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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), BPMOne (Pallas Athena/Perceptive), ARIS
Process Performance Manager (Software AG), Futura Reflect (Futura
Technology), Interstage Automated Process Discovery (Fujitsu), QPR
ProcessAnalyzer/Analysis (QPR Software), flow (fourspark), Discovery Analyst
(StereoLOGIC), etc.

* We applied process mining in over 100 organizations.

More than 75 people
involving more than 50 PrOC
organizations created the :
Process Mining Manifesto in
| the context of the IEEE Task
smeiet === = w0 Force on Process Mining.

der Aist

€ss

Manifesto

k

i1l Process Mining

= 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

Big Data: Opportunities and Challenges
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Distributed Computing

multicore CPU

manycore GPU
Nehalen
. Dual Core Itanium 2 ..
cluster computing  somomos s tag,
ltanium 2 @ )
i gaon SSuedCor
H . tanium 2@ o™ @ Pentium 4HT
rd computin Aonn e ® Dua
100,000,000 Bealun e
Pentium 4.’.G 5
I d . pentum 1§ , o
t ()] Pentium ﬂl

cloud computing oo -

D Pentium Pro ® gl 604e

= Pentium gy W604

2 03

c 601 e
il © 1,000,000 80486 oW @

— 68040

80386 @ W68030
68020
100,000 80266 @
68000
8086 @
10,000
8080 @
soose M6800
')
4004
1’000 T T p T T T T T
1970 1975 1980 1985 1990 1995 2000 2005 2010

Year




How to distribute process discovery?
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How to distribute process discovery?
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How to distribute conformance checking?
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How to distribute conformance checking?
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Replication: Same event log on all

computing nodes
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Classification based on partitioning of
event log: vertical and horizontal

sets of
cases

sets of
activities

" : . &4
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Vertical distribution I:

Split cases arbitrarily
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Vertical distribution Il
Split cases based on a specific feature
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Horizontal distribution sets of

activities
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Horizontal distribution: The key idea

projected on projected on
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causal dependency:

Passage P:(X,Y) \aytiggerorenable
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Passages define an equivalence relation

on the edges in the graph




Minimal passage 1: ({a},{b,c})
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Minimal passage 2. ({b,c,d},{d,e,f})




Minimal passage 3: ({e},{g})




Minimal passage 4. ({f},{h})
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So What?

* Any process model can be partitioned in minimal
passages.

- Claim: Discovery and conformance checking can be
done per passage!

clouds may contain

I
R q f h >/( arbitrary subprocesses not
\ \ \ | explicitly recorded in the
event log (invisible activities
L L

or small networks used for

/ \‘ % . routing, e.g. XOR/AND/OR-
b e I ] L] -
split/joins)
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Example result for Petri nets

Theorem 1 (Main Theorem). Let L € B(A*) be an event log and let WF = (PN,
in, T;, out,T,) be a WF-net with PN = (P, T, F,T,).
L is perfectly fitting system net SN = (PN, [in], [out]) if and only if

— forany {(ai,as,...ay) € L: a; € T; and a;, € T,, and
— for any (X.Y) € pas,,;, (skel(PN)): L [xvy is perfectly fitting SNY) =

(PN L),
I I I I
£c : a\ /d\ff¥/h\/k i
The event log fits all ASTATA \;/0
passages if and only if Ianodl | LD >®
the event log fits the i [ ol e
whole model.” T_,@/ = m/

Key insight: interface transitions controlled by event log



Discovery example
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Conformance checking
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Create Skeleton
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Net fragments per passage
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Limitations

* Need to discover causal
dependencies first (only
Issue for discovery, use
fuzzy/heuristic rules).

+ “Interface transitions” need
to have a unique label.

* Minimal passages may be
large in dense graphs.
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“Almost passages”

0.6 « balance between size and quality

\ « discard same arcs in all passages (use
an iterative procedure)

also adding arcs? (don't think so)

1_ 0.1+0.1
09+05+06+0.1+14+0.2+1.6+0.4+0.1+2.0

— — — — — — — — — — — —
~

| Goal: small passages with only low-
/ frequent arcs violating the rule.
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Extended passages

« abstraction yields passage
* internal transitions may be silent
or unique

X
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Conformance checking (with silent steps
Inside passages)
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Internal steps may be visible as long as
they correspond to only one passage
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Aggregating conformance metrics

09 |"M

* For all four conformance dimensions (fitness, simplicity,
generalization, and precision)?

- QOverall metrics: aggregated local values should be close to
global values (e.g., computed fithess value is a lower bound).

* Local diagnostics (problem spots). _




Discovery (no silent/internal transitions)

%i
D
2

X

(0}

-_> * Finite set of possible places.
@ | * Finite set of subsets of places
A such that causalities hold.
-_’ \ » Pick best one using conformance
@ m |’ checking.
|

(or ILP mining)




Discovery (with silent or internal
transitions)

o

TS

- — /"« xandy are handled like the
-_’ @ other interface transitions.

! * Bigger search space.

