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There is no such thing as a "little
mistake" for an engineer!

- Business information

systems are among the
most complex artifacts

== made by manklnd'

It is not (just) about about the "system"!
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Graphs in Business Process Management
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Business Process Management (BPM) lifecycle

diagnosis
process
control
process
process design
enactment

implementation/
configuration



Challenges for the Graph Transformation

Community

process mining

mrification of process designs

defining syntax and semantics of languages

self-modification

(ad-hoc) model change model transformations

engine implementation



Some personal observations

1. Disconnect between models and
systems (unless models are directly
used for enactment).

2. Models # reality.
. Simulation results # real performance.

4. Too much focus on design time (cf.
conformance, etc.).

5. Large scale verification is possible but
people do not care (most of the time).

W



Overview of Process
Mining

Technische Universiteit
e Eindhoven
University of Technology

Where innovation starts



« Wil van der Aalst - Mercy Amiyo - Jan Martijn van der Werf

* Peter van den Brand « Carmen Bratosin * Martin van Wingerden
* Boudewijn van Dongen « Toon Calders « Jianhong Ye

* Christian Gunther - Jorge Cardoso * Huub de Beer

* Eric Verbeek - Ronald Crooy * Elena Casares

« Ana Karla Alves de Medeiros . Florian Gottschalk * Alina Chipaila

* Anne Rozinat - Monique Jansen-Vullers ° Walid Gaaloul

* Minseok Song - Peter Khisa Wakholi * Martijn van Giessel
« Ton Weijters * Nicolas Knaak * Shaifali Gupta

* Remco Dijkman « Sven Lambrechts  Thomas Hoffmann
* Gianluigi Greco - Joyce Nakatumba *  Peter Hornix

* Antonella Guzzo - Mariska Netjes * René Kerstjens

* Kristian Bisgaard Lassen - Mykola Pechenizkiy - Ralf Kramer

* Ronny Mans - Maja Pesic * Wouter Kunst

« Jan Mendling - Hajo Reijers * Laura Maruster

* Vladimir Rubin - Stefanie Rinderle * Andriy Nikolov

* Kenny van Uden - Domenico Sacca  Adarsh Ramesh

* Irene Vanderfeesten + Helen Schonenberg * Jo Theunissen
 Barbara Weber - Marc Voorhoeve .

* Lijie Wen « Jianmin Wang



Role of models

“world”

business proces:

people  machines
components
organizations
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Event logs are a reflection of reality

supports/ |
“world” controls ‘
business processes software
people  machines system@
components
organizations N\ records
events, e.g.,
messages,
transactions,
etc.
y




Examples:

staffware.
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Process mining: Linking events to models

supports/
controls




Discovery

supports/ ‘
“world” controls ‘
business processes software
people  machines system {:}
components
organizations records
specifies events, e.g.,
configures messages,
N models implements transactions,
verification analyzes analyzes ete.
process/ discovery event
system - loas
€ P conformance g
model




ProM supports +40 types of model discovery!
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Conformance
Checking

supports/
“world” controls
business processes software
people machines system {7
components
organizations records
specifies events, e.q.,
configures messages,
o models implements transactions,
serification analyzes analyzes etc.
process/ discovery event
system
&> y conformance logs
model




& proM[4.2] =1
File Mining Analysis Conversion Exports Window Help

M 10N, g

[7] Anatysis - Conformance Checker (4)
# Log Traces Fitness er[:isiun rStrumum
0 e

1
10
100 Fitness:
101 0.7535551
102 E i

103
104
108
108
107 -
108
109
il
111
113
115
17
118
12
121
123
125
127
129
13
13
133

gz Incorrect model

14

141 H
4z | i zoom:35%

145
147 Diagnostic Perspective Token Counter Failed Tasks Remaining Tasks Path Coverage Passed Edge

149 >
‘ Select Fitting ‘ | Imvert i | in% 1DDE Update Results
10l

File Mining Analysis Comversion Exports Window Help
v ~ "
F' s a8 5]

Analysis - Conformance Checker (2)

