploit the
information available in event logs.

More and more information about (business) processes is recorded by infor-
mation systems in the form of so-called “event logs” (e.g., transaction logs, audit
trails, databases, message logs). As mentioned earlier, IT systems are becoming
more and more intertwined with the processes they support, resulting in an
“explosion” of available data that can be used for analysis purposes.

To illustrate the role that event logs can play, let us first explain Figure 2l We
assume the existence of a collection of information systems that are supporting
a “world” composed of business processes, people, organizations, etc. The event
data extracted from such systems are the starting point for process mining. Note
that Figure [ distinguishes between current data and historic data. The former
refers to events of cases (i.e., process instances) that are still actively worked
on (“pre mortem”). The latter refers to events of completed cases, i.e., process
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Fig. 2. Advanced business process simulation put into the context of process mining

instances that cannot be influenced anymore (“post mortem”). The historic data
(“post mortem”) can be any collection of events where each event refers to an
instance (i.e., case), has a name (e.g., activity name), and has a timestamp. Note
that some process mining techniques abstract from time. However, in the context
of business process simulation these timestamps are of the utmost importance.
The current data (“pre mortem”) can be used to construct a well defined starting
point for simulation. This is of particular importance for predictions in the near
future.

The collection of event data is becoming more important. One the one hand,
more and more event data are available. On the other hand, organizations depend
on such data; not only for performance measurement, but also for auditing. We use
the term business process provenance [I0J1] to refer to the systematic collection
of the information needed to reconstruct what has actually happened. The term
signifies that for most organizations it is vital that “history cannot be rewritten
or obscured”. From an auditing point of view the systematic, reliable, and trust-
worthy recording of events is essential. Therefore, we propose to collect (when-
ever possible) provenance data outside of the operational information system(s)
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as shown in Figure[2l This means that events need to be collected and stored per-
sistently. Note that semantics play an important role here, i.e., events need to refer
to a commonly agreed-upon ontology [14].

The lower part of Figure P shows two types of models: de jure models are
normative models that describe a desired or required way of working while de
facto models aim to describe the actual reality with all of its intricacies (policy
violations, inefficiencies, fraud, etc.). Both types of models may cover one or more
perspectives and thus describe control-flow, time, data, organization, resource,
and/or cost aspects. For process mining one can focus on a particular perspective.
However, when the goal is to build simulation models all factors influencing
performance need to be taken into account (e.g., when measuring utilization
and response times, it is not possible to abstract from resources and focus on
control-flow only). Simulation models can be based on a mixture of “de jure”
and “de facto” information. The key idea of process mining is to not simply rely
on de jure models that may have little to do with reality. Therefore, the goal is
to shift more to “de facto models for simulation”; this will save time and increase
quality.

In Figure [2] three main categories of activities have been identified: cartog-
raphy, auditing, and navigation. The individual activities are briefly described
below.

1. Discover. The discovery of good process models from events logs - compa-
rable to geographic maps - remains challenging. Process discovery techniques
can be used to discover process models (e.g., Petri nets) from event logs [4[7].

2. Enhance. Existing process models (either discovered or hand-made) need
to be related to events logs such that these models can be enhanced by
making them more faithful or by adding new perspectives based on event
data. By combining historic data and pre-existing models, these models can
be repaired (e.g., a path that is never taken is removed) or extended (e.g.,
adding time information extracted from logs).

3. Diagnose. Models (either de jure or de facto) need to be analyzed using
existing model-based analysis techniques, e.g., process models can be checked
for the absence of deadlocks or simulated to estimate cycle times. Probably
the most widely used model-based analysis technique is simulation.

4. Detect. For on-line auditing, de jure models need to be compared with
current data (events of running process instances) and deviations of such
partial cases should to be detected at runtime. By replaying the observed
events on a model, it is possible to do conformance checking while the process
is unfolding.

5. Check. Similarly, historic “post mortem” data can be cross-checked with
de jure models. For this conformance checking techniques are used that can
pinpoint deviations and quantify the level of compliance [I§].

6. Compare. De facto models can be compared with de jure models to see in
what way reality deviates from what was planned or expected.

7. Promote. Based on an analysis of the differences between a de facto model
and a de jure model, it is possible to promote parts of the de facto model to
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a new de jure model. By promoting proven “best practises” to the de jure
model, existing processes can be improved. For example, a simulation model
may be improved and calibrated based on elements of a de facto model.

8. Explore. The combination of event data and models can be used to explore
business processes. Here new forms of interactive process visualization can
be used (visual analytics).

9. Predict. By combining information about running cases with models (dis-
covered or hand-made), it is possible to make predictions about the future,
e.g., the remaining flow time and the probability of success. Here simulation
plays an important role. This will be elaborated in Section [l

10. Recommend. The information used for predicting the future can also be
used to recommend suitable actions (e.g. to minimize costs or time). The
goal is to enable functionality similar to the guidance given by navigation
systems like TomTom, but now in the context of BPM.

The first three activities are grouped under the term “cartography”. Over time
cartographers have improved their skills and techniques to create maps thereby
addressing problems such as clearly representing desired traits, eliminating ir-
relevant details, reducing complexity, and improving understandability. Today,
geographic maps are digital and of high quality. People can seamlessly zoom in
and out using the interactive maps (cf. navigation systems like TomTom and
services linked to Google Maps). Moreover, all kinds of information can be pro-
jected on these interactive maps (e.g., traffic jams, etc.). Process models can be
seen as the “maps” describing the operational processes of organizations. Process
mining techniques can be used to generate such maps. These maps can be sim-
ple and without executable semantics. However, as shown in [19] also simulation
models can be discovered.

The next four activities are grouped under the term “auditing” as they com-
pare normative/modeled behavior with real/recorded behavior. This does not
involve simulation; however, these activities may help to increase the quality of
discovered/hand-made simulation models.

The last three activities are grouped under the term “navigation”. Navigation
systems have proven to be quite useful for many drivers. People increasingly rely
on the devices of TomTom, Garmin and other vendors and find it useful to get
directions to go from A to B, know the expected arrival time, learn about traffic
jams on the planned route, and be able to view maps that can be customized
in various ways (zoom-in/zoom-out, show fuel stations, speed limits, etc.). How-
ever, when looking at business processes and their information systems, such
information is typically lacking. Fortunately, a combination of process mining
and simulation can help to provide navigation capabilities. The next section
focuses on this.

4 Operational Support

If you don’t know where you are going, any road will get you there.
Lewis Carroll (1832-1898)
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FigurePlillustrated that event logs can be used for all kinds of analysis, e.g., event
logs can be used to discover and improve simulation models. In this section, we
focus on short-term simulation, i.e., a detailed analysis of the near future based
on the current state. Traditionally, business process simulation is mainly used
for steady-state analysis and not for operational decision making. To explain the
importance of short-term simulation, we first elaborate on the difference between
transient analysis and steady-state analysis.

