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About this third lecture

Variant detail

Observed behGVior (one Cqse) Event sequence Deviations Time delta j co nfo r m a n ce

IDTDEDIDEDEIDIDIIIDIDILED ~ e 1 Alighments informal
] Token-based replay
] Alignments revisited

modeled behavior

eeeeeeeeeeeeeeeeee

P add salami
2minutes

eat pizza 7 minutes

(a,c1,c2,e1,e2,e3)
T %%,
B
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Conformance checking

» ., supports/
world business controls o
processes Soltware
people  machines system |
components :
organizations I records
events, e.g.,
N messages,
models CSOF;%‘;'L"::S trans;((::tions,
analyzes implements Y '
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~— discovery

(process) -

model conformance

\/ enhancement
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Replay example used before

check budget (d)
IS missing!

get support
from local
manager (b)

get detailed accept
motivation request (g)
register travel decide (e)
request (a)
start reject
request (h)

reinitiate

|
request (f) JE—'
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Four dimensions to compare log and model
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fitness
(ability to explain
observed behavior)

generalization precision
(avoiding overfitting) (avoiding underfitting)

simplicity
("Occam's razor")
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Replay fithess is dominant
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fithess
(ability to explain
observed behavior)

generalization precision
(avoiding overfitting) (avoiding underfitting)

simplicity
("Occam's razor")
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Conformance diagnostics and measures

global local
local conformance diagnostics
diagnostics measures

00 @

event log process model
BVE
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For conformance checking we need a process model and event data

Pizzadata
take order
1,278
/—
add cheese create base
(a C) 1,278

| —

Y
take order create base add tomato
(to) (cb) (at)
start —

Y
add salami

bake in oven clean kitchen
eat pizza
(as) (ep)

[ — T
® 128K

bake in oven
1,278

. 128K

add tomato add cheese add salami
1,278 1829 638

® 907

eat pizza
907
a07
® 128K
clean kitchen
1,278

O




For conformance checking we need a process model and event data

Just a single
serving of cheese!

add cheese
(ac)

Y
take order create base add tomato
(to) (cb) (at)
start —

)
add salami
(as)

bake in oven clean kitchen
(bo) (ck)

eat pizza
(ep)

Only salami, no
mushrooms allowed.

A variant appearing 15 times in the original event data.



The state space of the BPMN model (normally much larger and with loops)

add cheese

(ac)

.

take order create base add tomato
(to) (ch) (at)
start D Em—
add salami
(as)
add tomato
(at)
add salami add cheese
(as) (ac)
add salami add cheese
take order create base add tomato  (as) (ac)  add tomato
Q (to) N (cb) (at) _ (at)
start add cheese add salami
& add salami add cheese (as)
(as) (ac)

add tomato>
(at)

clean kitchen
(ck)

bake in oven ‘ eat pizza
(bo) (ep) clean kitchen

=
bake in oven "

(bo) end



Behavior of BPMN model is any path from start to end

add tomato
(at)

add salami
(as)

add cheese

(ac) .
eat pizza

(ep) clean kitchen

(ck)
bake in oven U )O

(bo) end

bake in oven
(bo)

add salami
add tomato  (as)
(at)

add cheese
(ac)

take order create base
(to) (cb)

add tomato
(at)

add cheese
(ac)

add salami

add salami

add tomato
(at)




Another path

add tomato
(at)

add cheese
(ac)

add salami

bake in oven
(bo)

eat pizza
(ep)

add salami
(as)

add cheese
(ac)

add salami add cheese
(a

add tomato
(at)

take order create base
(to) (cb)

clean kitchen
(ck)

add tomato
(at)

add tomato

bake in oven
(bo)

add cheese
(ac)

add salami
(as)

start




Another path
How many paths?

add tomato
(at)

>

add cheese
(ac)

add salami

eat pizza
(ep)

bake in oven
(bo)

add salami
(as)

add cheese
(ac)

clean kitchen
(ck)

take order create base
(to) (cb)

add tomato add tomato

(at)

bake in oven
(bo)

add cheese
(ac)

add salami
(as)

add salami add cheese

add tomato
(at)

Only3x2x2=12




Find a path closest to the observed sequence

observed behavior

9

bake in oven

‘ eat pizza
(ep) clean kitchen

o
add tomato
(at)
add salami add cheese
(as) (ac)
add salami add cheese

take order create base add tomato  (as) (ac)  add tomato

<::::> (to) 7N  (cb) (at) (at)
start add cheese add salami

(ad) add salami add cheese (as)

(as) (ac)

add tomatot
(at)

A

=
bake in oven

(bo) end



Find a path closest to the observed sequence

observed behavior

9 What is the path closest to

®
[ J
the observed sequence?
add tomato
(at)
add salami add cheese
(@s) ) (ad) bake in oven eat pizza
add salami add cheese (bo) (ep)
take order create base add tomato  (as) (ac)  add tomato clean kitchen
Q VG S U RN @, @, > =~
'U - " g bake in oven g
start add cheese add salami (bo) end
(@c) add salami add cheese (as)
(as) (ac)

How many deviations?

(at)



Find a path closest to the observed sequence

observed behavior

add tomato
(at)

add cheese
(ac)

add salami

eat pizza

(ep) clean kitchen

(ck)
bake in oven ’u O

(bo) end

bake in oven
(bo)

add salami add cheese

(ac)

take order create base
(to) (cb)

add tomato
(at)

add salami
(as)

add tomato
(at)

p to ) cb ) at > ac )y as ) bo > ep ) ck 4

modeled behavior




This is a path closest to the observed sequence (three deviations)

add tomato
(at)

add cheese
(ac)

add salami
eat pizza

(ep) clean kitchen

(ck)
bake in oven U O

(bo) end

bake in oven
(bo)

add salami add cheese

(ac)

create base
(cb)

take order
(to)

add tomato
(at)

add salami
(as)

add tomato
. (at)
observed behavior

modeled behavior

p 0 > cb ) >> ) at ) ac ) >> ) as ) bo ) ep ) ck 4




Three deviations!

observed behavior (15 cases)

modeled behavior

p 0 > cb ) >> ) at ) ac ) >> ) as ) bo ) ep ) ck 4

Variant detail

Event sequence

take order

create base

add mushrooms

add tomato

add cheese

add cheese

add salami

bake in oven

eat pizza

clean kitchen

Deviations Time delta

0

14 minutes

@ Occurred unexpectedly 1 minutes

18 seconds

22 seconds

C Occurred too often 43 seconds

© Missing event -

Tminutes

20 minutes

22 minutes



Another example with four deviations

Variant detail

observed behavior (one case) Event sequence

add tomato

modeled behavior

add cheese

add mushrooms

add cheese

add cheese

v v v Y

add salami

bake in oven

eat pizza

clean kitchen

Deviations Time delta

© Occurred unexpectedly

G Occurred too often

G Occurred too often

0

8 minutes

Thours

21 seconds

15 seconds

26 seconds

38 seconds

© Missing event -

2 minutes

7 minutes

8 minutes



Notoriously difficult problem: Requires state-of-the-art techniques

Pizza Process PAM

B Explore deviations

DDDDDDDDDD

Conformance rate
i
i= Pizzadata CH—— 33.88%

Variants

- Alignments are the “gold
standard” in conformance
checking.

