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Advances in Process Mining

« Many process discovery and conformance checking algorithms
and tools are available (cf. the various ProM packages).

« Also commercial software based on these ideas:
Disco (Fluxicon), Reflect (Futura/Perceptive), BPMOne (Pallas Athena/Perceptive),
ARIS Process Performance Manager (Software AG), Interstage Automated Process
Discovery (Fujitsu), QPR ProcessAnalyzer/Analysis (QPR Software), flow
(fourspark), Discovery Analyst (StereoLOGIC), etc.

* We applied process mining in over 100 organizations.
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= Available in 13 languages



http://www.win.tue.nl/ieeetfpm/lib/exe/fetch.php?media=shared:process_mining_manifesto-small.pdf
http://www.springer.com/computer/database+management+%26+information+retrieval/book/978-3-642-19344-6

Example Process Discovery

(Vestia, Dutch housing agency, 208 cases, 5987 events)

117315 110 Bepalen leegstandsogps

117315 120 Plannen eindinspecti
117315 13015 het opleveringsfor
117315 150 1s er sprake van ZAV 7
117315 170 Aanpassen plattegron|
117315 180 Aanpassen woningwa
117315 190 Actualiseren huurprijg
117315 200 Toewijzen woning/be
117315 210 Registreren voorl. huy
117315 220 Is contract getekend e
117315 240 Definitief maken Huu
117315 250 Aanpassen factureera
117315 260 After sales

117315 270 Archiveren nieuwe ve
117315 300 Is eindinspectie uitgey
117315 340 Zijn er nieuwe of niet
117315 400 Beoordelen/wijzigen |

117315 410 Is opleveringsformulig
117315 430 Aanmaken werkopdral
117315 440 Worden er bonussen/
117315 460 Opstellen eindnota

117315 470 Archiveren huuropzeg
115763 010 Registreren huuropze
119763 030 Vastleggen toekomstif
115763 050 Inplannen afspraak 1e
1195763 060 Aanmaken bevestigin
119763 070 Is 1e inspectie uitgevd
115763 100 Gereedmelden 1e ins
119763 110 Bepalen leegstandsod
115763 120 Plannen eindinSpectq

119763 130 Is het opleveringsfor
119763 150 Is er sprake van ZAV 7

16.05.2007 14:06:23
16.05.2007 143601
23.05.2007 09:41:40

3.05.2007 09:41:51

23.0 157118
23.05.2007 09:42:37

23.05.2007 09:48:23
23.05.2007 09:48:29
10.09.2007 16:24:36
11.09.2007 14:56:18
31.03.2008 16:17:12
05.09.2008 15:39:59
09.09.2008 16:51:24
.09.2008 07:52:08
07.06.2007 14:47:04
14:4T7:06
07.06.2007 18:51:16
07.06.2007 14:51>

11.06.2007 09:21:39
11.06.2007 09:21:49
BE.08.2007 16:18:26
09\0B8.2007 14:42:23
09.05.2007 11:19:14
09.05.2007 12:25:01
09.05.2087 11:59:52
09.05.200\12:31:57
16.05.2007 13;04:26

300 Is eindinspkctie uitgevoerd ?
(complete)

34

0,971
34

340 Zijn er nieuwe of nfet herstelde gebreken ?|
(complete)
34

0,068
34

400 Beoordelen/wijZigen leegstandsoort
(complete)
34

0,969
34

410 Is opleveringsformulier ondertekend ?
(complete)
34

0,964

16.05.2007 13:43:39
16.05.2007 13:43:¢3
16.05.2007 13:42:58
16.05.2007 13:34:49
16.05.2007 13:34:56

34

430 Aanmaken werkopdracht
0,929 (complete)
123 34
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Challenge:

Four Competing Quality Criteria

“‘able to replay event log” “Occam’s razor”
replay fitness simplicity
process
discovery
generalization precision
“not overfitting the log” “not underfitting the log”
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Example: one log four models

examine
thoroughly

pay
examine

start register casually
request

request
reinitiate

. . . r_equest . .
N; : fitness = +, precision = +, generalization = +, simplicity = +

