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

Big Software on the Run: Where Software Meets Data 
Winter School, October 2016, Ede, NL 
 

Making Sense From Software 
Using Process Mining 

prof.dr.ir. Wil van der Aalst 
ir. Maikel Leemans 
www.processmining.org 



The bigger picture 



©Wil van der Aalst 

A new discipline … 

mathematics

data science

computer science



©Wil van der Aalst 

data 

insights decisions 
models 



©Wil van der Aalst 

data 

insights decisions 
models 

instrumented 
software 

to learn from the 
software itself 
(“in the wild”) 



©Wil van der Aalst 

data 

insights decisions 
models 

instrumented 
software 

development 

to learn from the 
actual development 

process 



©Wil van der Aalst 

data 

insights decisions 
models 

instrumented 
software 

to learn from the 
software itself 
(“in the wild”) 

Focus BSR 



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

Learning from the software itself 

code / 
structure 

behavior 
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process mining as the missing link 



Spreadsheets for events 
(also coming from software) 



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

Spreadsheet: Killer App for early computers  

• VisiCalc (killer 
app for Apple II, 
Oct. 1979) 

• Lotus 1-2-3 (killer 
app for IBM PC 
1983) 

• Microsoft Excel 
(1985) 
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Spreadsheet: Static data 



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

Spreadsheet: Static data 

fact derived 
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Spreadsheet: Static data 

31 items 
sold 

total 
value 

average 

distribution 
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Spreadsheet: Static data 

How to analyze operational processes? 
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Process Mining: Spreadsheet for behavior 
• Input: events (“things that 

have happened”) 
• Mandatory per event: 

− case identifier 
− activity name 
− timestamp/date 

• Optional 
− resource 
− transaction type 
− costs 
− … 

 

case 
identifier 

activity 
name timestamp 

resource row = event 
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Process Mining: Spreadsheet for behavior 

 

208 cases 
5987 events 
74 activities 
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Process Mining: Spreadsheet for behavior 

batching for activities 
“opstellen eindnota” and 

“archiveren” 
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Loesje van 
der Aalst 

desire line 

Process Discovery 
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Process Mining: Spreadsheet for behavior 
process discovery 

NO 
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event data process 
model 

Conformance Checking 
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 desire line 

very safe 
system 

Conformance Checking 
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Process Mining: Spreadsheet for behavior 
conformance checking 

? discovered or 
hand-made 
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Process Mining: Spreadsheet for behavior 
conformance checking 

fitness of 
93.5% 
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Process Mining: Spreadsheet for behavior 
conformance checking 

final inspection is 
skipped 40 times 
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Process Mining: Spreadsheet for behavior 
conformance checking 

move on model 
(something should have 
happened, but did not) 

move on log 
(something happened that 

should not happen) 
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Process Mining: Spreadsheet for behavior 
performance analysis 

average 
flowtime is 

1.92 months 

bottleneck 

NO 
modeling  
needed! 
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Process Mining: Spreadsheet for behavior 
performance analysis 

waiting time of 
15.74 days 

NO 
modeling  
needed! 
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Process Mining: Spreadsheet for behavior 
animating reality 

real cases 

NO 
modeling  
needed! 
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Process Mining: Spreadsheet for behavior 

16 cases are 
queueing 

animating reality 



Process models and 
event logs 
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Getting the "right" data … 

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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Event log 

• We assume the existence of an event log where 
each event refers to a case, an activity, and a 
point in time. 

• An event log can be seen as a collection of 
cases. 

• A case can be seen as a trace/sequence of 
events. 
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Event data may come from … 

• a database system (e.g., patient data in a hospital), 
• a comma-separated values (CSV) file or spreadsheet, 
• a transaction log (e.g., a trading system), 
• a business suite/ERP system (SAP, Oracle, etc.), 
• a message log (e.g., from IBM middleware), 
• software development tools (e.g., repository mining),  
• instrumented software (see Maikel’s part), 
• etc. 