- Requires solving an
optimization problem for

Deviations (3)

Search Q F

\\\\\\\
deviations

eeeeeeeeeeeeeee

S each case.
oooooooooooooooo « Also needed for
B performance analysis.
- Made scalable using
state-of-the-art

techniques.
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Counting tokens while replaying

aben A b L
p = produced tokens = 6

o [c = consumed tokens =6
@ M = missing tokens = 1 ond
r = remaining tokens = 1

check ticket f / ISyucoL
reinitiate

request ,,g_
| |
By

Chair of Process

and Data Science




Quantifying fitness at the trace level

1 1 1 1
1 O.N)= — (1 ) ] — — ] =0.83333
fitness(o,N) 5 5 ( 6)

p = produced tokens =6
c = consumed tokens = 6
m = missing tokens =1

| | | |
| ] | |
r = remaining tokens = 1 PID}
J |
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Approach (1/3) while running

p+m-c tokens

Use four counters:

» p = produced tokens P C

* ¢ = consumed tokens

* m = missing tokens .
(consumed while not there) ',"

. r = remaining tokens .-~ [T r

(produced but not consumed) at end no

tokens




Approach (2/3)

* Invariants
- At any time: pP+mM 2 C 2 M (also per place)
—Attheend: r = P + M - C (also per place)

BV
{ “ r’é Chair of Process
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Approach (3/3)

C

° .o o C

Initialization and finalization:
* In the beginning a token is produced for the source

place: p =1.
« At the end a token is consumed from the sink place
(also if not there): c'=c + 1. BvEh

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



p=0
c=0 b
m=0
r=0 g
p1 C p3
O :
PS5 end
h
p2 d 04
— f
—— @V,
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LTI T [

PS end
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start pPS end
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start pPS end
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start pPS end
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start pPS end
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Quantifying fitness at the trace level

=7 o1 = (a,c,d,e,h)
c=/7

m =0 e
r=0

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

- 3 0T
LTI T [

© 00O O

end




- 3 0T
LTI T [

end




missing
token is
added










start p1 p2 p3 end
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remaining
token
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+
RN
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end




Quantifying fitness at the trace level

- 3 O

— a0 O

: end

| 1 | 1
fitness(o,N) = > (1 ) | > (1 — _> =0.8333

.I :
e— J
i “ r’é Chair of Process
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Fithess at the log level

missing
tokens

fitness(L,N) =

consumedJ/Eo'ELL G) X CN:.()'
tokens

Looks sca remaining \\‘\&
tokens

just needs
sums of p,
over the m
traces in d¢ produced




# |trace ? n

455|acdeh ] .‘

191|abdeg ﬁ 1 5 =
177|adceh register casually

144|abdeh RO )
111|acdeg fimess(LN) — & (1 _EUELL(G)XH;N_G) Ll (] ) zELL(g)W_G) L e
82|adceg 2 YoerL(0) xeno 2 Yocr L(G) X py.o request
56 |adbeh " N
47|acdefdbeh compensation
38|adbeg

register p1
request

examine p2 check p3 decide
casually ticket

33|acdefbdeh
14 |acdefbdeg

11 |acdefdbeg
9|adcefcdeh
8|adcefdbeh fltness |
5|adcefbdeg P sy
3|acdefbdefdbeg fl Iness oot decke B et
2|adcefdbeg P2 check  p4
2|adcefbdefbdeg
1|adcefdbefbdeh N4 toroughly chece
1|adbefbdefdbeg compongation
1|adcefdbefcdefdbeg e T
1391

request




Diagnostics

1537

1391 | | 1391

b

pay
compensatlo
a d ‘ © p4
start register p1 check p3 decide end
request ticket
f reject request m

problem
443 tokens remain in place p2,
because d did not occur although
the model expected d to happen

reinitiate
request

(fitness(L¢yr,N2) =0.9504)
AvE)

problem

443 tokens were missing in place p2 during
replay, because d happened even though

this was not possible according to the model

i “ r’é Chair of Process
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Diagnostics

problem
430 tokens remain in place p1,
because c did not happen while
the model expected c to happen

problem
10 tokens were missing in place p7 during
replay, because ¢ happened while this
was not possible according to the model

(fitness(Lgy1,N3) =0.8797) ==

Remark: If event log and model
consider different sets of activities, this
should be addressed first. Activities in
log, but not in model, are simply
ignored.

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

problem
146 tokens were missing in
place p2 during replay, because
d happened while this was not
possible according to the model

problem
566 tokens were missing in
place p3 during replay,
because e happened
while this was not possible
according to the model

examine
casually

607 tokens remain in place p5,
because h did not happen while
the model expected h to happen

reject
d request
check
ticket
problem \
problem 461 of the 1391 @
cases did not

reach place end

[— E*

i “ > Chair of Process
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Limitations

- Basic replay approach assumes visible & uniquely
labeled transitions.

* Implementations need to use heuristics to deal with
silent transitions and multiple transitions having the
same label.

+ Conformance values sometimes too optimistic due
to "token flooding".

* Local decision making may lead to misleading

P
results PLEO}
. |
i “ r’é Chair of Process
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Local decision making is not enough ...

(a,c1,c2,e1,e2,e3)

:

c1

%

-4

o

= 300
LRI | I [

= 5 00 00

—h
||
o

o0
N
(&)

d2

d3

—P

e2

e3

O
%,

A,Q_,
%

* Replay technique does not provide a corresponding path
through the model (vital for conformance/performance analysis
and other diagnostics).

« We would like to see the "closest path", i.e., (b,c1,c2,e1,e2,e3).

© Wil van der Aalst (use only with perm ission & acknowledgements )
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Challenge: Silent and duplicate transitions

A a2 n
o002 e T
oo PR el o o e

The Inductive Miner may produce many silent transitions ...

Create Purchase Order Item .
. Record Goods Receipt .
P —O O O OO A -OMO
Delete Purchase Order liem -l Dun Order Confirmation -l Receive Order Confirmation [ -l Cancel Invoice Receipt H
I . Record Invoice Receipt .
Send Purchase Order Updite I .

_/

T O——C I S ——
. Delete Purchase Requisition Item
Ct Y

I I Change PR Approval

Send Purchase Order (¢Order) Change Quantit
wange Quanity

Send Purchase Order (eMail)

m Chair of Process
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Challenge: Silent and duplicate transitions

Create Purchase Order ltem .

~_ 7 - (O o |3

Send Purchase Order Update

/

Create Purchase Requisition ltem = . I . I ‘A—.
(st ustuse Reqistion e
Change Currency
Cancel Goods Receipt . I . I I Change PR Approval
Reactivate Purchase Order Hem I
Black Purchase Order liem ‘ .

