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Conformance checking 
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register travel 

request (a)

get detailed 
motivation 
letter (c)

get support 
from local 

manager (b)

check budget 
by finance (d)

decide (e)

accept 
request (g)

reject 
request (h)

reinitiate 
request (f)

start end

Case    Activity                                            Timestamp Resource

432       register travel request (a) 18-3-2014:9.15 John

432       get support from local manager (b)  18-3-2014:9.25 Mary

432       check budget by finance (d) 19-3-2014:8.55 John

432       decide (e) 19-3-2014:9.36 Sue

432       accept request (g) 19-3-2014:9.48 Mary

Play-In

Play-Out

Replay

Let's play 
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Play-Out 

register travel 

request (a)

get detailed 
motivation 
letter (c)

get support 
from local 

manager (b)

check budget 
by finance (d)

decide (e)

accept 
request (g)

reject 
request (h)

reinitiate 
request (f)

start end

Case    Activity                                            Timestamp Resource

432       register travel request (a) 18-3-2014:9.15 John

432       get support from local manager (b)  18-3-2014:9.25 Mary

432       check budget by finance (d) 19-3-2014:8.55 John

432       decide (e) 19-3-2014:9.36 Sue

432       accept request (g) 19-3-2014:9.48 Mary



Play Out: A possible scenario 
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register travel 

request (a)

get detailed 
motivation 
letter (c)

get support 
from local 

manager (b)

check budget 
by finance (d)

decide (e)

accept 
request (g)

reject 
request (h)

reinitiate 
request (f)

start end

AND-

split

XOR-

split

XOR-

join

XOR-

join

AND-

join

XOR-

split

XOR-

join

a b d e g 
Case    Activity                                                Timestamp    Resource 

432       register travel request (a)     18-3-2014:9.15    John 

432       get support from local manager (b)  18-3-2014:9.25    Mary 

432       check budget by finance (d)    19-3-2014:8.55    John 

432       decide (e)      19-3-2014:9.36    Sue 

432       accept request (g)     19-3-2014:9.48    Mary 



Play Out: Another scenario 
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register travel 

request (a)

get detailed 
motivation 
letter (c)

get support 
from local 

manager (b)

check budget 
by finance (d)

decide (e)

accept 
request (g)

reject 
request (h)

reinitiate 
request (f)

start end

a c d e h f b d e 



Play Out: Process model allows for many 

more scenarios 
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register travel 

request (a)

get detailed 
motivation 
letter (c)

get support 
from local 

manager (b)

check budget 
by finance (d)

decide (e)

accept 
request (g)

reject 
request (h)

reinitiate 
request (f)

start end

abdeg 

abcefbdeh 
adceg adbeh 

acbefbdeh 
acdefcdefbdeh 

adcefcdefbdefbdeg 
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adcefcdefbdefbdeg 
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Play-In 

register travel 

request (a)

get detailed 
motivation 
letter (c)

get support 
from local 

manager (b)

check budget 
by finance (d)

decide (e)

accept 
request (g)

reject 
request (h)

reinitiate 
request (f)

start end

Case    Activity                                            Timestamp Resource

432       register travel request (a) 18-3-2014:9.15 John

432       get support from local manager (b)  18-3-2014:9.25 Mary

432       check budget by finance (d) 19-3-2014:8.55 John

432       decide (e) 19-3-2014:9.36 Sue

432       accept request (g) 19-3-2014:9.48 Mary



Play In: 

Simple process allowing for 4 traces 
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register travel 

request (a)

get support 
from local 

manager (b)

check budget 
by finance (d)

decide (e)

accept 
request (g)

reject 
request (h)

start end

abdeg adbeg 

abdeh 

adbeh 

abdeg 
adbeg 

abdeh adbeh 

abdeh abdeh 

abdeh adbeh adbeh 



Play In:  

Process allowing for more traces  
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register travel 

request (a)

get detailed 
motivation 
letter (c)

get support 
from local 

manager (b)

check budget 
by finance (d)

decide (e)

accept 
request (g)

reject 
request (h)

reinitiate 
request (f)

start end

abdeg 

abcefbdeh 
adceg adbeh 

acbefbdeh acdefcdefbdeh adcefcdefbdefbdeg abdeg 
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acbefbdeg 

acdefcdefbdeh 

adcefcdefbdefbdeg 

abdeg 
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acdefcdefbdeh 
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No modeling needed! 
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No modeling needed! 