 

Focus BSR and 
second part of this 
presentation 
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An example log 

student name course name exam date mark 
Peter Jones Business Information systems 16-1-2014 8 
Sandy Scott Business Information systems 16-1-2014 5 

Bridget White Business Information systems 16-1-2014 9 
John Anderson Business Information systems 16-1-2014 8 

Sandy Scott BPM Systems 17-1-2014 7 
Bridget White BPM Systems 17-1-2014 8 
Sandy Scott Process Mining 20-1-2014 5 

Bridget White Process Mining 20-1-2014 9 
John Anderson Process Mining 20-1-2014 8 

… … … … 

case id activity name timestamp other data 
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Another event log: order handling 
order 

number 
activity timestamp user product quantity 

9901 register order 22-1-2014@09.15 Sara Jones iPhone5S  1 
9902 register order 22-1-2014@09.18 Sara Jones iPhone5S 2 
9903 register order 22-1-2014@09.27 Sara Jones iPhone4S 1 
9901 check stock 22-1-2014@09.49 Pete Scott iPhone5S  1 
9901 ship order 22-1-2014@10.11 Sue Fox iPhone5S  1 
9903 check stock 22-1-2014@10.34 Pete Scott iPhone4S 1 
9901 handle payment 22-1-2014@10.41 Carol Hope iPhone5S  1 
9902 check stock 22-1-2014@10.57 Pete Scott iPhone5S 2 
9902 cancel order 22-1-2014@11.08 Carol Hope iPhone5S 2 

… … … … … … 

case id activity name timestamp other data resource 
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Another event log: patient treatment 
patient activity timestamp doctor age cost 
5781 make X-ray 23-1-2014@10.30 Dr. Jones 45 70.00 
5541 blood test 23-1-2014@10.18 Dr. Scott 61 40.00 
5833 blood test 23-1-2014@10.27 Dr. Scott 24 40.00 
5781 blood test 23-1-2014@10.49 Dr. Scott 45 40.00 
5781 CT scan 23-1-2014@11.10 Dr. Fox 45 1200.00 
5833 surgery 23-1-2014@12.34 Dr. Scott 24 2300.00 
5781 handle payment 23-1-2014@12.41 Carol Hope 45 0.00 
5541 radiation therapy 23-1-2014@13.57 Dr. Jones 61 140.00 
5541 radiation therapy 23-1-2014@13.08 Dr. Jones 61 140.00 

… … … … … … 

case id activity name timestamp other data resource 



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

Selecting the "right" representation… 

 
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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Just control-flow  
(represented as a Petri net) 

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

M

• Case starts with a and 
ends with g or h. 

• Activity d is concurrent 
with b or c. 

• Activity e has to wait 
until (d and b) or (d and 
c) have completed. 

• There are three 
possible decisions: f, 
g, or h. 

• … 
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Petri nets: semantics & terminology 

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

t

p

transition

place

token

AND-split AND-join

XOR-joinXOR-split

AND-split

XOR-split

XOR-join
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Example run of the model 

start register 
request

examine 
thoroughly

examine 
casually

check ticket

decide

pay 
compensation

reject 
request

reinitiate 
request

end

c1

c2

c3

c4

c5

[start] [c1,c2] [c2,c3] [c3,c4] [c5] [end] Only one of infinitely many possible firing sequences! 
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Additional perspectives 

• control-flow 
• data-flow 
• time 
• resources 
• costs 
• risks 
• … 

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
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Possible control-flow notations 
• BPMN (Business Process Model and Notation) diagrams 
• UML activity diagrams 
• State charts 
• Petri net variants 
• Causal nets (C-nets) 
• Transition systems/ FSMs / automata 
• (Hidden) Markov chains 
• Process algebras (CSP, …) 
• Fuzzy models 
• YAWL models 
• Declare models 
• … 

 

Notation:  
• search space: finding a model 

that captures reality well 
• visualization: what do end-

users need to see? 



