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Positioning Process Mining

process model analysis

(simulation, verification, etc.)

process

mining
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data-oriented analysis

(data mining, machine learning, business intelligence)




Moore's Law




Three Types of Process Mining
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Play-Out (Classical use of models)

/@<0




9]
<
D
-]
—
o
«Q

process model

PAGE 7







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




Example Process Discovery
(ASML, test process lithography systems, 154966 events)
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extended model
showing times,
frequencies, etc.
diagnostics
predictions
recommendations

[
[
[
event log process model \_
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start \(: end
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start \(: end
p2 C p4




Replay can detect problems

ACD

Problem!
token Ieftji'nd©<: B

@—o "

start \(
p2 ‘

Problem!
A missing token

end
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Replay can extract timing information




Performance Analysis Using Replay
(WOZ objections Dutch municipality, 745 objections, 9583 event, f= 0.988)

={Process information:

Total number selected:

745 cases

NHumber fitting:
628 cases

Arrival rate:

2,85 cases per day

i | Throughput time (days)
Performang3vd 177,99 hsitions:
OF 12 Hertaneren min 3,78 4____!-—'
o e =4 Frequency: 44 ., 2599 |
stdev  [52,87
avg  Jrast25.|98,98
min
slow 2. [230,76 Waiting time:
max  Inorma.. 191,11 '
stdev - High
[ast 25.00% Change Export . Medium
Percentages Time-Metrics Bl Lo
Settings
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Hundreds of plug-ins available covering

the whole process mining spectrum

open-source (L-GPL)

md g0\

process mining workbench

Download from: www.processmining.org




Commercial Alternatives

Disco (Fluxicon)

Perceptive Process Mining
(before Futura Reflect and BPM|one)

ARIS Process Performance
Manager

QPR ProcessAnalyzer

Interstage Process Discovery
(Fujitsu) -
Discovery Analyst (StereoLOGIC) >
XMAnalyzer (XMPro)

VA
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Three Key Observations



#1 Alignments are essential!

\

g

¢

- conformance checking to diagnose deviations

* squeezing reality into the model to do model-based
analysis

move on
log

move on

model —— c|>|d
a |l cl b | d
_I_

t1 | t4

; move on
move on model N model
(harmless)




Y

P

#2 Models are like the glasses required to
see and understand event data!
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Alignments

Joint work with Arya Adriansyah, Boudewijn van Dongen, Elham
Ramezani, Dirk Fahland, Massimiliano de Leoni, et al.




Replaying trace “abeg”

abeg

@) a

start

register
request

examine
thoroughly

C bay
compensation

examine
casually

decide end

r=1

d

check ticket

reject
request

reinitiate
request

1 1
fitness(o,N) = 5 (1 — i) + 5 (1 — i) = 0.83333




From “playing the token game” to

optimal alignments ...

observed trace: “abeg”

2
e
=
w
@

A

examine
thoroughly

move in
M Od el on Iy start register

request

g
pay
e compensation
decide k
h




Another alignment

observed trace: “abcdeg”

L

®

:

move in

log only

start

register
request

b
examine
thoroughly
g
C pay
compensation
end

examine €
casually decide
h
d reject
check ticket request

f

reinitiate
request




Moves have costs

»

»

o

- Standard cost function:
-c(x,») =1
—c(»y) =1
-c(x,y) =0, If x=y
—Cc(X,y) = =, if x#y




Any cost structure Is possible

send-letter(John,2
weeks, $400)

send-email(Sue,3
weeks,$500)

« Similar activities (more similarity implies lower
Ccosts).

* Resource conformance (done by someone that
does not have the specified role).

- Data conformance (path is not possible for this
customer).

« Time conformance (missed the legal deadline)




Using Alignments

- An optimal alignment has the
lowest possible costs.

 If multiple alignments are
optimal, pick one or use all.

» Like an "oracle" revealing paths
In the model.

* These paths can be used for
further analysis!

- Can be used for quantifying
various types conformance
(possibly using a different

cost function).