The key idea of simulation is to execute a model repeatedly. The reason for
doing the experiments repeatedly, is to not come up with just a single value (e.g.,
“the average response time is 10.36 minutes” ) but to provide confidence intervals
(e.g., “the average response time is with 90 percent certainty between 10 and
11 minutes”). For transient analysis the focus is on the initial part of future
behavior, i.e., starting from the initial state the “near future” is explored. For
transient analysis the initial state is very important. If the simulation starts in
a state with long queues of work, then in the near future flow times will be long
and it may take some time to get rid of the backlog. For steady-state analysis
the initial state is irrelevant. Typically, the simulation is started “empty” (i.e.,
without any cases in progress) and only when the system is filled with cases the
measurements start.

Steady-state analysis is most relevant for answering strategic and tactical
questions. Transient analysis is most relevant for operational questions. Lion’s
share of contemporary simulation support aims at steady-state analysis and
hence at strategic and tactical decision making. We advocate more emphasis on
simulation for operational decision making. Therefore, we elaborate on short-
term simulation and relate this to process mining and operational support.

Figure [ shows the input used for operational support. Historic data, i.e.,
event logs, can be used to discover new models and to enhance existing models.
This was already discussed in the previous section. The learned models can be
combined with current data (i.e., states of cases and partial execution traces)

Lo e
v

(simulation)
models
learn
(discover and enhance)

historic
data

current
data

| des |
—

recommendations

Fig. 3. Overview of operational support and the different types of data used
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to detect deviations, predict performance, and to recommend decisions. Predic-
tions may be based on regression models [I2]. However, to predict more complex
dynamic behavior, simulation can be used. In this paper, we distinguish be-
tween operational support at the instance level and at the aggregate level. The
instance level focuses on a single case, e.g., a particular loan application that is
being processed. It may be detected that the application is delayed and because
of this an alert is generated. Moreover, for the partially executed loan application
it may be predicted that the expected remaining processing time is two weeks
and that therefore it is recommended to bypass an external credit check. Unlike
recommendations and predictions at the instance level, operational support at
the aggregate level is concerned with the whole process (or even a set of pro-
cesses). Problems are now detected at the aggregate level (“response times are
too long”). Moreover, predictions and recommendations are at the process level
and do not refer to particular instances.

Table [l provides examples of operational support questions. Both levels (in-
stance level and aggregate level) are discussed in the remainder.

Operational support at the instance level. Figure M illustrates the three
types of operational support. Starting point is some model and a partial trace.
Note that the model is typically learned using classical process mining tech-
niques. The partial trace refers to a case that is running. The left-hand side of
Figure @ shows a partial trace (A, B). Although Figure @] does not show times-
tamps, resources, data, etc., these may be relevant for operational support.

For the case shown in Figure[d we know that A and B occurred, but we do
not know its future. Suppose now that the partial trace (A, B) is not possible
according to the model. In this case, the operational support system should gen-
erate an alert. Another possibility would be that B took place three weeks after
A while this should happen within one week. In such a case another notification
could be sent to the responsible case manager. Such scenarios correspond to the
check activity mentioned before. Figure [ also illustrates the goal of predictions.
Given the current state of a case, the model is used to make some kind of pre-
diction [3J6]. For example, given the (A, B) trace it could be predicted that the
remaining processing time is ten days. This prediction would be based on his-
toric information both in the partial trace and in the event log used to learn the
model. For the actual prediction a simple regression model can be used. How-
ever, for more complex scenarios, short-term simulation is a more likely option.
Predictions are not restricted to time, but can also refer to costs, probability
of a particular outcome, resource availability, etc. Closely related to predictions
are recommendations [322]. The main difference is that recommendations sug-
gest the next action based on possible continuations of the case. Based on the
model, one can try all possible actions and see which one would lead to the
best (predicted) performance. Note that recommendations are not only used for
determining the next task, but also for allocating resources to work-items or for
timing a particular action.
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Table 1. Examples of various types of operational support at the instance level and
the aggregate level

type of opera- instance level aggregate level

tional support
Partially executed cases are Processes are monitored as a
monitored. As soon as a de- whole and as soon as a devia-
viation occurs (e.g., a task is tion occurs (e.g., the average re-
skipped or too late) an alert is sponse times are too high or too
given. many cases are in the pipeline)

an alert is given.

detect

Predictions are made for spe- Predictions are made for one
cific cases, e.g., after each step process or a collection of pro-
the expected remaining process- cesses. For example, it is pre-
ing time of the case is given. dicted what the average flow
Predictions may also refer to time will be in the next two
costs and quality, e.g., the like- weeks. Predictions at the aggre-
lihood of succes for a particu- gate level may also refer to uti-
lar instance. Short-term simu- lization (“How busy will people
lation can be used to generate be next week?”), costs (“Will
such instance-level predictions. we reach the break-even point
in this quarter?”), service levels,
etc.
Predictions at the instance level Predictions at the aggregate
can be turned into recommenda- level can be used to gener-
tions by exploring the effect of ate recommendations. The ef-
various decisions. For example, fect of each decision can be an-
different routing choices can be alyzed using short-term simula-
simulated to predict the effect tion. For example, it may be rec-
of such choices. Similarly, the ef- ommended to temporarily hire
fect of various allocation choices two additional workers to avoid
can be compared using simula- excessive waiting times.
tion.

predict

recommend

Operational support at the aggregate level. In Figure [ analysis is done
at the instance level. However, many operational decisions transcend the level of
an individual case. Decisions like temporarily adding two workers or stimulate
overwork are made at the level of one or more processes rather than a single
case. Short-term simulation is particularly useful for predictions at the aggregate
level. Here, simple regression models are unable to capture queueing effects,
dependencies, and typical work patterns.

Short-term simulation starts from the current state [16/20/24]. When a process-
aware information system is present, it is relatively easy to extract the current
state from the system and to upload this into the simulation model. By modi-
fying the simulation model, various “what-if” scenarios can be investigated. For
example, one can add or remove resources, skip activities, etc. and see what the
effect is. Because the simulation experiments for these scenarios start from the
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| check: D does not fit the predict: some prediction is recommend: based on past

| model (not allowed, too made about the future (e.g. experiences C is recommended
| late, etc.) completion date or outcome) (e.g., to minimize costs)

Fig. 4. Operational support at the instance level [3]

current state of the actual system, they provide a kind of “fast-forward button”
showing what will happen in the near future, to support operational decision
making. For instance, based on the predicted system behavior, a manager may
decide to hire more personnel or stop accepting new cases.

5 Conclusion and Further Reading

The goal of this keynote paper is to provide a critical analysis of the mainstream
simulation approaches for process management. On the one hand, the paper is
based on practical experiences in numerous simulation projects (cf. [I7] for ex-
amples). These experiences showed amongst others that it is almost impossible
to adequately model resources in contemporary simulation tools. On the other
hand, various process mining projects showed that reality rarely matches the ex-
pectations of the modeler. Models tend to describe idealized /unrealistic views on
the business processes at hand. These practical experiences with simulation and
process mining resulted in a better understanding of the pitfalls of traditional
business process analysis. Some of the lessons learned have been reported. More-
over, as shown, business process simulation can benefit from recent breakthroughs
M Process mining.

