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Our Benchmark: TomTom
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Process Mining

Process discovery: "What is
really happening?"
Conformance checking: "Do
we do what was agreed
upon?"”

Performance analysis:
"Where are the bottlenecks?"

Process prediction: "Will this
case be late?"

Process improvement: "How
to redesign this process?"
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* Process discovery: "What is the real curriculum?”
« Conformance checking: "Do students meet the prerequisites?"
» Performance analysis: "Where are the bottlenecks?"
* Process prediction: "Will a student complete his studies (in time)?"
* Process improvement: "How to redesign the curriculum?"

> 21:41:20 [M] Measured fuzzy conformance is 0.49239378538041256




Outline of tutorial

» Part | : Introduction to Process Mining
* Partll : Process Discovery — The Alpha Algorithm
- Part lll : Hands-on with ProM
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Where to start?
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Role of models
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Event logs are a reflection of reality
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Process mining: Linking events to models
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Starting point:

event logs

event logs, audit
trails, databases,
message logs, etc.
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Discovery
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What to discover?

- process models (Petri nets, EPCs, BPMN, etc.),
- organizational models,

« social networks,

- sequence diagrams,

* business rules,

* bottlenecks,

* simulation models,

- efc.

I.e., beyond "slice and dice" and showing KPIs on a dashboard ...




PAGE 17

ProM supports +40 types of model discovery!
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File Mining Analysis Conversion Exports Window Help
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ProM [4.1]

File Mining Analysis Conversion Exports Window Help
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A bit of theory:

Process discovery techniques

» Algorithmic techniques
« Alpha miner
« Alpha+, Alpha++, Alpha#
* Heuristic miner
* Multi phase miner

+ Genetic process mining

- Region-based process mining
- State-based regions
 Language based regions

cf. www.processmining.org for an overview
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http://www.sxc.hu/browse.phtml?f=download&id=45559

Example: Genetic Mining

1. initial population

6. mutation

5. children

“used in e.g. ProM, Futura Reflex, BPM|one



Conformance
Checking
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Conformance Checking

- Compare process model and event log: highlight
deviations and measure conformance.

- Compare constraints/business rules and event logs:
check e.g. the 4-eyes principle.




Process mining as a mirror ...




Tool support
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Eindhoven
University of Technolog

Open source initiative started in 2003 after several early
prototypes.

Common Public License (CPL).

Current version: 5.0 (5.2)

ProMimport: to extract MXML from all kinds of applications
Plug-in architecture.

About 250 plug-ins available:

* mining plug-ins: 38 (all mining algorithms presented and many
more)

« analysis plug-ins: 71 (e.g., verification, SNA, LTL, conformance
checking, etc.)

« import: 21 (for loading EPCs, Petri nets, YAWL, BPMN, etc.)

« export: 44 (for storing EPCs, Petri nets, YAWL, BPMN, BPEL,
etc.)

« conversion: 45 (e.g., translating EPCs or BPMN into Petri nets)

« filter: 24 (e.g., removing infrequent activities)




Screenshot of ProM 5.0

A praM [5.0]
File Mining Analysis Conversion Exports Window Help
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Business Intelligence Tools?

- Business Objects (SAP)

- Cognos Business Intelligence (IBM)
- Oracle Business Intelligence

* Hyperion (Oracle)

- SAS Business Intelligence

- Microsoft Business Intelligence

- SAP Business Intelligence (SAP Bl)
- Jaspersoft (Open Source Business Intelligence)
* Pentaho Bl Suite (Open Source)

» Dashboards, reports, scorecards, ...
« Slicing and dicing, data mining, ...



Process Mining Software

fo £ fluxi 8
e uxicon -
sfutura Pallas Athena

process intelligence
Futura Reflect BPM|one

OpenConnec) o |

Business Process Excellence

Comprehend ARIS Process Performance Manager

FUﬁTSU THE POSSIBILITIES ARE INFINITE

Interstage Automated Business Process Discovery & Visualization

:l On ta S Business & Technology Optimization

Process Discovery Focus

Enterprise Visualization Suite
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Where did we apply process mining?

* Municipalities (e.g., Alkmaar, Heusden, Harderwijk, etc.)

- Government agencies (e.g., Rijkswaterstaat, Centraal
Justitieel Incasso Bureau, Justice department)

- Insurance related agencies (e.g., UWV)

- Banks (e.g., ING Bank)

* Hospitals (e.g., AMC hospital, Catharina hospital)
* Multinationals (e.g., DSM, Deloitte)

* High-tech system manufacturers and their customers
(e.g., Philips Healthcare, ASML, Thales)

* Media companies (e.g. Winkwaves)




Example: WMO process of

a Dutch Municipality
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Conformance check of discovered model

A proM [5.0]
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Performance analysis
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Events sorted by start time of case

A proM [5.0]

File Mining Analysis Comersion Exports Window Help
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Events sorted by duration

A proM [5.0]
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Idle time versus working time

B proM [5.0]
File Mining Analysis Conversion Exports Window Help
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"Real™ animation
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And of course ...

A proM [5.0]
File Mining Analysis Comersion Exports Window Help
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Reality # PowerPoint (or Visio)




Process spectrum
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How can process mining help?

11:26

1 DO krvh

Good maps?

Navigation by
PowerPoints?

Traffic information?

Where is the next fuel
station?

Who is in charge?
Seamless zoom?
Customizable views?

When will the
destination be
reached?
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When will | be home?
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Where innovation starts
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Approach

predictio

“When? —---------

processes @ information
system

12-6-2009!

partial cas

annotated
transition
system




Input: partial trace and historic information

future

unknown
completion
time

(12-6-2009)!

predicted .
completion

time

annotated
transition
system



event id properties
timestamp activity resource cost,
35654423 | 30-12-2008:11.10 A John 300
35654424 | 30-12-2008:15.21 B John 400
35654425 | 30-12-2008:15.35 C John 100
35654426 | 30-12-2008:15.55 D John 400
35655526 | 29-12-2008:16.15 A Ann 300
35655527 | 30-12-2005:16.05 C ! IUU oG “"‘"‘12 =
ssorsssn |siassoonozs| o | L[4 0B oG LD
0 | (AW O p26 D36
=
3 <A12?E22jD06>
=
4 <AlajBlgj 0223 D28>
18 22 26 32
5 | (A8, B2 26 D32
G <A19 EQS D59>
y y
20 25 36 44
7 | (A20, 025 p36 pidy




