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Process Mining 1. Register at hospital

2. Talk|1, Register at
3. Ujl. hospital

Register at octor
hospital surgery
. Talk to doctor dicines

2

3. Undergo surgery |od
4. Take medicines
5

. Take blood octor
sample

Q =4 O - - -

\v

6. Talk to doctor tor
7. Go home
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Process Mining

Process Model

Organizational Model

-

SIS

Social Network

Performance Analysis  Auditing/Security
Event \ F @3
Log
kx Mined
Mining Models

Technigues
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Event Logs are Everywhere!

Machines, Municipalities, Airports,
Internet, Hospitals, etc.
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Tools

5 v | B hittpejis.tm. tue.rljcountherdevipromimport vl|[+5][ %

prom impart P~

* WWW.Processmining.org s

»
e ~ [} Page ~ G Tooks -

* ProM 4.2 oy :
* ProMimport
* Free tools!

W ‘@ThEPlimpurtFrameurk | ‘ G- 8

Convenient log
anonymization

Persistent and
user-friendly

Advanced configuration

window E H

management

...With the power
of more than 190
mining, analysis
and conversion or event logs.
plua-lnsl your information system support

our workforce crazy? Do you get
H to you by your vendor? Do you

current version: 4.2

releasad: 17.9.2007 ProM - the leading process mining toolkit.
" s Processes are an integral part of today's world, driving services and internal functionalities in
r lownload
y NITACee businesses, governmental bodies, and organizations around the globe While there are
' | Installer plenty of systems available for supporting the execution of such processes, the current
practices for monitoring and analyzing this execution in the organizational reality still leaves a
Int tn ha Aacirad Bracrace Minina ic ahla tn fill that Aan Arcwvidins revalotinnane m:'."\l: frur ¥
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Types of Algorithms

supports/
controls . .
information

@ system
\
records
events,e.qg,

“world”
business processes
people

machines

components
organizations

specifies messages.
models | . configures transactions,
analyzes | MPlements etc.
v
«_discovery -
(process)| Conftorme_mce - event
extension
model = | logs
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Types of Algorithms

(- Process Model

yyyyyyyyyyy

supports/
controls . .
information

@ system
\
records
events,e.qg,

“world”
business processes
people

machines

components
organizations

specifies messages.
models | . configures transactions,
analyzes | MPlements etc.

\/
- : - Organizational Model
< discovery 9 @
(process) <conformance - event
model LGN logs D @

- I

Social Network
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Types of Algorithms

Compliance
Process Model

supports/
controls . .
information

@ system
\
records
events,e.qg,

“world”
business processes
people

machines

components
organizations

specifies messages.
models | . configures transactions,
analyzes | MPlements etc.

v
«_discovery -
(process) - conf?rmance - event Auditing/Security
extension
model = | logs

G
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Types of Algorithms Bottlenecks/

Process Model

supports/
controls . .
information

@ system
\
records
events,e.qg.,

“world”
business processes
people

machines

components
organizations

specifies messages.
models | . configures transactions,
analyzes | MPlements etc.

\J
- discovery - Performance Analysis
(process) - Conftorm.‘:jmce - event
extension
model > | logs
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Process Mining

1 Travel by Travel by
1. 4yt -

) | | Cioc | Train Car

N e Start |

Conference Starts
1. Start
2. Get Ready
3. Travel by Car Give a Talk o
4, Conference Starts M l n ed
5. Join Reception
6. Have Dinner Join Regeption MOdeI
7. Go Home
8. Pay Parking i
9. Travel by Car Have Dinner [ o
10. End
Go|Home

Log Pay

Travel by
Train

Discovery Techniques: End
Control-Flow Mining
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Common Constructs

T

« Sequence
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Common Constructs

« Sequence

e Splits

« Joins

* Loops

* Non-Free Choice
* Invisible Tasks

* Duplicate Tasks

+ noise in logs!
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Event Log: Mining XML (MXML)