- Good balance: one layer of

T
7 ,
L T . ¢
@ \ / silent transitions.
m




Tool Support in ProM
(implemented by Eric Verbeek)

s ProM UlTopia

Actions

/s
e

NN/ NGl R/ NS /UG N Actions SN/ ST

Input Output
P SEC] F

Filter:

N reviewing_with_fewer_errors_and _...
Evert Log

Click to add output object

Click to add input object



http://www.win.tue.nl/~hverbeek/doku.php

Actions

éé ProM UlTopia

Passage-Based Conformance Checking

//Q\//// \////.\ //.\,/’;ﬂ

Input

ProM UlTopia

Petrinet from reviewing_with_fewer_error...

Petri net

reviewing_with_fewer_errors_and_more_...

Event Log

O ¢

O ( ) | oSS Set parameters

Replay in Petri net

/ % Double click costs on table to change their values. Use only non-negative integers.

# Maximum explored states (in hundreds). Set max for unlimited. _ 2000

Transition Move on Model Cost /

time-out 3+complete
/ / get review X+complete / &/
collect reviews+start
time-out 2+complete
get review 2+complete
invite additional reviewer +start
decide+start
invite reviewers+start
collect reviews+complete

anmnntiotart

Set all costs above to

Event Class Move on Log Cost

get review X+complete
time-out 3+complete

collect reviews+start

time-out 2+complete

get review 2+complete
decide+start

invite additional reviewer+start
collect reviews+complete
invite reviewers+start

anmantiotart

Set all costs above to

Previous M Finish




Process Model with 11 Passages
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Conformance Checking per Passage

conformance is checked
automatically per passage

L4 ProM UlTopia

st by I fluxicon

Result of replaying log reviewing_with_fewer_errors_and_more_data.zip on PetrCErr gD v () =r & 5_(1_ (> e il it

decide+complete i reject+start “ invite additional reviewer+complete | collect reviews+start | invite reviewers+start i get review 1+complete
’ [ invite additional reviewer+start

Result of replaying log reviewing_with_fewer S Passage graph acceptrstart [ collect reviews+complete [ decide+start [ invite reviewers+complete

decide+complete i reject+start “invite additional reviewer+complete
Passage graph " acceptsstart ) collect reviews+complete

. © G
" Replay results

decide+st:

Log-model Alignments

Goto Case ID <type case id here>

Ccaseid(s): FT——

Alignment

Num. Cases 4 everts

Is Alignment Reliable? Yes
Raw Fitness Cost 0

Case id(s): (£

Alignment

Num. Cases 4 everts

Is Alignment Reliable? Yes
Raw Fitness Cost 0

Case id(s): (T TEEEE——

Alignment

Num. Cases & AT

Is Alignment Reliable? Yes
Raw Fitness Cost 0

Case id(s): (£F T

Alignment

Num. Cases 4 everts

Is Alignment Reliable?
Raw Fitness Cost

LEGEND
[ ] move (move log+model)
-Unobservable move (move model only)
MLskipped event class (mave model only)
Binserted event class (move log only)
-Move log+model with missing tokens

STATS FROM RELIABLE ALIGHMENTS

#Cases replayed 100
#Synchronous ev.class (log+model) 400
#Skipped ev.class

#Unohservable ev.class

#Inserted ev.class

#\Violating synchronous ev.class

ALIGNMENT STATISTICS

Average/case

Max.

Min.

Std. Deviation

#Cases with value 1.00

STATS INCLUDING UNRELIABLE ALIGHMENTS

#Cases replayed 100

Y ev.class (log+model) 400
kipped ev.class 1]

Case id(s): (C———
Alignment
Num. Cases 4 AT
Is Alignment Reliable? Yes

Raw Fitness Cost 0

Caseid(s): ETE———

Alignment

Num. Cases 4 everts

Is Alignment Reliable? Yes
Raw Fitness Cost 0

Case id(s): (£T

Alignment

Num. Cases 4 everts

Is Alignment Reliable?
Raw Fitness Cost

Case id(s): e

Alignment
Num. Cases 3 4everts

#Unobservable ev.class ]
#Inserted ev.class ]
#\Violating synchronous ev.class []
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Wil M. ! war der Aalst
Process Mining

Dliscovery, Conformance and Enhancement of Business Processes

More and more information about business precesses is rmcorded by information
systems in the form of so-called “event logs”, Diespite the omnipresence of such data,
most crganizations diagnose problems based an fiction rather than facts. Process
mining is an emerging discipline based an process model-driven approaches and data
mining. I not anly allews crganizaticns to fully benefit from the information stored
in their systems, but it can als ke used to check the conformance of processes, detect
bottlenecks, and predict execution problems.

Wil van der Aalst delivers the first beok an process mining. I aims to be self-contained
while covering the entire process mining spectrum from process discovery to opera-
tioral support. In Part I the authar provides the basics of business process modeling
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
oaganizaticnal 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.

Orverall, this book provides o comprehensive overview of the state of the art in process
mining It is intended for business process analysts, business consulants, process
managers, graduate students, and BPM 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 BPFM ressarcher.

+ Selfcomtained and comprehensive cverview fora broad audience in academia
and industry.

+ 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
mining scftware ProM.
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