Model-related Measure

# |U-UQ Traces: Fitness rPrecision rStrumure |
1
10 =
100
101
102
103
104
105
108
107
108
109

. correct model

115

17 O

114 O

12 Diagnostic Perspective Token Counter Fail d Edges

121 -

deterrnine selitond of cisim
compiete

[T P —
campies

Update Results

| Select Fitting || Invert Selection




A ProM[4.2] Il el e

-
DOSe eie e d e 0 d QD O diJ
U\ Resulls < Furay Minen.on Seleeterd FE Ge 2 st il i o'd X [7] Resuits - Mutti- pnaseMacmPluginun Selected Petri net - i d'g |
T
L LU Urary metrcs L Binary melrics J 1 |
\; sefr
q o =Ny =Ny (== 1
£ Woje A hi
b
@
aw.
|
= 0,493 il zoom:BO%
- -60% =
reviewslog_with_fewer_errors.xml i e e |:|“I2i| E
[7] Results - Alpha algorithm plugin on Raw reviewslog_with_fewer_errors.xml junfilteredy = s e Lol | ﬁ
L] " q
¥ ¥
Pro

Zoom: €6 % I

| Edit log relations |



Process Discovery:
The Basics

Technische Universiteit
e Eindhoven
University of Technology

Where innovation starts



=131

TS i) 0 \eppication_detaProtican_sxamplesyevieningyeviensl 2] | 44| X | [coogie

£l

Google[Cr  ~|utcersn @ B v | £ Badwizersy PosERink, 3>

(O mstelingen~

w b EE' -| @WSSZDO?PI.‘.l & DBLP: David ... | Eoiappic... xl | 3 v B - - |hPage + GiToos + 7

<Timestamp>2007-03-25T00:00:00.000+01:00</Timestamp >
<Originator =Mike</Originator:
<fAuditTrailEntry>
- <AuditTrailEntry =
<WorkflowModelElement >reject</WorkflowModelElement:
<EventType=complete</EventType:s
<Timestamp:=2007-03-30T00:00:00.000+01:00</Timestamp >
<0riginator>Mike-</Originator:
</AuditTrailEntry>
</Processinstance:
- «ProcessInstance id="52" description="
- <AuditTrailEntry =
<WorkflowModelElement =invite reviewers </WorkflowModelElement
<EventType=start</EventTypes
<Timestamp=2006-08-31T00:00:00.000+01:00</Timestamp:>
<0riginator=Anne</Originator>
</AuditTrailEntry>
- <AuditTrailEntry >
<WorkflowModelElement =invite revi s</WorkflowModelElement=
<EventType=complete</EventType:
<Timestamp>2006-09-01T00:00:00.000+01:00</Timestamp >
<Originator>Anne</0Originator:
</AuditTrailEntry»
- <AuditTrailEntry >
- <Datas
<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</0riginatorz
</ AuditTrailEntry>
- <AuditTrailEntry >

>

- <Datas
<Attribute name="result">reject</Attribute>
«/Datax
<WorkflowModelElement =get review 1</WorkflowModelElement=

4 proM [4.0]
File Mining Analysis Conversion Exports Window Help

Alpha algorithm

a8 @

Results - Settings for mining Filtered reviewslog_with_fewer_errors.xml using Alpha algorithm plugin

[ »

it il reviewer




Starting point: An event log

0.1 1.=

Processinstance
¢

0..%

0.1

AuditTrailEntry

0.1 0.1 1
0.1

— Data

! 1 0.1 0.1
WorkflowModel . o
0.1 Element EventType Timestamp Originator

Attribute

event logs, audit
trails, databases, (MXML)
message logs, etc.

unified event log



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

POPOWRLRPAONNAENERPEPRPWOWNE

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

OTMwwoOO0OmMmMOoOwmw>»0O000m > > >




> —,||.# relations

case 1 : task A

» Direct succession: x>y iff case 2 task A

case 3 : task A

for some case x is directly 2:22; i EE
case : tas

followed by v. case 2 : task C

case 4 :
case 2 : task B
‘ ity: iff x> TG
Causallty x_)y Iff x y and case 451 :asilz(E: ABCD
not y>x. case L : task D ﬂ ACBD

case 3 : task D
- Parallel: x||y iff x>y and o0 0 = eh EF

case 4 : task D

y>X &

« Choice: x#y iff not x>y and A>B
not y>x. A>C A
B>C A—C B||C
B>D B—D C||B
C>B | Ic—D
C>D
ESE E—>F




Basic idea (1)

1O
—
X—>Y




Basic idea (2)

FonT

X

O
=

X—Y, X—z, and y||z



Basic idea (3)

=)
X—Y, X—>Z, and y#z




Basic idea (4)

XAQ\

nive o
=)
X—Z, Yy—>z, and X||y




Basic idea (5)

=)
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.Tw={teT | 3, _wteo}

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

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

4 Xy ={(AB)| AcTy rA#eABcTy,AB#a A
VacaVbe@ Wb A Voiamca@ify @ A Vi cp Dy by b

5.Yw={(AB) e X | Viap)y.xAcA ABcB'= (AB)=(A"B')},

Pw={pap) | (AB) e Yy} SAin,onk

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

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

(©))




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(W)
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




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.




