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 Process Discovery

. Directly-Follows Graphs

] Bottom-Up Discovery:
Alpha miner

] Top-Down Discovery:
Inductive Mining

J “No Enterprise Al

without OCPM”

About this second lecture
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Outline: Foundations of Process Discovery

At times, | refer to the

Baseline: Discovering DFG + filtering Crtor 2 1o o that
with the right tools one can

be precise and compact.

Bottom-up Top-down
discovery discovery

sep Carmona (Eds.)

& Process Mining

Alpha Inductive
algorithm mining




The main idea (informal)
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(a) Event log L;

(b) Directly-Follows Graph (DFG): M;
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(c) Accepting Petri Net (APN): M, : ,.é
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Baseline approach: DFGs

Definition 4 (Directly-Follows Graph). A Directly-Follows Graph (DFG) is a pair
G = (A, F') where A C Uyt is a set of activities and F € B((A x A)U ({»} x A) U
(A x {m})U ({»} x {m})) is a multiset of arcs. » is the start node and W is the end
node ({»w. B} NU,t = 0). Ug C Uy is the set of all DFGs.

© Wilvan de
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Graph with nodes representing activities and start » and end m.

Behavior starts with dummy activity »and ends with dummy
activity m. Node » Is a source node and = is a sink node.

Arcs represent the directly-follows relation.
Multisets to represent frequencies.
Can be viewed as summary of the data!




Language of a DFG

Definition 5 (Traces of a DFG). Let G = (A, F') € U be a DFG. The set of possible
traces described by G is lang(G) = {{as,az,....ap_1) | a1 = » A a, = ® A
Vi<ien (@i,aiy1) € F}.

- Possible traces: All paths possible according to the graph
starting in node »and ending in node .

 Recall: » Is a source node and = is a sink node.
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© Wil van der Aalst (use only with perm ission & acknowle dgements ) hg o and Data Science




Baseline discovery

Your first discovery algorithm in just two lines of mathematics

Definition 6 (Baseline Discovery Algorithm). Let . € B(U,.+") be an event log.
disc,..(L) = (A, F)is the DFG based on L with:

- A={a€o|o€L}and
- FZ[(O‘@,O}.|.1)‘O‘€L’ N\ 1§’Z<‘O“]With’Z[(’)'O"(l)|O‘€L].

AT
~_
(a, b, c,e)t!
(a,c,b,e)’
(a,d,e)
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DFG discove

494 traces )
24.70% of the log Add Tomato JIY] (1)) clean Kitchen

282 traces
14.10% of the log

174 traces ) .
PSP - i=a Base ) Add ©
186 traces .
8.30% of the log Ba=e R

140 traces
7.00% ofthe log

140 traces e ) .
7.00% ofthe log (RN Add Tomato Add Eat lean Kitchen
107 traces

5.35% of the log fAlIGEE) Add Salami }) Add Tamato j) Clean Kitehen

102 traces

5.10% of the log JULEAIEEETN) Add Tamato ))Add Salami )) Clean Kitchen

83 traces

4.15% of the lag B Add

72 traces

3.60% ofthe log  [Ukaadbss

48 traces

2.40% of the lop  URGSICEERIELT) Add Temata J)Add Salami

47 traces

2.35% of the log Add Tomato =1 Clean Kitchen

33 traces " ~ . » )
1.65% of the log Pizza Base JECCRETNEICE) Add Gl L Add Salami JREIRZEEZRY) Clean Kitchen
32 traces .
1.60% of the log Add Tomato Clean Kitchen
- - o l ‘
process mining workbench

One of the views of the
Data-aware heuristic miner
Pizza Base plug-in (Felix Mannhardt)

Add Tomato

415

Add Cheese 290 | 294

72 255 107

280 563

53 traces
2.65% of the log

Clean Kitchen

e

Add Salami

L=

Clean Kitchen

PHaD}
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DFG discovery in ProM

494 traces )
24.70% of the log Add Tomato JIY] Clean Kitehen

282 traces
14.10% of the log

Directly-follows visual
miner (Sander Leemans)

174 traces
B.70% of the log

166 traces
2.30% of the log

1051

140 traces
7.00% ofthe log

140 traces . 7
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DFG discovery in ProM

I ... ... Animation of the event
e log on top of the model

174 traces e .
8.70% ofthe log Pizza Base dd Tomat: Clean Kitchen
166 traces . ~
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DFG Discovery in Celonis

@ Process Start
2,000

The result is (5 Process St
. E‘ij%a Base

the same as ;
. 2.000
in ProM A4 pizza Base
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What if we get Spaghetti instead of

Create Purcha... Create Purchase Ord.. Print and Send Purcha...

210 traces
7.91% of the log

Create Purchase Ord... Frint and Send Purcha...

170 traces
B.41% of the log

Create Purehase Ord... Frint and Send Fureha...

108 traces
4.11% of the log

Create Purchase Ord.. Frint and Send Purcha...

82 traces
3.09% of the log

Create Pureha... Create Purehase Ord... Print and Send Purcha...

78 traces
2.84% of the log

70 traces
2.64% of the log

Create Purchase Ord.. Frint and Send Purcha...

G2 traces
2.34% of the log

Create Pureha... Create Purehase Ord... Frint and Send Fureha...

57 traces
2.15% of the log

Create Purchase Ord.. Frint and Send Purcha...

54 traces
2.03% of the log

Create Purcha... Create Purchase Ord... Print and Send Purcha...

48 traces
1.81% of the log

43 traces
1.62% of the log

P =]  [ee] [e] ] ] P ] ] P e

) )
) ]
) )
) ]
) )
) )
) )
) ]
) )

>

Create Purehase Ord... >>Print and Send Purcha...

© Wil van der Aalst (use only with permission & acknowledgements)

ods Receipt

‘fendor ereates Invoice

Vendor creates Invaice

WVendor creates Invaice

ods Receipt

Purchase to Pay
(P2P).

- 2654 cases

16226 events

* 685 variants

* 24 unique activities

Still relatively simple,
but ...
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> O and Data Science



What if we get Spaghetti instead of
Lasagna?

29

Create Purchase Order Item

Data-aware heuristic miner plug-in

© Wil van der Aalst (use only with permission & acknowledgements)

PISDF

s

S

Chair of Process
and Data Science



RWTHAACHEN
- UNIVERSITY

Chair of Process
and Data Science

v
.
[}



» Activity-based filtering: Rank the activities (e.g.,
based on frequency) and remove lower-ranked
activities completely from your data.

» Variant-based filtering: Rank the variants (e.g., based
on frequency) and remove lower-ranked variants. A
variant is simply a sequence of activities and may
occur multiple times.