Building transition systems

ABCD
ACBD
AED

ABCD
ABCD
AED

ACBD

A A

(a) transition system based on sets

A

C
A

(b) transition system based on sequences

many
abstractions
are possible
and supported
by ProM's
FSM miner
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Annotated transition system based on

remaining time

AUU?BU‘D’ 012? Dlti)
A10,014,BQ6, D‘36>
A12,E22,D56>

A15,B19,022,D28>
AlS,BQQ,CQEi,DSQ)
A197E287D59>

A20,025,Bg6, D44>

=1 O U = W N =
P N

[12,9,10]  [6,10,6,6,8] [0,0,0,0,0]

ABCD [18,26,44,13, ‘

ACBD B B
AED 14,40,24]

ABCD :}

ABCD

ACRD [18,26,44,13,

14,40,24]

[
Ll
[

[22,19]

[34,31] [0,0]




Predictive information

average: 7.2 average: 0
average: 10.33 st. dev.: 1.79 st. dev.: 0
st. dev.: 1.53 min: 6 @‘ min: 0
min: 9 @‘ max: 10
max: 12

predict: 10. predict: 0
average: 25.75 [12,9,10] ,10,6,6,8] [0,0,0,0,0]
st. dev.: 12.25
min: 13 & @ (ABC}
max: 44 18,26,44,13 . 1.
[ 4.40.24] B predict 7.2
{A} {A.C}
average: 25.75 A )
st. dev.: 12.25 [18,26,44,13,  predictt 25.75 [22,19]
min: 13 14,40,24]
max: 44 AE) @
[34,31 [0,0]
average: 32.5 A B C D
st. dev.: 2.12
. O
min. %14 O average: 20.5 average: 0 ‘
S st. dev.: 2.12 ) st. dev.: 0
min: 19 @ min: 0 @
max: 22 max: 0 PAGE o1
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Example: WOZ process in Dutch Municipality

Tt R A o g i VR O S MR 7 =
- : s Sk = — —
B e

: 1882 objections
:Iernlﬂ_lmn_g\ .nnally.fsis ;weMrsinn Ert1|.'\|."|ndu-'l.rulltI H:I: triggeri ng 1 1 985

£l o8 d (== " mgm
ab.mxml {3) GG e e e aCtIVItles ..........................

ab.mxml

Dashboard
Processes

Mean 6 Max 17

.31
;
T O

Event classes 17

- el T
- %: E Event types 1

o e
- o Originators 16
& M3 Al
3 B ~F) :
e < J Min 1 Mean 6 Max 12 start analyzing this log



All 11985 events at a glance

A proM [5.0]
File Mining Analysis Comrersion Exports Window Help

v - - :
oo = M == 22 D
Anahysis - Dotted Chart Analysis (2) §§

Dotted Chart | Settings
Oclays:0:0:0 A0days:0:0:0 BOdays:0:0:0 S0days:0:0:0 120days:0:0:0 1a0days:0:0:0  180days:0:0:0 M 0days:0:0:0  240day

Average flow time is 107 days
(with a huge variation)

(1043)x= (1043
(1042)= (1042)=
10%

1=

Zoom (X)

Foom out

18:54:30 [M] Fitered log in 0 milliseconds




& proM [5.0]
File Mining Analysis Conversion Exports Window Help

A r_ﬂ .""\\ ﬂl ﬁ &

FSM based Performance Analysis

For partial traces
corresponding to mmwﬁ oo

elaps=d = 80,8558

this state the rarening = 26 7732
estimated time
until completion
is 8.5 days

[
sojourn = 1.71435
elapsed = 157887
remaining = 8.9553%




ts  Window Help

graphwview

=10l x|

64 83881

718452

406.781

631935

69,4784

51727.3

72,8231

74.6510

24,3339

3.25089

5.50101

103.264

082483

14.6016

406.304

8.80083

13.6616

1331.10

T.74203

12,2609

147880

317161

0.07740

1351.93

208513

8.61544

554.336

34.0397

44 4393

522043

16.2393

22,0282

447,301

46 4377

551125

123275

36.6227

47,2489

133.769

267055

267055

25,7842

0.0

0.0

0.0

31.3298

371198

113=20.0

plete

o ) 0
c 0 -
- Billf=
H G
complete omplete
D L

complete | complete

H

G

complet complete

(L]

MSE=213.204
Frequency=922

[l
complete

L
complete

I
omplete

B0

G
complete

com

[ v

[4]

E

foormn: 151 %




\

Abstraction

MAE

RMSE

MAPE

Set abstraction based on all activities (cf. Fig-

ure 17(a))

41.648

47.513

1505.07

Set abstraction based on last activity (cf. Fig-

ure 17(b))

43.080

1818.49

Set abstraction based on last activity and addi-
tional information related to the occurrence of “I”

(cf. Figure 17(c))

17.129

900.07

Complete abstraction (cf. Figure 17(d))

63.391

7169.55

Simple heuristic: half of average total flow time
(53.57 days)

61.750

6188.04
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Process Discovery — The Alpha /\ /.\ " n,
.

Algorithm 7 / -
Vo
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Design-time analysis vs run-time analysis

——_— e —

validation

verification <
performance
analysis <

design-time
analysis

e.g., systems like

discovery

(process conformance
-
model ~extension

run-time
analysis

e.g. process moy
represented in BPNYN,
BPEL, EPCs, Petri né
UML AD, etc. or other
types of models such as
social networks,
organizational networks,
decision trees, etc.

event
logs

7 ” supports/ WebSphere,
world controls ¢ Oracle, TIBCO/
. Staffware, SAP,
business processes (SO tware) FLOWer, etc.
people  services system
components
organizations records
specifies events, e.g.,
configures messages,
models implements transactions,
analyzes analyzes etc.

e.g., dedicated formats
such as IBM’s
Common Event
Infrastructure (CEI) and
MXML or proprietary
formats stored in flat
files or database
tables.




Starting point:

event logs

event logs, audit
trails, databases,
message logs, etc.