(@~ a]+(Oc O d O e O =)

start  register examine check decide reject  end
request casually ticket request

N, : fitness = -, precision = +, generalization = -, simplicity = +

“able to replay event log” “Occam’s razor”
examine check
. . . . thoroughly ticket
replay fitness simplicity pay
start  register I
request casually .
process qecite| € | Teuest e
discovery N; : fitness = +, precision = -, generalization = +, simplicity = +
generalization precision e ket e
“not overfitting the log” “not underfitting the log” regERer examne ek

request casually ticket

register check examine
request ticket casually

start register examine check decide
request casually ticket request

= = = (all 21 variants seen in the log)

register examine check
request thoroughly ticket

register check examine reject
request ticket thoroughly request

register examine check decide reject
request thoroughly ticket request

N, : fitness = +, precision = +, generalization = -, simplicity = -

trace

455
191
177
144

acdeh

abdeg

adceh

abdeh

acdeg

adceg

adbeh
acdefdbeh
adbeg
acdefbdeh
acdefbdeg
acdefdbeg
adcefcdeh
adcefdbeh
adcefbdeg
acdefbdefdbeg
adcefdbeg
adcefbdefbdeg
adcefdbefbdeh
adbefbdefdbeg
adcefdbefcdefdbeg




trace

thoroughly

compensation

(0)—

check ticket

N, : fitness = +, precision = +, generalization = +, simplicity = +

455
191
177
144
111

P P W W h~ 01
R A W 0O N O DN

R P P N N W 01 00 ©

acdeh

abdeg

adceh

abdeh

acdeg

adceg

adbeh
acdefdbeh
adbeg
acdefbdeh
acdefbdeg
acdefdbeg
adcefcdeh
adcefdbeh
adcefbdeg
acdefbdefdbeg
adcefdbeg
adcefbdefbdeg
adcefdbefbdeh
adbefbdefdbeg
adcefdbefcdefdbeg

1391




# |trace

455|acdeh
191 |abdeg
177 |adceh
144 |abdeh
111|acdeg
adceg
adbeh
acdefdbeh
adbeg
acdefbdeh
acdefbdeg

w b~ 01 ©
0 N oM

w
w

@ {2 -OA OO OO

start  register examine check decide reject end
request request

N, : fithess = , simplicity = +

=
NS

acdefdbeg
adcefcdeh
adcefdbeh
adcefbdeg
acdefbdefdbeg
adcefdbeg
adcefbdefbdeg
adcefdbefbdeh
adbefbdefdbeg
adcefdbefcdefdbeg

R P P N N W 01 00 ©

1391




examine
thoroughly

check
ticket

trace

455
191
177
144
111

P P W W h~ 01
R A W 0O N O DN

R P P N N W 01 00 ©

acdeh

abdeg

adceh

abdeh

acdeg

adceg

adbeh
acdefdbeh
adbeg
acdefbdeh
acdefbdeg
acdefdbeg
adcefcdeh
adcefdbeh
adcefbdeg
acdefbdefdbeg
adcefdbeg
adcefbdefbdeg
adcefdbefbdeh
adbefbdefdbeg
adcefdbefcdefdbeg

1391




register check examine decide pay
request ticket casually compensation

register examine check decide pay
request casually ticket compensation

register check examine decide reject
request ticket casually request

register examine check decide reject
request casually ticket request

start end

s = = (all 21 variants seen in the log)

a —»(/‘ :
register
request

a

register
request

reject
request

h

a

register
request

reject
request

N, : fitness = +, precision = +, generalization = -, simplicity = -

trace

455
191
177
144
111

P P W W h~ 01
R A W 0O N O DN

R P P N N W 01 00 ©

acdeh

abdeg

adceh

abdeh

acdeg

adceg

adbeh
acdefdbeh
adbeg
acdefbdeh
acdefbdeg
acdefdbeg
adcefcdeh
adcefdbeh
adcefbdeg
acdefbdefdbeg
adcefdbeg
adcefbdefbdeg
adcefdbefbdeh
adbefbdefdbeg
adcefdbefcdefdbeg

1391



http://tlc.howstuffworks.com/style/style/celebrity-fashion-disaster-pictures.htm
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Two requirements

1 . It S h O u I d b e p O S S | b I e to “able to replay event log” “Occam’s razor”
seamlessly balance the "eplay Timess simplicity
different quality criteria =)
based on user-defined o N

generallzatlon precision
p refe r e n C eS . “not overfitting the log” “not underfitting the log”

2. The algorithm should Y
always return a "correct” MM
process model and not " e et
waste time on model M“
having deadlocks and g, N
other anomalies. et R

M Mm M um M om BT
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Proposal: Evolutionary Tree Miner (ETM)

* Process trees as representation (= limit search space
to "good" models).

