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No negative examples 
(cannot see what cannot happen) Log contains only a 

fraction of possible traces
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compensation

pay 
compensation

a
register 

request

b d
check
ticket

decide reject 
request

e h

a
register 

request

d b
check
ticket

decide reject 
request

e h

a b d
check
ticket

decide

e g
register 

request

pay 
compensation

examine 
thoroughly

examine 
thoroughly

examine 
thoroughly

… (all 21 variants seen in the log)

Overfitting model
acdeh

abdeg

adceh

abdeh

acdeg

adceg

adbeh

acdefdbeh

adbeg

acdefbdeh

acdefbdeg

acdefdbeg

adcefcdeh

adcefdbeh

adcefbdeg

acdefbdefdbeg

adcefdbeg

adcefbdefbdeg

adcefdbefbdeh

adbefbdefdbeg

adcefdbefcdefdbeg

455

191

177

144

111

82

56

47

38

33

14

11

9

8

5

3

2

2

1

1

1

# trace

1391

fitness
(observed behavior fits)

simplicity
("Occam's razor")

precision
(avoiding underfitting)

generalization
(avoiding overfitting)



a
start register 

request

c
examine 
casually

d
check
ticket

decide reject 
request

e h
end

a
register 

request

d
examine 
casually

c
check
ticket

decide reject 
request

e h

a c
examine 
casually

d
check
ticket

decide

e g

a d
examine 
casually

c
check
ticket

decide

e g

register 

request

register 

request
pay 

compensation

pay 
compensation

a
register 

request

b d
check
ticket

decide reject 
request

e h

a
register 

request

d b
check
ticket

decide reject 
request

e h

a b d
check
ticket

decide

e g
register 

request

pay 
compensation

examine 
thoroughly

examine 
thoroughly

examine 
thoroughly

… (all 21 variants seen in the log)

overfitting



What is the best model?

a,c,e77

b,c,d92
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c

eb

Fitness: good or bad?



What is the best model?

a,c,e77

b,c,d92

a d

c

eb

Fitness: bad!

both traces do not fit …
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eb

Precision: good or bad?



What is the best model?

a,c,d77

b,c,e92

a d

c

eb

Precision: good!

not underfitting…



What is the best model?

a,c,d77

b,c,e92

a dc

eb

Precision: good or bad?



What is the best model?

a,c,d77

b,c,e92

a dc

eb

Precision: bad!

underfitting (allows for highly unlikely behavior) …



What is the best model?

a d

c

eb

a,c,d1

a,c,e1

b,c,e2

b,c,d1

Generalization: good or bad?



What is the best model?

a d

c

eb

a,c,d1

a,c,e1

b,c,e2

b,c,d1

Generalization: bad!

risk of overfitting on 5 example traces …



What is the best model?

a d

c

eb

a,c,d99

a,c,e50

b,c,e85

b,c,d48

Generalization: good or bad?



What is the best model?

a d

c

eb

a,c,d99

a,c,e50

b,c,e85

b,c,d48

Generalization: good!

not overfitting…



What is the best model?

a,c16

a,b,c8

a,b,b,c4

a,b,b,b,c2

a,b,b,b,b,c1

a b b b b c

a b b b c

a b b c

a b c

a c

Simplicity: good or bad?



What is the best model?

a,c16

a,b,c8

a,b,b,c4

a,b,b,b,c2

a,b,b,b,b,c1

a b b b b c

a b b b c

a b b c

a b c

a c

Simplicity: bad!

too complex/specific…



What is the best model?

a,c16

a,b,c8

a,b,b,c4

a,b,b,b,c2

a,b,b,b,b,c1

a c

b

Simplicity: good or bad?



What is the best model?

a,c16

a,b,c8

a,b,b,c4

a,b,b,b,c2

a,b,b,b,b,c1

a c

b

Simplicity: good!
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Four Forces

lift

gravity

dragthrust

fitness
(ability to explain observed behavior)

simplicity
("Occam's razor")

precision
(avoiding underfitting)

generalization
(avoiding overfitting)
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Characteristics

1. Representational bias (class of target models)

2. Ability to deal with noise/infrequent/incomplete 

behavior

3. Formal guarantees (in the limit, rediscoverability)

4. Scalability

5. Approach used:
− Direct algorithmic (alpha-family, heuristic/fuzzy miner)

− Region-based (language/state-based)

− Generic/evolutionary 

− Inductive  



Inductive mining
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Process trees (to ensure soundness) 



©Wil van der Aalst & TU/e (use only with permission & acknowledgements) 

Process trees (semantics) 
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Process trees (semantics) 
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Split event logs based on activity labels

abdef

acdef

adbef

adcef

abdeg

acdeg

adbeg

adceg
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Split {a,b,c,d,e,f,g,h} into {a,b,c,d} and {e,f,g} 

using sequence decomposition

abdef

acdef

adbef

adcef

abdeg

acdeg

adbeg

adceg
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Result

abd

acd

adb

adc

abd

acd

adb

adc

ef

ef

ef

ef

eg

eg

eg

eg

abdef

acdef

adbef

adcef

abdeg

acdeg

adbeg

adceg
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Split {a,b,c,d} into {a} and {b,c,d} using 

sequence decomposition

abd

acd

adb

adc

abd

acd

adb

adc

ef

ef

ef

ef

eg

eg

eg

eg
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Result

bd

cd

db

dc

bd

cd

db

dc

ef

ef

ef

ef

eg

eg

eg

eg

a

a

a

a

a

a

a

a
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Split {e,f,g} into {e} and {f,g} using sequence 

decomposition

bd

cd

db

dc

bd

cd

db

dc

ef

ef

ef

ef

eg

eg

eg

eg

a

a

a

a

a

a

a

a



©Wil van der Aalst & TU/e (use only with permission & acknowledgements) 