0.1

WorkflowLog
?1
0.1 1..%
S Process
(X 1
0..%0
Processinstance
0..1
¢
0..0
AuditTrailEntry
0.1 0.1 ?1
0.1
Data
! 1 0.1 0.1
WorkflowModel i .
0.1 Element EventType Timestamp Originator
Attribute

unified event log

(MXML)




Event log:

°* processes
e process instances
— events

Per event:
- activity name

* (event type)
* (originator)
* (timestamp)

(data)

_ D:\application_data\ProM\cpn_examples\reviewing\reviewslog_with_fewer_errorsaxml

———

=10l x]

i) ammfieati \ ) A it e iag, & Connle
VAN, - I D:\application_data'\ProMYcpn_examplesireviewing u’ewer\slj | A I““=‘

ol

GO(Jg[E“Gv ;IUit\toeren +@ B~ | % Bladwijzersw PageRank . 3>

@ Instelingenw

W 88' v| @wsszoowr...l /& DELP: David ... | ED:\epplic... x

|@'E '@'ﬁEﬁgE"@T@ISv

<Timestamp:=2007-03-25T00:00:00.000+01:00</Timestamp:=
<Originator=Mike </Criginator:
</AuditTrailEntry =
- <AuditTrailEntry =
<WorkflowModelElement zreject </WorkflowModelElement >
<EventType=complete</EventType>
<Timestamp>»2007-03-30T00:00:00.000+01:00</Timestamp>
<Originator=Mike </Criginator:
</AuditTrailEntry =
</Processinstance:s
- <ProcessInstance id="52" description=
- <AuditTrailEntry =
<WorkflowModelElement =invite reviewers </ WorkflowModelElement=
<EventType=start</EventType:
<Timestamp>2006-08-31T00:00:00.000+01:00</Timestamp>
<Originator=Anne</Originator=
</AuditTrailEntry =
- <AuditTrailEntry =
<WorkflowModelElement=invite reviewers </ WorkflowModelElement=
<EventType=complete</EventTypex
<Timestamp:=2006-09-01T00:00:00.000+01:00</Timastamp:
<Originator=Anne</Originator:
</AuditTrailEntry =
- <AuditTrailEntry =
- <Datax=
<Attribute name="result">reject</Attribute:
</Data=
<WorkflowModelElement =get review 2 </WorkflowModelElement:=
<EventType=complete</EventType>
<Timestamp:=2006-09-01T00:00:00.000+01:00</Timestamp:=
<Originator=Pete </Criginator:
</ AuditTrailEntry =
- <AuditTrailEntry =
- «<Data>
<Attribute name="result">reject</Attribute:
</Datax=
<WorkflowModelElement=get review 1 </\WorkflowModelElement=
<EventType=complete</EventTypex
<Timestamp:==2006-09-05T00:00:00.000+01:00</Timastamp:
<Originator=Pam</0riginator:
</AuditTrailEntry =
- <AuditTrailEntry =
<WorkflowModelElement =time-out 3 </WorkflowModelElement =
<EventType=complete</EventType>
<Timestamp:=2006-09-10T00:00:00.000+01:00</Timestamp:=
<Originator /=
</AuditTrailEntry =
- <AuditTrailEntry =
<WorkflowModelElement=collect reviews</WorkflowModelElement =
<EventType=start</EventType:

=

4]

Al

o

|Done l_ l_ l_ l_ l_ |_| d My Computer

[®100% ~ 4




TV a2l laLdl TS -~
i

- <Processlnstance id="51" description="">

- <AuditTrailEntry> J
<WorkflowModelElementNpvite reviewers</WorkflowModelfle

<EventType>start</EventTHRe> O
<Timestamp>2006-08-28T00Q0:80.000+01:00</Timghtamp attrlbUteS Of

<Originator>Mike </Originator>

</AuditTrailEntry> an eVent

- <AuditTrailEntry>
<WorkflowModelElement>invite reviewersN</\\ oo™ odelElej

<EventType>complete</EventType>
<Timestamp>2006-08-31T00:00:00.000+0 B/ Tim® tamp end Of

<Originator>Mike </Originator>
</AuditTrailE activity
- <Ayd#fraillEntry>
- <Data>
<Attribute name="result">reject</Attribute> D
</Data> activity
<WorkflowModelElement>get review 3 </WorkflowModelElems
<EventType>complete</EventType>
<Timestamp>2006-09-02T00:00:00.000+01:00</Timestarr .
<Originator>Mary</Originator> ' lnStance
</AuditTrailEntry>
- <AuthSgjEntry>
<WorkflowMoQdg bt gag orkirlowModelElement>

<EventType>comp|ete</EventType>
<Timestamp>2006-09-03T00:00:00.000+01:00</Timestamp>
<QOriginator />
</AuditTrailEntry>
- <AuditTrailEntrv >



Process Mining: The alpha algorithm
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File Mining Analysis  Comersion  Exporls  Window  Help

a M e

get review 2
complete
o =] 1]
M
e i€ 0: \application_datatprotticpn_examples\yeviening'yeviews! x| |‘,H | [coogle |2/~
time-out 2

T P Y Y Ry e complte
w e gg| -| @Wsszuwwml (& DBLP: David ... | Eoieplc... x | | - - g v Page v (G Tooks » 7

<Timestamp:>2007-03-25T00:00:00.000+01:00</ Timestamp > B

<Originator=Mike</Qriginator> invite reviewers . .
</AuditTrailEntry > time-out 1 collect review

- <AuditTrailEntry= / I3‘3""'|F'rEh3
<WorkflowModelElement>reject</WorkflowModelElement = I i i 2
invite reviewers invite reviewers 7

<EventType=complete</EventTypes start —.O—' et collect reviews

<Timestamp=2007-03-30T00:00:00.000+01:00 </ Timestamp = d W e start

<Originator=Mike </Originators \ get review 1
</AuditTrailEntry = complete ’

</Processinstance:s
- <ProcessInstance id="52" description=
- <AuditTrailEntry >
<WorkflowModelElement>invite reviewers</WorkflowModelElement>
«<EventType»start</EventTypex
<Timestamp:>2006-08-31T00:00:00.000+01:00</Timastamp =
<Originator=Anne</Originator:=
</AuditTrailEntry >
- <AuditTrailEntry=
<WorkflowModelElementzinvite reviewers </WorkflowModelElement=
<EventType=complete</EventType:
<Timestamp>2006-09-01T00:00:00.000+01:00 </ Timestamp >

e,

time-out 3
complete

get review 3
complete

<Originator=Anne</Originator=
</AuditTrailEntry > ‘ —T =,
- <AuditTrailEntry> = e - -
- <Datax
<Attribute name="result">reject</Attribute:

</Data=
<WorkflowModelElement=get review 2</Workflow
<EventType>complete</EventType>

4 proM [4.0]

=101

F.
[»

1
F:

‘ et }_'O_'{ J—
e

rect
it xSl renienwer }_-O_-I
ot




Without transactional information

(just completes)

 proM [4.0]
File Mining Analysis Conversion Exports Window Help

Results - Settings for mining Filtered reviewslog_with_fewer_errors.xml using Alpha algorithm plugin =
1
4 -
; get review 2
§§ complete
: time-out X
: time-out 2 complete
: complete
invite additional reviewer
: complete
: time-out1
5@ complete et review X
: O invite reviewers collect reviews O decide complete
i complete complete complete
: get review 1
3 complete
: accept
: complete
time-out 3
3 complete
: reject
: complete
get review 3
: complete
1 Il
T R e e e e e e e e e et e L e e e e e e e e e e e e e L e e e e e e e e e e e e e e e e e e e e e e e e e R e e e e e e e e e e e e e
-




Example log

* Minimal information in log: case
id’s and task id’s.

