
Mediating Between Modeled 

and Observed Behavior: The 

Quest for the "Right" Process 
 

 

prof.dr.ir. Wil van der Aalst 

 

 



Outline 

PAGE 1 

Introduction 

to Process 

Mining (short) 

Importance of 

alignments to relate 

observed and 

modeled behavior The 4+ 

dimensions of 

conformance 

Representational 

bias  

Mediating between 

a reference model 

and observed 

behavior (model 

repair) 

Discovering 

configurable 

process models 

Decomposing process 

mining problems to 

deal with Big Data 



Positioning Process Mining 
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Moore's Law 
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Three Types of Process Mining 
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Play-Out 
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Play-In 
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event log process model
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Example Process Discovery 
(Vestia, Dutch housing agency, 208 cases, 5987 events) 
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Example Process Discovery 
(ASML, test process lithography systems, 154966 events)  
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Example Process Discovery 
(AMC, 627 gynecological oncology patients, 24331 events)  
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Replay 
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event log process model

¶ extended model 

showing times, 

frequencies, etc.

¶ diagnostics

¶ predictions

¶ recommendations
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Conformance Checking  
(WOZ objections Dutch municipality, 745 objections, 9583 event, f= 0.988) 
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Performance Analysis Using Replay 
(WOZ objections Dutch municipality, 745 objections, 9583 event, f= 0.988) 



Hundreds of plug-ins available covering 

the whole process mining spectrum 
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Download from: www.processmining.org 

open-source (L-GPL) 



Commercial Alternatives 

ÅDisco (Fluxicon) 

ÅPerceptive Process Mining 
(before Futura Reflect and BPM|one) 

ÅARIS Process Performance 

Manager 

ÅQPR ProcessAnalyzer 

ÅInterstage Process Discovery 

(Fujitsu) 

ÅDiscovery Analyst (StereoLOGIC) 

ÅXMAnalyzer (XMPro) 

Åé 
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Three Key Observations 
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Åconformance checking to diagnose deviations 

Åsqueezing reality into the model to do model-based 

analysis 

move on 

model 

move on 

model move on model 
(harmless) 

move on 

log 

#1 Alignments are essential! 
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#2 Models are like the glasses required to 

see and understand event data! 
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#3 Process models as maps:  

Breathing life into models 
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Alignments 

Joint work with Arya Adriansyah, Boudewijn van Dongen, Elham 

Ramezani, Dirk Fahland, Massimiliano de Leoni, et al. 
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From ñplaying the token gameò to 

optimal alignments é 

a b » e g 

a b d e g 
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Another alignment  
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Moves have costs 

ÅStandard cost function: 

īc(x,») = 1 

īc(»,y) = 1 

īc(x,y) = 0, if x=y 

īc(x,y) = Ð, if xÍy 
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Any cost structure is possible 
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é send -letter(John,2 

weeks, $400)  

é 

é send -email(Sue,3  

weeks,$500)  

é 

ÅSimilar activities (more similarity implies lower 

costs). 

ÅResource conformance (done by someone that 

does not have the specified role). 

ÅData conformance (path is not possible for this 

customer).  

ÅTime conformance (missed the legal deadline) 



Using Alignments 

ÅAn optimal alignment has the 

lowest possible costs. 

ÅIf multiple alignments are 

optimal, pick one or use all. 

ÅLike an "oracle" revealing paths 

in the model. 

ÅThese paths can be used for 

further analysis! 
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ÅCan be used for quantifying 

various types conformance 

(possibly using a different 

cost function). 



Some pointers 

Å Wil M. P. van der Aalst, Arya Adriansyah, Boudewijn F. van Dongen: Replaying 

history on process models for conformance checking and performance analysis. 

Wiley Interdisc. Rew.: Data Mining and Knowledge Discovery 2(2): 182-192 (2012) 

Å Arya Adriansyah, Jorge Munoz-Gama, Josep Carmona, Boudewijn F. van Dongen, 

Wil M. P. van der Aalst: Alignment Based Precision Checking. Business Process 

Management Workshops 2012: 137-149 

Å Arya Adriansyah, Boudewijn F. van Dongen, Wil M. P. van der Aalst: Conformance 

Checking Using Cost-Based Fitness Analysis. EDOC 2011: 55-64 

Å Massimiliano de Leoni, Wil M. P. van der Aalst, Boudewijn F. van Dongen: Data- 

and Resource-Aware Conformance Checking of Business Processes. BIS 2012: 48-

59 

Å Joos C. A. M. Buijs, Boudewijn F. van Dongen, Wil M. P. van der Aalst: On the Role 

of Fitness, Precision, Generalization and Simplicity in Process Discovery. OTM 

Conferences (1) 2012: 305-322 

Å Elham Ramezani, Dirk Fahland, Wil M. P. van der Aalst: Where Did I Misbehave? 

Diagnostic Information in Compliance Checking. BPM 2012: 262-278 

Å A. Adriansyah, B.F. van Dongen, W.M.P. van der Aalst. Memory-Efficient Alignment 

of Observed and Modeled Behavior. BPM Center Report BPM-13-03, 

BPMcenter.org, 2013 
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Conformance: Taking a Step Back 



Conventional Conformance Notions 
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fitness
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generalization

precision
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ability to explain 
observed behavior

avoiding 
underfitting

hŎŎŀƳΩǎ wŀȊƻǊ

avoiding 
overfitting

lift

gravity

thrust drag

Leaving out one of these dimensions during 

discovery will lead to degenerate cases! 