* Arc-based filtering ( ): Delete arcs
in the DFG (e.g., based on frequency). .

i “ r’é Chair of Process
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SCIENCE « ENGINEERING » DESIGN
About your Data =~ 4TU.ResearchData =~ Our Community = Training =~ Collaborations ©~ News & Resources =~ Login & Upload Data

Hospital Billing - Event Log

Cases: 100,000
Events: 451,359
cie Event Types: 18
DATASET Variants: 1,020

by Felix Mannhardt TU EINDHOVEN
UNIVERSITY OF
TECHNOLOGY

The 'Hospital Billing' event log was obtained from the financial modules of the ERP system of a regional
hospital. The event log contains events that are related to the billing of medical services that have been

m 10.4121/uuid:Tec46b83-c930-4798-alc9-4bed4dfebT741

provided by the hospital. Each trace of the event log records the activities executed to bill a package of medical Usage statistics

services that were bundled together. The event log does not contain information about the actual medical

services provided by the hospital. The 100,000 traces in the event log are a random sample of process instances 14090 21 5878
that were recorded over three years. Several attributes such as the 'state’ of the process, the 'caseType', the views citations downloads

underlying 'diagnosis' etc. are included in the event log. Events and attribute values have been anonymized. The
time stamps of events have been randomized for this purpose, but the time between events within a trace has
not been altered. More information about the event log can be found in the related publications.

History Business And Management

2017-08-01 first online, published, posted

Categories
Keywords
Publisher 000 Computer Science, Knowledge & Systems
Eindhoven University of Technology -
Billing Process | EventLog

Format
media types: application/x-gzip, text/plain, text/xml

References
https://doi.org/10.1007/978-3-319-59536-8_34 Time coverage

L. 2012-12-13T10:13:18+01:00 / 2016-01-19T08:58:56+01:00
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Interactive Data-aware Heuristic Miner for Hospital Billing - Event Log

Full DFG ProM

Base Model

INPUT: TRACES

Using 100,000/100,000 traces, 651,359/651,359 events
OUTPUT: PROCESS MODEL

Directly-follows Graph -~

Export model

D E—
Aol Cases: 100,000
—— Events: 451,359
- Event Types: 18
- S DN Variants: 1,020
E I. 3 4

1143 | 2

8215 528 #34 | SET STATUS (" 49

o
— . _ Using 158158 directly-follows relations occuring at least 0 times

————..__..- . — @ Expert Options
" / LEGEND

none Ll 0.z
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Event filter
Only green events will be used.
ctivi ase
CHANGE DIAGN+complete
CHANGE END+complete
CODE ERROR+complete
\ I e rl l I 7 CODE NOK+complete
R ; CODE OK+complete

DELETE+complete

(4 activites |5

JOIN-PAT+complete

" MANUAL *complete
NEW+complete
selecte s
£y RELEASE+complete
> : . : : 7 REOPENtcomplete
S ICNE T IO TAEN, G o SET STATUS+complete

Select top percentage:

Log name: Hospital Billing - Event Log (filtered on simple heuristics)




L% proM UlTopia
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Interactive Data-aware Heuristic Miner for Hospital Billing - Event Log (filtered on simple heuristics)

Base Model

INPUT: TRACES

Using 100,000/100,000 traces, 507,669/507,669 events

OUTPUT: PROCESS MODEL
D I ( ; afte r Directly-follows Graph -~ Export model

activity-based e
filtering Cases: 100,000
Events: 307,669
20 IERFNSE 861 Event Types: 4
Variants: 220

66,7272,196 7
32,896 ®opI=N0lE 331 1,754 792
63,880 928

= [NR=N 1,807
100% of cases

86% of events

1]
Using 18/18 directly-follows relations occuring at least 0 times

[ Expert Options
LEGEND

-
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Filter Mode (ERIGE! hd Match Suh-stringo
76948 TRACE(S) IN SELECTED VARIANTS(5)

e ) - -
SERE - -5
e - - -

__Prow|

Hospital Billing - Event Log

33,673 traces
33.67% of the lag

22,373 traces
22.37% of the log

20,802 tiaces RELEASE )I0{sl[=0118) BILL \ .
et st e vt o Variant-based
Export 3 selected trace variant(s) as image

4213 traces Remove 3 selected trace variant{s) (CAREFUL this changes the input log)
4.81% of the log

ify by

filtering (top-3)

2,121 traces

2.12% of the log

1,555 traces

1.55% of the log

977 traces K
0.98% of the log

BE0 traces
0.87% of the log
]
512 traces
0.51% of the log
o M CHA}FIN @ cop ﬁ

e Evmm
0.40% of the log Fsd
Name Type Value

S

races 100,000
Events 451,359
Event Classes 18
Attributes 22
ariants 1,020
Events per Trace 4.514
First Event 20121213T10:13:182

2016-01-19T08:58:562

Last Event
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Base Model +

INPUT: TRACES

Using 76,948/76,048 traces, 482,817/482,817 events
OUTPUT: PROCESS MODEL

Directly-follows Graph  ~

Export model

SELECTED HEURISTICS

OPTIONS & THRESHOLDS

Frequency:

20,902

Cases: 76,948
Events: 328,92

Event Types: 6
Variants: 3

RELEASE 22,373

DFG after

CODE OK

variant-based
filtering (top-3)

77% of cases
72% of events 3
BILLED !

Using 9/9 directly-follows relations occuring at least 0 times

[ Expert Options
LEGEND
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Challenges

* If the model allows for a loop, we have infinitely
many possible traces. This can never be observed!

* The event log just shows examples, the fact that
something did not happen does not mean it cannot.

- We do not have negative traces, l.e., it is not a
classification problem.

* Hence, precision and recall cannot be defined in the
usual manner.

i “ r’é Chair of Process
© Wil van der Aalst (use only with perm ission & acknowledgements) hg O and Data Science



Visualizing the challenges

Real process

I NN
(only known in . - T~ Language of the model
lab experiments). ’f (typically infinitely or
e factorial many traces).
7’
# Eventlog (just
examples)
/4
I
\
\
\
\\
\\
~

e T Yig Chair of Process
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What we would like to know,

but cannot know

Real process

(only known in - Language of the model
lab experiments). ,/’ (typically infinitely or
e factorial many traces).
7’
U4
/
/4
I
\
\
\
\\
N\
\\
~

-

S . - m Chair of Process
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See later lectures!

Therefore, there are many

dPl I’OXimationS (often using proxies)

* Replay fitness (using the fraction of fitting traces on
the event log, token-based, or alignment based).

* Precision (e.g., escaping edges).

» Simplicity (e.g., number of arcs).

» Generalization (e.g., likelihood that the next trace will
fit given some assumptions about the distribution).

Check out stochastic conformance checking!

Sander Leemans, Wil van der Aalst, Tobias Brockhoff, Artem Polyvyanyy: Stochastic
process mining: Earth movers' stochastic conformance. Inf. Syst. 102: 101724 (2021) E'J’g—'

i “ r’é Chair of Process
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Bottom-up discovery

- Assume that anything is possible.