* Additional information: event
type, time, resources, and data.
« Sequences:
- 1: ABCD
- 2: ACBD
- 3: ABCD
- 4: ACBD
- 5:EF
* So this log there are three
possible sequences:
- ABCD
- ACBD
- EF

case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case

POPOWRLRPAONNAENERPERPOWNE

task
task
task
task
task
task
task
task
task
task
task
task
task
task
task
task
task
task

OTMwwoOO0OmMOw>»0O000m > > >




> —,||,# relations

 Direct succession: x>y iff
for some case x is directly
followed by vy.

« Causality: x—y iff x>y and
not y>x.

- Parallel: x||y iff x>y and
y>X

« Choice: x#y iff not x>y and
not y>x.

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
case 2 : task D
case 5 : task E
case 4 : task C
case 1 : task D
case 3 : task C
case 3 : task D
case 4 : task B
case 5 : task F
case 4 : task D

A>B
A>C
B>C
B>D
C>B
C>D
E>F

K

A—B
A—C
B—D
C—D
E—>F

ABCD
ACBD
EF

B||C
c||B

PAGE 77




Basic idea (1)

O
=
X—>Y




Basic idea (2)

A0

X

y

O

Z

=)

X—Y, X—Z, and V||z




Basic idea (3)

y

-CL

=)

X—Y, X—>Z, and y#z




Basic idea (4)

X

O

y

¥ou

=)

X—z, Yy—>z, and X||y




Basic idea (5)

X

-

o

X—2Z, Y—>Z, and X#y




It is not that simple!

Basic alpha algorithm

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

1.Twy={teT | 3, _wteo}

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

3. Tog={teT | 3. _\t=last(o)},

4 Xy ={(AB)| AcTy rA#eArBcTyAB#a A
VacaVbe@2wb A Voiamoca@ify @ A Vi g Dy by b

5Y W ={(AB)e X | Viagy.xAcA ' ABcB'= (AB)=(A"B")},

Pw={Pnag) | (AB) e Yy} HAiyonh

7.Fy={(@pag) | (AB)eYy raecA} U{(pag)b) | (AB) e
Yy AbeB} U{(iyt) | teT} U{(toy,) |te Ty}, and

8. a(W) = (Py, Tw.Fw).

.C”




Example revisited

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 \/\/
case 2 : task D a( )
case 5 : task E E;
case 4 : task C
case 1 : task D
case 3 : task C
case 3 : task D /\ [)
case 4 : task B
case 5 : task F
case 4 : task D (:
A>B A—B
A>C A—C
B>C B—D
B>D C—D » E F
C>B E—>F
C>D
E>F B||C
C||B




Exercise (1)

- What does the alpha algorithm produce for a log
consisting only of the following traces?

- ABCD
° ACBD Let W be a workflow log over T. a(W) is defined as follows.
+ AED 2 Te(teT |3t o]
: I ceW 2
3. To={teT | 3 _,t=last(c)},
4. Xy ={(AB)| AcT, rA#Z8ABcT ,AB#a A
:a caVbeg@2wb A Voipcadifiya, A Vi g by
2 )
Direct succession: x>y iff for some 0. YAVY ;I{ (AB) e X | v(A’,B’) xASA ABcB'= (AB)=
case x is directly followed by y. (A",B)
«Causality: x—y iff x>y and not y>x. 6. Py ={Pag | (AB) e Yy} Aiy.onk
TR ST A U 7. Fy={(appg) | (AB)cY, nacA} u{
Y oice: X#y ITf not x>y and no (p(AB),b) | (AB)eY,, nbeB} Al(iyt) | teT} A
y=X. (to,) |te T} and
8. a(W) =Py, Tw.Fy)-

PAGE 85




Another example taken step-by-step ...

Definition 3.1 (Workflow trace, Workflow log). Let 1" be @ lase identifier|task identifier
set of tasks. o € T™ is a workflow trace and W € P(1™) is a case 1 task A
workflow lng.‘? case 2 task A

case 3 task A

The workflow trace of case 1 in Table 1 is ABC'D. The GaRe 2 Gaak B
workflow log corresponding to Table 1 is RS ok iHak &
case 1 task C

{;’15(?0, ACBD. x"lb‘i)}. case 2 task C

case 4 task A

case 2 task B

case 2 task D

case 5 task A

case 4 task C

case 1 task D

case 3 task C

case 3 task D

case 4 task B

Taken from: case 5 task E
Wil M. P. van der Aalst, Ton Weijters, Laura Maruster: Workflow Mining: case 5 task D
Discovering Process Models from Event Logs. IEEE Trans. Knowl. Data Eng. Gl B SaET T§

16(9): 1128-1142 (2004)




Definition 3.2 (Log-based ordering relations). Let W be a
workflow log over T', i.e., W € P(1*). Let a,b e T

° @ there is a trace o = titols ... 1,1 and i €

. n—2} such that o€ W and t; =a and

Livi—=0,
° m a >y band b Ay a,

Ewh iff a Aw band b Fw a, and

° I
® m a >w band b >w a.