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 Ng cannot be rediscovered by the
«v algorithm.



Log only contains information about behavior

and not structure

N, A/O—’C

3 >@: -
(O

N, A/O_’C

9 >@: o
~o-

F

Fig. 8. WF-net Ny 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

(@—1+

c = ()

D

LY X

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
OSE 1O
o

Fig. 10. Both SWF-nets are behavioral equivalent and, therefore, any
algorithm will be unable to distinguish Ny» from N3 (assuming a notion
of completeness based on > ).



Silent steps (and duplicate steps) cannot be
discovered

AND AND
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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

Multi-Phase Miner

(Boudewijn van Dongen et al.)

Two phases:

1) Create a visual description of each instance,
without choices and loops (cf. runs or occurrence
nets).

- Comprehensive representation
- ldeal for performance analysis (cf. ARIS PPM)

2) Aggregate multiple instances to one process
model.

- Only causal relations between tasks are required
Properties:
- More robust and multi-lingual (cf. EPCs).
- Possibility of inspect instances



Step 1: Create instance graphs

Causal relations:

Log file:

. A,B,C,B,C,DEF,G AHBO/@&F 6
- AB,E,D,F,G \\\}D/ Y
. A,B,D,E,F,H c

Similar to —in the alpha
algorithm but refined further.

For each entry in every instance, find the closest causal
predecessor and successor, and build instance graphs

2
A—B—C—B—C —D —F —G
O @

A—B —D —F —G A— B —D —F —H



Step 2: Aggregate instance graphs

Three instance graphs:

Aggregated instances:

E, ~3 2 .G 2
3 / ’ }AF ( 2 %‘
’—3—> A3 XORB4M /3v 3 \ /
N XORD, (R

1
C, xOR



Representation as an EPC

Any notation with OR-splits and OR-joins can be used, e.g., YAWL, BPMN, etc.



Properties of Multi-phase miner

- Always a fitness of 1, i.e., all traces in the logs may
be reproduced (both potentially also many more).

- Very robust and fast, but tends to overgeneralize.

- Any subset of traces produces a meaningful result
(event a single instance) that can be used for
visualization purposes.

* No special provisions for noise or infrequent
behavior.



Genetic Mining

(Ana Karla Alves de Medeiros et al.)

1. initial population

6. mutation

5. children




Design choices

1. initial population represe ntatio n

6. mutation

2. fitness test

3. select best parents




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.).

aff X



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

Region-Based Approaches

- Classical synthesis approaches to translate
"behavior” into "models™:

- State-based regions
 Language-based regions
* Synthesis # process mining!
- Common issues:

* Translating logs into transition systems (for state-
based regions).

« Overfitting.
* Performance of algorithms and complexity of result.



State-based regions

enter: -
exit: b,c
do not cross: a




Second region

enter: -
exit: a,c
do not cross: b




Third region

enter: a,c
exit; -
do not cross: b




Fourth region

enter: b,c
exit; -
do not cross: a

With some extensions (see work Cortadella et al.) any transition system
can be converted into a bisimilar Petri net.
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From event logs to transition systems

* How to determine the current state?
* Determine scope:

current state

3y

trace: ABCDCDCDE "FAGHHHI
< > < y

past future

< %

past and future

- Determine abstraction:
¢ sequence, i.e., the order of activities is recorded in the state,

« multi-set of activities, i.e., the number of times each activity is
executed ignoring their order, or

« set of activities, i.e., the mere presence of activities.



ABCD
ACBD
AED

ABCD
ABCD
AED

ACBD

{c) transition system based on prefix and postfix



ABCD
ACBD
AED

ABCD
ABCD
AED

ACBD

(b) transition system abstracting from B and C



Combination: A two step approach based on

controlled abstraction and regions

ABCD
ACBD
AED

ABCD Step 1
ABCD
AED

ACBD

p3 c pS




Language-Based Regions

(Van Dongen, Van der Werf, Lorenz, Desel, et al.)

