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state-of-art in simulation
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.

Problems:
1. Oversimplified models (e.g., 

naïve resource modeling)
2. Artifacts already available 

are not used as input (e.g., 
event logs)

3. Not for operational decision 
making (“steady state” 
rather than “fast forward”)

http://bosch.christian.free.fr/site2cv/virtuel.htm�
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Problem 1:
Oversimplified models 
(e.g., resource modeling)

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

http://www.layoutsparks.com/myspace-layouts/footsteps+in++s_0�


Business Process Simulation
(classical view)
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How to Lie With Statistics? 



How to Lie With Simulation? 

• M/M/1 queue: arrival rate λ, service rate μ, utilization 
ρ = λ/μ.

• Flow time = 1/(μ-λ), # in system = ρ/(1- ρ)
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Processes cover the entire spectrum of 
Italian cuisine …



and are different from what people 
think …



Example: ASML test process

37.5% OK
62.5% NOK

design reality



Problems when modeling human 
resources

• People do not work at a constant speed, cf.  Yerkes-
Dodson Law of Arousal, coffee breaks, weather, etc.

• People are involved in multiple processes. Hence, 
different processes/tasks compete for attention and 
availability is “fluid”. 

• People tend to work part-time and in batches. Different 
working patterns: every Friday, when the pile is too 
large, …

• Priorities are difficult to model. Competing 
processes/resources have undefined precedence rules.

• Processes may change depending on context. Things 
are skipped or done in a sloppy manner when …



Yerkes-Dodson Law 
of Arousal



5*0.2 ≠ 1

time



Classical simulation assumptions

• A resource is:
• eager to start working,
• dedicated to a single process,
• works at a constant speed,
• does not work in batches,
• does not have coffee breaks,
• etc.

• Do you know this person?



Avoid modeling the world in a detailed manner

Goal: Characterize resource availability 
with just a few parameters

http://www.schoolbieb.nl/uploadedImages/10158.jpg�


Chunks

W.M.P. van der Aalst, J. Nakatumba, A. Rozinat, and N. Russell. Business 
Process Simulation: How to get it right? In Handbook on Business Process 
Management, International Handbooks on Information Systems, pages 317-342. 
Springer-Verlag 2010. 



Chunks: Basic Idea
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Parameters

• ρ = λ/μ ≤ a, i.e., utilization is less than availability
• c ≤ h, i.e., chunk size cannot be larger than the 

horizon
• (a*h) mod c = 0 in experiments to avoid unusable 

availability
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CPN model



Effect of availability (a)



Effect of chunk size (c)



Effect of horizon (h)



Effect of utilization (ρ)



Experiment: Note multiple resources and 
potential accumulation of effects



CPN model



Some findings



"Chunks" Conclusion

• It is important not to assume that people are always 
available and eager to work when cases arrive.

• Assumptions heavily impact flow time, e.g., the 
bigger the chunk size, the longer the flow times of 
cases. 

• The "chunk model" is rather simple, however, the 
typical assumptions made in today's simulation tools 
(i.e. a = 1, c = 0, and h = inf), may result in flow 
times of minutes or hours while with more realistic 
settings for a, c, and h the flow time may go up to 
weeks or months and actually coincide with the 
actual flow times observed.



Problem 2:
Artifacts already 
available are not 
used as input (e.g., 
event logs)

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

http://www.layoutsparks.com/myspace-layouts/footsteps+in++s_0�


Growth of data
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Growth of data, processes, and 
their models
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Process Mining: Linking events to models

software 
system

(process)
model

event
logs

models
analyzes

discovery

records 
events, e.g., 
messages, 

transactions, 
etc.

specifies 
configures 
implements

analyzes

supports/
controls

extension

conformance

“world”

people machines

organizations
components

business 
processes



PAGE 32

information system(s)

current 
data

“world”people

machines

organizations
business 

processes documents

historic 
data

resources/
organization

data/rules

control-flow

de jure models

resources/
organization

data/rules

control-flow

de facto models

provenance

ex
pl

or
e

pr
ed

ic
t

re
co

m
m

en
d

de
te

ct

ch
ec

k

co
m

pa
re

pr
om

ot
e

di
sc

ov
er

en
ha

nc
e

di
ag

no
se

cartographynavigation auditing

event logs

(simulation) models

“pre 
mortem”

“post 
mortem”



PAGE 33

information system(s)

current 
data

“world”people

machines

organizations
business 

processes documents

historic 
data

resources/
organization

data/rules

control-flow

de jure models

resources/
organization

data/rules

control-flow

de facto models

provenance

ex
pl

or
e

pr
ed

ic
t

re
co

m
m

en
d

de
te

ct

ch
ec

k

co
m

pa
re

pr
om

ot
e

di
sc

ov
er

en
ha

nc
e

di
ag

no
se

cartographynavigation auditing

event logs

(simulation) models

“pre 
mortem”

“post 
mortem”

simulation to answer 
“what if” questions based 

on current state

simulation to answer 
“what if” questions in 

steady-state



Using history, models, and current state 
information 
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Problem 3:
Not for operational 
decision making 
(“steady state” rather 
than “fast forward”)

If you don't know where you are going, 
any road will get you there.
Lewis Carroll (1832-1898)

http://www.layoutsparks.com/myspace-layouts/footsteps+in++s_0�


Focus Business Process Simulation

traditional steady state 
analysis focusing on long-

term average behavior

classical focus of simulation (tools)



Steady state analysis
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Transient analysis

initial state

period of interest

Steady-state may not exist and may not be relevant!



Example: Short-Term Simulation
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Overview: Short-Term Simulation



Implementation using YAWL, ProM, and 
CPN Tools



ProM: Merging and converting models 
covering different aspects



Example: Four different simulation scenarios

1. An empty initial state (‘empty’)
2. After loading the current state file with the 150 

applications currently in the system (‘as is’)
3. After loading the current state file but adding four 

extra resources (‘to be A’)
4. After loading the current state file and adding eight 

extra resources (‘to be B’)





Confidence intervals



Conclusion Short-Term Simulation

• Transient analysis is essential for operational 
decision making!

• The initial state matters!
• Artifacts (design, historic, and current state 

information) from a workflow management 
systems like YAWL can be used!

• Interesting side effect of the YAWL, ProM, CPN 
Tools integration: the real and simulated 
process can be viewed in a unified manner
using process mining!



Conclusion

http://www.layoutsparks.com/myspace-layouts/footsteps+in++s_0�


Problems and some solutions ...
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Relevant WWW sites

• http://www.processmining.org
• http://www.win.tue.nl/ieeetfpm

• http:// promimport.sourceforge.net 

• http://prom.sourceforge.net

• http://www.workflowpatterns.com

• http://www.workflowcourse.com

• http://www.vdaalst.com

http://www.nwo.nl/�
http://www.stw.nl/�
http://www.tue.nl/beta/�
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