Several of the ideas presented in this paper have been realized in the context
of ProM (www.processmining.org, [§]) and YAWL (www.yawlfoundation.org,
[13]). To conclude this paper, we provide pointers to papers detailing these results.

In [3] a concrete approach to operational support is given. This has been im-
plemented in ProM and time-based predictions and recommendations are given
by learning a transition system annotated with time information [6]. The focus
in [3] is restricted to individual cases and temporal aspects.

In [15] it is shown how event logs can be used to learn about the behavior
of people. For example, through process mining one can find empirical evidence
for the Yerkes-Dodson law [23] and parameterize the corresponding simulation
models.

ProM provides comprehensive support for the automated discovery of simu-
lation models based on event logs. In [19] it is shown how different perspectives
can be discovered and merged into one overall simulation model.


www.processmining.org
www.yawlfoundation.org
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While the focus in [19] is on simulation models for steady-state analysis, the
focus of [20] is on short-term simulation, i.e., transient analysis. This is achieved
by an integration of ProM and YAWL. The workflow model, event log, and
current state information provided by the workflow system YAWL are used by
ProM to generate simulation models. These models are simulated using CPN
Tools. Key element is that the simulation model is called continuously while
using the latest state information. This way a “fast-forward button” is added to
YAWL that allows users and manager explore the near future.

One of the key problems when using business process simulation is the fact
that it is unrealistic to assume that people are continuous available. Availabil-
ity and work-speed are fluid. As shown in [2], it is important to capture and
parameterize this “fluidity” as it has a dramatic effect on flow times, etc.

The papers mentioned above present innovations in business process simu-
lation. Although quite some work has been done in the context of ProM and
YAWL, it remains crucial to further improve techniques and tools to better cap-
ture faithful simulation models. Hopefully this will stimulate more organizations
to reap the benefits of business process simulation.

Acknowledgments. The author would like to thank all the people that con-
tributed to the development of ProM and YAWL. This paper refers to simula-
tion techniques developed together with Joyce Nakatumba, Anne Rozinat, Moe
Wynn, Ronny Mans, Minseok Song, and several others.
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Abstract. Research on socio-technical systems, to which an enterprise, its or-
ganization, business processes, and supporting ICT belong, has been witnessing
a resurging interest. Many research initiatives have been launched for the
development of concepts, methods, and tools for the analysis and design of the
enterprise structure, function, and processes, and for identification of actor roles
and responsibilities in a consistent manner. One of the main drivers pushing
research into this direction is the changing environment in which enterprises are
functioning. In view of these trends, adoption of modeling and simulation, as
two complementary tools for design, redesign, and improvement of enterprises,
is becoming a standard practice. Especially in the face of ever evolving and
changing business environment. In this article, we explain the relationship be-
tween enterprise, organization, and business processes on the one hand, and the
relevance of modeling and simulation as a method in enterprise and organiza-
tional study.

Keywords: enterprise modeling, enterprise simulation, organizational model-
ing, organizational simulation, business process modeling, business process
simulation, socio-technical systems.

1 Introduction

In the complex web of interrelated business processes, rules and procedures, and
information and communication technologies (ICT), enterprises can no longer be
regarded in an isolated manner as they are highly connected through networks, mak-
ing the relationships increasingly complex and dynamic. Enterprises, their organiza-
tion, business processes, and supporting ICT must be understood as socio-technical
systems that consist of people (human actors), technical subsystems and their compli-
cated relationships. In designing, redesigning, and improving such systems, modeling
and simulation methods are not only relevant, but essential.

Modeling, especially during the analysis and design phase, a plays crucial role in
any system development activity as it represents a design artifact in a more visualized
manner such as intuitive diagrams (Shannon, 1975). The imperative role of modeling
in enterprise study is in creating shared understanding and communicating design
ideas and concepts among the stakeholders (analysts, users, decision makers). In this
regard, simulation deals with comparison of different scenarios and possible design
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ideas to investigate the solution space and capture the dynamic system behavior over
time (Zeigler et al., 2000).

When viewed in a more extended way, important aspects for studying enterprise
modeling and simulation are business processes, information systems, organizational
change, IT impact, business-IT alignment, business strategy, etc. (Lorenzo & Diaz,
2005). Modern enterprises are supported and enabled by complex information sys-
tems or information and communication technologies in general. In turn, information
systems also do not operate in isolation; they are designed, developed, and deployed
in specific organizational contexts (settings). They are designed for certain objectives
and tied to particular organizational processes (situations), e.g., order processing,
product development, and process management.

An organization, as defined in the literature (Mintzberg, 1981; Scott, 2002; Dietz,
2008), is an arrangement of human actors purposefully organized to carry out a cer-
tain mission. Hence, an organization is a social system with human actors as its
elements. Through the purposeful task execution, actions and interaction of these
actors, business processes evolve. In modern enterprises, these interactions and proc-
esses are supported, linked and enacted via complex information systems such as
enterprise information systems, e.g., enterprise resource planning systems, human
resource information systems, or accounting information systems. For the design and
redesign of these complex processes and systems, modeling and simulation are be-
coming increasingly popular (Harrison, 2002; Lorenzo & Diaz, 2005; Seila, 2005),
but in practice they are far from becoming a standard tool.

While simulation has evolved into a mature discipline in other fields of engineer-
ing, such as manufacturing (Law & McComas, 1999; Miller & Pegden, 2000), mili-
tary (Smith, 1998), transport (Brunner et al., 1998), etc., enterprise engineers and
business process analysts have witnessed a much lower level of application of model-
ing and simulation (Melao & Pidd, 2003). This rather limited popularity of simulation
can be explained by a number of challenges that can be classified into several dimen-
sions. The categorization that follows has been compiled from a wide variety of
sources (Giaglis et al., 1999; Carley, 2002; Lorenzo & Diaz, 2005). Often the same
challenges are discussed in more than one source, therefore these challenges have
been categorized using more general dimensions. These dimensions not only repre-
sent challenges currently hindering a more extensive use of enterprise modeling and
simulation, but at the same time highlight motivations and potential agenda for re-
search and development of new methods, tools, and approaches.

Here is a rather brief discussion of each dimension that will be elaborated later in
the paper.