- Start adding constraints supported by the data.

- A Petri net place is a constraint.

* Accepting Petri-nets are surprisingly declarative.

ac

bi cb at bo ep ck

as

am

BV
Using short names: buy ingredients (bi), create base (cb), add cheese (ac), add tomato (at), add é

salami (as), add mushrooms (am), bake in oven (bo), eat pizza (ep), and clean kitchen (ck). ';,“(_," Chair of Process

© Wil van der Aalst (use only with permission & acknowledgements) and Data Science



Places as constraints

Place specifies that buy
ingredients (bi) should
happen precisely once.

An accepting Petri net has an initial and final marking (here the final marking is [ ], i.e., no tokens).

Using short names: buy ingredients (bi), create base (cb), add cheese (ac), add tomato (at), add Chair of P
© Wil van der Aalst (use only with permission & acknowledgements) salami (as), add mushrooms (am)’ bake in oven (bO), eat pizza (ep)’ and clean kitchen (Ck) m an:'IrJ:ta ;2?:[?:&



Places as constraints

Place specifies that clean
kitchen (ck) should
happen precisely once.

An accepting Petri net has an initial and final marking (here the final marking has one token in sink place).

Using short names: buy ingredients (bi), create base (cb), add cheese (ac), add tomato (at), add Chair of P
© Wil van der Aalst (use only with permission & acknowledgements) salami (as), add mushrooms (am)’ bake in oven (bO), eat pizza (ep)’ and clean kitchen (Ck) m an:'IrJ:ta ;2?:[?:&



Places as constraints

* #bi = #cb at the end of each case
« #bi 2 #cb at any point in time

ac
at bo ep ck @
as

Place specifies that bi and cb am

should happen the same number

of times. Moreover, at any stage A place defines a local constraint.
the number of occurrences of cb
should not exceed the number of

occurrences of bi.
Using short names: buy ingredients (bi), create base (cb), add cheese (ac), add tomato (at), add g%
Chair of Process

salami (as), add mushrooms (am), bake in oven (bo), eat pizza (ep), and clean kitchen (ck). and Data Science
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Places as constraints

» #ep = #ck at the end of each case
* #ep 2 #ck at any point in time

Using short names: buy ingredients (bi), create base (cb), add cheese (ac), add tomato (at), add Chair of P
© Wil van der Aalst (use only with permission & acknowledgements) salami (as), add mushrooms (am)’ bake in oven (bO), eat pizza (ep)’ and clean kitchen (Ck) m angllrJ:ta ;2?:[?:&



Places as constraints

» #bo= #ep at the end of each case
» #bo 2 #ep at any point in time

Using short names: buy ingredients (bi), create base (cb), add cheese (ac), add tomato (at), add Chair of P
© Wil van der Aalst (use only with permission & acknowledgements) salami (as), add mushrooms (am)’ bake in oven (bO), eat pizza (ep)’ and clean kitchen (Ck) m angllrJ:ta ;2?:[?:&



Places as constraints

acC

as

 #cb = #as+#am at the end of each case
« #cb 2 #as+#am at any point in time

Using short names: buy ingredients (bi), create base (cb), add cheese (ac), add tomato (at), add Chair of P
© Wil van der Aalst (use only with permission & acknowledgements) salami (as), add mushrooms (am)’ bake in oven (bO), eat pizza (ep)’ and clean kitchen (Ck) m angllrJ:ta ;2?:[?:&




Places as constraints

e #as+#am = #bo at the end of each case
« #as+#am 2 #bo any point in time

Using short names: buy ingredients (bi), create base (cb), add cheese (ac), add tomato (at), add Chair of P
© Wil van der Aalst (use only with permission & acknowledgements) salami (as), add mushrooms (am)’ bake in oven (bO), eat pizza (ep)’ and clean kitchen (Ck) m an:'IrJ:ta ;2?:[?:&



Places as constraints

 #ac=#bo at the end of each case
« #ac 2 #bo at any point in time

acC |

as

am

Using short names: buy ingredients (bi), create base (cb), add cheese (ac), add tomato (at), add Chair of P
© Wil van der Aalst (use only with permission & acknowledgements) salami (as), add mushrooms (am)’ bake in oven (bO), eat pizza (ep)’ and clean kitchen (Ck) m an:'IrJ:ta ;2?:[?:&



Final accepting Petri net

Ao
O

OO

as

am

Also every intermediate model was an accepting Petri net!
Bottom-up process discover uses this locality principle!

PISEDF
Using short names: buy ingredients (bi), create base (cb), add cheese (ac), add tomato (at), add : )
salami (as), add mushrooms (am), bake in oven (bo), eat pizza (ep), and clean kitchen (ck). t,“{_-," Chair of Process

© Wil van der Aalst (use only with permission & acknowledgements) and Data Science
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Just eight lines of mathematics, based

on the DFG created before

Definition 22 (Alpha Algorithm). The alpha algorithm discaphe € B(Uger™) —
Uan returns an accepting Petri net discqipna (L) for any event log L € BUg+™).
Let A = act(L) and fp(L) = fp(disc,,. (L)) the footprint of event log L. This allows

us to write ay —p as if fp(L)((ay, as)) = — and a1#pas if fp(L)((ay, as)) = # for
any a,ar, € A’ = AU {», m}.

J.C?’Ld:{(Aleg)|A1gAlAAl#@AAggA’/\AQ#@/\
ValeAlvazeAQ a1 —y a9 A VGJl:QQEAl al#LCLQ AN VGL1,(LQEA2 al#LCLQ} are Ihe
candidate places,

2. Sel = {(AlAQ) e Cnd | V(AE,AIQ)EC?IO{ Al g Ail /\AQ g A’Q — (ALAQ) =
(A4, AL)} are the selected maximal places,

3. P={pa,.a, | (A1, A2) € Sel} U{py,pg} is the set of all places,
4. T ={t, | a € A’} is the set of transitions,
5. F = {( P(A;, A2)) | (Al Ag) € Sel \ a & Al} U {(p(Aleg)jta) | (Al,AQ) -

Sel A a € Ag} UA{(pp,ty), (t.., rg)} is.the set of arcs,
6. | ={(tu,a) | a € A} is the labeling function,
7. Miyi: = [py] is the initial marking, Mg, = [p.] is the final marking, and
8. discapna(L) = (P, T, F,1), Minit, Mfina) is the discovered accepting Petri net. Eu'g‘.

i “ r’é Chair of Process
© Wil van der Aalst (use only with permission & acknowledgements) hg o and Data Science



Ll — [(CL, b7 Ca €> 107 <CL, C? b7 €>57 <CL, d? €>] < B(Z/{CLCt*)

(o)

@V

{ “ r’é Chair of Process
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Another example

L2 — [<a7 ba C, 6)50, <a’7 C, ba 6>407 <CL, b7 C, da b7 C, 6>307 <CL, C, ba d7 b7 C, €>207
(a,b,c,d,c,b,e)'’ (a,c,b,d, c,b,d,b,c, e




Another example

lllustrates why it
sometimes
makes sense to
add an artificial
start and end.