Example Process Discovery 
(Dutch housing agency, 208 cases, 5987 events) 
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Example process discovery for hospital 
(627 gynecological oncology patients, 24331 events)  
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Process discovery algorithms  
(small selection) 
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α algorithm 

α++ algorithm 

α# algorithm 

language-based regions 

state-based regions genetic mining 

heuristic mining 

hidden Markov models 

neural networks 

automata-based learning 

stochastic task graphs 

conformal process graph 

mining block structures 

multi-phase mining 
partial-order based mining 

fuzzy mining 

LTL mining 

ILP mining 

distributed genetic mining 

ETM genetic algorithm 
Inductive Miner (infrequent) 



Language based regions 
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a1

a2

b1

b2

d

pR

e

c1

c

f

YX

Region R = (X,Y,c) corresponding to place pR: X = {a1,a2,c1} = 

transitions producing a token for pR, Y = {b1,b2,c1} = transitions 

consuming a token from pR, and c is the initial marking of pR. 



Basic idea: enough tokens should be 

present when consuming 
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a1

a2

b1

b2

d

pR

e

c1

c

f

YX

A place is feasible if it 

can be added without 

disabling any of the 

traces in the event log. 
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Replay 
register travel 

request (a)

get detailed 
motivation 
letter (c)

get support 
from local 

manager (b)

check budget 
by finance (d)

decide (e)

accept 
request (g)

reject 
request (h)

reinitiate 
request (f)

start end

Case    Activity                                            Timestamp Resource

432       register travel request (a) 18-3-2014:9.15 John

432       get support from local manager (b)  18-3-2014:9.25 Mary

432       check budget by finance (d) 19-3-2014:8.55 John

432       decide (e) 19-3-2014:9.36 Sue

432       accept request (g) 19-3-2014:9.48 Mary



Replay 
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register travel 

request (a)

get detailed 
motivation 
letter (c)

get support 
from local 

manager (b)

check budget 
by finance (d)

decide (e)
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request (g)
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reinitiate 
request (f)

start end

a c d e g 



Replay 
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register travel 

request (a)

get detailed 
motivation 
letter (c)

get support 
from local 

manager (b)

check budget 
by finance (d)

decide (e)

accept 
request (g)

reject 
request (h)

reinitiate 
request (f)

start end

a c 

check budget 

(d) is missing! 

e g 

? 



Alignments: Relating reality and model 
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register travel 

request (a)

get detailed 
motivation 
letter (c)

get support 
from local 

manager (b)

check budget 
by finance (d)

decide (e)

accept 
request (g)

reject 
request (h)

reinitiate 
request (f)

start end

a c » e g 

a c d e g 
check budget (d) did not happen but 

should have according to the model 



Replay 
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register travel 

request (a)

get detailed 
motivation 
letter (c)

get support 
from local 

manager (b)

check budget 
by finance (d)

decide (e)

accept 
request (g)

reject 
request (h)

reinitiate 
request (f)

start end

a c d e g h 

reject request (h) 

is impossible 

? 



Alignments: Relating reality and model 
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register travel 

request (a)

get detailed 
motivation 
letter (c)

get support 
from local 

manager (b)

check budget 
by finance (d)

decide (e)

accept 
request (g)

reject 
request (h)

reinitiate 
request (f)

start end

a c h d e g 

a c » d e g 
reject request (h) happened but could 

not happen according to the model 



Any trace in reality can be related to a 

path in the model  
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register travel 

request (a)

get detailed 
motivation 
letter (c)

get support 
from local 

manager (b)

check budget 
by finance (d)

decide (e)

accept 
request (g)

reject 
request (h)

reinitiate 
request (f)

start end

a c e f d d b c e h 



Any trace in reality can be related to a 

path in the model  
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register travel 

request (a)

get detailed 
motivation 
letter (c)

get support 
from local 

manager (b)

check budget 
by finance (d)

decide (e)

accept 
request (g)

reject 
request (h)

reinitiate 
request (f)

start end

a c » e f d d b c e h 

a c d e f d » b » e h 

check is 

missing 
one check 

too many 
cannot both 

be done 
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process 

model 
event log 

synchronous 

move 

move on 

model only 

move on log 

only 



Conformance Checking  
(WOZ objections Dutch municipality, 745 objections, 9583 event, f= 0.988) 
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Replay with timestamps 

PAGE 30 

register travel 

request (a)

get detailed 
motivation 
letter (c)

get support 
from local 

manager (b)

check budget 
by finance (d)

decide (e)

accept 
request (g)

reject 
request (h)

reinitiate 
request (f)

start end

a9.15 c9.20 d9.35 e10.15 g11.30 

9.15 

9.20 

9.35 

10.15 

11.30 

5 55 

20 40 

75 



Replay with timestamps for many traces 
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register travel 

request (a)

get detailed 
motivation 
letter (c)

get support 
from local 

manager (b)

check budget 
by finance (d)

decide (e)

accept 
request (g)

reject 
request (h)

reinitiate 
request (f)

start end

frequencies 

of activities 

frequencies 

of paths 

durations of 

activities 
waiting times and 

other delays between 

activities 
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• conformance checking to diagnose deviations 

• squeezing reality into the model to do model-based 

analysis 

Alignments are essential! 