Some pointers

« Wil M. P. van der Aalst, Arya Adriansyah, Boudewijn F. van Dongen: Replaying
history on process models for conformance checking and performance analysis.
Wiley Interdisc. Rew.: Data Mining and Knowledge Discovery 2(2): 182-192 (2012)

- Arya Adriansyah, Jorge Munoz-Gama, Josep Carmona, Boudewijn F. van Dongen,
Wil M. P. van der Aalst: Alignment Based Precision Checking. Business Process
Management Workshops 2012: 137-149

- Arya Adriansyah, Boudewijn F. van Dongen, Wil M. P. van der Aalst: Conformance
Checking Using Cost-Based Fitness Analysis. EDOC 2011: 55-64

* Massimiliano de Leoni, Wil M. P. van der Aalst, Boudewijn F. van Dongen: Data-
and Resource-Aware Conformance Checking of Business Processes. BIS 2012: 48-
59

- Joos C. A. M. Buijs, Boudewijn F. van Dongen, Wil M. P. van der Aalst: On the Role
of Fitness, Precision, Generalization and Simplicity in Process Discovery. OTM
Conferences (1) 2012: 305-322

« Elham Ramezani, Dirk Fahland, Wil M. P. van der Aalst: Where Did | Misbehave?
Diagnostic Information in Compliance Checking. BPM 2012: 262-278

* A. Adriansyah, B.F. van Dongen, W.M.P. van der Aalst. Memory-Efficient Alignment
of Observed and Modeled Behavior. BPM Center Report BPM-13-03,

BPMcenter.org, 2013




Conformance: Taking a Step Back



Conventional Conformance Notions

fitness

ability to explain
observed behavior

precision
avoiding
overfitting

avoiding
underfitting

generalization

Occam’s Razor

simplicity

Leaving out one of these dimensions during
discovery will lead to degenerate cases!
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Problem

event logs covers only a fraction
of all possible behavior

[ real process process ~—
is unknown discovery/
~ process \
discovery

real record
event Proccss

process data model

“unknown”

“only examples”

conformancr

— checki

\
conform_ance —
checking

model needs to provide an abstraction:
Murphy's Law of Process Mining

PAGE 35




Traditional Notions such as Precision and

Recall do NOT Apply

ideal or desired model based on
perfect knowledge of real process descriptive or normative model

— (man-made or discovered)
event log AN

regular behavior in log not
covered by model

— o Problem I: event log does
regular behavior in log not provide information
covered by model about the whole universe of

traces only a selected part

—|

Problem Il: in practice it is
unclear where this line is

. _ m(TP) _ mo(TP)
Precisiofion Moy = 2 (My) = wo(TP) + mo(F P)

exceptional behavior in log

_ w(TP) _ (T P)
recallu, ay a1y, = o he) = 3T P) T m ) covered by model
= (TP) _ = (TP)

PTECISION . Ay My = (M) m(TP) +m(FP)

recally, st g, = 20 E) __ m(TP) exceptional behavior in log
not covered by the model

T (Mo) _ m(TP) +m(FN)

. m (T Fr, (T Fr, .
Precision .y, = ?rll[—h"f}) =m(TP,)=m (M) recall, arp o = ﬁ =7, (TP,) =y (M)




Operationalizing the Four

Conformance dimensions

* Fitness (fraction of observed behavior possible according to the model).
— Measure at the case or event level.

— How to continue after a deviation (where to put the "blame"), cf.
duplicate and silent activities.

* Precision (avoiding underfitting; fraction of allowed behavior never
observed).

— Log only contains examples.
— Metrics are e.g. based on escaping edges.

« Generalization (avoiding overfitting; probability that the next unseen
case will not fit).

— Reasoning about unseen behavior, strongly related to log
completeness.

« Simplicity (Occam's Razor: the simplest of two or more competing
theories is preferable)

— Easy to operationalize (e.g., number of nodes or arcs).

— Often subjective (valuation of AND/XOR/OR—spIit/joins)_



Some pointers

Wil M. P. van der Aalst: Mediating Between Modeled and Observed

* Behavior: The Quest for the “Right” Process. Seventh IEEE International
Conference on Research Challenges in Information Science (RCIS 2013), (2013)

Wil M. P. van der Aalst, Arya Adriansyah, Boudewijn F. van Dongen: Replaying
history on process models for conformance checking and performance
analysis. Wiley Interdisc. Rew.: Data Mining and Knowledge Discovery 2(2).
182-192 (2012)

« Joos C. A. M. Buijs, Boudewijn F. van Dongen, Wil M. P. van der Aalst: On the
Role of Fitness, Precision, Generalization and Simplicity in Process Discovery.
OTM Conferences (1) 2012: 305-322

* Wil M. P. van der Aalst: Process Mining - Discovery, Conformance and
Enhancement of Business Processes. Springer 2011, isbn 978-3-642-19344-6,
pp. I-XVI, 1-352
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Representational Bias
In Process Mining

(not about visualization)

Joint work with Joos Buijs, Sander Leemans, and Boudewijn van Dongen.