Consider the workflow log W = {i), ACBD,AED}
(i.e., the log shown in Table 1). Relation >y describes which
tasks appeared in sequence (one directly following the other).
) A>y C, A>w E, w B >y D,
SSw D, and E >y D. Relatiom —y can be

computed from >y and is referred to as _the (direct) causal
relation derived from workflow log V. *1 s O
A—w E,B—wyw D,C —yw D,and F — D Note that B / ann
(' because C' >y B. Relation ||y suggests potential paralle-

lism. For logHZ tasks B and ' seem to be in parallel, i.e.,
Bl Ca m f two tasks can follow each other directly

in any order, then all possible interleavings are present and,

A>B
A>C
A>E
B>C
D>D
C>B
C>D
E>D

A—B
A—-C
A—E
B—-D
C-D
E-D

BJ||C
C||B




Definition 4.3 (Mining algorithm «). Let W be a workflow log
over T. (W) is defined as follows:

W = {ABCD. ACBD. AED)
Jl Tw = {i’. e | ngu.-'l". c (T},
V2. Ty={eT|3,ewt = first(o)},

3. To={teTl|3dewt=last(c)},
4.
Xy = {(A, B) 1 TI1 — {A B? C'J D? E}’
A YaeaW
e
3.

mgqpht3- C)__'{l)}

NBCB=(ADB = A.0%,

6. Py ={pan | (A B)c Yy} U {iw, ow},
7.

Ih = {(f.'!.-._. Pia, B)) (4"'1._. _B} c _‘1’1.1.-' Noa € 1'1}
) {(pa, (A,B) € Yy A be B}
U {(?.'.u.-', t) ‘ [ & lj} U {(J’., ow ) | t € Ib},

and
8. ¢ P(H) = (_f W \ :fu _Fu}




Definition 4.3 (Mining algorithm «). Let W be a workflow log

over T. o(W) is defined as follows: W ={ABCD, ACBD,AED}

Vi Ty={tcT| 3wt col,
V2. Ty={teT| 3wt = firsi(o)},

V3. To={teT| 3wt =last(o)},
Vi
Xy = {(:’1, 3) | ACTTwy NBCTwy ® \
N VaeaAVbepa —w b N Vo, meaq1FFwaz I\ O e %
A Vo, e Fwbe b, \ #'i, \# ./,
. A and B need to be non-empty.

Xw =1({ A}, {B)), (145,1C}), QAL EY),
(1B}, AD}), RCEH D), ({E}, {D}),
{A}AB E}), A} {C E}), (1B, E}, {D}),
({1C, £}, {D})},
ol |

8. ¢ P(H) = (_f W \ :fu _Fu}




X ={({ A} AB)), (AL 0}, (A} EY),
(B}, {D}), {C},{D}), {E}, {D}),
{A}AB E}), 1A} AC, EY), ({B, E}, {D}),
{C, E}AD})

Vs |W = {ABCD, ACBD, AED}|
Yw ={(A,B) € Xy | Viapyexy A C A’
ANBC B=(AB)= (A, B},
5.
Yy :{({A}v {Bv E}), ({A}v {Cv E})v ({Bv E}v
{D}), ({C, B}, {D})},




5. '

Yiw ={({A}, 4B, E}), (1A} 10, E}), (B, B},
{D}), RC, E},AD})},

A VaeAVbeBa —w b N Vo, aea1 Fwaz .
A Vo, beenbi #wba ‘ |1-1-' — {;’15(?}9, ACBD, ﬂbf_)}l

Py ={tw, 0w, D({A} {B.E})s P{A}.{C.E})»

PU{B.E}.{D})> P{C.ELLDN |-

FLV :{(?:{,{;7 A)? (Aa p({A},{B,E}))?
52 By =1pan | (4,B) € Yw) (DA 1p B, B\ s (D o) b

Fy = {(a.pap) | (A B) € Yy B
U {0)[_,1:[;}, b) | (:’1,5} < Yu

U{(iw,t) |t €T} U{(t o @—» A c D @
and E
VS, (W) = (By. Tw. F). . l




Exercise (2)

- What does the alpha algorithm produce for a log
consisting only of the following traces?

« ACD
Let W be a workflow log over T. a(W) is defined as follows.
- BCE _
1. Ty={teT | 3__,tea}
2. T,={teT | 3__, t=first(c) },
3. To={teT | 3 _,t=last(c)},
4. Xy ={(AB)| AcT, rA#Z8ABcT ,AB#a A
:a caVbeg@2wb A Voipcadifiya, A Vi g by
2 I
*Direct succession: x>y iff for some = YAVY ;I{ (AB) e X | Vg e xASAABC B'S (A,B) =
case x is directly followed by y. (A",B)
«Causality: x>y iff x>y and not y>x. 6. Py ={Pag | (AB) e Yy} Aiy.onk
TR ST A U 7. Fy={(@pug) | (AB)eY, nacA} Uf
>x0|Ce- X#y 1T not x>y and no (p(AB),b) | (AB)eY,, nbeB} Al(iyt) | teT} A
y=X. (to,) |te Ty}, and
8. a(W) =Py, Tw.Fy)-

T ————




Exercise (3)

- What does the alpha algorithm produce for a log
consisting only of the following traces?

« ACEG
Let W be a workflow log over T. a(W) is defined as follows.
« AECG _
1. Ty={teT | 3__,tea}
° BDFG 2. T,={teT | 3__, t=first(c) },
3. To={teT | 3__,t=last(c)},
e BFDG 4. X, ={(AB)| AcT, AA£28ABcT, AB#oA
:a caVbeg@2wb A Voipcadifiya, A Vi g by
2 )
D ausssasarE ey T Some 5. YAVY ;I{ (AB)e X | Viapy.xAcA ABcB'=(AB)=
case x is directly followed by y. (A"B) }, _
«Causality: x—vy iff x>y and not y>x. 6. Py ={Pag | (AB) e Yy} Aiy.onk
parset oy andyx U | |7 Fu=i@png) | @)<Yy nacA)
Y eligsh 253 y (PapyP) | (AB)eYy AbeB} U{(iyt) | te T} A
y>X. (t,oy,) [t e Ty}, and
8. (W)= (P, T.Fyy)-

T




Properties of the Alpha algorithm

* If log is complete with respect to relation >, it can be used to mine
any SWF-net!

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

/
\

ANV

(Short loops require some refinement but not a problem.)




Alpha algorithm

- Mainly of theoretical interest!

- Too simple to be applicable to real-life logs.
 Does not address issues such as noise, etc.
* Should NOT be taken as a benchmark.

- However, the algorithm reveals:

* basic process mining ideas and concepts in 8 lines,
 theoretical limits of process mining.

e




Basic test for any mining algorithm:
Rediscovery

Original Logs Mining Mined
Process algortithm Process

Can the mined process generate all the

behavior in the log?