@V,
! “ r’é Chair of Process
> O and Data Science
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Example in ProM

1856 cases, 11761 events, 197 variants

CT scan

X-ray

O—> nitial examination —DQ—D lab tests final examination —DO
checkup order medicine —DO\‘

administer medicine

Qv

i “ r’é Chair of Process
© Wil van der Aalst (use only with permission & acknowledgements) hg O and Data Science



The Alpha algorithm is very simplistic

(mostly used for didactical reasons)

‘ CannOt handled Certaln Definition 22 (Alpha Algorithm). The alpha algorithm discophe € BUget™) —

constructs Uan returns an accepting Petri net discqpna (L) for any event log L € B(Uqer™).

Let A = act(L) and fp(L) = fp(disc (L)) the footprint of event log L. This allows

- Weaker guarantees wio write 1 2oz oa I foL)(or,00)) = = and b F o(E){(on,00) = # or
 However, it illustrates the idea I Ond = {(Ay.As) | Ay C A A AL £ 0 A Ay C A A Ay # 0 A
of process discovery. Xg;zfézzgglzzei’l —[ a2 A va1,@26A1 (LI#L(LQ A va1,a26A2 (LI#L(LQ} are the

- There exist various stronger D e e maapyecnd A € A A Ax € Ay = (A =

P ={pa, A, | (A1, Az) € Sel} U {p.,p.} is the set of all places,
T ={t, | a € A} is the set of transitions,

bottom-up techniques:
. CF={(ta,pia, a) | (A1, As) € Sel A a € A} U {(pra, a,).ta) | (A1, Ag) €
¢ State-baSEd reglonS Sel N\ a Eﬁ?}’AU){(p»t,),(t.,p.)}is the set ofarcf(A )

. I ={(tq,a)| a € A} is the labeling function,
¢ Language-baSEd reglonS Minie = [pw] is the initial marking, Mg,q = [p.] is the final marking, and
 eST miner

discaipha (L) = (P. T, F. 1), Minir. Mgnar) is the discovered accepting Petri net.
* Hybrid miner

SRS

S0 N

Qv

i “ r’é Chair of Process
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Top-down discovery

* Divide and conquer.

- Split the problem recursively into smaller problems
such that things get trivial.
* An example is the Inductive Mining (IM) technique:
— Uses process trees.
— The leading approach
- Implemented in ProM, Celonis, and many other tools.

i “ r’é Chair of Process
© Wil van der Aalst (use only with perm ission & acknowledgements ) g O and Data Science
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A process tree

Semantics
p2 p4
b
2
@) 1 O
pl tl t4 t5 p6
C
p3 i3 p5

Four types of operators: — (sequential
composition), x (exclusive choice), A E'T@
iti 9 ¥'q i
© Wil van der Aalst (use only with permission & acknowledgements) (para”el CompOSItlon), and O (redo IOOp)- \’“L' é g::IB::aP;::?:I?{?B



Another process tree

© Wil van der Aalst (use only with permission & acknowledgements)

Semantics

p2 p4
b
t2
a d e @
1 t4 t5 p6
C
p3 t3 p5

@V
{ “ r’é Chair of Process
> O and Data Science



Another process tree

Semantics

p3 t3 PS5
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Inductive Mining (IM)

- Decompose the event log into smaller events logs
until the problem get trivial.

* Four types of cuts corresponding to the operators:
— (sequential composition), x (exclusive choice), A
(parallel composition), and O (redo loop).

* In each step the activities are partitioned into
subsets until they are singletons.

* Developed by Sander Leemans in the context of his
P h D th es i s (NWO project “Don't Search for the Undesirable! Avoiding “Blind Alleys” in Process Mining” 2012-2017) »
PUFDY

i “ r’é Chair of Process
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Event log

bi cb ac at as bo ep ck
p b » cb > ac > as > at ) bo > ep > ck 4
p bi > cb > at > ac ) as p bo > ep > ck 4

p_bi > cb > at > ac > am > bo > ck

p bi > b > at > am > ac p bo  ep > ck 4
p_bi > b > am > ac > at > bo > ep > ck
p_bi > b > am > at > ac > bo > ep > ck g

A IS D IS DI AN s ..

© Wil van der Aalst (us n & acknowledgements

Activities: buy ingredients
(bi), create base (cb), add
cheese (ac), add tomato
(at), add salami (as), add
mushrooms (am), bake in
oven (bo), eat pizza (ep),
and clean kitchen (ck).

ir of Process
and Data Science



Create a DFG for the whole event log

bi cb ac at as bo ep ck
p b » cb > ac > as > at ) bo > ep > ck 4
p bi > cb > at > ac ) as p bo > ep > ck 4

p bi > b > at > am > ac p bo  ep > ck 4
p_bi > b > am > ac > at > bo > ep > ck

Frequencies omitted for readability



Apply a sequence cut

There is a sequence cut when the DFG can be split into sequential E' »g—l
111 H ”» H J
parts where only “forward connections” are possible. Note that we ;
| o need to use the non-reflexive transitive closure of F. 1A iy é Chair of Process
© Wil van der Aalst (use only with permission & acknowledgements) hg and Data Science



Sequence cut partitions activities in
siX subsets




Color the events based on the partitioning

WD EDEDED = oxe >0

memﬁ i PE Chair of Process
© Wil van der Aalst (use only with perm ission & acknowledgements ) hg O and Data Science
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Split the event Iog based on the part

Chair of Process
and Data Science
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Five of the projected event logs refer to a
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The blue group has four activities




Recursion: Apply algorithm to all sublogs

p o . DI oS =
) o ¢ — DI o4 = =
I ——d DI B P 5
I ——t DI o =
= —— DI B0 g . T4
b ¢ S DI 2T 4 x>
¢ o DI b B0 ——t S
Si oS IR I 2 "t b $
¢ = DI — x»
)« 2 EDTDED R = x»
=t DT DI - x> x»
— 4 > DI I S — S
4 & DA DX DEDED x»

2 Do = 4

A DD IDID

Five of the projected event logs refer E'JE_'

Chair of Process

. o i >
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Handling the base cases ...