Typical Representational Bias

* (Labeled) Petri Nets, WF-
nets, etc.

Subsets of

« BPMN diagrams,

 UML Activity Diagrams,

« Event-Driven Process
Chains (EPCs),

* YAWL,
* etc.

Transition Systems
(Hidden) Markov Models

pay
compensation

examine
‘ thoroughly ‘
cl c3

examine
casually

start register c5

request

decide

reject
request
reinitiate
request

pay
casually compensation
X P % e
i reject
reinitiate

request
examine
thoroughl
examine
casually

check
ticket

register
request
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Huge Search Space When Discovering a
Petri Net, BPMN model, and the like ...
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Alternative Representational Bias

1. C-nets (XOR/AND/OR-
split/join graphs; more
likely to be sound due to
declarative semantics).

2. Declare models
(constraint based,
grounded in LTL,;
anything is possible
unless forbidden)

3. Process Trees (similar to
subsets of various
process algebras; sound
by structure)

compensation




Another Representational Bias:

Process Trees

* Always sound because of théf
block structure E

* Also Loop and OR opgrater

) | @

. Ty

i
@

PAGE 58




Petri Net Semantics

(used for comparison and conformance checking only)

A
_>
/\ A B A
A OO0
Sequence AB
Parallellism B
X A
H O =X
AB
. . | B A
Exclusive Choice

V

O /\
N A ¢ @ AB -
ABC B Or Choice

Loop

PAGE 59




< 22 Loop
A B
Parallellism B




A Discovery Algorithm Using Process

Trees: 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")

Change

Create
Initial

Measure

PAGE 61



Population Change

G
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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-malill
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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 fitness

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 fitness




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
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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 67




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 69

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 70

1zation

ETM with weight zero to two out of four perspectives.




Considering 3 of 4 Criteria

(a) no precision ‘

replay fithness needs to have a larger weight

PAGE 71




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\
ABCDFGS 6((\ “0\
ABDCEG|2 G ‘(\\\\
ABDCF G2 \Ie 6\ GG‘
ABCFG |8 . GO ‘((\ \®
ACBEG |1 \6 ‘\0 Gg
\S. PALNEIRY S SN
ADBCFGQ[T \.Q \\x\ ‘\‘a
ADBCEG|1 o\) \\N ‘\\G
ADCBFG|4 o\ \G‘
ACDBFQ|2 «\0 a\
ACBFG |1 ‘00
discovered by ETM —
_>
f- 1,000[p: 0,923 A "
G [51,000[g: 0,889
DEF




1) Carefully choose your representational bias during
discovery: Unrelated to presentation/visualization!

Lessons
learinec

2) Consider all conformance dimensions (replay
fitness, precision, generalization, and simplicity)!




Some pointers

« Wil M. P. van der Aalst, Arya Adriansyah, Boudewijn F. van
Dongen: Causal Nets: A Modeling Language Tailored towards
Process Discovery. CONCUR 2011: 28-42

- Joos C. A. M. Buijs, Boudewijn F. van Dongen, Wil M. P. van der
Aalst: On the Role of Fitness, Precision, Generalization and
Simplicity in Process Discovery. OTM Conferences (1) 2012:
305-322

- Joos C. A. M. Buijs, Boudewijn F. van Dongen, Wil M. P. van der
Aalst: A genetic algorithm for discovering process trees. IEEE
Congress on Evolutionary Computation 2012: 1-8

- S.J.J. Leemans, D. Fahland, W.M.P. van der Aalst. Discovering
Block-Structured Process Models From Event Logs — A
Constructive Approach. BPM Center Report BPM-13-06,

BPMcenter.org, 2013




Mediating Between a
Reference Model and Real
Observed Behavior

Joint work with Joos Buijs, Boudewijn van Dongen, and Dirk Fahland.



