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repair
"paving the cow paths"
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Repairing a model based on event data
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No need to repair
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Repair model or influence reality ???
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`
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Repaired model
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Metaphor: Improving passageways
(what are the minimal changes in m2 asphalt) 
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Assume the following replay results
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Repaired model
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Original model is like a 5th force
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extending process 

models with additional 

perspectives
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Process are not just about control-flow!
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Attributes in event logs

PAGE 12

As discussed before:

− A process consists 

of cases.

− A case consists of 

events such that 

each event relates to 

precisely one case.

− Events within a case 

are ordered.

− Events can have 

attributes. 

− Examples of typical 

attribute names are 

activity, time, costs, 

and resource.
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Cases may also have attributes
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Extending process models using 

event data

PAGE 14

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

processesthe initial 

process model 

is made by 

hand or 

discovered from 

the event log
events have 

attributes 

relating to 

various 

perspectives  

conformance checking is 

used to relate the initial 

model and event log 

1

2

3

4

the model is extended using the 

additional information in the 

event log

5

integrated model 

showing multiple 

perspectives



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

Extending process models using 

event data

PAGE 14

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

processesthe initial 

process model 

is made by 

hand or 

discovered from 

the event log
events have 

attributes 

relating to 

various 

perspectives  

conformance checking is 

used to relate the initial 

model and event log 

1

2

3

4

the model is extended using the 

additional information in the 

event log

5

integrated model 

showing multiple 

perspectives



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

Extending process models using 

event data

PAGE 14

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

processesthe initial 

process model 

is made by 

hand or 

discovered from 

the event log
events have 

attributes 

relating to 

various 

perspectives  

conformance checking is 

used to relate the initial 

model and event log 

1

2

3

4

the model is extended using the 

additional information in the 

event log

5

integrated model 

showing multiple 

perspectives



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

Extending process models using 

event data

PAGE 14

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

processesthe initial 

process model 

is made by 

hand or 

discovered from 

the event log
events have 

attributes 

relating to 

various 

perspectives  

conformance checking is 

used to relate the initial 

model and event log 

1

2

3

4

the model is extended using the 

additional information in the 

event log

5

integrated model 

showing multiple 

perspectives



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

Extending process models using 

event data

PAGE 14

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

processesthe initial 

process model 

is made by 

hand or 

discovered from 

the event log
events have 

attributes 

relating to 

various 

perspectives  

conformance checking is 

used to relate the initial 

model and event log 

1

2

3

4

the model is extended using the 

additional information in the 

event log

5

integrated model 

showing multiple 

perspectives



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

Extending process models using 

event data

PAGE 14

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

processesthe initial 

process model 

is made by 

hand or 

discovered from 

the event log
events have 

attributes 

relating to 

various 

perspectives  

conformance checking is 

used to relate the initial 

model and event log 

1

2

3

4

the model is extended using the 

additional information in the 

event log

5

integrated model 

showing multiple 

perspectives



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

replay revisited
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Connecting events to model elements is 

essential for model extension

PAGE 16

event log process model

Play-In

event logprocess model

Play-Out

event log process model

Replay

· extended model 

showing times, 

frequencies, etc.

· diagnostics

· predictions

· recommendations
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Connected event log and model 

through replay or alignments

PAGE 17

...
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trace in the event log is related to a path in the model
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When there are deviation we need to 

squeeze reality into the model

• Traces may not perfectly fit the model. 

• Often we cannot throw non-fitting traces (loosing 

most of the data and/or introducing a hidden bias).

• Conformance checking techniques help us to map 

traces onto the "nearest" path in the model. 

PAGE 21
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In the remainder we assume that through 

prepressing model and log are aligned

PAGE 22



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

In the remainder we assume that through 

prepressing model and log are aligned
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Assumption: every complete trace 

corresponds to a complete path 

through the model.
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mining decision 

points
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Guards ensure that the right path is taken
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If red then B+C;

If blue then E;
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Decision mining: places with multiple 

output arcs form decision points

PAGE 27
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e

g
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f

end

c1
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decision 

point #1

decision 

point #2

In other notations often specific building blocks, e.g., XOR/OR gateways.
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Remember: 

classification using decision trees

• Response variable (dependent variable): 

claim (yes/no).

• Predictor variables (independent variables): 

gender, age, smoker, car brand. 

PAGE 28

gender age smoker car brand claim
female 47 yes Volvo no
male 31 no Alfa Romeo yes
male 59 no Alfa Romeo yes
male 28 no Fiat no
male 44 no BMW no

female 27 no Fiat no
male 29 no Subaru no
male 44 yes Subaru yes
male 39 no BMW no
male 35 no Subaru yes
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gender age smoker car brand claim
female 47 yes Volvo no
male 31 no Alfa Romeo yes
male 59 no Alfa Romeo yes
male 28 no Fiat no
male 44 no BMW no

female 27 no Fiat no
male 29 no Subaru no
male 44 yes Subaru yes
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male 35 no Subaru yes

Goal: explain 

response variable 

in terms of 

relevant predictor 

variables.
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Creating a classification problem
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Example: XOR-split

PAGE 31

x

y

z

type region amount activity

gold south 987.30 z

type=gold and 

amount<500

type=silver or 

amount≥500

silver north 178.70 z

gold south 211.50 y

silver west 587.70 z

x

y

z

type=gold and 

amount<500

type=silver or 

amount≥500

x

y

z

type=gold and 

amount<500

type=silver or 

amount≥500

silver east 224.70 z

silver south 278.50 z

gold north 488.50 y

silver west 443.20 z

silver south 673.70 z

gold west 413.50 y

silver south 687.70 z

gold south 987.30 z

silver north 378.80 z

gold south 314.50 y

silver north 537.70 z

silver west 158.70 z

gold east 344.50 y

... ... ... ...

