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Programa

• Module I: A Practical Introduction to Process Mining (1h) - Introduction to 

process mining with demos of commercial tools (highlighting the incredible 

relevance and the limitations of existing tools). (10-11)

• Module II: Discovering Process Models (1.5h) - Metrics and desired features. 

Process discovery with inductive mining as an example of scalable discovery 

technique. [Opt: Process discovery with region-based approaches] (11.10-12.40)

• Module III: Conformance Checking (1h) - Token Replay. Alignments. Selected 

techniques for the computation of alignments. Alignments applications. (12.50-14)

• Module IV: Enhancement (1.5h) - Model Repair. Decision Point Analysis. 

Performance Analysis. Social Network Analysis. (15-16.30)

• Module V: ‘Bring Your Own Data’ Session (16:30h - ?)
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process mining as the missing link



Process mining:

Spreadsheets for behavior
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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
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Spreadsheet: Static data
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Spreadsheet: Static data

fact
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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

− …
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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

resourcerow = event
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Process Mining: Spreadsheet for behavior

208 cases

5987 events

74 activities



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

Process Mining: Spreadsheet for behavior
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Process Mining: Spreadsheet for behavior
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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
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Process Mining: Spreadsheet for behavior

process discovery
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Process Mining: Spreadsheet for behavior

process discovery

NO

modeling 

needed!
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Process Mining: Spreadsheet for behavior

process discovery
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Process Mining: Spreadsheet for behavior

process discovery
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Process Mining: Spreadsheet for behavior

process discovery

NO

modeling 

needed!
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event dataprocess 

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



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

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
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Process Mining: Spreadsheet for behavior

conformance checking

move on model

(something should have 

happened, but did not)
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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



Event data
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Event data may come from …
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Event data may come from …

• a database system (e.g., patient data in a hospital),
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• a database system (e.g., patient data in a hospital),

• a comma-separated values (CSV) file or spreadsheet,
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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),

• an open API providing data from websites or social 

media, …
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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 dataresource
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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 dataresource
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Minimal requirements in terms of a CSV file

• Each row corresponds to an event.

• There are at least three columns: 

• Case id (patient id, order number, claim number, …)

• Activity name (approve, reject, request, send, …)

• Timestamp (2015-08-18T06:36:40, …)

• There may be many other (optional) columns: 

resource, transaction type, age, costs, etc.

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
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Extensions

• Transactional information on activity instances: 

An event can represent 

a start, complete, 

suspend, resume, 

abort, etc. 

schedule assign reassign
suspend

resumestart

autoskip
manualskip complete

abort_case

abort_activity

withdraw

successful 

termination

unsuccessful 

termination
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Extensions

• Transactional information on activity instances: 

An event can represent 

a start, complete, 

suspend, resume, 

abort, etc. 

• Case versus event attributes:

− case attributes do not change, e.g.,  the birth date or 

gender of a patient,

− event attributes are related to a particular step in the 

process.

schedule assign reassign
suspend

resumestart

autoskip
manualskip complete

abort_case

abort_activity

withdraw

successful 

termination

unsuccessful 

termination
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XES (eXtensible Event Stream)

• Adopted by the IEEE Task Force on Process Mining.

• The format is supported by tools such as ProM and 

Disco (used in this course). 

• Predecessors: MXML and SA-MXML.

• Conversion from other formats (CSV) is easy if the 

right data are available.  

• XML syntax and OpenXES library available.

• See www.xes-standard.org.



Process discovery algorithms
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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  



How process mining compares to 

data mining
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process mining as the missing link
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Connecting things: Process mining as super glue

• Data – Process

• Business – IT

• Business Intelligence – Business Process 

Management

• Performance – Compliance

• Runtime – Design time

• …
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Process Mining Versus Data Mining

• Both start from data.

• Data mining techniques are typically not 

process-centric.

• Topics such as process discovery, conformance 

checking, and bottleneck analysis are not

addressed by traditional data mining techniques.
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Process Mining Versus Data Mining

• End-to-end process models and concurrency

are essential for process mining. 