) (o) m=

TE ) cb p ac > at > am J — mm
=D -
p ac > am > at J S X

S 2

T S p o 3
p o J S p at > ac > am J 0 ¢ X
) b o et b0 3

<0 ¢ p ot > am > ac J S p o 3
) b g $ )T o

s S X
b 5 3 & p am > ac > at J o
r—t T S x»

b p am > at > ac J ¢

p ot > as > ac > ac T

) b 3 ¢ 2 =
T, = p a5 > ac ) ac ) at > ac RS

— S X
b b 3 o g

N
S D p as > at > ac p ac 4 T 3 X

N N
¢ ) o g ) o 3
— b0 x

P SU 4

o}

i r’é Chair of Process
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Only the blue event log remains




© Wil van der Aalst (use only with permission & acknowledgements)

Continue with the blue event log

mm There is a parallel cut when the

mn DFG can be split into
p at > ac > as concurrent parts where any

activity in one part can be

mn followed by any activity in
mm another part.

Activities as and am
are not connected,
I.e., not concurrent

e
AV
v

i “ > Chair of Process
> O and Data Science




Apply a parallel cut resulting in three

| |
activit

mm There is a parallel cut when the DFG can be

IS srlitinto concurrent parts where any activity
in one part can be followed by any activity in

p at > ac D as NN

p at > as > ac 4

p as > ac H ot R I 7 ot Bk T

p as > at ) ac 4

Ve s
Pilin3
' ¥

i > Chair of Process
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Three new event logs are created

Not a base case, still two
activities as and am.

Base case (just
activity at)

Base case (just
activity ac)

; mg Chair of Process
and Data Science

© Wil van der Aalst (use only with permission & acknowledgements)



Handling the base cases ...

p o 4
= at —— T
x=»
p ac
D p ot ) as Z
) at 4
=2 |ac T e XD
b o0 3 = Ey
b oo b at J x»
p o 4 xw x»
p ac ﬁﬁ xz»
= == w»
p ac > ac > ac J > p am
DI e X» P |is Ig‘
p ot =» ':1’ “_\ _r'é Chair of Process
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Continue with the red event log
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We find an exclusive-choice cut

There is an exclusive-choice cut when the
DFG can be split into disconnected parts after
leaving out the artificial start and end.

E mg Chair of Process
and Data Science
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We find an exclusive-choice cut

There is an exclusive-choice cut when the
DFG can be split into disconnected parts after
leaving out the artificial start and end.

Note that projection is now different

than for the sequence and parallel cuts. F ,EE:
© Wil van der Aalst (use only with permission & acknowledgements) m g::IB:IaP;z?:r?:e
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The process tree returned by the
Inductive Mining algorithm




Can be visualized using Petri nets or BPMN

as

P40}

am -. _
{ “ > Chair of Process
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Can be visualized using Petri nets or BPMN

add cheese
(ac)

add tomato
(at)

. buy create base
ingredients
(bi) (cb)
start

add salami

(as)

bake in oven clean kitchen
(bo) (ck)
end
add E"ng—l

eat pizza
(ep)
mushrooms Chair of Process

{ >
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The detalils

Definition 23 (Sequence, Exclusive-Choice, Parallel, and Redo-Loop Cuts). Let L €
B(Uget™) be an event log having a DFG disc,,.(L) = (A, F) based on L (note that
A = act(L)) with start activities AS"*"* = {a € A | (»,a) € F} and end activities

A = fa € A | (a,m) € F}. An n-ary -cut of L is a partition of A into n > 2 :{:::;22’::”“9
pairwise disjoint subsets Ay, As, ... Ay (e, A = Uze{l,...,n} Ajand A;NA; =0
fori # j)with & € {—.x, A, O}. Such a &-cut is denoted (&, A1, Aa, ... Ayp). For
each type of operator & € {—., x, A\, O} specific conditions apply:

— An exclusive-choice cut of L is a cut (x, Ay, As, ... Ay) such that
® Vije1,..n}Vaca,Voca; 1 #j = (a,b) € F.
— A sequence cut of Lis a cut (—, Ay, Aa. ... Ay) such that
® Vije(1..n}Vaca,Voea; i <j = ((a,b) € F* A (bya) € FT).
(Note that F is the non-reflexive transitive closure of F, i.e., (a,b) € F*
means that there is a path from a to b in the DFG.)
— A parallel cut of L is a cut (N, Ay, As, ... A,) such that
® Vic(1,.ny AiN Astart L () A AN A L () and
L ‘v’@-,je{lwn}‘v’aeAiVbeAj ] %j = ((I, b) e F.

@ N
-

— A redo-loop cut of L is a cur (O, Ay, As, ... Ay) such that NLTA
o Astart UAend C Al» Q) Xy
® Vijei2,..n}Vaea,Voea, i #j = (a,b) € F, [}'ﬁ/ /,Eé S )F}‘

o {ac Ay |(ab)eF AbgA)=Amd

o {acA|(ba)e F A bg A} = Astart,

° v(a,b)EF ac€c Ay NbZg A = VareAend ((L’, b) € F, and
° v(b,a)EF ae AL AN D ¢ A = vafeAstart (b CL’) e F.

(a) exclusive-choice cut (b) sequence cut (c) parallel cut (d) redo-loop cut

IJ
“ r'é Ghair of Process
S O and Data Science
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Four types of cuts

m

(a) exclusive-choice cut (b) sequence cut (c) parallel cut (d) redo-loop cut

e
AV
X v

i ™ Chair of Process
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Another example

285 traces
15.36% of the lag

260 traces

« 1856 cases, 197 variants
s Ve + 11761 events

initial !xaminiti=n> =h!=kup> ELRELCT sean (RIGEINEETLE (D]

137 traces - 1 i 1
7.38% of the log 11021 xamination jRELRiel sl Sxsminsgan ¢ u n I q u e a c IV I I es
124 traces

£.52% of the log initial examination SRR R final examination

113 traces

5.00% of the log initial examination

checkup

checkup

T2 traces

1.56% of the log

S S N S

3.88% of the log initial examination checkup PIEFRESS # -
~
lab tests
T2 traces
3.88% of the log initial examination {/ CT scan | checkup PHEERESS 127
176 369
20 traces
initial examination j checkup administer medicine || checkup WEERESS final examination 685 347

22 traces

151% of the lag initial examination

checkup

e L e N e T, L e N

administer medicine J checkup )GTE:IH fina amination

e

27 traces

1.45% of the log initial examination } CT scan JREERESS chechkup examination

K

final examination

. { Y Chair of Process
© Wil van der Aalst (use only with permission & acknowledgements) J USt 1 1 Of 1 97 va rlantS \’“L' and Data Science



Alpha algorithm (ProM)

order medicine

administer medicine checkup

- 1nitial examination lab tests final examination

X-ray

CT scan

Qv

856
i “ r’é Chair of Process
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Inductive visual miner (ProM)

1856
initial examinati 1856 1856 1856 1856 | BRI final examination
mitia 61\;;1(131111 0n F 827 + t: 1856
827
1856
927 927
929 929
1856 1856
2683
1856 1856 1856 1856 ot 1856 1856 1856 - 1856
lab tests 1856