Send Purchase Order (eOrder)

Change Quanity

Send Purchase Order (eMail)

Record Goods Receipt

Vendor creates Invoice

Q

Dun Order Confirmation Receive Order Confirmation Cancel Invoice Receipt

Record Invoice Receipt

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



Challenge: Silent and duplicate transitions

The Heuristic Miner may also produce many silent transitions

Create
Purchase
Order

Print
and

Send
Purchase Send
Order el Purchase
(eMail)

Receive
Order
Confirmation

) Vendor
Sraates Print and
Send
el Purchase
a.zfé’ai’;‘ta Record Goods
Change Price | Receipt
s
Create Purchase Send Purchase
Order Order - Vend t R d Invoi
E Receive Order endor creates —~ ecord Invoice
Item (eMail) Confirmation Invoice ~ Receipt

Create Purchase
Requisit...

Send Purchase
Order
(eOr...




Challenge: Silent and duplicate transitions

- Some form of state-space exploration is needed to
decide which silent transitions to fire.

- If a trace is non-fitting, the set of possibilities grows

further.

Create Purchase

Receive Order
Confirmation

© Wil van der Aalst (use only with perm ission & acknowle dgements )

Create Purchase
Order
Item

Print and
Send
Purchase

Record Invoice
Receipt

PUgD}
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Requirements

- Conformance checking should not impose restrictions on the
process notation (e.g., silent transitions and two transitions with
the same label should be possible).

- Two semantically equivalent models should have the same
conformance value. No heuristics!

- Should provide a “"closest matching path” through the process
model for any trace in the event log.

— Also required for performance analysis!

— Beyond the analysis of replay fithess (advanced
diagnostics, precision, generalization, etc.).

i “ r’é Chair of Process
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examine
thoroughly

C

examine
casually

register
request

check ticket

#

trace

455

— 191

(a,b,d,e,g)

pay
compensation
decide end
h
reject
request

f reinitiate

request

177
144
111
82
56
47
38
33
14
1

= a2 a2 NN WO 0O -

acdeh

abdeg

adceh

abdeh

acdeg

adceg

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

1391




(a,d,e,g,h)

»

examine
thoroughly

C pay
compensation
examine ‘
start register casually decide end
request h
reject

check ticket . request E
Ly
reinitiate fg-'

request ! “ r’é Chair of Process
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Terminology \

~ :
4 . N
alignment move in move in ‘
modg \‘ ove
(sequence of log only
moves) move in both)

\_

P
X 2 00066«\ d e 9

‘ Q( c d 2 g

‘\‘ OW (remove "no moves") corresponds
' he event log.
68? on on bottom row (remove "no moves")

fesponds to a run of the model. E“%

o Project' . 6



Optimal alignment for (a,b,d,e,g)

a b d e g
a b d e g
a b » d @
a » C d 2
a b | d e g | »
» | » | » | » | » | a




Optimal alignment for (a,c1,c2,e1,e2,e3) ?




Standard cost function
count ?'s in alignment

e | @ | waa
e | b | ..

PI§DF
e

Chair of Process
and Data Science



Q| | OO

®| ©® @@

optimal
there is no other alignment
that has lower costs

)

examine
thoroughly

Cc

examine
casually

compensation
end

a b » g
a » ¢ g
al| /b d e | g | » | » | » | »
» » » » » a C d @




Using the standard cost fu;
trace in log: (a,c1,c2,e1,e2,e3)

optimal
there is no other alignment
that has lower costs

)

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

. /G 41 ‘ . d3
ogmpenn oo e @iy po
\Q — >
a | » ¢c1 c2 e1 e2 e3 2
» b c1 c2 el1 | e2 | e3
a c¢c1 c2 » » » (el | e2 e3
a c1 c2 d1 d2 d3 » »  » T.as
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Optimal alignment for (a,b,e,f,d,e,g) (1/2)

a b e | f |  d e
a | b | » » d e
b
examine
thoroughly
C
CQ—> a examine e
start register casually decide

request

d

check ticket

comp%i};ation Ioop is nOt
-« taken:eandfin

| event log are
reject

request discarded

reinitiate E' E—
request ol & e ¢
i r’é Chair of Process
"“‘-' and Data Science



Optimal alignment for (a,b,e,f,d,e,g) (2/2)

a b » | e | f | d|  » e | g
9

9 loop is taken:
compensation d and b are
end missing in

reject event IOg

request

reinitiate E' E—
J I
request _
i “ r’é Chair of Process
© Wil van der Aalst (use only with perm ission & acknowledgements ) hg O and Data Science
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examine
thoroughly

examine €
casually decide

d

check ticket

start register
request




Not one unique optimal alignment

b » | e f d
b d @ f d
b e f d | e
b » » d @




Question: How many optimal alignments

are there for (a,b,e,f,d,e,g) ?

b

examine

thoroughly
C pay
3 e compensation
examine
start register casually decide end
request

d

check ticket

reject
request

reinitiate
request

(a,b,e,f,d,e,g)




Answer: 9

1+(2x2)+(2x2)=9 optimal alignments having cost 2

f examine
thoroughly
a b|e d e 9
g 1 x c pay
compensation
@_' a examine e
start re r y d end
re

ab» » de g

check ticket

move in model can be

freinitiate
reordered in concurrent part request
AN AE AT A X
a b » fild» ab» fild» e|g

abde fdbleg abde fdceg
" aUR

i r’é Chair of Process
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Any cost structure is possible

send-letter(John,4
weeks, $400)
send-email(Sue,3
weeks,$500)
~Le°}



Any cost structure is possible

send-letter(John,4
weeks, $400)

send-email(Sue 3
ks,$500)

: e

similar activities (lower costs

for related activities)
\_ ) EU’@'.




Any cost structure is possible

send-letter(John,4
weeks, $400)
send-email(Sue,3
weeks,$5
/
s R

resource-related conformance costs
(done by someone that does or does not have
the specified role) vmy




Any cost structure is possible

send-letter(John,4
weeks, $400)

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

\

time-related conformance costs
(activity should happen within a preset

N deadline) I

~




Any cost structure is possible

send-letter(John,4
weeks, $400)

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

© Wil van der Aalst (use only with permission & acknowledge

\

data-related conformance costs

(routing condition is violated, e.g., path

only for more valuable orders)

mmmmmm

~

o/
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Any cost structure is possible

send-letter(John,4
weeks, $400)

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

\

/ ™
risk-related conformance costs, context-

dependent conformance costs, ...

N —

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




Dealing With Silent transitions

Inductive miner

Heuristic miner

* Two options:
- Remove these transitions when considering the

, [}
model’s behavior (Model reduction: any Nondeterministic Finite Automaton (NFA)
with silent activities, can be translated into an NFA without silent activities, which, in turn, can be

translated into a Deterministic Finite Automaton (DFA).)