A classification technique like 

decision tree learning can be 

used to find such rules: 

explain response variable 

(dependent variable) in terms 

of predictor variables

(independent variables). 

What are the “features” 

(predictor variables)  

influencing the 

decision?
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Example: OR-split 
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x

y

z

type region amount activity

gold south 987.30 y and z

type=gold or 

amount<500

type=silver or 

amount≥500

silver north 178.70 y and z

gold south 211.50 just y

silver west 587.70 just z

x

y

z

type=gold or 

amount<500

type=silver or 

amount≥500

silver east 224.70 y and z

silver south 278.50 y and z

gold north 488.50 just y

silver west 443.20 y and z

silver south 673.70 just z

... ... ... ...

Response variable (dependent variable)  is now 

an activity set rather than a single activity.

Replay/ 

alignment will 

tell what the 

value of the 

response 

variable is.
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Predictor variables based on process 

instance only

• Case variables

• Attributes (data, resource, etc.) of all past events

• Attributes (data, resource, etc.) of last event only

• Attributes (data, resource, etc.) of all events 

(including future).

PAGE 33

a b c d c d c d e  f a g h h h i

past future

decision point

past and future

trace:
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Predictor variables based on context of 

the process instance

PAGE 34

instance 

context

e.g. size of order or 

type of customer

process context

social context

external context

e.g., number of resources 

allocated to process, number 

of cases in progress

e.g., prioritization over different 

processes, social network, 

stress levels, internal 

competition 

e.g., weather, economic 

climate, seasonal effects, 

changes in legislation

expanding scope (more instances, 

more processes, etc.)

a more direct relationship

between cause and effect

• Number of cases 

running (e.g. skip 

check if busy).

• Number of resources 

present.

• Day of the week.

• Weather.
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Predictor variables based on context of 

the process instance

PAGE 34

instance 

context

e.g. size of order or 

type of customer

process context

social context

external context

e.g., number of resources 

allocated to process, number 

of cases in progress

e.g., prioritization over different 

processes, social network, 

stress levels, internal 

competition 

e.g., weather, economic 

climate, seasonal effects, 

changes in legislation

expanding scope (more instances, 

more processes, etc.)

a more direct relationship

between cause and effect

• Number of cases 

running (e.g. skip 

check if busy).

• Number of resources 

present.

• Day of the week.

• Weather.

Problem: curse of 

dimensionality!
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Question: Build classification problem to 

learn the decision point
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a

start register 

request

b

examine 
thoroughly

c

examine 
casually

d

check ticket

decide

pay 
compensation

reject 
request

reinitiate 
request

e

g

h

f

end

c1

c2

c3

c4

c5

decision 

point

case activity resour

ce

time custom

er

amoun

t

1 a John 8.11 silver 500

2 a Mary 8.12 gold 800

2 d Sue 8.32 gold 800
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Question: Build classification problem to 

learn the decision point

PAGE 35

a

start register 

request

b

examine 
thoroughly

c

examine 
casually

d

check ticket

decide

pay 
compensation

reject 
request

reinitiate 
request

e

g

h

f

end

c1

c2

c3

c4

c5

decision 

point
case activity resour

ce

time custom

er

amoun

t

1 a John 8.11 silver 500

2 a Mary 8.12 gold 800

2 d Sue 8.32 gold 800

1 b John 9.12 silver 500

3 a John 9.45 silver 300

3 c Mary 9.56 silver 300

1 d John 9.45 silver 500

2 c Mary 9.56 gold 800

3 d Mary 10.43 silver 300

4 a John 11.34 gold 850

4 c John 11.57 gold 850

… … … … … …
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Question: Build classification problem to 

learn the decision point
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a

start register 

request

b

examine 
thoroughly

c

examine 
casually

d

check ticket

decide

pay 
compensation

reject 
request

reinitiate 
request

e

g

h

f

end

c1

c2

c3

c4

c5

case activity resour

ce

time custom

er

amoun

t

1 a John 8.11 silver 500

2 a Mary 8.12 gold 800

2 d Sue 8.32 gold 800

1 b John 9.12 silver 500

3 a John 9.45 silver 300

3 c Mary 9.56 silver 300

1 d John 9.45 silver 500

2 c Mary 9.56 gold 800

3 d Mary 10.43 silver 300

4 a John 11.34 gold 850

4 c John 11.57 gold 850

… … … … … …
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Classification problem (example, not all 

possible attributes included)
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a

start register 

request

b

examine 
thoroughly

c

examine 
casually

d

check ticket

decide

pay 
compensation

reject 
request

reinitiate 
request

e

g

h

f

end

c1

c2

c3

c4

c5

case activity resour

ce

time custom

er

amoun

t

1 a John 8.11 silver 500

2 a Mary 8.12 gold 800

2 d Sue 8.32 gold 800

1 b John 9.12 silver 500

3 a John 9.45 silver 300

3 c Mary 9.56 silver 300

1 d John 9.45 silver 500

2 c Mary 9.56 gold 800

3 d Mary 10.43 silver 300

4 a John 11.34 gold 850

4 c John 11.57 gold 850

… … … … … …

case resource 

executing a

customer amount class

1 John silver 500 b

2 Mary gold 800 c

3 John silver 300 b

4 John gold 850 c

… … … … …



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

Decision tree and resulting guards
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a

start register 

request

b

examine 
thoroughly

c

examine 
casually

d

check ticket

decide

pay 
compensation

reject 
request

reinitiate 
request

e

g

h

f

end

c1

c2

c3

c4

c5

[customer = silver]