Compromise Based on Two Main Forces

=
=

¥
1

L=
L = |

P
o

g

pay
compensation

(==}

O — S — B — S — S ST S S i

start 5 & decide

h

reject
request

(S = S = = S S ST o S T v

o b

N S = BTN e S S S ST S T
(ST = S T e S ST o S S e S o S SR S o

reinitiate
request

O O B O b b b e O e e
Ll o Qo
HEHHOoOOEOHEO

Ul S S S R e R e S T e S e S ST R ST SR S S
= B B L YO B B e
L = R~ S S — N . = = = ey

e = T = e el e = S = R e
(S = S S R = S S = S ST - R

fithess

ability to explain
observed behavior

Various techniques to precision

compare graphs, e.g.,
edit distance notions
(add, remove, replace). generalization

avoiding
overfitting

avoiding
underfitting

Occam’s Razor

simplicity
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Force Between Reference Model and Candidate

Model Can be Viewed as a 5!" Conformance Notion

Replay Simplicity
Fitness

————
/// -~
P ~
P ~N
v N

Optimal 7 AN

Process Model /

\ . . .
‘))) Boundary

) |
| Candidate ‘ |
Process Model ,'
\

\ Reference /’

\ Process Model //

.. \ / .
Precision \ ,7 Generalization
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Example From CoSelLoG Project

sim: 1.000

0 edits

f: 0.744

p: 0.785

sim: 0.650

42 edits

f: 0.974

p: 0.933

s: 0.613

g: 0.747

RS WX
(d) Similarity x1




Some pointers

J.C.A.M. Buijs ,M. La Rosa, H.A. Reijers, B.F. van Dongen, and
W.M.P. van der Aalst: Improving Business Process Models using
Observed Behavior, SIMPDA 2012 post-proceedings, Lecture Notes in
Business Information Processing, 2013.

« Joos C. A. M. Buijs, Boudewijn F. van Dongen, Wil M. P. van der Aalst:
On the Role of Fitness, Precision, Generalization and Simplicity in
Process Discovery. OTM Conferences (1) 2012: 305-322

- Dirk Fahland, Wil M. P. van der Aalst: Repairing Process Models to
Reflect Reality. BPM 2012: 229-245.

« Dirk Fahland, Wil M. P. van der Aalst: Simplifying discovered process
models in a controlled manner. Inf. Syst. 38(4): 585-605 (2013).
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Mining Configurable
Process Models

Joint work with Joos Buijs, Boudewijn van Dongen, and Florian Gottschalk.



Two variants of the same process ...




Configurable Process Model




Variants of the same process
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Approach 1: Merge Separately Mined

Models

"normal”
discovery

Process
model 1

Process
model 2

Process
model n

pure
model-
based

merging

N T

Configurable
Process model

C1

Cc2

pure model-
based
configuration

Cn
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Results Approach 1 for running example

.
O"[m-::nmpleteHBchmplet%—{

CFDB2CE

D2 B2

D2+complete

B2+complete

D+complete

—

B2+complete

C+complete —® F+rcomplete E
L% AN :
— i

C+complete E+complete
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Results Approach 1 for running example

[-.B.B.B] [B.-.B.B] 4

CFDB2CE

D2 B2

poor
similarity

poor
generalization
B2 C

Overall |Fitness|Precision|Simplicity \\;neralization wze|#C.P.|Similarity
Combined| 0.989 | 0.999 | 0.999 0.981 \ 0.220 SR -
Variant O | 0.986 | 0.995 | 0.995 0.981 0.235 141 3 0418
Variant 1 | 0.989 | 1.000 | 1.000 0.981 0.263 16| 3 0.464
Variant 2 | 0.989 | 1.000 | 1.000 0.981 0.174 10| 3 0.317
Variant 3 | 0.989 | 1.000 | 1.000 0.981 0.264 16 | 3 0.464
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Approach 2

pure
model-

based
merging
Y
M A
event
Process
log 1 model 1 / €l
N~
Y
M A
event Process
log 2 model 2 c2
N~
Process
event
Cn
log n model n

Configurable
Process model

Common
Process model

Merged
event log

pure model-
based
configuration

discovery
based on discovery based on local
whole event log and common

model (edit distance as
5th dimension)

event log
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Results Approach 2 for running example