« Genetic approach (= very flexible)

* Fitness function uses all four criteria (= seamlessly
balance the different "forces")

PAGE 13




Representational Bias: Process Trees

* Always sound because of théf
block structure

* Also Loop and OR opgrater

A (BA)*




Petri Net Semantics

(used for comparison and conformance checking only)

A
—
4 OO0 2
Sequence AB
Parallellism B
X A
¢ O
A B
. . | B A
Exclusive Choice
V
0 A A/\B
/\ B
A B B Or Choice

Loop
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Steps of the Genetic ETM Algorithm

Measure

PAGE 16




Population Change

G
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Four Metrics (see paper)

Q “able to replay event log” “Occam’s razor” Q
Tf replay fitness simplicity S

process
discovery

Q generalization precision Q
g P

“not overfitting the log” “not underfitting the log”

O, =1 cost for aligning model and event log
"7 Minimal cost to align arbitrary event log on model and vice versa

#duplicate activities + #missing activities

-1 — _ _
@ #nodes in process tree + #event classes in event log
. #outgoing edges—#used edges
Q 1 Zvisited markings #VISItS * Houtgoing edges
p= 1= T : .
#total marking visits over all markings 1 = optimal
leodes(\/#exeCUtionS)_l 0 =very bad

ngl_

#nodes in tree




Example

Trace

ABCDEG

o)

ABCDFG

33

ABDCEG

12

ABDCFG

20

ABCFG

ACBEG

ADBCFG

ADBCEG

ADCBFG

ACDBFG

ACBFG

=N i~ =] =] =] 00

A = send e-mail, B = check credit,
C = calculate capacity, D = check system,
E = accept, F =reject, G = send e-maill
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Conventional Algorithms (1/3)

("best effort" mapping to process trees to allow for comparison)

alpha miner

f: 0,992

p: 0,995

s: 1,000

o 0,889

low fithess

f: 1,000

D: 0,784

s: 0,933

o 0,830

low precision

f: 0,992

D: 0,957

s: 1,000

o 0,889

low fithess




Conventional Algorithms (2/3)

heuristic miner

f: 1,000]|p: 0,986
s: 0,875]g: 0,852

f: 1,000]p: 0,830
s: 1,000]g: 0,889

PAGE 21




Conventional Algorithms (3/3)

genetic miner

f: 1,000(p: 0,922
s: 0,737(g: 0,790

f: 1,000(p: 0,893
s: 0,933|g: 0,830

PAGE 22




Often unsound result and no mechanism

to seamlessly balance the four criteria

—
— — — RN
O Crfel X T 0,002]p: 0,995
L/;() ﬂ’,—‘ - —ﬂ, Sa— 31 ’_‘/ N =t P =iy
~“‘—ki;:“u"‘:§jh)v k-G A G s: 1,000[g: 0,889
Ol +Cre] BCDEF

—
— —
f: 1,000[p: 0,986] vv b f: 1,000[p: 0,830
5le: 0 A ¢ s: 1,000]g: 0,889
- B EF =
CD

p: 0,784
g: 0,830

f: 0,992[p: 0,957
s 1,000]g: 0,889

f: 1.000|p: 0,922
s: 0,737|g: 0,790

f: 1,000
s: 0,933 ¢

AIEHO ,

:‘ A\—u‘::)—-.—qc r—»(':r\ L) A
\ /\\
\ {_),

<}
ot T
L
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Genetic Mining (ETM) While Considering

Only One Criterion

(a) Only replay fitness

G
f: 1,000[p: 0,341 — QQ\\ l
5: 0,737]g: 0,681 A £50.449]p: 1,000
CDTE CB s: 0,400(g: 0,797

(b) Only Precisionw

f: 0,961|p: 0,394

2 % s: 0,923a: 0,916

f: 075’04 p: 07587 best value ‘
s: 1,000|g: 0,661 for tis log

AE’

(c) Only Simplicity (d) Only Generalization

PAGE 24

ETM with weight zero to three out of four perspectives.




Considering Replay Fitness and One
Other Criterion

(a) Replay Fitness aml Precision

b

f: 1,000|p: 0,387
s: 1,000]g: 0,892

p: 0,214

GD a: 0,906 ‘

(b) Replay Fitness and Simplicity  (c) Replay Fitness and General-

PAGE 25

1zation

ETM with weight zero to two out of four perspectives.




Considering 3 of 4 Criteria

(a) gprecision ‘

f: 0,092

p: 0,995

s: 1,000

g: 0,889

CB EF

(b) no getralization or no simplic-

1ty

replay fithness needs to have a larger weight

PAGE 26




Considering All Four Criteria with

Emphasis on Fithess

f: 1,000[p: 0,923
s: 1,000]g: 0,889

fitness has weight 10




Initial Model Versus Discovered Model

simulat

ed

p: 0,893

g: 0,330

|Trace |#|
ABCDEG| G 068\
ABCDFG|3® 1\ ‘0\
ABDCE G2 ‘ed ‘(\'\\\
ABDCF G2 \Ie 6\ G“
ABCFG |8 . GO '\ QG
S ol S
ACBEG |1 \ ‘\ ‘G \
(%) . X, \)
ADBCFG| 1 \.Q \\’ ‘\‘a
ADBCEG|1 o\) \\N ‘\\G
ADCBFG[4 o\ \G‘
ACDBFG|2 ((\0 a\
ACBFG |1 ‘00
discovered by ETM —
_>
A —
- 1,000]p: 0,923 ey
G [571,000[g: 0,889
DEF