How close Is the behavior of the mined
process to the original one?




Controlled choices cannot be rediscovered
(and in may cases this is good!)

B

Fig. 7. The nonfree-choice WF-net Ny cannot be rediscovered by the
«v algorithm.




Log only contains information about behavior

and not structure

G—O

A/'O—’C
£ o
SO
A/‘O_'C
SO

F

Fig. 8. WF-net N3 cannot be rediscovered by the « algorithm.
Nevertheless, « returns a WF-net which is behavioral equivalent.




Completeness notion may be too crude in

some cases

11

@

(XX

Fig. 9. Although both WF-nets are not behavioral equivalent they are

identical with respect to > .




Another example of behaviorally equivalent

SWF-nets

13

B
oSt 1O
e

Fig. 10. Both SWF-nets are behavioral equivalent and, therefore, any
algorithm will be unable to distinguish N, from N3 (assuming a notion

of completeness based on > ).




Silent steps (and duplicate steps) cannot be
discovered

AND AND

@—vhg : g—u—o

¢

K




010

G H

/"O\

—a]
Wey

=

(b) Process model

fithness + N
precision + \
generalization + N
structure +

fitness +

precision - Py
generalization + d
structure + v

k.

?m

(d) Process model

No. of Instances

1207
145
56
23
28

(a) Event Log

>0 @ A PO>» B PO>» D PO> E PO | PO
(c) Process model
Log Traces /71 fitness -
i precision +
ABDEI L’ generalization -
ACDGHFI structure +
ACGDHFI
ACHDFI fi N
ACDHFI | _ ness
N precision +
N generalization -
Ny structure -
B O+ D PO E PO |
D O» G PO>» H PO» F PO |
G PO D pO» H PO F PO |
(O H QO D Q> F PO |
>(O» D (O H PO F PO |

(e) Process model



Simple process mining algorithms tend to:

« Have problems with complex control-flow constructs. For example, many
process mining algorithms are unable to deal with non-free-choice
constructs and complex nested loops.

* Not allow for duplicates. In the event log it is not possible to
distinguish between activities that are logged in a similar way, i.e.,
there are multiple activities that have the same “footprint” in the log.
As a result, most algorithms map these different activities onto a
simple activity thus making the model incorrect or counter-intuitive.

- Silent steps. Things that are not recorded cannot be discovered.

« Underfit (i.e., overgeneralize) or overfit. Many algorithms have a
tendency to overgeneralize, i.e., the discovered model allows for
much more behavior than actually recorded in the log. In some
circumstances this may be desirable. However, there seems to be a
need to flexibly balance between “overfitting” and “underfitting”.

* Yield inconsistent models. For more complicated processes many
algorithms have a tendency to produce models that may have
deadlocks and/or livelocks. It seems vital that the generated models
satisfy some soundness requirements (e.g., the soundness

property).
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Overview of process discovery techniques

- Classical techniques (e.g., learning state machines and
the theory of regions): cannot handle concurrency
and/or do not generalize (i.e., if it did not happen, it
cannot happen).

» Algorithmic techniques
« Alpha miner

Alpha+, Alpha++, Alpha#

Heuristic miner

Multi phase miner

+ Genetic process mining
* Region-based process mining

« State-based regions
 Language based regions -



http://www.sxc.hu/browse.phtml?f=download&id=45559

Genetic Mining

(Ana Karla Alves de Medeiros et al.)

1. initial population

6. mutation

5. children
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Design choices

1. initial population re p res e n tati O n

6. mutation

2. fitness test




Properties of Genetic Mining

* Requires a lot of computing power.

- Can deal with noise, infrequent behavior, duplicate
tasks, invisible tasks, etc.

- Allows for incremental improvement and
combinations with other approaches (heuristics
post-optimization, etc.).

ath X
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http://www.foxnews.com/story/0,2933,316375,00.html?sPage=fnc/scitech/evolution

Balancing Between

Overfitting and /\\ - A
Underfitting 7 77
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Challenge: Balancing
Between Underfitting and
Overfitting




The essence

ABCD
ACBD
AED

ABCD
ABCD
AED

ACBD

@

AR
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Any log B
containg

thgntées ﬁ> C —
D, and
E.

) 4
\4

-0
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Finding a balance

ACD

BCE C>

more (@) B E more
behavior beIJavior
A D
ACD :

08¢

ACE

BCE C> c
\/ BCD

(@) B E

(b)
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ACD 99
ACE 0
BCE 85
BCD 0
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http://upload.wikimedia.org/wikipedia/commons/0/03/Green_check.svg

ACD 99
ACE 88
BCE 85
BCD 78
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http://upload.wikimedia.org/wikipedia/commons/0/03/Green_check.svg

ACD 99
ACE 2
BCE 85
BCD 3

08¢
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Important observations

* Frequencies matter!

- Adding a place equals restricting
behavior!

* "The model” does not exist!




Relevance

PAGE 118




Discovering Other
Perspectives
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Perspectives

Control-flow perspective
* As before ...

Data perspective

« How does data flow from one task to
another?

 What data is influencing decisions?

 What are the (data-driven) business
rules?

Organizational perspective
 Who is doing what?
 Who is working with who?

 What are the (real) roles in an
organization?




Examples of social network mining
(Minseok Song et al.)

(b) working together
Yy

ping similar task




Social networks based on hand-over of work

0.294
0.088 0. GPS Team
0.029
Customer Service Team 0.265

0.147 m
0.059 Mobile Phone Team

(a) social network for organizational units

0.294

0.294
KT

Clerk |-g——— Engineer 0.118

0.118 Financial Administrator

(b) social network for roles



Decision mining

(Anne Rozinat et al.)

(Amount > 500)

AND
(PolicyType = normal)
\
\
\ Check all
Register \
B
p1
- /
Amount f Check L .
CustomerlD / policy only decision point
PolicyType
/ [N . )
% data modification
(Amount <= 500) £

OR

(Policy Type = premium) — — — data dependency
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Conformance and Extension

“world”
business processes

people  machines
components

supports/
controls

software

system {7

organizations

models

verification analyzes

/

specifies
configures
implements
analyzes

~

records

etc.

process/ discovery
@system conformance
model - 2
\/ extension

events, e.g.,
messages,
transactions,
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Conformance checker

(Anne Rozinat et al.)

o> A D ®> A B D E [

(c) Process model

G H

(b) Process model

fitness + N No. of Instances Log Traces B it fitness -
precision + A p precision +
generalization + Ny 1207 ABDEI v’ generalization -

How to quantlfy this?