S—
B2+complete
| S—
S .
™ C+complete F+complete

A — | —
O A+complete B1+complete -*> + X 0 G+complete O
S oy

D2+complete; E+complete
| — | —
X
—
B+complete
S

(a) Process model discovered from combined event log




Results Approach 2 for running example

N [-.B.B,B] [B.-.B.B] _ _ [B.B.-.B] N [B.B.B.-]
N
G A BI X G
A F E B2 C F E B2 C F E
CDB A Bl B D2 oor
(f) Configurable process model 4 SR Fr merging models (b) througi S
Overall|Fitness|Precision|Simplicityy \eneralization Size |#C.P.|Si /ﬁlarity
Combined| 0.958 [ 0.974 | 0.921 | 0.968 | \0.212 46 | 4 -
Variant O | 0.981 | 0.995 | 0.995 0.968 0.232 12 3 0.414
Variant 1 | 0.984 | 1.000 | 1.000 0.968 0.246 13 3 0.441
Variant 2 | 0.984 | 1.000 | 1.000 0.968 0.180 10| 3 0.357
Variant 3 | 0.869 | 0.886 | 0.649 0.968 0.232 14| 3 0.467

(g) Quality statistics of the configurable process model of (f)

PAGE 90




Approach 3

configuration based on
common model and local
event log (always limiting
behavior, not extending it)

discovery

based on
whole

event log

C1
event
log 2 C2
event A
log n

event log (ERIED: Configuration
-~
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Results Approach 3 for running example

[B.-.B.-] —

/< >< [_<_’HB] ['sB’B"] [B,H,H,‘] ?\ %
A //% F /X
|-.B.—.B] -
[H--B] —> /\ = F G E [--.B.B]

32C CD B Bl
C Bl D2 D B2 C

[B.B.-.H]

Bl B2

[H.B.H.-]

(a) Configurable process model discover st discovering the process model
. better better
the COﬂﬁgUfaUOﬂS generalization similarity

Overall|Fitness|Precision|Simplicity\Seneralization|  |Size[#C.P.|Similg
Combined| 0.988 | 1.000 | 0.981 0.986 "\ (.374 42 | 11 -V
Variant O | 0.990 | 1.000 | 0.990 0.986 0.400 20 6 0.645
Variant 1 | 0.992 | 1.000 | 1.000 0.986 0.408 20 7 0.645
Variant 2 | 0.992 | 1.000 | 1.000 0.986 0.285 13 8 0.473
Variant 3 | 0.977 | 1.000 | 0.922 0.986 0.496 24| 6 0.727

(b) Quality statistics of the configurable process model of (a)



Approach 4

discovery of the process model and
the configuration is combined into
one algorithm (configuration costs are
added to overall fitness)

log 1 Cl

log 2 C2

Cn

Configurable
Process model

Configunation
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Results Approach 4 for running example

[-.—.—.— ] —

m [--H.H]
A G

BlL. D B2 CBFE

il el T [H.-.H.-] [-.H.H.-| [H.-.H.-] [-.H.- H]
replay fitness
=~ (a) Configurable Q del discoy| bt oo e
using the integratg *™"% y approach
Overall |Fitness|Precision|Simplici // Generalizati/ Size |#C.P. Simi‘ /rity

Combined| 0.983 | 0.962 | 0.999 1.000 0.684 ° 12| 6 N
Variant 0 | 0.996 | 0.995 | 0.994 1.000 0.738 10| 2 0.909
Variant 1 | 0.957 | 0.894 | 1.000 1.000 0.723 10| 3 0.909
Variant 2 | 0.998 | 1.000 | 1.000 1.000 0.614 8 | 5 0.800
Variant 3 | 0.961 | 0.905 | 1.000 1.000 0.741 10] 3 0.909

(b) Quality statistics of the configurable process model of (a)
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Genetic algorithms are versatile and can
consider different forces at the same time
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... but often not fast enough




Some pointers

J.C.A.M. Buijs, B.F. van Dongen, and W.M.P. van der Aalst:
Mining Configurable Process Models from Collections of Event
Logs, under review, 2013.