<WorkflowLog> The notion
<Process> of which
<Processinstance> tasks
<AuditTrailEntry/> belong to a
same
<AuditTrailEntryl> Cr“‘i'?" for
</Processlinstance> applying
process
<Processinstance/> mining
<Processinstance/> techniques!
</Process>
</WorkflowLog>
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Event Log: Mining XML (MXML)

<WorkflowLog>
<Process>
<Processinstance>

<AuditTrailEntry/> <«

<AuditTrailEntry/>

<AuditTrailEntry/>
</Processlinstance>
<Processinstance/>

<Processinstance/>

</Process>
</WorkflowLog>
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Event Log: Mining XML (MXML)

. \ <AuditTrailEntry>
{ <WorkflowModelElement/> Task A </Wf.M.E.>
/ <EventType> complete </EventType>
<TimeStamp> 2005-10-26T12:37:33... </TimeStamp>
fc':olrdn plulso ry <Originator> John Doe </Originator>
1eldsS!:

<Data>
<Attribute name="x"> 1 </Attribute>

<Attribute name="y”> whatever </Attribute>

</Data>
</AuditTrailEntry>

[faculteit technologie management 23



TU/e

Process Mining

« Short Recap

» Types of Process Mining Algorithms
« Common Constructs

* Input Format

* a-algorithm

Heuristics Miner

Genetic Miner

Fuzzy Miner

/faculteit technologie management

24



TU/e technische universiteit eindhoven

Process Mining

« Short Recap

» Types of Process Mining Algorithms
« Common Constructs

* Input Format

a-algorithm

Heuristics Miner

Genetic Miner

Fuzzy Miner

[faculteit technologie management

25



TU/e technische universiteit eindhoven

a-algorithm

1. Read alog

2. Get the set of tasks

3. Infer the ordering relations «—— Core Step!
4. Build the net based on inferred relations
5

. Output the net

[faculteit technologie management 26
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a-algorithm - Ordering Relations >,—,||,#

» Direct succession:
x>y iff for some
case x Is directly
followed by v.

« Causality: x—vy iff
x>y and not y>x.

« Parallel: x||y iff x>y
and y>x

* Unrelated: x#y iff
not x>y and not y>x.

[faculteit technologie management

case 1 : task A
case 2 : task A
case 3 : task A
case 3 : task B
case 1 : task B
case 1 : task C
case 2 : task C
case 4 : task A
case 2 : task B
A>B
A>C
B>C
B>D
C>B
C>D
E>F

q

ABCD
ACBD
EF

</ \

BI||C
C||B

A—B
A—C
B—D
C—D
E—F

N
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a-algorithm - Formalization

Let W be a workflow log over T. a(W) is defined as follows.

1.Ty={teT | 3, _ywteo}

2.T,={teT | 3, _ t=first(c) },

3.To={teT | 3, _yt=last(oc)},

4. Xy ={(AB)| AcTy ABcTy A YV, aVbcg@>wb A Viimcn
Ay 8, N Voo Dy by

5.Yw={(AB)e X | Vapy.xASA ABcB'= (AB)=(A"B')},

Pw={pPng | (AB) e Yy} Aiy0onh

7. Fy={(@pagp) | (AB)e Yy raecA} U{(Ppagpb) | (AB)e Yy Ab
eB} U{(iyt) | teT} VU{(toy) [te Ty} and

8. (W) = (Pyy, TuwsFuy)-

o

[faculteit technologie management



TU/e technische universiteit eindhoven

a-algorithm - Insight
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a-algorithm — Log properties + target nets

* |f log is complete with respect to relation >, it can
be used to mine SWF-net without short loops

 Structured Workflow Nets (SWF-nets) have no
implicit places and the following two constructs
cannot be used:

/
\

ANWA

—CO
ol
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a-algorithm — No short loops

B=B and not B=B implies B—»>B (impossible!)