Conceptual Dimension: Today, there are marvelous simulation tools available in the
market. No doubt that each has tremendous capability. The challenge of simulation is
not in the tools but in how to carry out the simulation study in the right way (Balci,
1990, Carson, 2005). Only a conceptually well-designed model will result in a simula-
tion study that yields success (Robinson, 2008). Despite its importance for simulation
success, conceptual modeling is poorly studied and understood (Brooks, 2006). Fur-
thermore, there are certain quality aspects that conceptual modeling should adhere to
as well, for example pragmatic quality in the form of supporting automatic analysis
and simulation (Barjis, 2008). However, for designing a rigorous conceptual model,
one needs a thorough understanding of the concepts comprising enterprise and
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organizational study. These concepts are based on the understanding of enterprises as
a complex socio-technical phenomenon.

Complexity Dimension: Enterprise business processes are scattered, interrelated, and
complex. The enterprise activities are organized around business processes (process-
centric design) as opposed to function. For example, the ordering process, shipping
process, handling process, and billing process are closely interrelated processes, while
at the same time each of these processes is owned by a separate business unit (pur-
chasing department, delivery department, billing department). In many modern enter-
prises, processes such as billing and shipping may be partially or completely
outsourced (Qureshi et al. 2007), which further adds to the complexity of business
processes, their relationships, and interactions.

In the future, these processes will further grow in complexity and agility, which of-
fers a promising role for modeling and simulation in their design and redesign. For
example, as quoted in (van der Aalst, 2007), the popular enterprise resource planning
system SAP consists of 604 event-driven process chains that models the underlying
business processes supported by the R/3 system. One can imagine the number of
models and sub-models a complex system like SAP might involve.

Social Dimension: Enterprise processes are socially dominated as these processes
extensively involve human interactions. Thus, communication and interaction between
the actors are an important aspect in the modeling and simulation of these processes.
Only integrated modeling and simulation that includes both interactions (communica-
tion and coordination among actors) and actions (activities and processes) can realisti-
cally facilitate analysis, design and redesign of enterprise business processes.

These dimensions, mentioned rather for illustration purpose, are encompassing the
main challenges in enterprise modeling and simulation. Developing a more complete
taxonomy of these challenges is a subject of ongoing research, which is beyond the
scope of this paper.

2 Conceptual Dimension: Enterprise, Organization, Business
Process

For a better understanding of the interrelationship between an enterprise, its organiza-
tion and business processes, we start by defining what we mean by an “enterprise” and
“organization”. From the myriad of definitions, we explain the notions of an enterprise
and organization using the enterprise ontology theory. According to the enterprise
ontology theory of Dietz (2008), the collective services that an enterprise provides to
its environment are called the business of the enterprise. This definition represents the
functional perspective of an enterprise (black box approach). The collective activities
of an enterprise in which these services are delivered, along with the persons that carry
out these activities, are called the organization of an enterprise. This definition repre-
sents the constructional perspective of an enterprise (white box approach). That is, an
organization is a social arrangement of roles and responsibilities of persons and rules
and norms by which the actions of these persons are governed to achieve certain goals.
Thus, an organization is an artifact, formed and aligned according to the business
goals of its enterprise.
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A business process is a set of activities within an enterprise with a structure de-
scribing their logical order and dependence whose objective is to produce a desired
result (Aguilar-Saven, 2004). Each service in an enterprise is delivered through one
or more business processes, and each process is comprised of a series of activities.
Collectively, business processes and their interrelationships, that enable to deliver
service to customers or produce goods, constitute the enterprise business system.

As these notions imply, an enterprise has an organization (organizational proc-
esses) and a business system (business processes), both created for certain purposes.
An enterprise provides services or delivers goods to its environment, thus, fulfilling
its societal function. In this era of digital economy, the function of an enterprise and
its organizational processes (interaction, coordination) are supported by complex
information and communication technologies enabling delivery of the services in an
effective and efficient way.

All this interrelationship of business processes, organizational processes, and sup-
porting ICT establishes that a modern enterprise is a complex socio-technical system,
whose analysis and design requires adequate and profound methods and tools stem-
ming from rigorous theoretical foundations.

3 Complexity Dimension: Interwoven Business Processes and
Workflows

There are many factors attributing to the complexity of the business system of modern
enterprises. Firstly, enterprises are more and more moving towards process-centric
design, where resources are aligned along the process flow. This leads to the second
factor: since enterprises are becoming process centric, inter-departmental and inter-
organizational workflows are becoming more complex and interwoven. Thirdly, many
non-essential processes (services) are outsourced. For example, while order process-
ing and packaging processes take place within the enterprise, shipping and delivery
processes are carried by third party logistics; while patients are treated in the hospital,
their laboratory samples might be sent to a third party for analysis. In cross-national
business processes, additional polices and rules apply to the execution of different
business processes. Increased fragmentation due to, market liberalization, and service-
oriented architecture creates an extremely complex workflow within enterprises and
between enterprises. Our focus of complexity is on business processes, but the under-
lying information technology, supporting modern enterprises, is also becoming more
complex and distributed.

4 Social Dimension: Interaction

An enterprise is first of all a social system, where persons interact in an organized
manner to fulfil the enterprise mission. As Cho et al. (1998) suggest, business process
modeling should focus on interacting behaviour among people. This suggestion brings
the social dimension of an enterprise to the forefront and makes it the focal point for
enterprise modeling in terms of capturing human interactions. In accord with this
position, Brandt et al. (1999) suggest an even more pragmatic approach where they
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state that an advanced simulation strategy should combine Human-In-The-Loop-
Simulation and, for example, Petri Net Simulation to capture human involvement as
well as activities. This suggests that a successful enterprise and organizational meth-
odology for modeling and simulation should be capable of developing models based
on different paradigms such as the Discrete Event Paradigm, the System Dynamics
Paradigm, and the Agent-Based Paradigm.

5 Methods and Techniques of Study

What kind of methods and techniques do the analysts use in enterprise and organiza-
tional study? To answer this question, one should know the perspective and purpose
of the study first. The perspective we take is of Systems Engineering (system analysis
and design) and the purpose is to understand the enterprise’s complex socio-technical
setting, to analyze the current way of working, to visualize and quantitatively predict
the effects of proposed or planned changes, and to compare various design options. In
addition, the method choice depends on what aspect of the object of the study is the
focal point, e.g., performance, engineering, reengineering, evaluation, etc. In any
case, assuming a specific perspective and purpose narrows the set of choices to cer-
tain methods and techniques, as illustrated in the following list.

Prototyping method: In cases where rapid development of a system is required and
some requirements of the system are defined, prototyping of the envisioned system
might be a suitable starting point (Arnowitz et al., 2007). Furthermore, this method is
popular when prototyping is the only way to communicate ideas, study initial behav-
ior of the system, and complete the requirements. Most importantly, this method is
used when a system can be developed on a smaller scale. However, a prototype not
always allows full experimentation with all parameters of the system. Consequently, it
is difficult to get a full picture of the system’s dynamic behavior. Prototyping can be
expensive and time consuming, especially when there are many design options.