An example of a 
discovery algorithm 
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Process trees (to ensure soundness)  
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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 



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

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 
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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 {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 
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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 

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

cb5x 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

cb5x 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

?



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

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 cbefbcefcb11x 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 cbefbcefcb11x bc
9x cb

7x ef

20x b 20x c 7x e 7x f



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

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 cbefbcefcb11x bc
9x cb

7x ef

20x b 20x c 7x e 7x f



Tool support 
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Process Mining Software 
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1500+ plug-ins available covering the 
whole process mining spectrum 

>130k downloads 
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Interaction with industry 

challenges

ideas

new techniques 
and approaches

data



Transition 
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What is specific for software? 

instrumented system 
in its natural habitat

software system 
under study

raw event data

instrumentation

gathering data

event logs

conversion

compliance: does the system 
do what it should do?

performance: where are the 
real bottlenecks?

usability: how is the system 
really used?

reliability: why and when 
does the system fail?

process mining

concept drift

prediction

interpretation and 
improvement
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Opportunity: Control what is recorded 

instrumented system 
in its natural habitat

software system 
under study

raw event data

instrumentation

gathering data

event logs

conversion

compliance: does the system 
do what it should do?

performance: where are the 
real bottlenecks?

usability: how is the system 
really used?

reliability: why and when 
does the system fail?

process mining

concept drift

prediction

interpretation and 
improvement
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Opportunity: Exploiting known structure 

instrumented system 
in its natural habitat

software system 
under study

raw event data

instrumentation

gathering data

event logs

conversion

compliance: does the system 
do what it should do?

performance: where are the 
real bottlenecks?

usability: how is the system 
really used?

reliability: why and when 
does the system fail?

process mining

concept drift

prediction

interpretation and 
improvement

W.M.P. van der Aalst, 
A. Kalenkova, V. Rubin, and 
E. Verbeek. Process Discovery 
Using Localized Events. In 
Petri Nets 2015, volume 9115 
of Lecture Notes in Computer 
Science, pages 287–308. 
Springer-Verlag, Berlin, 2015. 

• components 
• services 
• interfaces 
• … 

 

Improvements: efficiency and quality 
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Challenges 
• Scoping and 

correlation:  
What are my process 
instances? 

• Granularity:  
Coarse-grained or 
fine-grained? 

• Privacy issues 
• Linking back to 

development 
processes 

instrumented system 
in its natural habitat

software system 
under study

raw event data

instrumentation

gathering data

event logs

conversion

compliance: does the system 
do what it should do?

performance: where are the 
real bottlenecks?

usability: how is the system 
really used?

reliability: why and when 
does the system fail?

process mining

concept drift

prediction

interpretation and 
improvement



Big Software on the Run (BSR): 
Understanding software in its natural habitat 

Process mining: Understanding 
processes inside software 



X-ray your software 
“in vivo” 



instrumented system 
in its natural habitat

software system 
under study

raw event data

instrumentation

gathering data

event logs

conversion

compliance: does the system 
do what it should do?

performance: where are the 
real bottlenecks?

usability: how is the system 
really used?

reliability: why and when 
does the system fail?

process mining

concept drift

prediction

interpretation and 
improvement

compliance 

performance 

reliability 
usability 

prediction 

Of course also applicable to 
software development processes! 
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More information 

• http://www.processmining.org/ 
• http://www.promtools.org/   
• http://www.promtools.org/doku.php?id=promlite11 
• http://www.processmining.org/book/start 
• http://www.coursera.org/learn/process-mining/ 
• http://www.futurelearn.com/courses/process-mining 
• http://vdaalst.com/  

 
 W.M.P. van der Aalst. Process Mining: Data Science in Action. 
Springer-Verlag, Berlin, 2016. http://www.springer.com/978-3-662-49850-7 
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Process Mining  
Data Science in Action 

Info MOOC: www.coursera.org/course/procmin   
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