[customer = gold]

case resource

executing a

customer amount class

1 John silver 500 b

2 Mary gold 800 c

3 John silver 300 b

4 John gold 850 c

… … … … …

customer

c

(50/5)

gold silver
#b=5

#c=45

b

(100/5)

#b=95

#c=5

b

(150/50)
#b=100

#c=50

split on attribute 

customer
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Question: create guards based on 

decision tree 

PAGE 39

examination
NOK

amount

> 450

≤ 950

OK

 > 950 

h (reject)

(30/1)

g (pay)

(60/10)

f (reinit)

(50/20)

resource 

executing e

 ≤ 450 

= John 

h (reject)

(20/0)

  ≠ John 

g (pay)

(60/25)

real values

#f: 5 (reinit)

#g: 50 (pay)

#h: 5 (reject)

real values

#f: 10 (reinit)

#g: 35 (pay)

#h: 15 (reject)

real values

#f: 0 (reinit)

#g: 0 (pay)

#h: 20 (reject)

real values

#f: 30 (reinit)

#g: 10 (pay)

#h: 10 (reject)

real values

#f: 0 (reinit)

#g: 1 (pay)

#h: 29 (reject)

a

start register 

request

b

examine 
thoroughly

c

examine 
casually

d

check ticket

decide

pay 
compensation

reject 
request

reinitiate 
request

e

g

h

f

end

c1

c2

c3

c4

c5

assume that this 

decision tree 

was learned for 

decision point
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Deterministic guards
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examination
NOK

amount

> 450

≤ 950

OK

 > 950 

h (reject)

(30/1)

g (pay)

(60/10)

f (reinit)

(50/20)

resource 

executing e

 ≤ 450 

= John 

h (reject)

(20/0)

  ≠ John 

g (pay)

(60/25)

real values

#f: 5 (reinit)

#g: 50 (pay)

#h: 5 (reject)

real values

#f: 10 (reinit)

#g: 35 (pay)

#h: 15 (reject)

real values

#f: 0 (reinit)

#g: 0 (pay)

#h: 20 (reject)

real values

#f: 30 (reinit)

#g: 10 (pay)

#h: 10 (reject)

real values

#f: 0 (reinit)

#g: 1 (pay)

#h: 29 (reject)

a

start register 

request

b

examine 
thoroughly

c

examine 
casually

d

check ticket

decide

reject 
request

reinitiate 
request

e

g

h

f

end

c1

c2

c3

c4

c5

[(examination = NOK) OR 

((resource executing e =  John) AND

 (450 < amount ≤  950)]

[(examination = OK) AND 

(amount > 950)]

[(examination = OK) AND ((amount <= 450) OR 

((amount ≤  950) AND (resource executing e ≠  John)))]

pay 
request
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Non-deterministic guards
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examination
NOK

amount

> 450

≤ 950

OK

 > 950 

h (reject)

(30/1)

g (pay)

(60/10)

f (reinit)

(50/20)

resource 

executing e

 ≤ 450 

= John 

h (reject)

(20/0)

  ≠ John 

g (pay)

(60/25)

real values

#f: 5 (reinit)

#g: 50 (pay)

#h: 5 (reject)

real values

#f: 10 (reinit)

#g: 35 (pay)

#h: 15 (reject)

real values

#f: 0 (reinit)

#g: 0 (pay)

#h: 20 (reject)

real values

#f: 30 (reinit)

#g: 10 (pay)

#h: 10 (reject)

real values

#f: 0 (reinit)

#g: 1 (pay)

#h: 29 (reject)

a

start register 

request

b

examine 
thoroughly

c

examine 
casually

d

check ticket

decide

reject 
request

reinitiate 
request

e

g

h

f

end

c1

c2

c3

c4

c5

[(examination = NOK) OR 

(amount > 450)]

[(examination = OK) AND 

((amount > 950) OR ((amount > 450) 

AND (resource executing e ≠  John)))]

[(examination = OK) AND ((amount ≤  450) OR 

(amount >  950) OR (resource executing e ≠ John)))]

pay 
request
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Non-deterministic guards
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examination
NOK

amount

> 450

≤ 950

OK

 > 950 

h (reject)

(30/1)

g (pay)

(60/10)

f (reinit)

(50/20)

resource 

executing e

 ≤ 450 

= John 

h (reject)

(20/0)

  ≠ John 

g (pay)

(60/25)

real values

#f: 5 (reinit)

#g: 50 (pay)

#h: 5 (reject)

real values

#f: 10 (reinit)

#g: 35 (pay)

#h: 15 (reject)

real values

#f: 0 (reinit)

#g: 0 (pay)

#h: 20 (reject)

real values

#f: 30 (reinit)

#g: 10 (pay)

#h: 10 (reject)

real values

#f: 0 (reinit)