Analytical method: If the study involves a performance study or capacity analysis
where the input data are certain, analyst can develop mathematical models of the
system (Aris, 1994; Gershenfeld, 1998). In this case, an abstraction of the system is
designed and the model is studied by calculating its output parameters for different
input data. This method is suitable when the input pattern (e.g., arrival of patients for
service, placing of orders into the system, submission of insurance claims) has a clear
distribution function. However, in many situations, input patterns do not adhere to a
well-known distribution function and assumptions may lead to wrong output calcula-
tions (Hancock & Walter, 1979).

Modeling method: In the current practice of enterprise and organizational study, a
very popular approach is modeling, especially modeling based on techniques allowing
to draw static pictures using diagrams and then study the diagrams (Larkin et al.,
1987; Koehler et al., 2008) such as IDEF (Integration DEFinition) (Mayer et al.,
1992; IDEF, 2008), UML (Unified Modeling Language) (Jacobson et al., 1998;
Booch et al., 1999; Torchiano & Bruno, 2003), EPC (Event-driven Process Chain)
(Keller et al., 1992), Petri Nets (Murata, 1989), etc. Comparison of some of these
techniques can be found in (Aguilar-Saven, 2004).
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Each of these methods possesses certain advantages and, of course, certain limita-
tions. It is important that the method and underlying technique and tool adequately fit
the problem situation in terms of perspective and purpose. Organizational changes
often have unpredictable consequences if not properly studied in a controlled manner,
before changes are implemented in reality. Modeling and Simulation as a combined
methodology, adapted and used for enterprise and organizational (re)design, offers a
safe and controlled way to understand how alternative designs and configurations of a
system or process would perform (Mastaglio, 1999; Mielke, 1999; Torchiano &
Bruno, 2003; Suggs & Lewis, 2007). While modeling provides the static view of the
system or process, by visualizing concepts and documenting reality, simulation brings
the model to life — by executing the model, showing the dynamic behavior of the
system. This includes studying the effects of interactions of (human) actors and reac-
tion to changes.

The existing modeling and simulation theories, methodologies, and approaches al-
low analysis, design and study of the systems and processes using artifacts (diagrams,
notations, languages, tools) specifically designed for this purpose. The experiments
and comparison of different alternatives (scenarios) are conducted in a controlled
environment. In the past decades, modeling and simulation has gained momentum in
the business process field, although at a slow pace, as surveyed in (Meldo & Pidd,
2003). Current developments in the simulation field, such as interactive simulation
(Robinson, 1994), Web-based simulation (Kuljis & Paul, 2001; Miller et al., 2001),
and gaming simulation (Angelides et al., 1999; Mendonca et al., 2006), facilitate
experiments that are close to reality, and therefore it makes simulation an attractive
practice for the preparation of (re)designing enterprise systems.

Increasingly, simulation is also used to augment analytical models. The two mod-
els are used for cross validation as well as for overcoming restrictions in analytical
models due to their assumptions that stem from linearity of processes, homogeneity of
occurrences, normality, and stationary state of the underlying process.

6 Modeling and Simulation

Simulation techniques have benefited many of the traditional areas in helping to miti-
gate design flaws, learning about system behavior, providing training, and becoming a
standard practice for developing complex systems. Following the analogies of tradi-
tional domains, the application of simulation in the context of socio-technical envi-
ronments such as enterprise modeling, organizational design, and business process
(re)engineering, has attracted a huge interest among researchers (e.g., Gladwin & Tu-
may, 1994; Hlupic & Robinson, 1998; Harrison, 2002; Paul & Seranno, 2003; Vreede,
Verbraeck & Eijck, 2003; Seila, 2005). The practice of modeling and simulation is
opening a promising research field as the potential and full capacity of enterprise mod-
eling and simulation still has to be revealed (Mielke, 1999; Torchiano & Bruno, 2003;
Suggs & Lewis, 2007).

Applying modeling and simulation to an enterprise, and to its organization and
business system, could facilitate the understanding of the business domain (e.g.,
healthcare, banking, commerce) as well as complexity of the extended enterprise
(inter- and intra-organizational relationships). Furthermore, it can offer suggestions
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for significant improvements of the underlying processes (Han et al., 2009). However,
more interesting application fields for modeling and simulation emerge with the inno-
vations in linking it to decision-making processes. For example, traditionally, model-
ing and simulation have been used as instruments to observe the dynamic behavior of
systems, to measure I'T impacts on organizations, and to study potential outcomes of
organizational change. In the current context of open-source software development,
service-oriented architectures (SOAs) and business process outsourcing (BPO), mod-
eling and simulation assume an even greater significance in assessing business proc-
ess management effectiveness, studying the alignment between business process
models and corresponding SOAs, and quantifying the alignment between the client
and vendor business strategies in a BPO contract. But for these benefits to occur,
modeling and simulation ought to be viewed as an integrated tool and method. Unfor-
tunately, many popular enterprise modeling methods do not lend themselves for direct
simulation (e.g., UML, IDEF, EPC) and the analysts are therefore restricted to merely
static modeling. Modeling itself may not reveal sufficient information about the proc-
ess dynamics and the impact of changes. On the other hand, just using simulation
tools may provide little help if there is no profound conceptual modeling preceding it
— which is like conducting a complex trip without a roadmap. Simulation without a
profound conceptual model would make it difficult, if not impossible, to reach the
target, which is to generate accurate and valid output data. Therefore, it is imperative
that analysts consider modeling and simulation as an integrated approach in enterprise
study, and deem business processes as the main object of design and redesign (Bo-
gusch et al., 1997).

In order to establish enterprise modeling and simulation practice based on pro-
found theories, methodologies, and integrated approaches, the efforts and research in
this direction should draw three interrelated theoretical foundations — the organiza-
tional sciences; the information systems sciences; and the principles of systems engi-
neering These theoretical foundations complementarily address both the social and
technical aspects of modern enterprises. Therefore, many researchers (Greogriadis &
Sutcliffe, 2008; Katzensten & Lerch, 2000; Giaglis et al., 1999: Cho et al., 1998)
advocate to develop and advance concepts, methods, methodologies, and guidelines
for enterprise modeling and simulation. It requires a holistic approach comprising
both socio-technical perspectives as well as being based on computational science
(Carley, 2002).

7 Why Enterprise Simulation?

Why is enterprise and organizational simulation important? Is it because of change,
agility, dynamics, pursuit of marginal profits, quality demand, or are there other driv-
ers for the use of modeling and simulation?

Let us stress two main reasons that explain the relevance and importance of simu-
lation in the enterprise and organizational context — business process driven enterprise
information system (EIS) design and dynamics of the business environment. Both
trends are characterized by changes and improvements as discussed below. Changes
and improvements require experimentation and testing that are at the core of what
simulation can do best.
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Xu et al. (2007) argue that design and development of future EIS will be increas-
ingly driven by the enterprise business process models. In turn, the role of enterprise
business process modeling and simulation as an integral method for system design
will be significantly changed as models will be used for code generation and valid
models will result in valid systems. Simulation plays a crucial role in redesigning and
improving business process models and in the comparison of design options.