Result

bd

cd

db

dc

bd

cd

db

dc

e

e

e

e

e

e

e

e

a

a

a

a

a

a

a

a

f

f

f

f

g

g

g

g
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Split {f,g} into {f} and {g} using XOR 

decomposition

bd

cd

db

dc

bd

cd

db

dc

e

e

e

e

e

e

e

e

a

a

a

a

a

a

a

a

f

f

f

f

g

g

g

g
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Result

bd

cd

db

dc

bd

cd

db

dc

e

e

e

e

e

e

e

e

a

a

a

a

a

a

a

a

f

f

f

f

g

g

g

g
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Split {b,c,d} into {b,c} and {d} using AND 

decomposition

bd

cd

db

dc

bd

cd

db

dc

e

e

e

e

e

e

e

e

a

a

a

a

a

a

a

a

f

f

f

f

g

g

g

g
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Result

d

d

d

d

d

d

d

d

e

e

e

e

e

e

e

e

a

a

a

a

a

a

a

a

f

f

f

f

g

g

g

g

b

c

b

c

b

c

b

c
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Split {b,c} into {b} and {c} using XOR 

decomposition

d

d

d

d

d

d

d

d

e

e

e

e

e

e

e

e

a

a

a

a

a

a

a

a

f

f

f

f

g

g

g

g

b

c

b

c

b

c

b

c



©Wil van der Aalst & TU/e (use only with permission & acknowledgements) 

Result

d

d

d

d

d

d

d

d

e

e

e

e

e

e

e

e

a

a

a

a

a

a

a

a

b

b

b

b

c

c

c

c

…

no further decomposition is possible
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Process tree

a
start

b

c

d

e

f

g
end

a
c

b

d
e

f

gstart end

a

d

f

e

abdef
acdef
adbef
adcef
abdeg
acdeg
adbeg
adceg

abd
acd
adb
adc

ef
eg

bd
cd
db
dc

b
c

g

b c

f
g
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An example log (6 traces, 23 events)

3x abcd

2x acbd

1x aed
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How to split this event log?

?

3x abcd

2x acbd

1x aed
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How to split this event log?

?a d

3x abcd

2x acbd

1x aed

6x a
6x d

3x bc

2x cb

1x e
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How to split this event log?

?

a

e

d

3x abcd

2x acbd

1x aed

6x a
6x d

1x e3x bc

2x cb

1x e
3x bc

2x cb
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Final result

a

e

d

3x abcd

2x acbd

1x aed

6x a
6x d

1x e3x bc

2x cb

1x e
3x bc

2x cb

cb
5x b 5x c
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In ProM

a

e

d

3x abcd

2x acbd

1x aed

6x a
6x d

1x e3x bc

2x cb

1x e
3x bc

2x cb

cb
5x b 5x c
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Example log with loops  (13 traces, 80 events)

3x abcd

4x acbd

2x abcefbcd

2x acbefbcd

1x abcefcbd

1x acbefbcefcbd
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How to split this event log?

3x abcd

4x acbd

2x abcefbcd

2x acbefbcd

1x abcefcbd

1x acbefbcefcbd

?
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How to split this event log?

3x abcd

4x acbd

2x abcefbcd

2x acbefbcd

1x abcefcbd

1x acbefbcefcbd

?a d

13x a

13x d

3x bc

4x cb

2x bcefbc

2x cbefbc

1x bcefcb

1x cbefbcefcb
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How to split this event log?

3x abcd

4x acbd

2x abcefbcd

2x acbefbcd

1x abcefcbd

1x acbefbcefcbd

?

a d

?

13x a

13x d

3x bc

4x cb

2x bcefbc

2x cbefbc

1x bcefcb

1x cbefbcefcb
11x bc

9x cb

7x ef
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Result

3x abcd

4x acbd

2x abcefbcd

2x acbefbcd

1x abcefcbd

1x acbefbcefcbd

a d

cb fe

13x a

13x d

3x bc

4x cb

2x bcefbc

2x cbefbc

1x bcefcb

1x cbefbcefcb
11x bc

9x cb

7x ef

20x b 20x c 7x e 7x f
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In ProM

3x abcd

4x acbd

2x abcefbcd

2x acbefbcd

1x abcefcbd

1x acbefbcefcbd

a d

cb fe

13x a

13x d

3x bc

4x cb

2x bcefbc

2x cbefbc

1x bcefcb

1x cbefbcefcb
11x bc

9x cb

7x ef

20x b 20x c 7x e 7x f
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How to cut the event log?

...

exclusive-choice cut sequence cut parallel cut redo-loop cut

... ... ...

A1

A2

An
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How to cut the event log?

...

exclusive-choice cut
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How to cut the event log?

sequence cut

...
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How to cut the event log?

parallel cut

...
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How to cut the event log?

redo-loop cut

...



More info