— The corresponding moves on model have cost 0
(or a very small epsilon in case of loops) E' E—'

! “ r’é Chair of Process
> O and Data Science
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Computing fithess

p.t =+ |n optimal alignment with a

all events cause a 4 hortest path f i I\
move in loa onl shortest path from initia
g y /‘ state to final state
ma model.

(a,b,e,f,d,e,g)




Question: Compute alignment-based

fithess

(a,c1,c2,e1,e2,e3)




cost of optimal
alighment = 2

;a,c1,c2,e1,e2,e3) _ e

. w - ] /—»Q—» d2 —)Q—V d3
all ey worst-case scenario e )
mo rtest path from initial —{=
state to final state

N
a cl1l c2 e 7
» \ c1 c2 (& el K
a c1 c2 el e2 e& » | » [ » » | » | »
» [ » | » | »  » »| a c1 c2 d1 d2 d

E *E

. v
Chair of Process
and Data Science

! g
B &




(a,c1,c2,e1,e2,e3)

: 6 '
gPp "o eovos
a| » c1 c2 e1 e22 e3
» b 1 c2 el1 e2 | e3

a c1 c2 el1 e2eld3| » » » | »
» | »| a | c1 c2 d1 d2 d3
BB

! “ r’é Chair of Process
> O and Data Science



Another example: What is the alignment-

based fithess of the trace (b,c) ?

b

examine

thoroughly
C pay
3 e compensation
examine
start register casually decide end
request

d

check ticket

reject
request

reinitiate
request




What is the alignment-based fithess of

the trace (b,c) ?

examine
thoroughly

pay
compensation

C

(0)—]a

e

examine
start register casually decide end
request
d reject
check ticket request
f reinitiate
request
» blc | » | » | » 5 2
1 =—=10.286
a b | » d e h 2+5 7 P il D}




Alignments are notation independent

Actual behavior

S~ bi o> cb » at » as , am  ck

What value do you guess?

bake in oven clean kitchen
(bo) (ck)
end
add

eat pizza
(ep)
mushrooms

Modeled behavior _em PEDY

J I

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

add cheese
(ac)

add tomato
(at)

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

add salami

(as)




Alignments are notation independent

S~ bi > cb > at » as » am > ck

What value do you guess?
It is 0.789. How to compute?

@ww@w@l @5'5@@

as

'I'.'J' |
am E '@'
I air of Process
ata Science




Conformance Checking: Model and trace

are mapped onto Petri nets
S~ bi »~ cb » at > as » am > ck

acC
@—PbiHQ—PCbHQ—?at bo ep ck@
QL
am @VEH
i Chair of Process
nd Data Science




Conformance Checking: Model and trace

are mapped onto Petri nets
S~ bi ~ cb » at > as , am > ck
’ ‘ ck




Conformance Checking: Model and trace
are mapped onto Petri nets




Conformance Checking: Synchronous
oroduct




Conformance Checking: Compute a
shortest path




Conformance Checking: Compute a
shortest path




Conformance Checking: Compute a
shortest path (cost =3




Conformance Checking: Does the trace
fit the model?

ck

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




Conformance Checking: Does the trace
fit the model?

Actual behavior
N bi /\ Cb/\ at/\ aS/\ >>/\ >>/\am/\ >>/\ Ck/

\bi/\Cb/\at/\aS/\aC/\bO/\>>/\ ’C/\Ck/

Modeled behavior
Piliny
? “ r'é Chair of Process
© Wil van der Aalst (use only with perm ission & acknowledgements ) g O and Data Science



Conformance Checking: Does the trace
fit the model?

Actual behavior

ADEDEOEDEDIDID - XD
iy aty e MDD - k)

°
Modeled behavior Fr%
m Chair of Process
© Wil van der Aalst (use only with perm ission & acknowledgements) and Data Science




Conformance Checking: Does the trace

fit the model?

iy et e MDD - k)
iy ety e MDD - k)

We should have added cheese (ac) and backed the pizza in the oven (bo).
Moreover, should not have added mushrooms (am) because we already
added salami.

Alignment-based fitness: 3 10
 Optimal alignment: cost 3 — —
Length of trace: 6 1 6 + 7 13 O 769
* Shortest visible model trace: 7
P gD}

4 “; _r’é Chair of Process
© Wil van der Aalst (use only with perm ission & acknowledgements ) g O and Data Science



Advantages of aligning log and model

* Observed behavior is directly related to
modeled behavior.

» Very flexible (any cost structure).
- Detailed diagnostics.

- After aligning log and model, other quality
dimensions can be investigated

AVE)
! “ r’é Chair of Process
> O and Data Science
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Deviations
Where?

Why? <
L O

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




Conformance checking
in ProM




ProM: Load Event Log

ProM Mmby’m

XES Event Log 0 & & > um

Deselect all Filter Mode (LIS 4 Match Suhrs‘tringo

12666 TRACE(S) IN SELECTED VARIANTS(S)
1 HEE
2312 traces

16.25% cfthe log e -~ . . serfirm pEyment
100
.
10000 E
1651 traces . q .
10002

4586 fraces

36.21% of the log G FIEEEE

corfirm payment

1666 traces
13.15% of the log

pay prepare d

confirm payment make del

1118 traces . N .
10003
B76 traces . » ) ..
.92% of the log send reminder pay corfirm payment e
10004
420 traces . . ) ) .
10009
30 traces . arare de . " = i
0.24% of the log Place order pay prepare delivery 2 confirm payment
10010
'
.
Ttraces Iace order a i contirm payment
0.06% of the log /P Pay ¥ pay!
10011 send prep }imake
© Wil van der Aalst (use only with permission & acknowledgements)

Chair of Process
and Data Science



4586 traces
36.21% of the log

2312 traces
18.25% of the log

1666 traces
13.15% of the log

1651 traces
13.03% of the log

1118 traces
8.83% of the log

BTE traces
£.92% of the log

420 traces
3.32% of the log

30 traces
0.24% of the log

T traces
0.06% of the log

..
.-

send reminder

pay

send invoice

prepare delivery

confirm paymernt

make delivery

confirm payment

caonfirm payment

..

send invoice

..

send invoice

send reminder

send reminder

send reminder

send reminder

pay

send reminder

pay

prepare delivery

send reminder

send reminder

pay

place order

pay

place order

pay

send invoice

prepare delivery

prepare delivery

make delivery

confirm payment

prepare delivery

corfirm payment

prepare d

corfirm payment

make delivery

make delivery

make delivery

confirm payment

confirm paymernt

make delivery

12,666 cases
80,609 events

8 unique
activities

P L
A Il

Chair of Process
and Data Science



M UITopi

Petri net

place order| send send pay
@——. 4’0——.'nuoice ¥’O——breminder HO——’

4586 traces
36.21% of the log

2312 traces
18.25% of the lag

1666 traces
13.15% of the log

1851 traces
13.03% of the log

1118 traces
8.83%of the log

make
delivery

confirm
payment

e o o No send reminder and pay before send invoice

T I ... () No send reminder and pay before send invoice

The model deliberately allows only a
subset of the observed behavior.