Resulting Net:

/Why no o

short

loops?
%p %

o5

©) One-length

N, (T

re!

Resulting Net:

0 OO~

Two-length

QY

_.@

A=B and B=A implies A||B and B||A instead of A—»B and B—A
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a-algorithm — Common Constructs

™ ProM [4.2]
File Mining Analysis Conversion Exports Window Help

"mQAR O® =88

@ Results - Alpha algorithm plugin on Raw cpnToolsSimulationLog.mxmi (unfiltered)
= —

Why no

duplicate

k Question

tasks?

AN
Trawel by Car
complete

g 00:40:53 [M] Process mining finished.

noise-free

* No invisible ta A=free-choice or duplicate tasks

* No noisy logs™
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Heuristics Miner

1. Read alog
2. Get the set of tasks

3. Infer the ordering relations based on their
frequencies

4. Build the net based on inferred relations
5. Output the net
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Heuristics Miner

Let W be an event log over T', and a,b € T :

e |a >w b| is the number of times a >y b occurs in W,

la >w b — [b>w a
® =W b= _
|(l- =W b| —+ |E) >W {L| + 1

Insight:

The more frequently a task A directly follows
another task B, and the less frequently the

opposite occurs, the higher the probability that A
causally follows B!

[faculteit technologie management
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a-algorithm — Common Constructs

 prom [4.2]
File Mining Analysis Comversion Exports Window Help

choice? net will be correct?

non-free- @hy no guarantee whole

. No non-free-choice or duplicate tasks
* Robust to invisible tasks and noisy logs
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Genetic Process Mining (GPM)

* Genetic Algorithms + Process Mining

» Genetic Algorithms

— Search technique that mimics the process of evolution
In biological systems

« Advantages
— Tackle all common structural constructs
— Robust to noise

* Disadvantages
— Computational Time

/faculteit technologie management
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Genetic Process Mining (GPM)

Algorithm:

start = 1 11 1l

T_ vno

Internal Representation

Fithess Measure
Genetic Operators
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yes

Step Description

I Read event log

/] Build the initial population ®

i Calculate fitness of the oo
individuals in the population

v Stop and return the fittest
individuals? ®

"4 Create next population — use

elitism and genetic operators ® @
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GPM - Fitness Measure

¢ GUldeS Get Ready

Travel by

the SearCh| Train

Conference $

Travel by
Car

Give

Visit B

Have

Go

Pay
Travel by Parking
Train
Travel by

Car
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GPM - Fitness Measure
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GPM - Fitness Measure (P

Overgeneral

Conference Starts

Start

Travel by
Train

solution

BETA PhD Day Starts

Give a Talk

Give a Talk

Visit Brewery

Visit Brewery

Travel bv Car

Punish for the amount of
enabled tasks during the
parsing!
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Travel by Train

Get Ready

Get Ready

Have Dinner

Have Dinner

Pay for Parking

Go Home Pay

End

Parking
Go Home



TU/e technische universiteit eindhoven

GPM - Fithess Measure _ Start
@, @,
Overs pecific (o] [=] [==] [~] Get Ready
solution ﬁg ﬁj
Travel by Train L] | [ TR | Travel by Car

e

e a Talk

-] Visit Brewery

.1 Have Dinner

-1 Go Home

Punish for the amount of |, train =21 =21 |
duplicate tasks with
common input/output |
tasks!

-] Pay Parking

“I Travel by Car

o [Fofoltoltoflos  [toFoflor

End
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GPM — DGA ProM Plug-in

/\Nhy does the GA\
Miner takes so
__much time?

_—

S~

How could we improve
ItS running time without

changing the code?