A structure -

structure +

(d) Process model (e) Process model




Fitness by replay

No. of Instances Log Traces
O, m=0 >
Start cl B c2 c3 E c4 End r=0 1124057 ABDEA
@ @A oo }-0 A O -9 ACDGHFA
oo e = 56 ACGDHFA
O L 10" p=1 23 ACHDFA
a bOs! H 28 ACDHFA
o No. of Instances Log Traces
00—, m=0 >
o Start T cl B c2 S c3 E c4 R End r=0 1124057 A?}EGDHEﬁA
© oL ::: : : O c=1 56 ACGDHFA
C c6 c8 F =2 23
O o7 O P ACHDFA
¢ O H 28 ACDHFA
€S No. of Instances Log Traces
Start cl B /?—JG)T’ E c4 End T: 00 1124057 +A"(\EBD[G)HEI§A
(c) O A o— DO b—» A PO co? 56 CODHEA
Cl cs e |F -4
° 7 O p= 23 ACHDFA
O\.l s bOo] H 28 ACDHFA

PAGE 127

mM=missing,r=remaining,c=consumed,p=produced




No problem (m=0, r=0)

//©\,

Start
or

Start
Ofx

Start
Ol

cl

End

5.

End

5.

B

c7

End

5.

B!

T O = 3
non oy
g wo o

T O = 3
nn Iy
o 0O o

T 0O = 3
nou Iy
~N O o

No. of Instances

Log Traces

1207 | ABDEA
145 ACDGHFA
56 ACGDHFA
23 ACHDFA
28 ACDHFA
No. of Instances Log Traces
1207 | ABDEA
145 ACDGHFA
56 ACGDHFA
23 ACHDFA
28 ACDHFA
No. of Instances Log Traces
1207 | ABDEA
145 ACDGHFA
56 ACGDHFA
23 ACHDFA
28 ACDHFA
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Another (impossible) trace

CO No. of Instances Log Traces
d C [ C C n r - 0 145
(2) @A - eonrE HOi: : >O+A >0 c=0 56 ACGDHFA
O p=1 23 |»AcHDFA
28 ACDHFA
No. of Instances Log Traces
iy 1207 | acperra
Start End r= 0 145
O~ >0 C=1 56 ACGDHFA
p=2 23 |»ACHDFA
28 ACDHFA
No. of Instances Log Traces
m=1 1207 ABDEA
Start End
r=0 145 ACDGHFA
O >O c=2 56 ACGDHFA
p=4 23 > acHDFA
28 ACDHFA

ﬂ




€3 No. of Instances Log Traces
a c c c c n r=0 145
(d) O A :@—»R’—»Oi: >O* A PO B 56 ACGDHFA
il N B 8 f p=5 23 [»acHDFA
O\ pa +O+T|/'©, 28 ACDHFA
o No. of Instances Log Traces
a c c c c n r=0 145
(e) O_’ A ))—' D F })_) A _>O c=4 56 ACGDHFA
c \@‘L . c8 p=6 23 |»acHDFaA
G pO> H 28 ACDHFA
o No. of Instances Log Traces
a c c c n r=0 145
0 O] A 30— ApO I 56 ACGDHFA
R p=7 23 [?>AcHDFA
.G 28 ACDHFA




Fithess calculation

cd No. of Instances Log Traces

Start 1 //2/@\3) 4 End m=1 1207 ABDEA
2 : c c c d r=1 145 ACDGHFA
© O A 30— M ::O* A PO c=8 56 ACGDHFA
6 p=8

23 —» ACHDFA

C C
‘@% s ool n O 28 ACDHFA

1 1 1 Zle m-r@-)
2 Sinici 2 S ap;

F(M1,L2) = 5(1 — 2=) + 3 (1 — 2==) ~ 0.995
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No. of Instances Log Traces No. of Instances Log Traces No. of Instances Log Traces
1207 ABDEA o e
4070 ABDEA 145 ACDGHFA 15 CHE
245 ACDGHFA 56 ACGDHFA 5 ADBE
56 ACGDHFA 23 ACHDFA ACBGDFAA
o8 ACDHFA 1
8 ABEDA
(a) Event Log L1 (b) Event Log L2 (c) Event Log L3
Sté:]hefz;t)ont o B 2 ggﬁ(c:: 3 E ca Cheifpt)oin;%i
A XO—| D —>0:: p-» A
C c6 c8 F
c7
Hgi?féfﬁiréi:a‘ G pO> H Highvalos Glsim
Consult Check Process Model M1

Expert Liability
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Diagnostics

c5

Remained Start ci c2 c3 E c4 End
enabled o A 0 : A

¥

C ch o7 c8 F
Failedt_ @A G _>®_. H )'O, Process Model M1
execution after replay of Event Log L2

PAGE 133




Other Metrics

* Fitness is not sufficient: hence other metrics are
needed such as behavioral and structural
appropriateness, etc.

- These metrics cover aspects such as:
* Punishing for "too much" behavior.
* Punishing for "overly complex"” models.




Model incl.
Data Depen-
dencies

Madel incl.

Probabilities
and Time

- Existing models can be enriched by logs analysis
(e.g., indicating bottlenecks, etc.).

* Process mining results can be combined.

« Can be used to create comprehensive simulation
models and export them to e.g. CPN Tools:

Activity set
i er incl. Roles

Simulation
Model

what if analysis

R

flow fime service level

utilization
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Example: Log from Dutch municipality

Log Traces [

H'
nm R ]

052 30EEVIMA48R / [ e T h

05:

[ Anabysis - Porfonmance Anabsis veilh Petii net o' @
n
b

i [ L) Anatiis - Dacision Point Anabsis ' i i J " i a
|| Model | Attritites | Log | Algortiin | Deciston Tree (Bules | Bvaleation | ool |

[aciak

. ol e
‘Cholca 1 *p¥*
(Fqueuns data = Domam___heusl)
orales
(Mgueus data = ACD? Voorbersiden)

orelns
iMgueus data = ACGDE_OBA_alfhemer)

.| + data

f_, Furnuilin - Soflingu fos mining Fileoed af ecbs Mool wsing Or ganis slional My
| Daganicitinil Mocid