* Florian Gottschalk, Teun A. C. Wagemakers, Monique H.
Jansen-Vullers, Wil M. P. van der Aalst, Marcello La Rosa:
Configurable Process Models: Experiences from a Municipality
Case Study. CAISE 2009: 486-500

* Florian Gottschalk, Wil M. P. van der Aalst, Monique H. Jansen-
Vullers: Merging Event-Driven Process Chains. OTM
Conferences (1) 2008: 418-426

« Wil M. P. van der Aalst: Business Process Configuration in the
Cloud: How to Support and Analyze Multi-tenant Processes?
ECOWS 2011: 3-10
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Decomposing Process Mining
Problems

Joint work with Eric Verbeek, Jorge Munoz , and Josep Carmona.



Big Data: Opportunities and Challenges
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System Net

h
t10

€ a = register request

b = examine file

¢ = check ticket

d = decide

e = reinitiate request

f = send acceptance letter
g = pay compensation

- Labeled Petri net (P,T,F,I) h = send refection letter
- Silent transitions and visible transitions (unique or not),
* One initial marking M,,.,, one final marking Mg, .,
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Traces and Logs

« A system net SN has a set of possible visible traces
¢(SN) starting in M,,,, and ending M, only showing
the visible steps.

 An event log L is a multiset of traces.

« Two main process mining problems:

1. Conformance checking: Given L and SN, evaluate the

"conformance" (e.g., fitness, precision, generalization,
etc.) of L and ¢(SN)

2. Process discovery: Given L, create SN such that the
conformance of L and ¢(SN) is "as good as possible"
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Valid Decomposition

t11

%;a

c9 start

start ond

cb6 t9 c9

15 c5 end

* Union of subnets is original net
* No shared places E
- Shared transitions are visible and have unique label
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Another Decomposition

Requirement
* Union of subnets is original net
* No shared places

- Shared transitions are visible and unique




Maximal Valid Decomposition
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Maximal Decomposition

_—

m—
« Construction: group arcs iteratively e
- Maximal decomposition is unique :O:: BN
* There is always a valid decomposition ™ :: >y

/




Non-unique visible labels

« Union of subnets is original net
* No shared places

- Shared transitions are visible and unique _
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Conformance checking can

be decomposed !!!

- Let L be an event log, SN a system net, and
D={SN1,SN?, ... SN"} a valid decomposition

- L'is the sublog of SN' (L projected onto visible
transitions of SN

SN* SN?
start 1

L Is perfectly fitting SN
If and only if

each projected log is L' is perfectly fittincl; SN




Example of alignment for observed trace
a,b,c,d,ec,d,g,f

11213141516 718]9|10/11] 12 2572 1]3]9
alb|c|d|e|c|>d|=>g|f|> v; = V2 = €1> ’\/§'=a ¢
V3 = a dle|T|d alcle|c
afblejdiec|iTidirigif|7 t1 t1e3lt5t6|t2 |5 t1|t4t6|t4
t1(e3]ea|ts 61l t2]t5|e7 119|181 l
3141618 1]5]8]9]10[11 10/11] 12
4 _|eld|c|d 5 _|dleld>|g|f 6 _|g|f|>
BECdlelal BT dleldl g f] P T el F] T
t4lt5|talts t5(t6]t5]t7] 9 [t8 19]¢8]¢11
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So What?

Quantifying Conformance

- Exact result: Fraction of cases perfectly fitting
SN equals the fraction of cases for which each
projected log is L' is perfectly fitting SN'.

- Bound: For fithess at the event level (costs
based alignment) it is possible to compute an
optimistic value.




Discovery can also be distributed!

B Chantal Schreiber 1. Assume the set of activities
™8 Susanne Wechdorn i .. i
~ IS split in overlapping sets.

2. Splitlog L in sublogs L
based on these sets.

3. Discover a model SN! per

sublog.
‘ Dﬂs Ol"(\kel 4. Merge the models SN' into

Fn Kampel kommt selten allein
SN and return result.