Example: BPI Challenge 2012 
(Dutch financial institute, doi:10.4121/uuid:3926db30-f712-4394-aebc-75976070e91f)  
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“O_DECLINED” and “W_Wijzigen 
contractgegevens” are often skipped

Many moves on log of 
“O_CANCELLED”,

”O_CREATED”,
”O_SELECTED”, 

“O_SENT” occurred 
with the same 

frequency value (i.e. 
60) before parallel 

branch

Many moves on log of 
“W_Afhandelen 
leads” ( > 2200 times) 
occurred in the end of 
traces

Loops of “W_Completeren aanvraag” and 
“W_Nabellen offertes” are often performed

Work of Arya Adriansyah (Replay project)  
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“O_DECLINED” and “W_Wijzigen 
contractgegevens” are often skipped

Many moves on log of 
“O_CANCELLED”,

”O_CREATED”,
”O_SELECTED”, 

“O_SENT” occurred 
with the same 

frequency value (i.e. 
60) before parallel 

branch

Many moves on log of 
“W_Afhandelen 
leads” ( > 2200 times) 
occurred in the end of 
traces

Loops of “W_Completeren aanvraag” and 
“W_Nabellen offertes” are often performed

Synchronous moves of 
“Completeren aanvraag”

Move on log of “Completeren aanvraag”

Moves on model towards end of traces

Move on log of “O_CANCELLED” and “A_CANCELLED”

Auditor's toolbox 
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“O_ACCEPTED” has average sojourn time of 27.07 minutes, 
while “A_REGISTERED”, ”A_ACTIVATED”, and 

“A_APPROVED” have average sojourn time of 29.56 minutes

Activity “W_Wijzigen contractgegevens” is the 
bottleneck, but it occured rarely (only 4 times)

The average waiting time for the input place of 
“W_Nabellen offertes+START” is very long (2.83 days) 
compares to the average waiting time of other places

Business analyst's 

toolbox 



Software 



 

600+ plug-ins available covering the 

whole process mining spectrum 





Disco 
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Overview: Role of process models 
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software 

system

(process)

model

event

logs

models

analyzes

discovery

records 

events, e.g., 

messages, 

transactions, 

etc.

specifies 

configures 

implements

analyzes

supports/

controls

enhancement

conformance

“world”

people machines

organizations

components

business

processes

Play-Out 

Play-In 

Replay 



decomposed/distributed 

process mining 



 

data 
Big data 



 

http://www.multivu.com/assets/58095/photos/Data-is-the-new-oil-infographic-Nigel-Holmes-2012-from-The-Human-Face-of-Big-Data-original.jpg 



What if? 
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book car

c
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insurance

d
change 

booking

e

confirm initiate 

check-in

j

check driver’s 

license

k

charge credit 

card

i

select car

g

supply 

car

in

a

b

skip extra

insurance

f

h

add extra 

insurance

skip extra 

insurance

l

out

c1 c2

c3

c4

c5

c6

c7

c8

c9

c10

c11

acefgijkl

acddefhkjil

abdefjkgil

acdddefkhijl

acefgijkl

abefgjikl

...

process
discovery

conformance 
checking

there are more than 

1000 different 

activities? 

there are more 

than 1.000.000 

cases? 

there are more 

than 100.000.000 

events? 