• Process mining assumes event logs where 

events have timestamps and refer to cases

(process instances).

• Process mining and data mining need to be 

combined for more advanced questions.



Tooling and industry collaboration
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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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Links to some tools

Short name Full name of tool Version Vendor Webpage

Celonis Celonis Process Mining 4 Celonis GmbH www.celonis.de

Disco Disc 1.9.5 Fluxicon www.fluxicon.com

EDS Enterprise Discovery Suite 4 StereoLOGIC Ltd www.stereologic.com

Fujitsu Interstage Business Process Manager Analytics 12.2 Fujitsu Ltd www.fujitsu.com

Icaro Icaro EVERFlow 1 Icaro Tech www.icarotech.com

Icris Icris Process Mining Factory 1 Icris www.processminingfactory.com

LANA LANA Process Mining 1 Lana Labs www.lana-labs.com

Minit Minit 1 Gradient ECM www.minitlabs.com

myInvenio myInvenio 1 Cognitive Technology www.my-invenio.com

Perceptive Perceptive Process Mining 2.7 Lexmark www.lexmark.com

ProcessGold ProcessGold Enterprise Platform 8 Processgold International B.V. www.processgold.com

ProM ProM 6.6 Open Source hosted at TU/e www.promtools.org

ProM Lite ProM Lite 1.1 Open Source hosted at TU/e www.promtools.org

QPR QPR ProcessAnalyzer 2015.5 QPR www.qpr.com

RapidProM RapidProM 4.0.0 Open Source hosted at TU/e www.rapidprom.org

Rialto Rialto Process 1.5 Exeura www.exeura.eu

SNP SNP Business Process Analysis 15.27 SNP Schneider-Neureither & Partner AG www.snp-bpa.com

PPM webMethods Process Performance Manager 9.9 Software AG www.softwareag.com

http://www.celonis.de/
http://www.fluxicon.com/
http://www.stereologic.com/
http://www.fujitsu.com/
http://www.icarotech.com/
http://www.processminingfactory.com/
http://www.lana-labs.com/
http://www.minitlabs.com/
http://www.my-invenio.com/
http://www.lexmark.com/
http://www.processgold.com/
http://www.promtools.org/
http://www.promtools.org/
http://www.qpr.com/
http://www.rapidprom.org/
http://www.exeura.eu/
http://www.snp-bpa.com/
http://www.softwareag.com/
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Interaction with industry

challenges

ideas

new techniques 
and approaches

data



• Can I trust the 

results of 

process mining?

• How to interpret  

the results 

correctly?

• Alignments are a 

key technology!
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100x sabe

100x sbae

s e

a

bstart end

Simple process model: starts with s, 

ends with e, a and b are executed 

once, no loops.

Event log:
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100x sabe

100x sbae
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s e

a

bstart end

s

a

b

e
n n

n/2

n/2n/2

n/2

n/2 n/2

Simple process model: starts with s, 

ends with e, a and b are executed 

once, no loops.

See the problem?
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Alignments are a key technology!

s e

a

bstart end

Trace 1: sabe (OK)

Trace 2: sbae (OK)

Trace 3: sae (b is missing)

Trace 4: sabae (two a’s)

Trace 5: saae (2 problems)
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Alignment for Trace 1: sabe

s e

a

bstart end

s a b e

s a b e

Reality:

Model:
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Alignment for Trace 2: sbae

s e

a

bstart end

s b a e

s b a e

Reality:

Model:
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Alignment for Trace 3: sae

s e

a

bstart end

s a X e

s a b e

Reality:

Model:
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Alignment for Trace 4: sabae

s e

a

bstart end

s a b a e

s a b X e

Reality:

Model:
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Alignment for Trace 5: saae

s e

a

bstart end

s a a X e

s a X b e

Reality:

Model:
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1000 traces

5000 events
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3.43 days
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Summary
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The missing link

www.promtools.org

www.processmining.org

www.coursera.org/course/procmin
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Process Mining 

Data Science in Action

Info MOOC: www.coursera.org/course/procmin 
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http://www.springer.com/9783662498507