20:46:02:8

m Chair of Process
© Wil van der Aalst (use only with permission & acknowledgements) and Data Science



Different visualizations in ProM

i . r'é Chair of Process
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Mapped onto an accepting Petri net

\
administer medicine
checkup order medicine
initial examination lab tests final examination
X-ray
CT scan ‘

@V

{ “ r’é Chair of Process
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© Celonis | BPMN | DFG | synthet: X

€« =2 C [ 23 academic-workspace-wvdaalst.eu-2.celonis.doud/package-manager/ui/studio/ui/spaces/a81eeceb-9152-4f59-ab67-Thae9a4e9293 /packages/4842dfic-70e7-4133-95b5-d8cdade0c589/nodes/5ba5f292-eecc-4dde-... & ¥y e f ® g2 @ D | L H

@ Studio > @ synthetic-heal.. » DFG v ¥ | B1 = ® & | © cCreate version Deploy
Search Q| = | BPMN Model Miner i
- | J o o | [ ]
ovo Knowledge Mod¢
< Custom process variants
& ® New asset P
Select variants to build your model. You can use the
@. BPMN search criteria to find the relevant variants.
E DFG View Selected variants Clear all Synthetichealthcarelog Activity
Gi?. synthetic-health-car...
# Count |7 Coverage Avg TPT T #Stej
initial examination
Vv # 288 2.49% 10days S
v #2 245 2.12% 10days 5
v #3 145 1.25% 9days 5
v #4 133 115% 9days 5
v #5 123 1.06% 10days 5
v #6 118 1.02% 9days 5
E v  #7 87 0.75% 9days 5
EI. v #8 71 0.61% 9days 5
v #9 39 0.34% 11days 8 ®
=i
v #10 31 0.27% Bdays 5
e
e v # 30 - 0.26% 6days 5 fhdeuamlnatlnn] admlristern'ledlclne]
Q v #12 30 0.26% 9days 8
v #15 23 0.20% 6days 5
@ v #17 16 0.14% 9days 8
©) ’
b v #19 14 012% 10days 8 [ = Legend H 8 zoomooft | @ 30% v @
L H31 i . MANY AN Aave @




© Celonis | BPMN | DFG | synthet: X

€ > C A

2% academic-workspace-wvdaalst.eu-2.celonis.doud/package-manager/ui/studio/ui/spaces/a81eeceb-9152-4f59-ab67-Thae9ade9293/packages/4842df8c-70e7-4133-95b5-dBcdade0c589/nodes/5ba5f292-eecc-4dde-... a % e f @ [+ @ D | & @

©

ooo
ooo

g E m

b

& O ©

Studio > @ synthetic-heal.. » DFG v ¥ | B1 = ® & | © cCreate version Deploy

®

BPMN  Edit Mode Qa @l & & B X

®

-

Target Model

; Explore deV|atlo ns . Synthetichealthcarelog Activity @ Preset filters

Select the data you want to compare
to the target model.

Conformance rate

4 -
= Synthetichealthcarelog Activity oo 100%  } )
Variants Y 9 y e + Add afilter

Deviations ()
Data & Coverage Info

%

Allawed Congratulations! Your data has no
deviations deviations and conditions. It is 100%
compliant.

BPMN export or edit
with Celonis CPM

Synthetichealthcarelog

Activity 100%

lab tests
1,858

<3l vezsion="1.0" encoding="UTF 672>
<opmn:definitions xmins:symbio="http://schemas bpmn/v2" xmins:bpmn="http://wew.omg.org/ BEMY, " xmins:bpmadi= checkup
"http: //www.omg.org/spec/BPMN/20100524/DI" xmlns:di="http://www.omg. 20100524/DI" xmins: p://www.omg. " 2814
p://" 1 . " expe " ©on="1.0.0">
1 og Activity" % N

<bpmn:extensiontlementss
<sympic:repositoryElamentss
<sympio: rap lement 1 700 = 1 B!
<symbiorattributes>
<symbio:attribute culturs:

27" type="celonisTeanId" value="1a237045-94af-4fc5-912a-170863da5c8a"/>
<symbio:attribute cultw celonisNamespace" value="custom"/>
<symbio:attribute culture: ame" value="initial examination"/>
<symbiciattribute culture: d" value="initial examination"/>
<symbio:attribute culture="127" type="celonisPool" val: a-22 />
</symbiotattributes>
</symbio:repositoryslement>
<sympio:rep lement 1 name=rlab tests" type="BestPracticeTask'>
<sympic:attributes>
<symbic:attribute culture:
<symbic:attribute cultw
: cultu

27" type
27" type

lonisTeanId" value=" 12a-1° />
"celonisNamespace" value="custom"/>

value="lab tests"/>

"ia" value="lab tests"/>

"oelonisPool” val: a-22 />

<symbic:attribute cultw 27" type
<symbio:attribute culture="127" type:
</symbiozattributes>
</symbio:repositoryElement>
<symbio:reposi lement i name="CT scan” type="BestPracticeTask">
<symbic:attributes>

<symbisrattribute culturs:

"oelonisTeanTd" value="1a237045-94af-4£c5-912a-170863da508a"/>
<symbiorattribute cultw celonisNamespace" value="custom"/>
<symbiorattribute cultw ame” value='CT scan’/>
<symbio:attribute cultw d" value="CT scan"/>
<symbio:attribute culture="127" type="celonisPool" value="5235051a-2213-4583-8ef4-6350d65aaf1b"/>
</symbio:attributesy
</symbioirepasitoryElement>
<symbio:rep yElement L - & name="X-ray" type="BestPracticeTask">
<symbic:attributes>

<symbio:attribute culture="127" type="celonisTeamId" value=" 12a-1° />
<symbic:attribute cultw " type=rcelonisNamespace" value="castom"/>
: cultu 2 value="X-ray"/>
<symbic:attribute cultw " typesrid” value="X-ray"/>
<symbioiattribute culture="127" type="celonisPool" val: a-22 />

</symbiozattributes>

</symbio:repositoryElements>

<sympio:rep lement 1 p" typ >
<sympic:attributes>

<symbio:attribute culture="127" type:
<symbio:attribute culture="127" type:

lonisTeanId" value=" 12a-1° />
" celonisNamespace" value="custom"/>

[:: Legend H@|a 0% v @




1y

lodel

Throughput time filter @ X
1
Event log @
‘ B Synthetichealthcarelog Activity v ‘
iq
d
c{ ((from ) ‘ initial examination v | First v ‘
(1o ) | final examination v | Last v ‘
avg. med. min. max.
9.25 days 8 days 0 days 0 days
1 Frequency
400
200
0
1 5] 8 10 12 14 16 18
Time =
‘ 1 ‘to‘ 23 H days W

7" | Preset filters

Select the data you want
to the target model.