All the earlier guarantees hold, e.g., L is
perfectly fitting SN if and only if each
projected log is L' is perfectly fitting SN
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L = [(abcdh)?’o (acbdebcdjgfk)zg(acbdecbdh)gs {a,

zcdecbdjgfk)% (azcdjfgk)M (acbdebcdh)M (a,b,c,d.e.

boeod, j,g, £, k) {a,e,b,d e i d b2 (ab.e d e i d b)Y, (a, e, i d, j, f,g, k),

(a,c i d,j, g, £ k)2 (a,c i, d,e b e, d, b)Y (a,c i d e e i d )7 {a,i e d h)'7,
(acbdjgfk)”(acbdh}ls (azcdezcdgrfgk}M(aczdecbd

d h) (a-,fé.c,d,e.c, b,d,j, f,g. k‘-)S, (a-,c,b, d_ e, b_cl d_J, f_ q, k} (a,b,c.d,e.b, e,
d, h)7, (a‘ c.b.d.ei,c.d jg. f.k  (a.i.c.d.e.ci.d, j, g, f k), (a.c.i.d. h)®, (a,c
b,d,e,i,c,d, )8 (a,i,c,d e, b, c.d,j, g, f. k) (a,be.d. j, f g k)® (a,i cd e ic,d,
e {a,i e d, e ciyd, b)Y (aceyisd e ive,d, by {a,boeod e, evid, g f, g, k), (a, b,
c,de,ebod g, f R (abe d g, R (a.eyicd e boe d, §, g, k)3 {a, b, e, d,
e.boe.d g f.g. k) (ai,e d e bed, g, fog. k)3 (a.be.de,e b.d. j, f,q, k)2 (a,c,
ivd.ejice.d j. f.g. k)2 (a,ci d eise.d e b e.d e b ed g, [, k)2 (a,bed e, i,
c,d,j, g, [, k)2 {a,e.b.d e eyi d, g.og, [E) (a e i d e epid, g, frg. k)2, (a, ¢, b, d,

e!b!c!(lTe!C!b!('lT.j!ng!k>2?<a.‘C i (l ei‘c!b!(lT‘j!g.‘f!k}g'-<a.‘C.‘bfd'e"é.‘c!(l.‘j!f?g!k>2'-

{a,c,i.d,ei,c,d,ei e d, ], g, f. k) (a,c.b.d e c i d. ] f.q, k} (a,i,c,d, e c i d,
e,c iyd,e i e d,e i e d, g, g, f k)L, (a i,cod,e ci,d, j, f,g, k), (a,c,z’.d.e.c.i,d.
Js 9, k)

Let's use the Alpha algorithm

Alpha algorithm is not very L'=[T)-oc-(L)|o €Ly =[(T,a,b,edh,

Das Orake

{a,b,d, e, i}

{a,c,d, e}

{d. e h,j}

{f.g,h,j. k}

L)SO

,(T_.(L_.C,b_. d_.@.b_.(?_.d,j,g,f,

suitable for discovering k J—>28: (T a, ¢, b- d: €, ¢, ba d: h L>283 <—|—~ a, ¢, b: d: €, ¢, b d J~ fs g, k J—>27- (T a, ba C,

transition bordered subnets. de,cid,j g, fk, J_>26‘ N ]
By adding start and end S '
activities we get (in this case)

perfectly fitting subnets.
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Discover model per sublog

(Alpha algorithm)

SN!

i
@00 W‘b@
star b en
e SN?
@,T—»@—»a&c—’@'dﬁ’L ’@
start end
SN j . -

@—»T«%d? h/kﬂ ‘L—»@
& AU

start . ngwk L_’%

/

L' = [(T,a.b,d, L)** (T.a,b.d.e,b,d, L)*® (T.a,b,d e bd, L)** (T a.b.de,
bod. L) (T.a.b.d.e.i.d L)%, .. ]

L? = [(T,a,e,d, 1)*° (T a,c,d,e,c.d, 1) (T, a,e,d,e,c,d, 1), (T, a,¢.d,e,
e,d, LY (T,a.e.de.c.d, L)%, ..

Ly = [(T,d h, LY (T.d.e,d,j, LY*® (T.d,e,d. h, L)*® (T.d,e.d,j, LY*7 (T .d,
e.d,j, L)%, .. ]

Ly=[(T,h, L) (T g, f b, LY (T, h, Y2 AT, 4. f.g.k, LY*" . (T. 4, g, f. k. L)?5,




Merge models

SN* -

&-I-0- -7 0009

\?”
o

L is perfectly fitting SN because each
projected log is L' is perfectly fitting SN’

{3,4} {4}

pl
@\ {1’2’3’4}/"@\ {1,2}

p2 T p5 a
p3 p6
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SESEs, Passages, and general result all

define trees on process graph/event log

Few large process
mining tasks or
many smaller
process mining
tasks.