Decompose event log!  
vertical or horizontal 
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sets of 

cases 

sets of 

activities 



Vertical distribution: Split cases 
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abcdeg
abdcefbcdeg

abdceg
abcdefbcdeg
abdcefbdceg
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sets of 

cases 



Horizontal distribution 
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sets of 
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{a,b,e,f,g} 

{b,c,d,e} {a,b,e,f,g} 

{b,c,d,e} 



Horizontal distribution: The key idea 
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c1in
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projected on 

{a,b,e,f,g} 

projected on 

{b,c,d,e} 



Two foundational ways of spitting event 

data: horizontal or vertical 
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A

start complete

G

B

C

D

E

F

1: ACDEG
2: BCFG
3: BCFG

4: ACEDG
5: ACFG

6: ACEDG
7: BCEDG
8: BCDEG

1: AC
2: BC
3: BC
4: AC
5: AC
6: AC
7: BC
8: BC

A

G

B

C

D

E

FC

1: CDEG
2: CFG
3: CFG

4: CEDG
5: CFG

6: CEDG
7: CEDG
8: CDEG

split 

horizontally

A C F G

B C F G

B C

D

G

E

A C

D

G

E

1: ACDEG
4: ACEDG
6: ACEDG

7: BCEDG
8: BCDEG

5: ACFG

2: BCFG
3: BCFG

merge 

horizontally

split 

vertically

merge 

vertically





Decomposing Conformance Checking 
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SN
process
model

L
event log

decomposition 
technique

conformance
checking 

technique

M1

submodel

L1
sublog

conformance 
check

M2

submodel

L2
sublog

conformance 
check

Mn

submodel

Ln
sublog

conformance 
check

conformance diagnostics

decompose 
model

decompose 
event log

e.g., maximal decomposition, passage-based 
decomposition, or SESE/RPST-based decomposition

e.g., A* based alignments, token-based replay, or 
simple replay until first deviation

yields a (valid) activity partitioning

See "divide and conquer" 

framework by Eric Verbeek. 



Example of a valid decomposition 
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a

start t1

SN
1

a

c

e

c2

t1

t4

t6SN
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a
b

d

e

c1 c3
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t2

t3
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d

g

h
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c5
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t5

t6

t7 t8

t9

t10
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c

d

c4

t4

t5

SN
4

g

h

end

f

t8

t9

t10

t11
c8

c9

SN
6

a

start

b

c

d

g

h

e

end

c1

c2

c3

c4

c5t1

f

t2

t3

t4

t5

t6

t7 t8

t9

t10

t11

c6

c7 c8

c9

Log can be split in the same way! 



Example of an alignment for observed 

trace a,b,c,d,e,c,d,g,f 
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a

start

b

c

d

g

h

e

end

c1

c2

c3

c4

c5t1

f

t2

t3

t4
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t6

t7 t8

t9

t10

t11

c6

c7 c8
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a

start t1

SN
1

a

c

e

c2

t1

t4

t6SN
3

a
b

d

e

c1 c3

t1

t2

t3

t5

t6

SN
2

d

g

h

e

c5

f

t5

t6

t7 t8

t9

t10

c6

c7

SN
5

c

d

c4

t4

t5

SN
4

g

h

end

f

t8

t9

t10

t11
c8

c9

SN
6

Etc. 

a,b,c,d,e,c,d,g,f 



Conformance checking can be 

decomposed !!! 

• General result for any valid decomposition: Any 

event log or trace is perfectly fitting the overall 

model if and only if it is also fitting all the individual 

fragments 
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a

start

b

c

d

g

h
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end
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end
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Wil van der Aalst, Decomposing Petri nets for process mining: 

A generic approach. Distributed and Parallel Databases, 

Volume 31,  Issue 4, pp 471-507, 2013 



Example  
(work with Jorge Munoz-Gama and Josep Carmona) 
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prFm6 



Decomposing Process Discovery 
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M
process
model

L
event log

decomposition 
technique

process 
discovery
technique

M1

submodel

L1
sublog

discovery

M2

submodel

L2
sublog

Mn

submodel

Ln
sublog

compose 
model

decompose 
event log

discovery discovery

e.g., causal graph based on frequencies is 
decomposed using passages or SESE/RPST

e.g., language/state-based region discovery, 
variants of alpha algorithm, genetic process mining

yields a (valid) activity partitioning

See "divide and conquer" 

framework by Eric Verbeek. 



conclusion 
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Process mining: mediating between 

modeled and observed behavior 

Decomposition as a way to deal 

with "Big" process mining tasks 

Learn more? 

Many challenges, e.g., 

process discovery  
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www.processmining.org 
 

www.win.tue.nl/ieeetfpm/ 



Process Mining: Data Science in Action 
https://www.coursera.org/course/procmin 

data 
mining

process
mining

visualization

data 
science

behavioral/
social

sciences

domain
knowledge

machine 
learning

large scale 
distributed
computing

statistics industrial
engineering

databases

business 
process 

intelligence

stochastics

privacy

algorithms

visual 
analytics

First Massive Open 

Online Course (MOOC) 

on Process Mining 