+ Add a filt

L
P

Data & Coverage Info

synthetichealthcarelo
Activity

4“4‘;,,?.{# ]

Alignments and

Inductive Mining
are supported !!

*= Legend H B | a 30



Summary: Inductive Mining

- The models are guaranteed to be sound, i.e., no
deadlocks, no livelocks, and no other anomalies.

- The basic algorithm guarantees that the event log can be
reproduce completely (of course one can filter if desired).

* The algorithm has good performance (and there are also
more scalable variants) and implemented in several tools.

* There are various additional theoretical guarantees, lI.e.,
rediscover the process tree used to create the event log.

i “ r’é Chair of Process
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The GenAl Divide

STATE OF Al'IN
BUSINESS 2025




Busmess

2 | Most Al !nvestment re ]
beS|

rmatlonWe ) dying before produci

IH_E LCONOMIC TIMEH

hla.n;tl 026

NCTOW

erl:h 2026

"The "Last Mlle Problem ! --
sformatioi

Why Your Dl“ltal Investments
+ sAren’t Creat a

The Problem Isn’t The Technol
Wh}f enterpnse Al 1mtla we

aa,;..

are Shlftln to executmn—dnven A

When Ag ents H1 the

fir‘i‘s- Why Al Adoption Stz

| Forbes

st 8 .
—— R —

“When Agents Hit the Walls” — CIO, April 2026

"Why enterprise Al initiatives keep dying before production” — InformationWeek, March 2026
“Most Al Investments Are Failing. The Problem Isn’t The Technology.” — Forbes, Feb. 2026
“The ‘Last Mile’ Problem Slowing Al Transformation” — Harvard Business Review, March 2026
“"Why Most CEOs See No Return On Al Investments” — Forbes, March 2026

"Why Your Digital Investments Aren’t Creating Value” — Harvard Business Review, Feb. 2026

“The Hidden Costs That Are Undermining

Enterprise Al ROI” — Forbes, March 2026

"Why Al Adoption Stalls, According to Industry Data” — Harvard Business Review, Feb. 2026

“From insights to action: Why enterprises

“Nearly 80% of UK firms have adopted Al —

are shifting to execution-driven Al systems” — Economic Times, March 2026
but barely any are seeing a positive ROI so far” — TechRadar, March 2026

rom mmghts tn action: Why cnterpnses .

Al fails when it is dropped into broken
processes instead of fixing them

Without process visibility, Al optimizes
only fragments

Al cannot automate a workflow that
nobody has mapped or observed

If you automate chaos, you get
automated chaos

Al pilots succeed in demos and fail in
production because real processes
are messy and fragmented

No ROI without process redesign

Al needs more than data; it needs
process context

When Al hits the walls, those walls
are usually process boundaries

Disconnected systems are a
technical symptom; disconnected
processes are the real disease



Process Mining Enables ML

-

o

complex reality event data and process models machine learning

Qv

i “ r’é Chair of Process
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Generating “Machine Learning

Problems” for “Process Problems”

= PAM a o 7
p— H Sales Order
= Target Model O ¢
W2 Alignment Explorer 9 ; 2 Filters
Explorer . " filters to selec a you want
v Explore variants that include the deviations we detect in relation to the e pare to the m'-uyo
i= target process model. 8] Create Sales Order Header o o
N
Deviations occur in the following 5488 variants (showing 100 of + Add a filter s It u a t I o n ta b I e
5488)
g
chensa Refine variants Data & Coverage Info 2
Tables .
@ Sales Order s~  Any deviation type »  Any eventtype Delivery item 100% cAsE PRODUCT ADDRESS first resource total throughput tim._  decision -
() sales Order ltem () Delivery Item s Order 100% 1 SAMSUNG Galaxy J5  Munich Caleb 239 pay -
e S " 2 APPLEiPhone 6s 64... Amsterdam Lucas 201 pay =
1 Order Item 100% 3 APPLE iPhone 55 16 New York Sophia 503 cancel order v
Ohjects V¥ Coverage TV Avg TPT T 1 4 MOTOROLAMGto E . New York Sophia 498 cancel order —
I 5 SAMSUNG Core Pri. Aachen Isabella 741 pay =
5 BK 1 1 46% 0 ms 6 SAMSUNG Galaxy S4 Munich Emma 406 pay &
1 - L L 7 MOTOROLAMoto G Amsterdam Lucas 598 pay
. . b d 3 ec I s I o n & APPLE iPhone 616 .. Amsterdam Sophia 209 pay £
3.3K ! 0.82% 4d Send Sales Orde @) CreateSalesg ate Delivery Item 9 APPLE iPhone 55 16... Munich Aiden 412 pay
=55 14 = 10 HUAWEI P8 Lite Amsterdam Speedy 415 pay
2.9K ' 0.73% 3d 11 MOTOROLAMoto G Munich Emma 508 pay
12 APPLE iPhone 5s 16. Aachen Jacob 480 pav
2K \ 0.49% ad 13 HUAWEI P8 Lite Munich RESOURCE ACTVITY Activities count
14 SAMSUNG Core Pri...  Munich  Apigail make delivery 592
15 SAMSUNG Galaxy S4  Aachen Apigail send reminder 4,347
" g
17K 0.42% 20d Aiden place order 2,087 1
Aiden prepare delivery 1659 ||
1.2K ' 0.30% MNd Alexander cancel order 120
Alexander confirm payment 397
Alexander pay 417
. . Alexander send invoice 557
Variant Detail Aubrey make delivery 1,584
Avery make delivery 769
L . Caleb cancel order 68
Event Sequence Deviations Time delta Caleb confimn payment 244
e ae = =
Create Sales Order Header 0 dev I q t I o n
Caleb prepare delivery 130
Calen send invoice 327
Create Sales Order ltem Oms
e o bottleneck
Create Sales Order ltem Oms
Create Sales Order ltem Oms
Create Sales Order ltem Oms
o Set Billing Block 1 Violated exclusive gateway Oms
. .
= o 9
B8 . i= Legend ] .
® 3

Which orders are deviating?
When will this product be delivered?
Will we meet our SLA tomorrow?

© Wil van der Aalst (use only with permission & acknowledgements)



Guesswork Versus Computation

ChatGPT

Good to see you, Wil.

Help me solve my problems ...

+ (O Thinking v

Ve s
. EVE
¥

i “ g Chair of Process
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Guesswork Versus Computation

query Based on facts and
assets result computation instead of

Wikipedia & Co.
Process Mining Engine

A
Pilin3
' ¥

i ™ Chair of Process
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Not just copilots!