Current trends in business process management show (Smith & Fingar, 2003) that
processes-oriented approaches are receiving increasing attention in analyzing and
designing enterprise business processes. The renewed wave of research interest in
business process modeling in general, and in process innovations in particular, is
referred to as the third wave of business process management (Smith & Fingar, 2003).
As the very fabric of process innovation is change, and as changes always need to be
evaluated in light of different scenarios and situations, this third wave of business
process management demands an even more integral role for modeling and simulation
in the design, redesign, and process improvement activities.

Dietz and Hoogervorst (2008) state that due to globalization, removal of trade bar-
riers, and deregulation, the business environment dynamics will rapidly change in the
coming years. Future enterprises will have to operate in an even more dynamic and
global environment, which requires enterprises to be more agile, adaptive, and trans-
parent. Furthermore, as they affirm, enterprises are purposefully designed systems.
This means that we need new skill to design, redesign, and implement an enterprise in
a comprehensive and consistent way.

Enterprise level activities require strong decision making support. As stated in
(Mastaglio, 1999) enterprise simulation is rather a decision-support environment
allowing users to apply, reflect on, and improve their understanding and knowledge
about their enterprise. In addition, enterprise simulation is seen as learning and train-
ing tool.

Furthermore, continuous competition, increasing capabilities of new technologies
and growing customer demands require businesses to keep current and be swift to
external changes. Obviously any change is risky and may have serious consequences
for enterprises. Early mitigation of risks associated with redesign and innovation is
highly desirable, especially in the situations of many uncertainties. Here is where
enterprise and organizational modeling and simulation play a significant role to study,
analyze, optimize, compare different scenarios, and measure the effects of changes.
Application of simulation could be a safe and inexpensive way of studying the impact
of changes and revealing the hidden behavior of complex business processes. For
simulation to be used in a safe manner, it should be built on high-quality input data
and on valid and accurate models. To be inexpensive, it should reuse earlier simula-
tion model parts and be built using existing components as much as possible (Vreede
et al., 2003). For example, to deal with complex enterprise models, the models can be
hierarchically decomposed into sub-models to ease dealing with them when these sub-
models are implemented through simulation blocks and organized into libraries for
future reuse — like building blocks. Decreasing the complexity of simulation models
and increasing reusability of simulation models (blocks) definitely adds to effective-
ness and efficiency of enterprise simulation and makes it more cost effective (Park et
al., 2008).
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8 Summary and Discussion

The aim of this paper was to discuss the relevance, importance and suitability of mod-
eling and simulation in the context of enterprise and organizational study. The paper
discussed an enterprise in a more extended sense where its organization and its busi-
ness processes are taken into account as well. Modern enterprises are hard to study
without any relation to the organizational structure they have, to the business proc-
esses they consist of, and to the enabling information and communication technolo-
gies (ICT). Although the ICT component is not addressed in this paper, it has been
discussed that a modern enterprise represents a complex socio-technical phenomenon,
where simulation methods can be conveniently applied during their analysis, design,
and redesign. But more importantly, simulation can be applied to support decision-
making and getting knowledge and understanding of the enterprise. As shown in the
literature cited, simulation is already growing into a standard practice in enterprise
study and business process management.

Furthermore, the paper attempted to draw a relationship between the notions of en-
terprise, organization, and business processes and tried to define these notions in rela-
tion to each other. The paper also stressed, in part through the discussion of related
works, the importance of modeling and simulation as two complementary methods that
could transform the current practice of analysis, design, and redesign of enterprises.
This emphasis of the enterprise modeling and simulation role may seem especially
important and timely in the face of rapidly changing global conditions and environ-
ments in which modern enterprises operate — outsourcing, free trade, distributed manu-
facturing — where enterprise management may wish to study the (dynamic) effects of
the change before it has been implemented, or to make other informed decisions.

This article aims at not only re-echoing the relevance and importance of enterprise
simulation, but also to become a motivation for a more targeted and extended research
program, with discussion and exchange among researchers and practitioners on the
tangible values of simulation, and on the practical experiences pertaining to various
aspects of enterprise, organization, business processes, and underlying information
communication technologies — collectively referred to as socio-technical systems.
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Abstract. This paper presents the BORM approach in the organiza-
tional modeling and simulation. The first part of this paper presents the
BORM analysis and design methodology, which has proved to be effective
in the development of business systems. The second part of this paper
shows an example from our regional management project concerning the
analysis of the legislation and local officials’ knowledge. The project has
been related to the processes and agendas of the urban planning of the
landscape areas and small settlements with regards to the new hous-
ing and building law and regional management trends in the European
Union. Our methodology presents necessary aspects of the relevant orga-
nizational model without need of deep prior training. Our models were
simulated, verified and validated in order to help the officials (especially
from the smallest settlements) to improve their knowledge.

Keywords: organization structure modeling, organization structuresim-
ulation, BORM, regional management.

1 Introduction

The Organization Modeling is a vital part of the entire information development
process. Darnton [7] and Taylor [28] write, that the major problem (interpreted
from viewpoint of the software engineering) with this so-called requirement anal-
ysis of organization systems arises in the initial stages of the entire information
system development cycle. The initial stage of any methodology today should
be concerned with two tasks. The first is the specification of the requirements
for the system. The second is the construction of an initial object model, of-
ten called an essential object model or conceptual model, built from of a set of
domain specific objects known as essential objects. Both these tasks should be
carried out with the active participation of the stakeholders, in order to ensure
that the correct system is being developed. Consequently, any tool or diagram
used at these early stages should be comprehensible to the stakeholders, many
of whom are not ’computer system literate’. Moreover, these diagrams must not
deform or inadequately simplify requirement information.

J. Barjis (Ed.): EOMAS 2010, LNBIP 63, pp. 27-[40] 2010.
© Springer-Verlag Berlin Heidelberg 2010
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The most common technique for requirements specification in current object-
oriented methodologies is Use Case modeling as the start of UML documentation
process. The concept of use-cases was introduced by Jacobson in the early 1990s
[16]. The main information source about UML is the web-site [29]. As Ambler [I]
states, Use Cases are often the foundation of most object-oriented development
methods. Use Case modeling is concerned with the identification of actors, which
are external entities interacting with the software part of the system. This means
that in order to employ Use Case modeling, it is necessary for developers to
already know the system boundary and distinguish between entities, which are
internal and external to that boundary.

It is our experience that the correct identification of the system boundary is
a ‘non-trivial’ task, which often requires significant understanding of the pro-
posed system and consequently can only successfully take place at the end of
the requirements specification stage. Some deficiencies in this approach are also
highlighted by Barjis in |2]. There are many views on the effectiveness of Use
Cases and related tools as a first stage in System Design. Simons and Graham
[27] for example describe a situation where Use Case Modeling obscures the true
business logic of a system. Because of standard UML-based tools are too ori-
ented at the world of programming concepts, other methods for business logic
and process modeling appeared:

1. The basic grammar of other process modeling tools is based on Petri Nets.
The strengths of this approach are that it is both graphical and has strong
mathematical basis. A practical implementation of Petri Nets is the EPC
diagram of Aris methodology [I0], for example.