designed by ’ fluxicon




& Pro

M UITopi

' igned b fluxicon
Dol ) desig 5'"

Replay result - log XES Event Log on 17b4f6d0-518b-460¢-91bc-a26759af0d7f using A* Cost-based Fitness Express with ILP (swap+replacement aware), d i enf) c &) (We > W

make delivery
(1101500}

send invoice send remindar
[12666/0) (6377/6289)

prepare deliver,
confirm payme
Inspector [1101510)
Info Display Export
Legend
View
¥ Elements Statistics

Selected elements* | All elernenlsl allrelated v

Property
#Move log+model
f e model only
Move log only
#Traces

3226 move on log only (yellow)
i placofansison o roecied model 0 s e it o s combobor 30007 move on model only

¥ Global Statistics (non-filtered traces) o 7977 real moves on model on Iy (-)
« 22030 occurrences of silent activities

30007=6289+1688+11015+11015 move on model only




Send reminder is often skipped (6289 times)

Filter Export

send reminder pay

(B3TT/62E9) {(10978/1688)

prepare delive

[(11015/0)
#Move model only (in all traces)
#Traces where move model only occur

*Click a placelftransition on the projected model to see its stats, or use combobox

Global Stati: non-fiftered trac

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



Additional send reminder (1538 times in this place)

Inspector
Info Display Filter Export
Legend

N Froanar
wiew

¥ Elements Statistics

Selected elements®

send reminder pay Marking Move on Log #lraces

{6377/6288) (10978/1688) _ : _
[sink 5] send reminder+co...

prepare deliven,

* Click a placel/transition on the projected model to see its stats, or use combobox

Global Statistics (non-filtered traces)

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



Pay Is sometimes skipped (1688 times)

Inspector
Info Display Export
[ egend

N Fronar
view

¥ Elements Siatistics

selected elements*

send remindar Dy PTDPEI'[}‘ Value
(G3TTI62EY) {10978/1688) ~
#Move log+model (totai)
#Move log+mo D0% fitting traces)
prepare deliv #lraces where move log+model occur
[11045/0)
#Move model only (in all traces)
#Traces where move model only occur

* Click a place/transition on the projected model to see its stats, or use combobox

Global Statistics (non-filtered traces)

1D}

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



Additional send reminder (1651 times in this place)

Inspector
Info Display Filter Export
| egend

View
¥ Elements Statistics

selected elements®

S p——— Marking Move on Log # (Freq) #Traces

- pay
(637T/6289) {10975/1688) S i : B
[sink &] send reminder+co... 1651

prepare deliven

* Click a place/transition on the projected model to see its stats, or use combobox

Global Statistics (non-filtered traces)

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



Log view

L& ProM UlTopia

5t LEGEND
_ -Synchronous move (move log+model) m ove
Log-model Alignments WlUnobservable move (move model only)

-Skipped event class (mave model only)
Caseis: @0 -Inserted event class (mave log only)

-Replaced violation (move log+model)

Alignmert o
M-swapped violation (move log+model)

Num. Cases 9 events

Is Alignment Reliable?
Raw Fitness Cost STATS FROM RELIABLE ALIGNMENTS

#Cases replayed 12,666
#Synchronous ev.class (log*mo... 77,383

caseid(s): EN————— #Skipped ev.class 7,977

- e e move on model
g __suowerrstansts (required activity was
R posm— skipped in event log)

Num. Cases 1666 e Max.
Is Alignment Reliable? Yes Min.
Raw Fitness Cost 1 Std. Deviation

#Cases with value 1.00

case ig(s): (I
Alignment

Num. Cases 1651 & everts STATS INCLUDING UNRELIABLE ALIGHMENTS
Is Alignment Reliable? Yes
Raw Fitness Cost 2 #Cases replayed 12,666
#Synchronous ev.class (log+mo... 77,383
#Skipped ev.class 1,977
. #Unobservable ev.class 22,030
caseid(s):
(5) #inserted ev.class 3,226
Alignment
Num. Cases 1118 10 everts
Is Alignment Reliable? Yes
Raw Fitness Cost 1

caseid(s): TN
Alignment

Hum. Cases 876 9 events m r ]
Is Alignment Reliable? Yes
Raw Fitness Cost 0 Ove O O g

— ) (activity in log was not

Alignment
Num. Cases 420 10 events

Is Alignment Reliable? Yes pOSSI ble In mOdel)

Raw Fitness Cost 1

case id(s): 17—

Num. Cases 30
Is Alignment Reliable? Yes
Raw Fitness Cost 3

Alignment
10 events

caso s G | “ > Chair of Process
P &

Alignment

and Data Science




Many more plug-ins exploring

onformance (based on alignments or not)

Data Conformance Result for XES Event Log on f16514b1-8053-4641-9173-95cfcbcb1181 @f16514b1-8053-4641-9173-95¢cfcbeb1181

GROUPED ALIGNMENTS VARIANTS
Deselect all

Group Size: 4586
Avg. Fitness: 50.91%

LEGEND

[ - Perfect Alignment Step (Move log and model)

[J- Missing Event (Move model only)

[ - unobservable Event (Move model only)

- wrong Event (Move log only)

[J- virong Data (Move log and move model with different data values)

tau split tau join

send reminder

ALIGNMENT STATISTICS
s Size 2312 #Traces 12,666
roup Size S
tau split tau join Min Fitness [73%
fra Fines=: 100 u"""’_ Average Fitness o2t
Median Fitness 91%
Max Fitness 100%

ALIGNMENTS IN SELECTED GROUPS

Group Size: 1665 mn o
Avg. Fitness: 90.91% P Jain

Group Size: 1651

Avg. Fitness: 80.00% send reminder

Group Size: 1118

g Fitnass: 52 31% send reminder tau split tau join

Trace: 10000
Fitness 90.91%

tau tau

Group Size: 876

tau split tau jain
Avg. Fitness: 100.00% e au join

Trace: 10002
Fitness 90.91%

tau tau

Group Size: 420 .
ve, Fitnous. 52.31% send reminder tau split tau join
Trace: 10003

Fitness 90.91%

tau tau

Group Size: 30

v Fiosa 12.73% tau split tau join
Trace: 10004 1 &
Fitness 30.81% = =
Group Size: 7 . .
Avg. Fitness: 72.73% B e R

ATTRIBUTES/VARIABLES
Name Process Value Log Value

? “ ~ Chair of Process
> O and Data Science

@ Substring Matches @ Color Code Activiti @ i Invisible Activti @ Highlight Deviations —



Inductive miner

11015

=

cancel order
1651

send reminder MRS PM
[ D) .tl.ll.}]... (I e

Again, the model deliberately allows
only a subset of the observed
behavior.