Traditional and
Modern Machine
Learning and
Optimization

Agent mining and
unleashing new
- @MENt.data.sources

Providing

IJ’ |
context to E g: |
q g e nts '\’“L’f' Chair of Process

and Data Science
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Object-Centric Process Mining (OCPM)

* Out-of-scope for this a0
introduction tutorial

* Like moving from 2D to 3D!
- See www.ocel-standard.org Object-Centric

Process Mining

The next frontier
in business
performance

W.M.P. van der Aalst, Object-Centric Process
Mining: Unraveling the Fabric of Real
Processes. Mathematics 2023, 11, 2691.
https://doi.org/10.3390/math11122691

Prof. ¢ Aalst

OCEL2.0  Specification Event Logs ool Support  OCEL1.0  Search docs g X6

01 02 03

Object-Centric Event Log 2.0

. . . . W.van der Aalst. Obje?t-?entrif: Process OcEL20isa et log.
Avpld repeatedly Avoid d'lstortlons due §ee dnd.understd ndthe Perlormance. 2023, colon sl OGPV
going back to your to the single-case interactions between QEEERcRer
source systems assumption different object types
« Offers a single system- + Squeezing redlity into simple « Problems live at the
agnostic source of truth event logs creates distortions intersections of processes
« Saves time and helps to + This includes the unintentional and organizational entities
capture real-live events and replication of events + Eg.low On-Time-In-Full (OTIF)
objects (convergence) and loss of scores may be caused by
causal relations (divergence) sales, production,
procurement, logistics, etc. El »g—
J |
v

i “ > Chair of Process
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Case-Centric Versus Object-Centric

event type |1 * event
(activity) [ nasatib.] attribute
1
has type has name
* *
«| event
event attribute
for event
value
E 3 E 3

has objects

object |1 *

has aftrib.

has type

%

object
attribute

has name

1

*

object
attribute

related

has timestamp

| qualifier l

qualifier

© Wil van der Aalst (use only with permission & acknowledgements)

time

Object-Centric

value

*

event type |1 * event case
(activity) | hasatrin.| attribute attribute
1
has type has name has name
3k Xk %k
x| event 1 * case
event attribute case attribute
for event for case
value value
k %k 1
has case
has timestamp .
1 time

Case-Centric

Qv

e
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Celonis Supports OCPM

Data | Objects and Everts x o+

c @A ahty3zd-2024-05-16.training.celonis.cloud

Objects and Events > Graph

Dashboard  Objects Events  Perspectives Transformations

Storing Object-Centric Event Data

invoicel

nDocur

OutgoingMaterialDocumentitem @

[
v

Process Intelligence Graph (PIG

Filters

Presets

Publish v

Conteact, Contra

Event Types (39) ~
v
Approvepurc or & VendorAccountCredititem IncomingMaterialDocumentitem
= i pvve Ve
. v v v v vv
&}
angeContractitem @ 1
a
B Changepurchaseorder @

rehaseOrderltem &

vv

(] Yensormccoumciarngassignment
Q| ChangePurchaseOrderscheduieLine @ NoEvais

equisitionitem ©

© Zoomwofit = @ 93% v

Purchase(

anolyze-procurement View|onaly X+

¢ a ahtgy32d-2024-05-16 raining.celonis
@ Studio > @ procurement > analyze-procurement v

e @ analyze-procurementView 0 < ©

@aa

o8

14

@ 0

PAM-exended | anayze-procurer X+

¢ a ahtgy32d-2024-05-16.training.celonis.clot

@ Studio > @ procurement > analyze-procurement v

Views @) EmExpirer (3

loud/package-manager/

@a62€

@434k

e_celonis_CreatePurchaseRe
quisitionitem

@ 462K

i/studioui/spaces/9a

e_celonis_CreatePurchaseOr

v
) deritem
896K

@60.3¢

@107k

e_celonis_ChangePy

derltem

107K Times

ud/package-manager/ul/studio]

b + PAM-extended EditMode
@  © newasset 5

¥ Deviation Explorer
2 | © PAv-exiended

B analyze-procurement multiple

® PAM-just-contract
BJ just contract 2]
more detailed view
@ PAM-procurement

B KM-procurement

B8 analyze-procurement View

B ocpm_procurement KM

o

%

e p

Conformance Rate ©

Actual behavior

Viotated exclusive gateway

Approve Purchase Order

0.0a% of ot ? 3days
Violated exclusive gateway
Change Purchase Order
003 adays

Occurred too often
Create Purchase Order Item

less than 0.01% of o

Vielated exclusive gateway

Change Purchase Order Item

06K

@101

go o-colonis_ChangepurchaseOrder

27% of PurchaseOrderltemActivities Activity

“\ 27% of PurchaseOrder Activity

@ Pubish v

©

Process Explorer

PurchaseOrder Activity

e}

~ @10
Selet Fiter
starting a this event 18 oblects (<1%) e_celonis_ChangePurcha o
seorder e 1
ending at ths event 16K objects (26%) B e C Thox Y

TargetModel 7 eaitmosel

Checking C

" . 81 & ©Ppwisn v
a @ B x

» PresetFilters

+ Adda filter

owm 2

onformance and

Analyzing Performance




Conformance Checking Using Alignments

Ordermanagement40T | OrderMa: X +

&€ > C M 25 ahtgy32d—2024—05-‘|6.training.celonis.cloud/package—manager/ui/studio/ui/spaces/944‘\cbe—aS14—44b3—8@b3—782d33d04a1f/packages/ded7858—64de—400b—8d4f—04fd6d3461Sf/nodes/Se5b9c3@—6baa—4a19—b971—8...®\ * D

@ Studio > @ playground-ordermanagement > OrderManagement40T v Search CTRL | + | / 81 & e Publish v

® Ordermanagement40T a o 27

2} De‘%’m Alignment Explorer Target Model ® 797.4K » Filters
Explorer Explore variants that include the deviations we detect in relation to the i}sig‘nfs;giosizct‘a‘%ee?fﬁ‘sdﬁu want
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End-to-End Performance Analysis
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Foundations of Process Discovery

Baseline: Discovering DFG + filtering

Bottom-up Top-down
discovery discovery

Alpha Inductive
algorlthm mining




Discovery is just one of many techniques
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WWWw.processmining.org
WWwWWw.process-mining-summer-school.org
www.tf-pm.org

www.promtools.org
www.celonis.com/academic-signup
xes-standard.org

ocel-standard.org
www.pads.rwth-aachen.de
www.vdaalst.com Pl D¥
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Online courses

« Coursera course “Process
Mining: Data science in Action”

Register via coursera.org/learn/process-mining (>175.000 \/
participants since 2015). «

 Celonis/RWTH course “Process Fé
Mining: From Theory to
Execution”

Register via www.celonis.com/wils-process-mining-class.

« edX course “A Hands-on b ':' h 4
Introduction to Process Mining”

Register via RWTHx: www.edx.org/school/rwthx. murs era U / e

+ edX course “Object Centric

[ L] LL) [ ] RHEINISCH-
Process Mining C IS RW'I'I.I
Register via RWTHx: www.edx.org/school/rwthx. RAGHEN *
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