#g: 1 (pay)

#h: 29 (reject)

a

start register 

request

b

examine 
thoroughly

c

examine 
casually

d

check ticket

decide

reject 
request

reinitiate 
request

e

g

h

f

end

c1

c2

c3

c4

c5

[(examination = NOK) OR 

(amount > 450)]

[(examination = OK) AND 

((amount > 950) OR ((amount > 450) 

AND (resource executing e ≠  John)))]

[(examination = OK) AND ((amount ≤  450) OR 

(amount >  950) OR (resource executing e ≠ John)))]

pay 
request

green = 

(almost) 

consensus

red= no 

consensus
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Data-dependent probabilities rather 

than guards
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examination
NOK

amount

> 450

≤ 950

OK

 > 950 

h (reject)

(30/1)

g (pay)

(60/10)

f (reinit)

(50/20)

resource 

executing e

 ≤ 450 

= John 

h (reject)

(20/0)

  ≠ John 

g (pay)

(60/25)

real values

#f: 5 (reinit)

#g: 50 (pay)

#h: 5 (reject)

real values

#f: 10 (reinit)

#g: 35 (pay)

#h: 15 (reject)

real values

#f: 0 (reinit)

#g: 0 (pay)

#h: 20 (reject)

real values

#f: 30 (reinit)

#g: 10 (pay)

#h: 10 (reject)

real values

#f: 0 (reinit)

#g: 1 (pay)

#h: 29 (reject)

a

start register 

request

b

examine 
thoroughly

c

examine 
casually

d

check ticket

decide

reject 
request

reinitiate 
request

e

g

h

f

end

c1

c2

c3

c4

c5

pay 
request

p1 =  if examination = NOK 

          then 1/30

          else if amount ≤ 450

                 then 50/60

                 else if amount > 950

                         then 10/50

                         else if resource executing a = John

                                 then 0/20

                                 else 35/60

p1 

p2 
p3 

p2 =  if examination = NOK 

          then 29/30

          else if amount ≤ 450

                 then 5/60

                 else if amount > 950

                         then 10/50

                         else if resource executing a = John

                                 then 20/20

                                 else 15/60

p3 =  if examination = NOK 

          then 0/30

          else if amount ≤ 450

                 then 5/60

                 else if amount > 950

                         then 30/50

                         else if resource executing a = John

                                 then 0/20

                                 else 10/60
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So we can mine decision points …

PAGE 43
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mining bottlenecks
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Learning time and probabilities

• Replay, as before, but now considering timestamps.

• Let us replay the first three cases in the event log:

− case 1 starts at time 12 and ends at time 54, 

− case 2 starts at time 17 and ends at time 73, 

− case 3 starts at time 25 and ends at time 98.

PAGE 45



©Wil van der Aalst TU/e (use only with permission & acknowledgements) 
PAGE 46

a
start register 

request

b
examine 

thoroughly

c
examine 
casually

d

check ticket

decide

pay 
compensation

reject 
request

reinitiate 
request

e

g

h

f

end

p3p1

p2 p4

p5

1,c:191,s:12

2,c:232,s:17

3,c:303,s:25

1,c:321,s:25

3,c:653,s:60

2,c:382,s:30

3,c:353,s:32

1,c:331,s:26

2,c:322,s:28

3,c:403,s:35

3,c:673,s:62

3,c:553,s:50

1,c:401,s:35

2,c:592,s:50

3,c:503,s:45

3,c:873,s:80

1,c:541,s:50

2,c:732,s:70

3,c:983,s:90

1:6

2:7

3:2

3:5

1:10

2:11

3:0

3:3

1:3

2:12

3:10

3:15

1:7

2:5

3:5

3:7

1:2

2:18

3:5

3:13

1:12

2:17

3:25

1:54

2:73

3:98

7

6

5

7

5

8

3

3

8

5

7

5

9

4

5

5

5

7

4
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a
start register 

request

b
examine 

thoroughly

c
examine 
casually

d

check ticket

decide

pay 
compensation

reject 
request

reinitiate 
request

e

g

h

f

end

p3p1

p2 p4

p5
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3,c:653,s:60
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3,c:353,s:32

1,c:331,s:26

2,c:322,s:28

3,c:403,s:35

3,c:673,s:62

3,c:553,s:50

1,c:401,s:35

2,c:592,s:50

3,c:503,s:45

3,c:873,s:80

1,c:541,s:50

2,c:732,s:70

3,c:983,s:90

1:6

2:7

3:2

3:5

1:10

2:11

3:0

3:3

1:3

2:12

3:10

3:15

1:7

2:5

3:5

3:7

1:2

2:18

3:5

3:13

1:12

2:17

3:25

1:54

2:73

3:98

7

6

5

7

5

8

3

3

8

5

7

5

9

4

5

5

5

7

4

case start 

times

case 

completion 

times
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a
start register 

request

b
examine 

thoroughly

c
examine 
casually

d

check ticket

decide

pay 
compensation

reject 
request

reinitiate 
request

e

g

h

f

end

p3p1

p2 p4

p5

1,c:191,s:12

2,c:232,s:17

3,c:303,s:25

1,c:321,s:25

3,c:653,s:60

2,c:382,s:30

3,c:353,s:32

1,c:331,s:26

2,c:322,s:28

3,c:403,s:35

3,c:673,s:62

3,c:553,s:50

1,c:401,s:35

2,c:592,s:50

3,c:503,s:45

3,c:873,s:80

1,c:541,s:50

2,c:732,s:70

3,c:983,s:90

1:6

2:7

3:2

3:5

1:10

2:11

3:0

3:3

1:3

2:12

3:10

3:15

1:7

2:5

3:5

3:7

1:2

2:18

3:5

3:13

1:12

2:17

3:25

1:54

2:73

3:98

7

6

5

7

5

8

3

3

8

5

7

5

9

4

5

5

5

7

4

start time 

activity 

instance

case start 

times

case 

completion 

times

completion 

time activity 

instance

duration activity 

instance 19-12=7
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thoroughly

c
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d
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e
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p5
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Another view on the timed replay of 