2. Another techniques are based on miscellaneous varieties of flowchart dia-
grams. This approach is the oldest diagramming technique used in computer
science. It was primarily used for visualizing the sequences of operations in
computer programs. Today, flowcharts are frequently used to model business
processes. A practical implementation of flowcharts is workflow diagram used
in Proforma Workbench or FirstStep Business CASE Tools. Indisputably, it
is also a kind of the Activity Diagram of UML [12].

3. The third technique used here is the use of state machines. These have the
theoretical background (|26] for example), as well as Petri Nets. A practical
implementation of state machines is state-chart diagram in UML, for exam-
ple. Indeed, the sequence diagram of UML has features of state machines as
well.

The overview of all approaches for modeling business logic and processes de-
scribed here is presented in table [

2  Owur Experience

Our experience in system modeling suggests that classical UML is not suitable
for first stages of analysis, where business processes need to be recognized. UML
diagrams are too complex for the users from the problems domain community
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Table 1. The most used organization modeling approaches

approach theory advantages disadvantages
behind
EPC — Aris Petri  Very popular in Europe, Weak relation at subsequent
Nets perfectly supported by Aris software development
CASE Tool, easy and techniques, slow analysis, low
comprehensible method for expressiveness of large models.

domain experts.
UML Activity FlowchartIndustry standard, supported  Too software-oriented, difficult
Diagram or by many CASE tools with to understand by domain
BPMN UML (Unified Modeling experts.
Language) or BPMN (Business
Process Modeling Notation).
UML Finite Industry standard, supported  Too software-oriented, difficult
sequence and state by many CASE tools with UML to understand by domain
state-chart machine (Unified Modeling Language). experts.

diagram

Workflow  FlowchartEasy and comprehensible Weak relation at subsequent

Diagrams method for domain experts, software development
perfectly supported by many  techniques, not very popular in
business CASE Tools. Europe where Aris takes the

dominant place.

as they often contain too much detail concerning potential software implementa-
tions. This means classes, inheritance, public/private methods, attributes, link
classes, etc. Almost the same experience we have is documented in Simone and
Graham [27].

We believe that the business community needs a simple yet expressive tool
for process modeling; able to play an equivalent role to that played by Entity-
Relation Diagrams, Data-Flows Diagrams or Flow-Charts over the past decades.
One of the strengths of these diagrams was that they contained only a limited
set of concepts (about 5) and were comprehensible by problem domain experts
after few minutes of study. Unfortunately UML approach lost this power.

That is why we developed our own BORM process diagram and our own way
to start business system analysis. It is a simple methodology going smoothly
from business analysis and simulation to subsequent detailed UML software de-
sign based on MDA software-oriented concepts necessary for the construction of
software-oriented conceptual model.

2.1 System Development

Developing systems is a complex activity fraught with many difficulties for soft-
ware engineers as they endeavor to ensure that the right system is built. A right
system being one that meets the user’s needs at a cost they can afford.
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On the surface this would appear a straightforward task, first year university
students studying system design are often surprised when it is pointed out to
them that incorrectly specifying the required system is one of the major causes
of software systems failure. Such students, however, have little experience of the
complexity of the real world where software developers and experts from the
user domain appear to live in different universes, each with their own jargon,
which acts as a barrier to true communication.

It is in this context that software developers face the first and perhaps major
challenges of software development; to fully understand the user domain and
moreover to convey their understanding of that domain to the user.

Adele Goldberg [14] uses the term “concept space” to describe what the
user /experts believe, assumes or knows to be the case. The “articulation space”
is what the expert/user communicates in response to the analyst’s questions.
The analyst then constructs a model to feed back to the user/expert their men-
tal model of the concept space, which they construct out of the information
presented in the articulation space. The difference between this analyst’s model
and the user space is the concept gap.

To a certain extent, part of this gap is unbridgeable; we cannot easily reduce
the gap between concept and articulation space as these exist in the user/expert’s
head. It is true, however, that the languages, natural and graphical, used by the
analyst in representing this model, are a vital component in the user/expert’s
ability to validate this model against the users own concept space.

The problem is to find a common language for the developers to express
their understanding of the problem space that is both sufficiently rich for the
developers to fully articulate their ideas while also being comprehensible to users
from all areas of discourse.

Use-Case has become a well-accepted part of object-oriented analysis and in
many cases has proved a useful mechanism for communication between develop-
ers and domain experts. We do not intend to discuss it further here. However,
Fowler [12] highlights some deficiencies in the Use-Case approach and also sug-
gests that " Activity diagrams can be useful in cases in which workflow processes
are an important part of the users’ world."

Same as [7], we think that activities are a key component of business process
modeling. Eeeles and Sims [9] define a business process consisting of a number of
elements; activities, transitions, states and decisions. They state that the UML
activity-diagrams can be a useful modeling tool in capturing business processes
as well.

Initial analysis diagram should support only problem domain-specific con-
cepts; any software-orientated concepts can be left until later in the modeling
process. This is in sharp contrast with UML, which claims to be a universal
system; meaning that the same notation is used for analysis, design and doc-
umenting the implementation. Our reasons for this requirement are based on
the observation that this universality of the UML’s notation hinders the design
process. In this we are in broad agreement with the criticism of this aspect of
UML expressed by Simons and Graham [27].
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It is necessary for the organization modeling and subsequent simulation, that
every participating object should be viewed as a state machine with states and
transitions dependent on the behavior of other objects. Each state is defined by
its semantic rule over object data associations and each transition is defined by its
behavior, necessary to transform the object from its initial to its terminal state.
Organizational and business process models must be able to be simulated. Hence
it should accent the mutual relationships (communications and associations) of
states and transitions of objects in the modeled system.

3 The BORM Approach

3.1 Motivation

Development of the BORM methodology started in 1993. At that time, sev-
eral "first generation" object or semi-object-oriented analysis methods (OMT,
Martin-Odell, Booch, Coad-Yourdon, Jacobson, etc.) existed. These methods
were, and still are, very useful for the development of hybrid software systems.
For example an object-oriented client talking to a number of relational servers.
However the authors felt that these methodologies possessed two fundamental
weaknesses which made them inappropriate for their own development require-
ments.

Firstly these existing methods did not offer sufficient support for development
using a pure object-oriented language like Smalltalk. When developing systems
in Smalltalk the authors often used constructs of the language like polymor-
phism between objects without any inheritance or object dependency, which
were not supported and could not be expressed in any of these existing develop-
ment methodologies. Also in the diagrammatic notations they provided it was
impossible to represent most pure object-oriented algorithm. Such algorithms
may often be described as mutual asynchronous communications (message pass-
ing) between objects, which as the result of receiving messages invoke internal
methods with a consequential change in their state.