4586 traces
36.21% of the log

2312 traces
18.25% of the lag

1666 traces
13.15% of the log

1851 traces
13.03% of the log

1118 traces
8.83%of the log

e o o No send reminder and pay before send invoice

Chair of Process
and Data Science

e o}
T I ...« Il No send reminder and pay before send invoice é

! >
© Wil van der Aalst (use only with permission & acknowledgements) \’“L'



Deviations In inductive miner

confirm payment JRELLI

send reminder
6377

mmmmmm e 3189 6289 1651 37

---..-.-... -----------.-....

63742015 110753

send 1nvoice send reminder
12629 6377

Chair of Process
and Data Science

D}
Note that some numbers are different than before E é

: : ¢ “ >
© Wil van der Aalst (use only with permission & acknowledgements) because Of dlﬁ:erent allgnments hg o



| = | trace view - Inductive visual Miner QE
———

Drill down on deviations

Pay is skipped 1651 times
and all of these cases had
an extra send reminder

(these are the cases that
were cancelled). move on model

(required activity was
skipped in event log)

synchronous
move

move on log
(activity in log was not
possible in model)

ace order
9))
1651

send invoice send reminder
1651 1651




Same event log and different
(underfitting) model



L& ProM UITopi

designed b fluxicon
Prol\] —

Petri net

cancel
forder frzke
: place order| Leivery
prepars
ponfirm
payment

4586 traces
36.21% of the log

make delivery confirm payment

sand e

23124

18 25-:;:;2; I 59"""“ e send reminder pay ry  make delivery confirm payment
e log

Perfect replay fitness (can reproduce
N - BRSNS all traces), but underfitting (i.e., not
e precise enough).

420 traces

30 traces
0.24% of the log

1666 traces

13.15% of the log confirm payment USRI

place order pay send inveice make delivery cortfirm payment

T traces

0.06% of the log place order pay send inveice e TR S make delivery




L4 ProM UlTopi a’

Dol ) des'qldhy’ﬂmn

Replay result - log XES Event Log on ad14ea2h-9e58-4d4c-b840-02be6fh3dff3 using A* Cost-based Fitness Express with ILP (swap+replacement aware), & erif) €6 [(Fech W

1018

iy . [ramzat orar
l——— frine1 msice malary
. E E . . CC] .

confiem payme
1018

Inspector i &
Info ) ¥
Legend
View
¥ Elements Statistics

P No problems, only moves on

del only 71245

model for silent steps.

*Click a placeitransition on the projected model to see its stats, or use combobox

¥ Global Statistics (non-filtered traces)

Property

6.364203379125239
1.0




Log view

e =To X
- ( ) designed by ”ﬂnxlc.un

Replay result - log XES Event Log on ad14ea2b-9e58-4d4c-b840-02be6fb3dff3 using A* Cost-based Fitness Express with ILP (swap+replacement aware), £ e P (). ¢ 6 1 (e > (W 33

LEGEND
<type case id here> _Synchronous move (move log+model)
-Unobservable move (move model only)
-Skipped event class (move model only)
dnserted event class (move log only)
Log-model Alignments -Replaced violation (move log+model)
M_swapped violation {(maove log+madel)

caseid(s): (T STATS FROM RELIABLE ALIGHMENTS

Alignment #Cases replayed 12,666

Num. Cases ) 4586 11 events #Synchronous ev.class (log+mo... 80,609
Is Alignment Reliable? Yes #Skipped ev.class (1]

—— - #Unobservable ev.class 71,245
#Inserted ev.class

Caseid(s): (ET———
Alignment
Hum. Cases 2312 13 everts
Is Alignment Reliable? Yes
Raw Fitness Cost 0 Averageicase
Max.
Min.
caseiais: C—— Std. Deviation

#Cases with value 1.00

Alignment

Hum. Cases 1666 11 events

Is Alignment Reliable? Yes
Raw Fitness Cost 0

STATS INCLUDING UNRELIABLE ALIGNMENTS
Ccaseid(s): (T #Cases replayed 12,666

Alignmert #Synchronous ev.class (log+mo... 80,609
Hum. Cases 1651 11 events #Skipped ev.class 0
Is Alignment Reliable? Yes #Unobservable ev.class 71,245
Raw Fitness Cost 0 #inserted ev.class 0

Caseid(s): ([T
Alignment
Hum. Cases 1118 15 events
Is Alignment Reliable? Yes
Raw Fitness Cost 0

caseid(s): (ET T
Alignment
Num. Cases 876 5 T
Is Alignment Reliable? Yes
Raw Fitness Cost 0

Caseid(s): (ETT——
Alignment
Hum. Cases 420 15 events
Is Alignment Reliable? Yes
Raw Fitness Cost 0

| Ve
Caseid(s): (11T J 1

Alignment
Hum. Cases 30

; v
11 events
Is Al Reliable? Yi -
T o | “br' Chair of Process
g and Data Science




Conformance
checking in Celonis




Discovered BPMN model in Celonis

1278 cases/pizzas

Download BPMN file X
[ ]
1o
l J—
0 [ | [ ] a 2 [ & > [ | 2 [ ] T [ |
))))) 1 1= T — T 1 i =)
L

v
DlSCOVG red USI ng IM '\’“Lr'é Chair of Process

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



This is the de facto behavior (3x)

Pizzadata

add cheese
(ac)

take order
take order create base add tomato clean kitchen
f;t:a(ebase (to) (Cb) (at) (Ck)
start

add salami
(as)

eat pizza
(ep)

@) addtomato
1278

™
.) add cheese
1829

add

mushrooms
am
add salami #/
o g
1.r bake in oven
13 ac

eatpizza
o

w @—» to —»Q—» cb —»Q—» at bo ep ck —>©

clean kitchen
1278

as

am E‘IJ’@

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




Let’s modify the process model

e Salami is mandatory.
* No mushrooms allowed.
* Just a single serving of cheese.

eeeeeeeeee

Assume this is the normative
behavior!

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



Let’s modify the process model ...

This is the normative behavior (3x)

.
add cheese

(ac)

Pizzadata

Y
add tomato
(at)

| S —

take order
1278

create base
(ch)

take order
(to)

O

start

H

create base
1278

.
add salami

(as)

add tomato
1,278

add salami
638

add cheese
1829

111

o bake in oven
1,278

ac

o eat pizza

907

at

as

clean kitchen : :
1278

Salami is mandatory.
No mushrooms allowed.
Just a single serving of cheese.

I

O

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

3
%;

bake in oven clean kitchen
(ck)

end

eat pizza
(ep)

ep

_,®

Cl
“ r’é Chair of Process
U

hg and Data Science



Conformance checking using the Celonis

Process Adherence Manager

Pizzadata

Conformance rate

Pizzadata 33.88%
Deviations (3) ‘o
Search Q @ I
Unexpected event > e
@ add mushrooms
640 (50.08%) Pizzadata +4 minutes TPT
There were 640 pizzas with
Missing event > mUShrOOmS InStead Of
@ add salami .
e salami (50.08%) and 389
640 (50.08%) Pizzadata | +4 minutes TPT . . .
pizzas with multiple
Occurred too often > Se rVingS Of Cheese

@ add cheese

(30.44%).