the first three cases
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h
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Another view on the timed replay of 

the first three cases

PAGE 47

a
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e
h
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a
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d
e

g

a
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d d

e e

g

case 1

case 2

case 3

f

time

interval 

activity a 

for case 3

completion of a 

enables two 

activities at time 30

waiting time for e 

starts when c and d 

have both completed
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Timed replay projected onto resources
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Timed replay projected onto resources
(activities colored by case)
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Waiting times
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a
start register 

request

b
examine 

thoroughly

c
examine 
casually

d

check ticket

decide

pay 
compensation

reject 
request

reinitiate 
request

e

g

h

f

end

p3p1

p2 p4

p5

1,c:191,s:12

2,c:232,s:17

3,c:303,s:25

1,c:321,s:25

3,c:653,s:60

2,c:382,s:30

3,c:353,s:32

1,c:331,s:26

2,c:322,s:28

3,c:403,s:35
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3,c:503,s:45
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2,c:732,s:70

3,c:983,s:90
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2:7
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3:5
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1:3
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3:15

1:7

2:5

3:5

3:7

1:2

2:18

3:5
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3
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7
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9
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5

5

5

7

4
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st.dev. = 1.9

average = 6.0

st.dev. = 1.0
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average = 9.5

st.dev. = 6.3

average = 6.0

st.dev. = 4.6
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Service times
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a
start register 

request

b
examine 

thoroughly

c
examine 
casually

d

check ticket

decide

pay 
compensation

reject 
request

reinitiate 
request

e

g

h

f

end

p3p1

p2 p4

p5

1,c:191,s:12

2,c:232,s:17

3,c:303,s:25

1,c:321,s:25

3,c:653,s:60

2,c:382,s:30

3,c:353,s:32

1,c:331,s:26

2,c:322,s:28

3,c:403,s:35

3,c:673,s:62

3,c:553,s:50

1,c:401,s:35

2,c:592,s:50

3,c:503,s:45

3,c:873,s:80

1,c:541,s:50

2,c:732,s:70

3,c:983,s:90

1:6

2:7

3:2

3:5

1:10

2:11

3:0

3:3

1:3

2:12

3:10

3:15

1:7

2:5

3:5

3:7

1:2

2:18

3:5

3:13

1:12

2:17

3:25

1:54

2:73

3:98

7

6

5

7

5

8

3

3

8

5

7

5

9

4

5

5

5

7

4

average = 6.0

st.dev. = 0.8

average = 5.3

st.dev. = 1.1

average = 6.5

st.dev. = 1.7

average = 5.0

st.dev. = 0.0

average = 4.0

st.dev. = 0.0

average = 6.0

st.dev. = 1.0

average = 5.5

st.dev. = 2.5

average = 5.5

st.dev. = 2.5
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Routing probabilities
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a
start register 

request

b
examine 

thoroughly

c
examine 
casually

d

check ticket

decide

pay 
compensation

reject 
request

reinitiate 
request

e

g

h

f

end

p3p1

p2 p4

p5

1,c:191,s:12

2,c:232,s:17

3,c:303,s:25

1,c:321,s:25

3,c:653,s:60

2,c:382,s:30

3,c:353,s:32

1,c:331,s:26

2,c:322,s:28

3,c:403,s:35

3,c:673,s:62

3,c:553,s:50

1,c:401,s:35

2,c:592,s:50

3,c:503,s:45

3,c:873,s:80

1,c:541,s:50

2,c:732,s:70

3,c:983,s:90

1:6

2:7

3:2

3:5

1:10

2:11

3:0

3:3

1:3

2:12

3:10

3:15

1:7

2:5

3:5

3:7

1:2

2:18

3:5

3:13

1:12

2:17

3:25

1:54

2:73

3:98

7

6

5

7

5

8

3

3

8

5

7

5

9

4

5

5

5

7

4

0.5

0.5

0.5

0.25

0.25
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Estimate service times, waiting times, and 

routing probabilities
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a
start

τ 

b

c

τ 

d

e

f
p1

p2

p3

p4

p5

p6

case id activity type time resource

1 a start 10 Pete

1 a complete 12 Pete

1 c start 15 Sue

2 a start 16 Pete

2 a complete 17 Pete

1 c complete 18 Sue

3 a start 20 Pete

2 b start 22 Mary

2 b complete 25 Mary

3 a complete 28 Pete

1 b start 30 Mary

1 b complete 34 Mary

3 d start 35 Mary

3 d complete 37 Mary

2 c start 40 Sue

1 f start 42 Carol

2 c complete 45 Sue

1 f complete 46 Carol

2 e start 50 Kirsten

3 f start 51 Carol

2 e complete 52 Kirsten

2 d start 53 Mary

3 f complete 55 Carol

2 d complete 56 Mary

2 f start 57 Carol

2 f complete 60 Carol
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Times recorded during replay
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a
start