B
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Results - Settings for mining Filtered grouped_logThesis.xml using Duplicate Tasks G... o 5 [

Fopulation

Individual 0, fithess 0.938511388286334

1

Nndividual 1, fitness 0.9881 046637744034

UIndividual 2, fitness 0.9861 233280671988

NIndividual 3, fitness 0.9853098800433376

Ilndi\-'idual 4, fitness 0.9851336342480878

Nndividual 5, fitness 0.98381 76404607078

Ilndi\-'idual G, fitness 0.9619283476279284

UIndividual 7, fitness 0.0598504102100217

Ilndi\tidual g, fitness 0.9581879486901912

Uindividual 9, fitness 0.0574021070146471

NIndividual 10, fitness 0957216942521 161

UIndividual 11, fitness 0.9409121883300122

VIndividual 12, fitness 0.8373718450139373

Ilndi\-'idual 13, fitness 0.9333947090023116

Vindividual 14, fitness 0.8174062270556003

Ilndi\-'idual 14, fitness 0.9115172193001487

UIndividual 18, fitness 0.8067704152021606

Ilndi\tidual 17, fitness 0.9060613714383892

Uindividual 18, fitness 0.8944402028058407

VIndividual 18, fitness 0.8917182633265869

UIndividual 20, fitness 0890056481581 4392

Nindividual 21, fitness 0.88180561 242473

Ilndi\-'idual 22, fitness 0.8700043362544737

VIndividual 23, fitness 0.8654734170545770

Ilndi\-'idual 24, fitness 0.8633987872423128

UIndividual 25, filness 0.8404200485687782

Ilndi\tidual 26, fitness 0.84001 42240568476

UIndividual 27, fitness 0.8377201043806204

VIndividual 28, fitness 0.837344 2062697067

UIndividual 28, fitness 0.837 3442062697067

VIndividual 30, fitness 0.83A2574218657998

Ilndi\-'idual 31, fitness 0.8316808807235143

VIndividual 32, fitness 0814847091 0466663

Ilndi\-'idual 33, fitness 0.80128192834367492

lIndividual 34, fitness 0.79624 36851997652

Ilndi\tidual 34, fitness 0.7956715322827168

Individual 38, fitness 0.7867647271200916

VIndividual 37, fitness 0.7851290264141257

UIndividual 38, filness 0.7844884158791232

VIndividual 38, fitness 0.7695355609471733

Ilndi\-'idual 40, fitness 0.75282004 86467469

Individual 41, fitness 0.745227836553111

Ilndi\-'idual 42, fitness 0.73843539601 74005

b
¥

Trausd by Traln
feamplasa)
132

fomplass)

Travel by Car
152

Ak CusEdon
fromplans)
71

i Talk
fmompl aos)
145

De

La0

Dstencs Enas
leampl )
3

Li0

Haug Dirks
(campl o)

Pay tor Parking
e omplees]
1=

Travsd by Traln
[eampl o)
155

Traued by Car
Tcompleos]

Individual 43, fitness 0.7368411424515753

Loialond 44 &b FEYT dAoad

I'I;I

Update graph

[_] Display splitjoin semantics
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Fuzzy Miner - Motivation

B S )

Mine less structured processes!
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Fuzzy Miner - Motivation
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Fuzzy Miner

More to learn from maps...

Clustering of coherent, less R_em_o_ving isolated, less
significant structures significant structures

FemTIL T

__, ‘_A'JE el I5p-_|
F %;i- S?Ef'- 5' 8_1: h‘]—ndh" aThel | ‘:‘—i DI"I'H‘-H?! 'Hq:
=y “I_tht_qﬂ Boagaa:d ' ] . N
! _ Distarijh — _Eerl- . ., :
e o - -.|, . -.. . B " :-#4 !._FD\I'I
e i SR A
Y .

31: _III f‘ HI(\’Ir!HM
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3 *

= g "'l

Aetle
& Falkplan BV
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Conclusions

* The notion of a process instance is crucial!
» Ordering of tasks is the basic information
* Frequencies are important to handle noise

* Local approaches
— a-algorithm, Heuristics Miner

» Global approaches
— Genetic Miner and Fuzzy Miner
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