389 (30.44%) Pizzadata  +4 minutes TPT

@V

. . t “ r’é Chair of Process
© Wil van der Aalst (use only with permission & acknowledgements) TOtal . 1 278 CaseS/p|ZzaS hg o and Data Science



@ Studio > @ Celosphere25 > PizzaProcess v 1%

® Pizza Process PAM

® e Explore deviations
Deviations
Conformance rate
™ 4 —
b i= Pizzadata 0%
Variants
o Deviations (3)
00C Allowed Search Q &
deviations
)
Occurred too often o>
@ add cheese
184 (100%) Pizzadata | O milliseconds TPT
)
Unexpected event Y >
@ add mushrooms
184 (100%) Pizzadata | O milliseconds TPT
©
Missing event v o>
@ add salami
184 (100%) Pizzadata | O milliseconds TPT
&
[E;
=
o
o

SearchctrRL  / 81

184 cases (14.4%) have all

three deviations

Pizzadata

®oms

take order
184

. 17min

create base
184

® smin ®3min ®oms

add salami
0

add tomato add cheese
184 440

®oms.

® rimin

bake in oven
184

- 7min

eat pizza
130

® 21

clean kitchen
184

= & @ Publish

Qa o

»“| Filters
Select the data you want to
compare to the target model.

® Pizzadata
add salami is missing

® Pizzadata
add cheese occurred too often

® Pizzadata

add mushrooms occurred
unexpectedly

+ Add afilter

Data & Coverage Info

B Pizzadata 14.40%

= Legend B a 40% v

o}



@ Studio > @ Celosphere25 > PizzaProcess v ¥

fal

O o o w

® Pizza Process PAM

® b

Deviations

11—
2=
i=

Variants

%

Allowed
deviations

Explore deviating variants 0]

Explore variants that include the detected deviations from your target
process model.

Deviations occur in 55 variants (showing 55 of 55)

A variant with all three

@ Pizzadata v Any deviation type v Any event type v

: problems (15 cases)
Cases |7 Coverage TV Avg TPT NN
15 [ J 8.15% Thours take order
184
15 [ J 8.15% 2 hours
n [ ] 5.98% Thours  7min
- N R R RN NN NN NN SN N R R R A A create base
n L] 5.98% 42 minutes e 8
1
8 ° 4.35% 1hours H
8 (] 4.35% 1hours . \
' ! @ 3min
8 o 4.35% Thours ® =D add tontegs:) add cheese
440
7 (] 3.80% 48 minutes
® 2min
Variant detail N

- >
l o i
Event sequence Deviations Time delta

bake in oven
184

take order 0
create base 14 minutes
 17min
add mushrooms © Occurred unexpectedly 1 minutes .
eat pizza
130
add tomato 18 seconds
add cheese 22 seconds
® 21min
add cheese G Occurred too often 43 seconds clean kitchen
184
add salami © Missing event -
bake in oven Tminutes O

eat pizza 20 minutes

clean kitchen 22 minutes Mmmmm

SearchcTrL

oms

add salami
0

oms

81 = & @ Publish

Qa o

»“| Filters
Select the data you want to
compare to the target model.

® Pizzadata
add salami is missing

® Pizzadata
add cheese occurred too often

® Pizzadata

add mushrooms occurred
unexpectedly

+ Add afilter

Data & Coverage Info

B Pizzadata 14.40%

$= Legend B @ 40% v

o}



Three deviations!

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

p 0 > cb ) >> ) at ) ac ) >> ) as ) bo ) ep ) ck 4

Variant detail

Event sequence

take order

create base

add mushrooms

add tomato

add cheese

add cheese

add salami

bake in oven

eat pizza

clean kitchen

Deviations Time delta

0

14 minutes

@ Occurred unexpectedly 1 minutes

18 seconds

22 seconds

G Occurred too often 43 seconds

© Missing event -

Tminutes

20 minutes

22 minutes

‘0cess
icience



Another example with four deviations

p 0 > cb > at p ac yamp ac ) ac ) >> > bo ) ep ) ck 4
p 0 ) cb ) at y ac y >> ) >> ) >> ) as ) bo ) ep ) ck 4

vV vV v VY
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Variant detail

Event sequence Deviations Time delta
take order 0
create base 8 minutes
add tomato Thours
add cheese 21seconds
add mushrooms © Occurred unexpectedly 15 seconds
add cheese G Occurred too often 26 seconds
add cheese G Occurred too often 38 seconds
add salami © Missing event -
bake in oven 2 minutes
eat pizza 7 minutes
clean kitchen 8 minutes
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Celonis also supports object-centric

conformance checkinc

junk | OrderManagement4OT | pla X +

C M 25 ahtgy3zd-2024-05-16.training.celonis.cloud, e-manag
@ Studio > @ playground-ordermanagement > OrderManagement40T v Search CTRL + | / 81 @ 0 Publish v
ooo @
883 junk  Model Miner Qa o Cancel
®
) . ® Sales Order O Sales Order Item
Mine a model that is closest to your target process 1 1
1
v

your target process. In the next step you will be able to edit this
model to create your final model.

Recall: Object-centric
process discovery

using an extension of
the Inductive Mining
(IM) algorithm.

. . . !
[} Build the process model by selecting variants that are close to icrealesalesomerneader
o

@) Create Sales Order Item

Select object types ~ Select variants

(of 418) most frequent variants selected

:) Custom

0 1 2 3 4 5 6 7 8 e 10

Approve Sales Order

Y Set the data scope

Exclude incomplete cases

Focus on complete cases to eliminate deviations caused by flows
that are still in progress. Define complete cases by selecting valid
start and end events for object types.

Set Delivery Block Approve Sales Order Item Delivery ltem

i Select a subset of
variants before

[
Create Delivery tem Post Goods Issue q I I n I M
L

Filter object attributes
If your process model has a specific scope (e.g. region or >
product), please set your filters here.