τ 

b

c

τ 

d

e

f
p1

p2

p3

p4

p5

p6

1:10

2:16

3:20

1,c:121,s:10

2,c:172,s:16

3,c:283,s:20

2

1

8

1:0

2:0

2:1

3:7

1,c:341,s:30

2,c:252,s:22

4

3
1,c:181,s:15

2,c:452,s:40

3

5

2:5

1:18

1:3

2:23

1:0

1:16

2:20

2:0

2,c:562,s:53

3,c:373,s:35

3

2
2,c:522,s:50

2

1,c:461,s:42

2,c:602,s:57

3,c:553,s:51

4

3

4

1:8

2:5

2:1

3:14

1:46

2:60

3:55

case id activity type time resource

1 a start 10 Pete

1 a complete 12 Pete

1 c start 15 Sue

2 a start 16 Pete

2 a complete 17 Pete
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Times recorded during replay
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a
start

τ 

b

c

τ 

d

e

f
p1

p2

p3

p4

p5

p6

1:10

2:16

3:20

1,c:121,s:10

2,c:172,s:16

3,c:283,s:20

2

1

8

1:0

2:0

2:1

3:7

1,c:341,s:30

2,c:252,s:22

4

3
1,c:181,s:15

2,c:452,s:40

3

5

2:5

1:18

1:3

2:23

1:0

1:16

2:20

2:0

2,c:562,s:53

3,c:373,s:35

3

2
2,c:522,s:50

2

1,c:461,s:42

2,c:602,s:57

3,c:553,s:51

4

3

4

1:8

2:5

2:1

3:14

1:46

2:60

3:55

case id activity type time resource

1 a start 10 Pete

1 a complete 12 Pete

1 c start 15 Sue

2 a start 16 Pete

2 a complete 17 Pete

1 c complete 18 Sue

3 a start 20 Pete

2 b start 22 Mary

2 b complete 25 Mary

3 a complete 28 Pete

1 b start 30 Mary

1 b complete 34 Mary

3 d start 35 Mary

3 d complete 37 Mary

2 c start 40 Sue

1 f start 42 Carol

2 c complete 45 Sue

1 f complete 46 Carol

2 e start 50 Kirsten

3 f start 51 Carol

2 e complete 52 Kirsten

2 d start 53 Mary

3 f complete 55 Carol

2 d complete 56 Mary

2 f start 57 Carol

2 f complete 60 Carol
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Waiting times
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a
start

τ 

b

c

τ 

d

e

f
p1

p2

p3

p4

p5

p6

1:10

2:16

3:20

1,c:121,s:10

2,c:172,s:16

3,c:283,s:20

2

1

8

1:0

2:0

2:1

3:7

1,c:341,s:30

2,c:252,s:22

4

3
1,c:181,s:15

2,c:452,s:40

3

5

2:5

1:18

1:3

2:23

1:0

1:16

2:20

2:0

2,c:562,s:53

3,c:373,s:35

3

2
2,c:522,s:50

2

1,c:461,s:42

2,c:602,s:57

3,c:553,s:51

4

3

4

1:8

2:5

2:1

3:14

average = 2.0
st.dev. = 2.9

average = 11.5
st.dev. = 6.5

average = 13.0
st.dev. = 10.0

average = 10.0
st.dev. = 10.0

average = 8.0
st.dev. = 8.0

average = 7.0
st.dev. = 4.7

1:46

2:60

3:55
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Service times
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a
start

τ 

b

c

τ 

d

e

f
p1

p2

p3

p4

p5

p6

1:10

2:16

3:20

1,c:121,s:10

2,c:172,s:16

3,c:283,s:20

2

1

8

1:0

2:0

2:1

3:7

1,c:341,s:30

2,c:252,s:22

4

3
1,c:181,s:15

2,c:452,s:40

3

5

2:5

1:18

1:3

2:23

1:0

1:16

2:20

2:0

2,c:562,s:53

3,c:373,s:35

3

2
2,c:522,s:50

2

1,c:461,s:42

2,c:602,s:57

3,c:553,s:51

4

3

4

1:8

2:5

2:1

3:14

average = 3.7
st.dev. = 3.1

average = 4.5
st.dev. = 0.5

average = 4.0
st.dev. = 1.0

average = 2.0
st.dev. = 0.0

average = 2.5
st.dev. = 0.5

average = 3.7
st.dev. = 0.5

1:46

2:60

3:55
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Routing probabilities
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a
start

τ 

b

c

τ 

d

e

f
p1

p2

p3

p4

p5

p6

1:10

2:16

3:20

1,c:121,s:10

2,c:172,s:16

3,c:283,s:20

2

1

8

1:0

2:0

2:1

3:7

1,c:341,s:30

2,c:252,s:22

4

3
1,c:181,s:15

2,c:452,s:40

3

5

2:5

1:18

1:3

2:23

1:0

1:16

2:20

2:0

2,c:562,s:53

3,c:373,s:35

3

2
2,c:522,s:50

2

1,c:461,s:42

2,c:602,s:57

3,c:553,s:51

4

3

4

1:8

2:5

2:1

3:14

0.5

0.5 0.75
0.25

1:46

2:60

3:55
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So we can mine for bottlenecks and 

other performance related properties …
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mining social 

networks
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Organizational mining
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Resource-activity matrix