Secondly, these existing methodologies initially commenced with the construc-
tion of a set of classes showing inheritance and aggregation hierarchies. While
this is an effective way of expressing the structure required for subsequent cod-
ing in an object-oriented language, it is not however effective in illustrating the
problem domain. This is because the "object oriented nature" of these diagrams
are difficult for domain experts, not educated in computer science concepts, to
understand. Consequently such diagrams cannot be used in describing proposed
solutions to clients.

3.2 BORM Projects

The initial work on BORM was carried out under the support of the Czech
Academic Link Programme (CZALP) of the British Council, as part of the
VAPPIENY] research project; further development has been carried out with

! Visual Application Programming Paradigms for Intergated ENvironmentS.
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the support of Deloitte Central Europe. (VAPPIENS was funded by the British
Governments CZALP and administered by the British Council. The authors ac-
knowledge the support they received from this source, which enabled them to meet
and carry out the initial work, out of which BORM grew.) BORM has been used
for a number of large projects including

— the identification of business processes in Prague city hospitals,

— the modeling of properties necessary for the general agricultural commodities
wholesale sector in the Central European region,

— as a tool for business process reengineering in the electricity supply industry
and

— as a tool for business process reengineering for telecommunication network
management in the Central European region.

3.3 BORM Fundaments

BORM is a unified approach to business and IT system modeling. For more on
the BORM method see [18/20].

BORM is based on the spiral model for the development life cycle as described
in [5]. One loop of the object-oriented spiral model contains stages of strategic
analysis, initial analysis, advance analysis, initial design, advanced design, im-
plementation and testing.

1. The first three stages are collectively refereed to as the expansion stages.
Expansion ends with the finalizing of the detailed analysis conceptual model,
which fully describes the solution to the problem from requirements point of
view.

2. The remaining stages are called as consolidation stages. They are concerned
with the process of developing from "expanded ideas" to a working applica-
tion. During these the conceptual model is step by step, transformed into a
software design.

Object-oriented approach. The object-oriented approach has its origins in
the researching of operating systems, graphic user interfaces, and particularly
programming languages, taking place in the 1970s. It differs from other software
engineering approaches by incorporating non-traditional ways of thinking into
the field of informatics. We look at systems by abstracting the real world in
the same way as in ontological, philosophical streams. The basic element is an
object that describes data structures and their behavior. In most other modeling
approaches, data and behavior are described separately, and, to a certain extent,
independently. OOP has been and still is explained in many books, but we think
that this one [I4] written by OOP pioneers belong to the best.

Automata theory. In the field of theoretical informatics, the theory of au-
tomata is a study of abstract automatons and the problems they can save. An
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automaton is a mathematical model for a device that reacts to its surround-
ings, gets input, and provides output. Automatons can be configured in a way
that the output from one of them becomes input for another. An automaton’s
behavior is defined by a combination of its inner structure and its newly - ac-
cepted input. The automata theory is a basis for language and translation theory,
and for system behavior descriptions. Its usage for modeling and simulation in
software engineering activities has been described in [26] and many newer pub-
lications. The idea of automata also inspired behavioral aspects of the UML
standard [29].

Three areas of BORM modeling in MDA perspective. MDA (Model-
Driven Approach) is a software development methodology. It provides a set
of guidelines for the structuring of specifications, which are expressed as step-
by-step transformed models. It was created by the Object Management Group
(OMG) in 2001 and is the most used software methodology based on the UML
(Unified Modeling Language)[29]. BORM can be regarded as a special kind of
MDA. In the MDA terminology, we can describe BORM as:

1. The CIM (Computer-Independent Model) modeling, according to the BORM
method, is a visualization of the environment in which a project is being ex-
ecuted. It deals primarily with business process models. Its aim is to under-
stand and describe a problem and find a solution. A well-made CIM model
enables proper descriptions of settings for information system to be made; a
necessary condition for a designed solution. This part of BORM having the
special BORM process diagram used for the organizational modeling and
simulation is discussed in this paper.

2. PIM (Platform-Independent Model) modeling, according to the BORM
method, is a visualization of the required information system in software
engineering concepts. The UML (Unified Modeling Language) standard has
an important role. There is a set of transforming rules [22] from BORM
model to the conceptual UML model [17].

3. The PSM (Platform-Specific) model is a revised form of the PIM model
which, unlike PIM, enables specific software implementation, since it includes
specific properties of the target environment and reused artifacts of the IT
architecture, etc. There is also a set of transforming rules from PIM UML
models to the PSM UML models [17].

3.4 BORM CIM - Organizational Modeling

The first part of the method (CIM) covers the organizational modeling. It trans-
forms a project assignment into a model described by miscellaneous hierarchies,
process participants, process scenarios, various diagrams and generated reports.
The main instrument of verification and validation is the process simulator,
which is currently implemented in the Craft.CASE tool [6].
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For the following purposes, it is possible to use this part of BORM without any
relation to a software engineering phase or organizational structure improvement
as is it also presented in the example of this paper. BORM CIM modeling has
been used as:

1. Projects documenting processes and organizational structure. These are, for
instance, projects whose aim is knowledge management, creating training
materials, knowledge visualization, etc.

2. Projects for preparing the groundwork for selection procedures for organiza-
tional consultancy, or other consultancy services.

3. Projects for preparing the groundwork for selection procedures for the de-
livery of information systems, or other software engineering projects.

BORM was initially developed as an object-oriented method for the analysis and
design of object-oriented software systems. The process (described by Satzinger
[25]) starts from an informal problem specification and provides both methods
and techniques, to enable this informal specification to be transformed into an
initial set of interacting objects. The tools and techniques developed for require-
ment analysis and used in the initial phases of BORM, provide an independent
method for business process modeling as part of business process reengineering.
The authors find that this independent method, referred to as BOBA (BORM
Object Behavior Analysis) is frequently used alone.

One advantage of this approach is that it provides a close interactive inter-
change between the developers and members of the user’s organization. As well
as identifying initial objects, BOBA elicits from the domain experts, detailed
descriptions of their requirements which are fed back to them via easily under-
stood descriptions of the proposed system’s behavior using a number of tables
and graphs.

The problem specifications from which the process starts are obtained from
relevant parties in the problem domain by interviewing. This determines a list
of required system functions, which are essentially Use Cases.

From this list, a set of system scenarios is formed. BOBA scripts always
include at least the four sections shown in Table

Table 2. Scenario structure in BORM

section name description

initiator A brief verbal description of the beginning of the scenario including
any inputs or entry conditions. It also describes the first event or
first activity of some element within the process.
action A verbal description of the process itself.
participants The set of those members of the system, which are required for the
action. It is often the case that the same participants may be
present in several processes of the modeled system.
result A brief verbal description of the end and outputs of the scenario.
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This structure from table 2 represent the four most important attributes of
each scenario. The complete set of scenarios is capable 