“F + resources

Results of automatically generated CPN Tools simulation models

Activity

(a) execution tima (b) waiting time

18 100

16 A a0
F 14 _ ﬁ
2 I ‘1. oL g 0 A\ -
g 2 pav I 7\ 7 o
oo —— W0 £
E . / \ M E 50 A ff/‘: m

i

% . .’ ‘l —— b2 E 40 e
H 'o,1l - = a0
o o4 =

2 “‘\-’M i0

_._,—l—~_'_'_'_'_'_‘-\-‘-‘-‘-‘-‘_|-|_\_
i o - - -
AE03 AE04 BE AGDd GEA  AGDE aE10 AGOZ &G04 BE AED4 GBA AGDE A0

Activity




Part il
Hands-on with ProM /\ /.\ . n,_
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Download/install ProM 5.2

WWwWWw.processmining.org




Exercise (4)

- Consider the following log:
cabcdf
acbdf
abdcf
acdbf
cadef
caedf
* Use the Alpha algorithm/ProM to discover the

corresponding process model (Filename:
exercise4.mxml)
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= CI{A X E)

- Consider the following log:
cabcdefbdceg
-abdceg
cabcdefbcdefbdceg

« Use the Alpha algorithm/ProM to discover the
corresponding process model (Filename:
exercise5.mxml)




Exercise (6)

- Consider the following log:
cabef
cabecdbf
cabcedbf
cabcdebf
caebcdbf

* Use the Alpha algorithm/ProM to discover the
corresponding process model (Filename:
exercise6.mxml)
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Exercise (7)

- Load exercise7.mxml
* Inspect the log (e.g. using the internet explorer)

- Use the Alpha algorithm to discover the
corresponding process model.
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Explore ProM using exercise7.mxml

B proM [5.2]
File | Mining | Anahysis Conversion

EXCEercises.msm

excercise7.mxml

Dashboard Processes

Event classes

Event types

Originators

Exports Window Help

Mutti-phase Macro Plugin
Partial Order Generator
Partial Order Aggregator
Partial Order Mining TimeUnit
Heuristics miner
DWS mining plugin
Association Rule Miner
DecMinerPlugin
Genetic algorithm plugin
Duplicate Tasks GA& plug-in
| Alpha algorithm plugin
Tsinghua-alpha algorithm plugin
¥ Alpha++ algorithm plugin
Transition System Generator
Region miner

Parikh Language-bhased Region miner

Fuzzy Miner

Cloud chamber niné
Activity Clustering Miner

Change mining plugin

Freguency abstraction miner
Social network miner
StaffAssignmentMiner
Organizational Miner

Semantic Organizational Miner
Role Hierarchy Miner

Workflow patterns miner
Case data extraction plugin

Logreader Benchmark
LogReader comparison driver
Process Instance Inspector
Flower Model Miner

Explicit Model Miner

start analyzing this log

[Heuristics miner]
discover process model and
play with settings

[Alpha algorithm plugin]
discover process model and
play with settings

[Fuzzy Miner]
discover process model and
explore the various views

[Fuzzy Miner]
animate the model

[Social Network Miner]
discover the social network
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Explore ProM using exercise7.mxml (2)

=101 ]

2 prom [5.2]
File Mining nnalysis|(20nversion Exports Window Help

v B O Selected Petrinet »| Petrinet Analysis [WOﬂ an Ana |yS i S]
Decision Point Analysis

e Il verify correctness of model
A e Conformance Checker o o E
excercise7.mxml LTL Checker o
B — \ [Conformance Checker] check
Originator by Task Matrix

Pattern analyzer ‘ the conformance of the mined
Sequence Clustering I
Trace Clustering

Parikh L hased Region net extend
Log Summary ’ m O d e I
[Conformance Checker]
Events Execution Times Using Availability Based on Hours Per Shift  [LCLS-10]

Performance Analysis with Petri net
= Activity Clustering J[ :
4 Stream Scope ’ — [(Advanced) Dotted Chart

: Analysis]

modify the log (delete and
insert events) and the check
Basic Performance Analysis
Element State Analysis
= Structural Log Metrics
2 Log Clustering
construct dotted charts and
explore all options

the conformance
Dotted Chart Analysis

Processes
Log based recommendations

Cases

Event classes

[Performance Analysis with
Petri net]

analyze the performance
(where are the bottlenecks)

Event types Advanced Dotted Chart Analysis
Performance Sequence Diagram Ana

Causal footprint analyzer
Originators Basic Log Statistics

Log Splitting

Case data visualization

Event Data Attribute Visualizer
Control How Benchmark

start analyzing this ..

[Basic Performance Analysis]
analyze the performance
(explore all options)

Minimum Description Length
View/Edit High Level Process
: Export to CPN Tools 2.0

: *| Petri Net Complexity Analysis

Results - Alpha algorithm plugin

% Ontology Summary

Semantic Originator by Task Matrix
Performance Metrics in Ontologies
Semantic LTL Checker

Annotate with default ontologies

LR EREN S OTEERRNTHBRNEY  Open log with classic dialog



Explore ProM using exercise7.mxml (3)

Comversion | Exports Window Help

Selected Petrinet | Post process model from an XMl MXML log
Extract Causal Footprint
Labeled WF net to EPC

Labeled WF net to YAWL model
excercise?7.mxml Petri net to Heuristic net
Petri net to labeled WF net
Petri net to 0WWF net
Petri net reduction
Transitive Reduction
BPEL 1.1

File Mining Analysis
v ~ .
| ZBRg

excerciseZ.mxm

convert discovered Petri net
into EPC model

&%, More conversions.

convert discovered Petri net
into YAWL model

Processes

Petri net to Fuzzy Model
Yasper
Cases

Events e 22 i %0 convert discovered Petri net
into heuristic net

Event classes

Event types

Originators

Mean 14 start analyzing this log

Results - Alpha algorithm plugin on Raw excercise?.mxml (unfiltered) (3)

b
E

Zoom: 78 %

Edit log relations
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14:05:48 [M] Process mining finished.



If time is left, ....

- Repeat the process using exercise8.mxml

- Repeat the process using repairexample.zip and
repairexamplesample2.zip

* Use the above two files to follow the steps described
in the ProM Framework Tutorial




Conclusion
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Conclusion

» The abundance of event data enables a wide
variety of process mining techniques ranging
from process discovery to conformance
checking.

* A reality check for people that are involved in
process modeling.

» Great application possibilities!
» Good research/PhD topic!

 TomTom functionality is already possible
today!

» Check out ProM with its 250+ plug-ins




Thanks! cf. www.processmining.org
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