PAGE 61

mean number of times a resource 

performs an activity per case

Activity a is executed exactly once for each case (hence the sum of the 

first column is 1). Pete, Mike, and Ellen are the only ones executing this 

activity. In 30% of the cases, a is executed by Pete, 50% is executed by 

Mike, and 20% is executed by Ellen. Activities e and f are always executed 

by Sara. Activity e is executed, on average, 2.3 times per case. Etc.
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Create resource-activity matrix 

PAGE 62

case id activity type time resource

1 a start 10 Pete

1 a complete 12 Pete

1 c start 15 Sue

2 a start 16 Pete

2 a complete 17 Pete

1 c complete 18 Sue

3 a start 20 Pete

2 b start 22 Mary

2 b complete 25 Mary

3 a complete 28 Pete

1 b start 30 Mary

1 b complete 34 Mary

3 d start 35 Mary

3 d complete 37 Mary

2 c start 40 Sue

1 f start 42 Carol

2 c complete 45 Sue

1 f complete 46 Carol

2 e start 50 Kirsten

3 f start 51 Carol

2 e complete 52 Kirsten

2 d start 53 Mary

3 f complete 55 Carol

2 d complete 56 Mary

2 f start 57 Carol

2 f complete 60 Carol
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Resource-activity matrix
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case id activity type time resource

1 a start 10 Pete

1 a complete 12 Pete

1 c start 15 Sue

2 a start 16 Pete

2 a complete 17 Pete

1 c complete 18 Sue

3 a start 20 Pete

2 b start 22 Mary

2 b complete 25 Mary

3 a complete 28 Pete

1 b start 30 Mary

1 b complete 34 Mary

3 d start 35 Mary

3 d complete 37 Mary

2 c start 40 Sue

1 f start 42 Carol

2 c complete 45 Sue

1 f complete 46 Carol

2 e start 50 Kirsten

3 f start 51 Carol

2 e complete 52 Kirsten

2 d start 53 Mary

3 f complete 55 Carol

2 d complete 56 Mary

2 f start 57 Carol

2 f complete 60 Carol

a b c d e f

Pete 1.00 0.00 0.00 0.00 0.00 0.00

Mary 0.00 0.67 0.00 0.67 0.00 0.00

Sue 0.00 0.00 0.67 0.00 0.00 0.00

Kirsten 0.00 0.00 0.00 0.00 0.33 0.00

Carol 0.00 0.00 0.00 0.00 0.00 1.00

mean number of times a resource 

performs an activity per case
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Social network analysis
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Social network analysis

PAGE 65

• Sociometry: present 

data on interpersonal 

relationships in graph 

or matrix form.

• Jacob Levy Moreno 

used such techniques 

in the 1930s to better 

assign students to 

residential cottages.

• Arcs: weights or 

(inverted) distance.

• Metrics to denote 

importance:

− centrality,

− closeness,

− betweenness.

− …

• Identification of 

cliques.
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Social network

PAGE 66

relationship

organizational entity (resource, 

person, role, department, etc.)

x z

y the size of the oval indicates 

the weight of the entity

the thickness of the arc indicates 

the weight of the relationship

w=0.90

w=0.30 w=0.35

w=0.98

w=0.80

w=0.15

w=0.08
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"Importance" of nodes in a social network

PAGE 67

Figures by Claudio Rocchini

degree centrality: 

number of connections 

a particular node has

closeness centrality: 

1 divided by the sum of 

all shortest paths to a 

particular node

betweenness centrality: 

fraction of shortest 

paths between any two 

nodes passing a 

particular node

A wide variety of definitions exist for "importance".
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Handover of work matrix

PAGE 68

Count the number of times 

work is handed over from one 

resource to another (on 

average per case).

The causal dependencies in 

the process model are used 

to count handovers in the 

event log.
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Social network based on handover of 

work (threshold of 0.1)
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Pete

Mike

Ellen

Sue

Sean

Sara

In this figure only the 

thickness of the arcs is 

based on frequencies.
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Handover of work at role level
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w=1.5

w=0.5

w=3.45

w=1.15

w=2,95

w=0.65

w=1.3

Assistant
w=5.45

Expert
w=1.15

Manager
w=3.6

In this figure also the 

size of each node is 

based on frequencies.
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Social network miner in ProM
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Social network miner in ProM
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Social network based on hand-over of 

work
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Social network based on hand-over of 

work
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Social network based on similar tasks
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Create handover of work matrix

• Count the number of times work is 

handed over from one resource to 

another (on average per case).

• Ignore process model, no need to 

consider causalities and concurrency.