Problem 
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record
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discovery

conformance 
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process 
discovery

conformance 
checking

άǳƴƪƴƻǿƴέ
άƻƴƭȅ ŜȄŀƳǇƭŜǎέ

real process 

is unknown 

event logs covers only a fraction 

of all possible behavior 

model needs to provide an abstraction: 

Murphy's Law of Process Mining 



Traditional Notions such as Precision and 

Recall do NOT Apply 
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M0

M0

M1

ideal or desired model based on 
perfect knowledge of real process

FN

TP

FPTN

descriptive or normative model 
(man-made or discovered)

L

event log

regular behavior in log 
covered by model

exceptional behavior in log 
covered by model

exceptional behavior in log 
not covered by the model

regular behavior in log not 
covered by model

Problem II: in practice it is 
unclear where this line is

Problem I: event log does 
not provide information 

about the whole universe of 
traces only a selected part



Operationalizing the Four 

Conformance dimensions 

ÅFitness (fraction of observed behavior possible according to the model). 

īMeasure at the case or event level. 

ī How to continue after a deviation (where to put the "blame"), cf. 

duplicate and silent activities. 

ÅPrecision (avoiding underfitting; fraction of allowed behavior never 

observed). 

ī Log only contains examples. 

īMetrics are e.g. based on escaping edges. 

ÅGeneralization (avoiding overfitting; probability that the next unseen 

case will not fit). 

ī Reasoning about unseen behavior, strongly related to log 

completeness. 

ÅSimplicity (Occam's Razor: the simplest of two or more competing 

theories is preferable) 

ī Easy to operationalize (e.g., number of nodes or arcs). 

īOften subjective (valuation of AND/XOR/OR-split/joins). 
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Some pointers 

Å Wil M. P. van der Aalst: Mediating Between Modeled and Observed 

Å Behavior: The Quest for the ñRightò Process. Seventh IEEE International 

Conference on Research Challenges in Information Science (RCIS 2013), (2013) 

Å Wil M. P. van der Aalst, Arya Adriansyah, Boudewijn F. van Dongen: Replaying 

history on process models for conformance checking and performance 

analysis. Wiley Interdisc. Rew.: Data Mining and Knowledge Discovery 2(2): 

182-192 (2012) 

Å Joos C. A. M. Buijs, Boudewijn F. van Dongen, Wil M. P. van der Aalst: On the 

Role of Fitness, Precision, Generalization and Simplicity in Process Discovery. 

OTM Conferences (1) 2012: 305-322 

Å Wil M. P. van der Aalst: Process Mining - Discovery, Conformance and 

Enhancement of Business Processes. Springer 2011, isbn 978-3-642-19344-6, 

pp. I-XVI, 1-352 
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Representational Bias  

in Process Mining 
(not about visualization) 

Joint work with Joos Buijs, Sander Leemans, and Boudewijn van Dongen.   



Typical Representational Bias  

Å(Labeled) Petri Nets, WF-

nets, etc. 

ÅSubsets of  

ÅBPMN diagrams,  

ÅUML Activity Diagrams, 

ÅEvent-Driven Process 

Chains (EPCs),  

ÅYAWL,  

Åetc. 

ÅTransition Systems 

Å(Hidden) Markov Models 

Åé 
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Huge Search Space When Discovering a 

Petri Net, BPMN model, and the like é 
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é with just a few interesting candidates 
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Alternative Representational Bias  

1. C-nets (XOR/AND/OR-

split/join graphs; more 

likely to be sound due to 

declarative semantics). 

2. Declare models 

(constraint based, 

grounded in LTL; 

anything is possible 

unless forbidden) 

3. Process Trees (similar to 

subsets of various 

process algebras; sound 

by structure) 
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Another Representational Bias:  

Process Trees 

ÅAlways sound because of the 

block structure 

ÅAlso Loop and OR operator 

 

 

 

 

  A (BA)* 
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Petri Net Semantics 
(used for comparison and conformance checking only) 
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é and BPMN. 

 

PAGE 60 

Exclusive Choice

Parallellism

Loop

Or Choice

Sequence



A Discovery Algorithm Using Process 

Trees: Evolutionary Tree Miner (ETM) 

ÅProcess trees as representation (= limit search space 

to "good" models). 

ÅGenetic approach (= very flexible) 

ÅFitness function uses all four criteria (= seamlessly 

balance the different "forces") 
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Population Change 
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Population i Population i+1 

Elite 

Crossover Mutation 
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Replace 



Example 
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B

C

D

E

F

A G

A = send e-mail, B = check credit,  

C = calculate capacity, D = check system,  

E = accept, F = reject, G = send e-mail 



Conventional Algorithms (1/3) 
("best effort" mapping to process trees to allow for comparison) 
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alpha miner 

ILP miner 

language-based region miner 

low fitness 

low precision 

low fitness 