Real-Life Event Logs

* Event log LO is the event log used before. LO contains
100 traces, 590 events and 7 activities.
* Event Log L1 contains 105 traces, 743 events in total,
with 6 different activities.
* Event Log L2 contains 444 traces, 3.269 events in total,
with 6 different activities.
 Event Log L3 contains 274 traces, 1:582 events |n total, |
with 6 different activities. s

Event logs L1, L2 and L3 are extracted from
the information systems of municipalities
participating in the CoSelLoG project
(http://www.win.tue.nl/coselog/).

B AT DN
L O 2 L‘: 7 e

S ]
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LO

L1

L2

L3

a-algorithm

f: 0,992

p: 0,995

f: 1,000

p: 0.510

f: 1.000

p: 0.468

f: 0.976

p: 0.532

s: 1,000

g: 0,889

s: 0.923

g: 0.842

s: 0.923

g: 0.885

s: 0.923

g: 0.866

overall: 0,969

overall: 0,819

overall: 0,819

overall: 0,824

[LP Miner

£: 1,000

p: 0,748

f: 1.000

p: 0.551

f: 1.000

p: 0.752

f: 1.000

p: 0.479

s: 0,933

g: 0,830

s: 0.857

g: 0.775

s: 0.923

g: 0.885

s: 0.857

g: 0.813

overall: 0,887

overall: 0,796

overall: 0.890

overall: 0,787

Heuristics

f: 1,000

p: 0,986

f: 0.966

p: 0.859

f: 0.917

p: 0.974

£:0.995

p: 1.000

s: 0,875

g: 0,852

s: 0.750

g: 0.746

s: 0.706

g: 0.716

s: 1.000

g: 0.939

overall

;0,928

overall 0,830

overall: 0,828

overall

: 0,983

Genetic

f: 1,000

p: 0,922

0,997

p: 0,808

£:0.905

p: 0.808

£ 0.987

p: 0.875

s: 0,737

g: 0,790

s: 0,750

g: 0.707

s: 0,706

g: 0.717

s: 0.750

g: 0.591

overall

;0,862

overall

0,815

overall

;0,78

overall

: 0,801

E'TM

f: 0,992

p: 0,995

f: 0,901

p: 0,989

f: 0,863

p: 0,982

f: 0,995

p: 1,000

s: 1,000

g: 0,889

s: 0,923

g: 0,894

s: 0,923

g: 0,947

s: 1,000

g: 0,939

overall: 0,969

overall: 0,927

overall: 0,929

If unsound , the
sound behavior
is approximated
when creating
the process
tree.

Equal weights for
all criteria.

overall: 0,983




Conclusion

“able to replay event log”

replay fitness

generalization

“not oveffitting the log”

process
discovery

“Occam’s razor”

simplicity

precision

“not underfitting the log”

First algorithm that allows for balancing
all four perspectives.

Genetic algorithm is very flexible, but
also very slow.

Process trees only used internally
(choose your favorite representation)

Future work:

- Improve speed
- Distribute PM tasks

- Discover configurable irocess trees



Wil M. P.van der Aalst

M Ini
+ The reader can put process mining ioto practics imme distely due to the

applicakility of the techniques and the availability of the open-source process D iS(Uver}ﬂl; E{}nf{} rm dn{:e d nd
misingseliaFrel Enhancement of Business Processes

WWW.processmining.org

process mining workbench

and data mining necessary tounderstand the remainder of the book. Part 11 focuses an
process discovery as the most important process mining task: Part 111 moves beyond
dizcoorering the contrel flow of precesses and highlights conformance checking, and
organizaticnal and time perspectives. Part TV guides the reader in successfully apphying
process mining in practice, including an introduction to the widehrused open-source
tool ProM. Finally, Part V takes a step back, reflecting on the material presented and
the key open challenges.

Onverall, this bock provides a comprehensive overview of the state of the art in process
mining It is intended for business process analysts, business consultants, process
managers, graduate students, and BFM ressanchers.

Features and Benefits:

+ First book an process mining, bridging the gap between business process
modeling and business intelligence.

+ Written by one of the most influential and most-cited computer scientists
and the best-known BFM researcher.

+ Selfcomtained and comprehensive cverview fora broad audience in academia

and industry.

I\ $$920.4

bulul

Computer Science

IEBK 578-T- 4 2-19Fhi-&

I]llllml www.win.tue.nl/ieeetfpm/
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