PAGE 74

case id activity type time resource

1 a start 10 Pete

1 a complete 12 Pete

1 c start 15 Sue

2 a start 16 Pete

2 a complete 17 Pete

1 c complete 18 Sue

3 a start 20 Pete

2 b start 22 Mary

2 b complete 25 Mary

3 a complete 28 Pete

1 b start 30 Mary

1 b complete 34 Mary

3 d start 35 Mary

3 d complete 37 Mary

2 c start 40 Sue

1 f start 42 Carol

2 c complete 45 Sue

1 f complete 46 Carol

2 e start 50 Kirsten

3 f start 51 Carol

2 e complete 52 Kirsten

2 d start 53 Mary

3 f complete 55 Carol

2 d complete 56 Mary

2 f start 57 Carol

2 f complete 60 Carol
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Handover of work matrix

1. Pete, Sue, Mary, Carol

2. Pete, Mary, Sue, 

Kirsten, Mary, Carol

3. Pete, Mary, Carol

PAGE 75

case id activity type time resource

1 a start 10 Pete

1 a complete 12 Pete

1 c start 15 Sue

2 a start 16 Pete

2 a complete 17 Pete

1 c complete 18 Sue

3 a start 20 Pete

2 b start 22 Mary

2 b complete 25 Mary

3 a complete 28 Pete

1 b start 30 Mary

1 b complete 34 Mary

3 d start 35 Mary

3 d complete 37 Mary

2 c start 40 Sue

1 f start 42 Carol

2 c complete 45 Sue

1 f complete 46 Carol

2 e start 50 Kirsten

3 f start 51 Carol

2 e complete 52 Kirsten

2 d start 53 Mary

3 f complete 55 Carol

2 d complete 56 Mary

2 f start 57 Carol

2 f complete 60 Carol
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Handover of work matrix

1. Pete, Sue, Mary, Carol

2. Pete, Mary, Sue, 

Kirsten, Mary, Carol

3. Pete, Mary, Carol

PAGE 75

case id activity type time resource

1 a start 10 Pete

1 a complete 12 Pete

1 c start 15 Sue

2 a start 16 Pete

2 a complete 17 Pete

1 c complete 18 Sue

3 a start 20 Pete

2 b start 22 Mary

2 b complete 25 Mary

3 a complete 28 Pete

1 b start 30 Mary

1 b complete 34 Mary

3 d start 35 Mary

3 d complete 37 Mary

2 c start 40 Sue

1 f start 42 Carol

2 c complete 45 Sue

1 f complete 46 Carol

2 e start 50 Kirsten

3 f start 51 Carol

2 e complete 52 Kirsten

2 d start 53 Mary

3 f complete 55 Carol

2 d complete 56 Mary

2 f start 57 Carol

2 f complete 60 Carol

Pete Mary Sue Kirsten Carol

Pete 0.00 0.66 0.33 0.00 0.00

Mary 0.00 0.00 0.33 0.00 1.00

Sue 0.00 0.33 0.00 0.33 0.00

Kirsten 0.00 0.33 0.00 0.00 0.00

Carol 0.00 0.00 0.00 0.00 0.00
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Profiles based on resource-activity matrix
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find the three 

profiles
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Social network based on similarity of 

profiles

PAGE 77

Pete

Mike Ellen

SueSean

Sara

Resources that execute similar collections of activities are 

related. Sara is the only resource executing e and f. Therefore, 

she is not connected to other resources. Self-loops are 

suppressed as they contain no information (self-similarity).
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Clustering of resources

PAGE 78

resource 

name

average nof

times a was 

executed

average nof

times b was 

executed

average nof

times c was 

executed

Pete 0.15 0.00 0.05

Sue 0.16 0.00 0.04

Mary 0.07 0.01 0.14

Clare 0.09 0.02 0.13

John 0.00 0.80 0.00

… … … …
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Clustering of resources

PAGE 78

resource 

name

average nof

times a was 

executed

average nof

times b was 

executed

average nof

times c was 

executed

Pete 0.15 0.00 0.05

Sue 0.16 0.00 0.04

Mary 0.07 0.01 0.14

Clare 0.09 0.02 0.13

John 0.00 0.80 0.00

… … … …

feature vector
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Clustering of resources

PAGE 78

resource 

name

average nof

times a was 

executed

average nof

times b was 

executed

average nof

times c was 

executed

Pete 0.15 0.00 0.05

Sue 0.16 0.00 0.04

Mary 0.07 0.01 0.14

Clare 0.09 0.02 0.13

John 0.00 0.80 0.00

… … … …

feature vector

Pete

Sue

Mary

Clare

Pete Sue Mary Clare John

John
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So we can mine social networks based on handover of 

work matrix or resource-activity matrix … 
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conclusion 

and outlook
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Enhancement: making better /more 

useful process models

PAGE 81

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
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Bringing it all together

PAGE 82

a

start register 

request

b

examine 
thoroughly

c

examine 
casually

d

check ticket

decide

pay 
compensation

reject 
request

reinitiate 
request

e

g

h

f

end

c1

c2

c3

c4

c5

A

A

A

A

A

E

M

M

Pete

Mike

Ellen

Role A:

Assistant

Sue

Sean

Role E:

Expert

Sara

Role M:

Manager

Step 2: create or discover

a process model

Step 1: obtain an event log

Step 3: connect events in 

the log to activities in the 

model

Step 4: extend the model

a
d

d
 o

rg
a

n
iz

a
ti

o
n

a
l 

p
e

rs
p

e
c

ti
v

e

a
d

d
 t

im
e

p
e

rs
p

e
c

ti
v

e

a
d

d
 c

a
s

e

p
e

rs
p

e
c

ti
v

e

a
d

d
 o

th
e

r 

p
e

rs
p

e
c

ti
v

e
s

Step 5: return 

integrated model

a

start register 

request

b

examine 
thoroughly

c

examine 
casually

d

check ticket

decide

pay 
compensation

reject 
request

reinitiate 
request

e

g

h

f

end

c1

c2

c3

c4

c5

A

A
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