- Consider the following
language:
abbe, acde, adce

- Which prefix-closed is:
a, ab, abb, abbe,
ac, acd, acde,
ad, adc, adce

- ldea: What are all the
places | can add without
making these prefixes
impossible?




Translated into a linear programming problem

Ar>=0

a r0-r6

ab rO+r1-r6-r7

abb  rO+r1+r2-r6-2 r7

abbe rO+r1+2 r2-r6-2 r7-r10
ac rO+r1-r6-r8

acd rO+r1+r3-r6-r8-r9
acde rO+r1+r3+r4-r6-r8-r9-r10

ad  rO+r1-r6-r9
adc rO+r1+r4-r6-r9-r8

adce rO+r1+r4+r3-r6-r9-r8-r10

1
O OO O OO O O O O

V VvV VvV V VvV VvV V V V V

rO=r6=1 and r1=r2=r3=...=0 is an example solution and hence a possible place.

r1=r2=r8=r7=1 and r0=r3=r4=...=0 is an example solution and hence a possible place.



Result of Integer Linear Programming

(multiple formulations possible)

a, ab, abb, abbe,

ac, acd, acde,

ad, adc, adce ,\

@—>A B

r0=r6=1 and r1=r2=r3=...=0 /

r1=r2=r8=r7=1 and rO=r3=r4=...=0




Customizable and tunable

- There are infinitely many places, but the selection of
places to be added can be controlled.

* The ILP formulation can be used to search for
subclasses (marked graph, state machine, free-
choice, etc.) or to avoid showing "complex" places.

* The ILP formulation can be used to take frequencies
into account.



Alpha miner

Multi phase miner

Genetic process mining
State-based region mining

- Language based region mining
Many more:

* Fuzzy miner

* Heuristics miner

- Alpha+, Alpha++, Alpha #, etc.


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

Balancing Between
Overfitting and
Underfitting
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Challenge: Balancing
Between Underfitting and
Overfitting




The essence

ABCD
ACBD
AED

ABCD
ABCD
AED

ACBD
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Any log
containg
activities
A, B, C,
D, and
E.

start

end




Finding a balance

ACD

BCE C> o

mofe (@) B 4’0—’ E mofe
behavior behavior
A D
ACD

ACE

BCE C> c

BCD

y . :
(b)




ACD 99
ACE 0
BCE 85
BCD 0



http://upload.wikimedia.org/wikipedia/commons/0/03/Green_check.svg

ACD 99
ACE 88
BCE 85
BCD 78



http://upload.wikimedia.org/wikipedia/commons/0/03/Green_check.svg

ACD 99
ACE 2
BCE 85
BCD 3
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Important observations

* Frequencies matter!

» Adding a place equals restricting
behavior!

* "The model”™ does not exist!



Relevance
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Problems

- Representational bias (i.e., generalization is
driven by representation rather than log or
preferences).

- Inability of dealing with or detecting noise.
- Wrong abstraction level.

 Limitation of current process modeling
(visualization) techniques.



Example: Heusden

[ N
complete complete

P
complete

L
a ! complete
complete complete L
h G
il complete
)
complete

complete
G
complete
D G
complete complets

H
complete

D
3 complete
complete E
O
_I o

complete

complete

D
complete

B
complete

State horizon set to last activity.
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More to learn from maps...

Abstraction

Clustering of coherent,
less significant structures
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Fuzzy miner

& proM[5.0] & proM[5.0] ® proM [5.0]

File Mining Analysis Conwversion Exports Window Help File Mining Analysis Conwversion Exports Window Help File Mining Analysis Conversion Exports Window Help
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Showing reality
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ProM Tool

Technische Universiteit
Eindhoven
University of Technology

Where innovation starts



Open source initiative started in 2003 after several early
prototypes.

Common Public License (CPL).

Current version: 5.0.

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

& prom[5.0]

le Mining Analysis Conversion Exports Window Help

'F' -\q-séi = M

reviewslog_with_fewer_errors.xml
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Y
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? Cases 100
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E Fuzzy Model Animation

E Results - Alpha algorithm plugin on Raw reviewslog_with_fewer _errors.xml (unfiltered)

E Analysis - Dotted Chart Analysi

getreview 1

collect reviews

getreview 2

decide

getreview 3




Conclusion
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Conclusion

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

* ProM supports this through +/- 250 plug-ins.

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

* Interesting challenges for both researchers and
practitioners.

* Please join us! (www.processmining.org)
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