[ m
O==%

]

¢4

Sign Proof Of Delivery

© 0O
o

1. Createcustomer 3= Legend 3 Zoom to fit aQ 30% v
" | :

Ve s
I J 1

’ v
i “ g Chair of Process
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Process Adherence Management (PAM):

Check Conformance

Ordermanagement4OT | OrderMa: X +

C m ahtgy3zd-2024-05-16.training.celonis.cloud/p
@ Studio > @ playground-ordermanagement > OrderManagement40T v Search CTRL + | / 81 @ 9 Publish v
® Ordermanagement40T Q @ Va
i
& iati Target Model -
oion Deviation Explorer 9 ¢ Filters
Explorer O Sales Order O Sales Order ltem Use filters to select the data you want
Conformance Rate to compare to the target model.
< = Sales Ord ° 99.99% N i i
i ales Order .99% ® 802K
Aonment ) | | + Add afilter
Explorer Delivery S 00.57% I I
o ® 603K
D) Show all - 100% 2
Charts & Create Sales Order Header A4 O
Tables Actual behavior (4) 60,319 Sales Order
Search Q ¥
@ 892.4K
Violated exclusive gateway >
Create Customer Invoice 603K @ 892.4K
2.81% of objects TPT impact -7days @ Sales Order Item Create Sales Order Item
892,405
Violated exclusive gateway >
Post Goods Issue
1.55% of objects TPT impact -24 hours | @ Delivery Item
| M3k
E Violated exclusive gateway > Change Sales Order Item
® 781K
. Sign Proof Of Delivery merz
°
i Computes alignments
=
Occurred too often >
—
o= Set Delivery Block . 535K
[ D] less than 0.01% of objects = TPT impact +9days @ Sales Order

o Approve Sales Order
53,889

@ 0O

4] |
® 892.4K J l
$= Legend 5] Q  50% v@j
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Process Adherence Management (PAM):

Show Alic

OrdermanagementdOT | OrderMa: X +

C M 25 ahtgy3zd-2024-05-16.training.celonis.cloud

@ Studio > @ playground-ordermanagement > OrderManagement40T v Search CTRL ) + | / 81 & ©® Publish v
[©) Ordermanagement40T Q O V4
328
888
B i .
® Deviation Alignment Explorer jlargetiModel CRUES »“ Filters
Explorer N : P . : Use filters to select the data you want
Explore variants that include the deviations we detect in relation to the
h del.
. . target process model. ® change Sales Order ltem = | to compare to the target mode!
st} i= 11,272
Aé‘g"l'“e“‘ Deviations occur in the following variant (showing 1 of 1) + Add afilter
Xplorer
50} Refine variants o
Charts & O 100A7 'ZI
Tables @ SalesOrder v Anydeviationtype v Anyeventtype v Sales Order
Objects I¥  Coverage ™ Avg TPT N D&
1 <0.01% 10d o Approve Sales Order

53,889

The delivery block is set
before items are created

@ 892.4K
Variant Detail
@ Event Sequence Deviations Time delta
. Create Sales Order Header 0 .50 ® 797.4K

O

Set Delivery Block G Occurred too often  Qms Set Delivery Block Approve Sales Order Item
5,901 797,373
B

Create Sales Order Iltem 5s
—-
-~

Create Sales Order Iltem Oms ® 59K ® 797.4K
Q [ O]

Create Sales Order Iltem Oms

O Delivery (|

@ Create Sales Order Iltem Oms — e

*
< |
: $= Legend K] Q  60% vv E J !

- - ’ )
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Process Adherence Management (PAM):

Show Alic

Ordermanagement4OT | OrderMa: X +
C M 25 ahtgy3zd-2024-05-16.training.celonis.cloud/p:

@ Studio > @ playground-ordermanagement > OrderManagement40T v

® Ordermanagement40T
388
888
% ;
® o Alignment Explorer
Explorer Explore variants that include the deviations we detect in relation to the
ch = target process model.
<o =
AE“Q”""E"‘ Deviations occur in the following 4 variants (showing 4 of 4)
xplorer
0] Refine variants
Charts &
Tables @ Sales Order ltem v Any deviationtype v  Any eventtype v
Objects ¥ Coverage ™ Avg TPT 1=
23K (] 2.58% 3d
1.5K 0.17% 3d
544 0.06% 8d
21 <0.01% 6d
Variant Detail
E Event Sequence Deviations Time delta
Create Sales Order ltem 0
o
Approve Sales Order ltem 1d
o
Create Customer Invoice ? Violated exclusive gateway 2d
o
-
Create Delivery Header 4h
Q O]
Create Delivery Item 30min
w

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

Search CTRL) + [ / 81 @ © Publish v

a o 7

- -
Target Model .
9 ~“ Filters
Use filters to select the data you want
@ to compare to the target model.

@ 38.4K + Add afilter

® 2.2k ) O 100%
Sales Order

The invoice is created
before the delivery

) header and item are
created.

Sign Proof Of Delivery

38,606

®

748.5K

@ 573.8K 573.8K

Create Customer Invoice
. 40,618

174.7K

@ 573.8K 573.8K

Ve s
b |

)4 )
O $= Legend [F5] QU 70% V; ]
i >
B &
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Process Adherence Management (PAM):

Analvze Performance

Ordermanagement4OT | OrderMa: X +

Throughput Time X

C M 25 ahtgy3zd-2024-05-16.training.celonis.cloud e-manager/ui/stu

@ Studio > @ playground-ordermanagement > OrderManagement40T v Search CTRL  + | / 81 & [
@ Ordermanagement40T Q
get Create Sales Order Header
® ¢ Deviation Explorer Target Model Y Fi ,
Deviation p »“ Filters . Sales Order v First
Explorer Use filters to select the
t to the targe]
o5 = Conformance Rate (D ® 0 compare to the targe!
e Alignment Sales Order 99.99% O, + Add afil
Explorer Delivery 99.57% S atl 3
- showall & Create Customer Invoice

Charts &

O

Tables Actual behavior (4) Delivery Item 6 Last v
Search Q¥
Violated exclusive gateway > an med

Create Customer Invoice

14.62 Days 12 Days

Illl..-.
2 i 12 72 27 32 37

17

2.81% of objects = TPT impact -7days @ Sales Order Item

Violated exclusive gateway >
Post Goods Issue

1.55% of objects = TPT impact -24hours = @ Delivery Item

Compute the time
between the creation of

2 to 67 Days v

the order and the delivery
of all items in the order

1= Legend B a 209 40,618 Sales Order objects are selected

Cancel Apply filter Chair of Process
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There Is much more ...

information
systems

extract

Jid
L 2: Conformance 4: Comparative
RO Checking Process Mining
1: Process .
Discovery 3: Performance )

Analysis
explore select
filter show
clean interpret
drill doygs
: 6: Action-Oriented

Process Mining

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

? “ r'é Chair of Process
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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 *

@V
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B O O ks (not intended to be complete)

SPRINGER BRIEFS IN
BUSINESS PROCESS MANAGEMENT

Wil M. P. van der Aalst

Modelin
Josep Carmona (Eds.) Ronny.S. Mans e g
L WilM . van der Aalst Business Processes
Wil M. P van der Aalst 3 Rob J.B. Vanwersch

Process Mining

y Pro cess J in Healthcare Wil van der Aalst and Christian Stahl

st (E)valuating Iaadl:ix loiting
. erational Healthcare
Wil van der Aalst Mi ning p

_ Processes

Process -

A Petri Net-Oriented Approach

Process Mining
Handbook

LNBIP 448

Andreas Solti
Matthias Weidlich O

Successful

Conformance el R
Second Edition i C h ec k| n g #:;.i:'::;'ii;'i;r:.ag

Principles, Use Cases and Outlook

L ] ‘
I > N Josep Carmona _ﬂ [S—
H Boudewijn van Dongen .
1 Erik-Jan van der Linden

Process Mining

@ Springer

@ Springer

Chair of Process
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