* Choice of level is
driven by
computation time
and desired
diagnostics!

« All implemented in
ProM.

daoll

process mining workbench




Diagnosis

Diagnose Subprocess

Detect an unfitting subprocess,

analyze it in isolation,

and diagnose the cause of the problems.

b

k}}{) h

- 0 '-H)-ré-i? S0

O~ {EO~{EO~E 0T
O

== giagnose Non Fitting Net

Detect all unfitting subprocesses,

compose the net that contains all them,

and diagnose the cause of the problems.

dgoll

process mining workbench




Example: Conformance Checking based

on SESEsS

k=inf (no sorr}e DHEAEEE intractable
decompostion) or easy problems become
V I tractable
[9,11] k =50 k = /0’ k = 200
P T f t S/B >5 nf t S/B >/'5/ nf t | S/B >5 nt t

prBm6 (317 317| 1 88 |93/38 22 0(0%) 608 4 0(0%) 318|36/16 0(0%) 114
prCm6|317 317[0.57 2743 93/38 22 58(92%) 189 |64729 14 41(94%) 185(36/16 8 22(96%) 502

prAmG|347 363[0.02 75 |[120/57 20 7(3%) 423 |62/27 1(9%) 323[27/12 7 1(10%) 180
6629 1 8
8
105/34 33 5(8%) 1386160/23 18 4(14%) 986(33/15 9 4(23%) 1284
5
5

prDm6|529 429

prEm6 277 275(0.97 3566| 82/35 20 2(5%) 529 (35/13 11 2(5%) 33| 15/7 2(6%) 211

prEFm6 |362 299 - - [108/43 28 2(@%) 1667|57/23 15 2(21%) 31 21/9 1(23%) 562
stolpc))pr?c()ju?;ter problems are suitable k-value
often local depends on
model/log

k = maximal number of arcs in one SESE, P = # places,
T = # transitions, f =fitness, t =time in seconds, S=#
transition bounded SESEs, B = # bridges, >5 = # more = ° \ ‘

than 5 arcs, nf = # non-fitting parts. process mining workbench




Some pointers

« Wil M.P. van der Aalst. Decomposing Petri Nets for Process Mining: A
Generic Approach. BPM Center Report BPM-12-20, BPMcenter.org,
2012

« Wil M. P. van der Aalst: Distributed Process Discovery and
Conformance Checking. FASE 2012: 1-25

* Wil M. P. van der Aalst: Decomposing Process Mining Problems Using
Passages. Petri Nets 2012: 72-91

 H. M. W. (Eric) Verbeek, Wil M. P. van der Aalst: An Experimental
Evaluation of Passage-Based Process Discovery. Business Process
Management Workshops 2012: 205-210

- Wil M.P. van der Aalst and Eric Verbeek. Process Discovery and
Conformance Checking Using Passages. BPM Center Report BPM-12-
21, BPMcenter.org, 2012

* J. Munoz-Gama, J. Carmona, W. van der Aalst: Hierarchical
Conformance Checking of Process Models Based on Event Logs. In:

Applications and Theory of Petri Nets, 2013




Conclusion



Conclusion (1/2)

- Alighments are essential for relating observed
and modeled behavior!

Conformance has (at least) four dimensions!

Representational bias is important (and should
not be confused with visualization)!

New questions are emerging:

— mediating between areference model and
observed behavior

— discovering configurable process models
Decomposing process mining problems to deal

with Big Data.




Conclusion (2/2)

Still many challenging and
highly relevant open problems Process
In process mining! Mining

process model analysis

(simulation, verification, etc.)

Harvard
Business

rocess
Review P

mining

Data Scientist: The Sexiest Job of the 21st Century
by Thomas H. Davenport and D.J. Patil

suolinjos pue swajgoid
‘suonsanb pajuaio-aourwio)iad

suolnjos pue swajqo.d
‘suonsanb pajualio-aoueldwod

process mining workbench
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data-oriented analysis

(data mining, machine learning, business intelligence)

processmining.org




