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. Introduction

Input: Event Log Output: Process model

Process Discovery
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. Motivation

> Process discovery aims to discover simple Petri nets

> Petri nets may contain several implicit places

> |Implicit places increase model complexity

> A novel technique to identify and remove implicit places

> Integrating the approach with the eST-Miner



. Preliminaries

> An activity is simply work performed in a business process
> A trace is a sequence of activities

> An event log is a multiset of traces

L = [e, (a,b,c,d)*]



. Preliminaries

> A marked Petrinet (P, T, I, mo) is a process model composed of

places P, transitions 7 and a multiset of arcs F' -> N

> An implicit place p does not contribute to a Petri net’s behaviour




. Preliminaries

(a)
(a,b) € a b C d
(a,b,c) Tp, | O 1 0 0 0
(a,b,c,d)
The language L of a Petri The token count function X,
net is every possible firing defines the number of tokens
sequence in the Petri net in place p.



. Preliminaries: Region Theory

Region Theory




. Preliminaries: Region Theory

> |dentifying regions in the event log

> Each region corresponds to a feasible place in the resulting Petri net

State-based region theory makes Language-based region theory makes
use of a transition system use of a prefix-closed language
{a, b} {a}
()—{s)] .
(T
@‘e (@b,
{(a,b,c,d)
{a} {a, b}




>> @Given an event log and the corresponding Petri net /V:
© p, p, € P are two individual places in /V,
o Comparing p, and p,, we verify the conditions:

Vo € L(N) : xp,(0) > zp, () (1)

Jo € L(N) : Lipj (U) > Lpo (0) (2)



o If X, >X, for the prefix-closed language of /V, then

: Lpy — Lpy (3)

is a region and p, can be regarded as implicit if p, exists

> Incoming arc added for increase in the token count of place p,

> Outgoing arc added for decrease in the token count of place p,

10



> Minimal regions method avoids adding implicit places to a model

d

S3

51
a h s4
S2

{s1, s2}
{s1, s3}
{s2, s4}
{
{

s3, s4}
s5}

e e e s

1
2
3
4
5

> Transitioning directly from the event log to the resulting model

> The goal is to remove implicit places from a discovered set of places
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. Running Example: Simple Case

p2
/ —> b =™ 5 & [y
= “\\ /’-‘\
|/0 —>» A D1 \ d ——» |
A 4 L4
€ a b C d

Tp, | O

Tp, | O

Lps3
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. Running Example: Simple Case
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. Running Example: Simple Case
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. Running Example: Simple Case
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. Running Example: Simple Case

16




. Running Example: Simple Case

€ a b C d
Tp, | O 2 2 2 0
Tp, | O 1 0 0 0
Tps | O 1 2 2 0
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Running Example: Intermediate Case

= |&{d;60¢,0)° (05 €,6,9)°,

p1

c >
p2

d <~ 3
p3

B
p4

f »

aaaaaaaaaaaaa

(b,d, f,9)%, (b, f,d, g)*]
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Running Example: Intermediate Case

= |&{d;60¢,0)° (05 €,6,9)°,

p1

o >
p2

d < 3
p3

B
p4

f >

aaaaaaaaaaaaa

(b,d, f,9)%, (b, f,d, g)*]

19




Running Example: Intermediate Case

= |&{d;60¢,0)° (05 €,6,9)°,

p1

C > @
p2

d < 3
p3

e &
p4

f >

aaaaaaaaaaaaa

(b, f,d, g)*]

(b,d, f,9)?,
Lps
Lpe
Lpr7
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Running Example: Intermediate Case

= |&,{dse.e, 00" (6s€,89)°, (6,4, [:0)°, &, T.d,9)°]

[&R
v
\ A4

@
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Running Example: Intermediate Case

= |&{d;60¢,0)° (05 €,6,9)°,

p1

o >
p2

d < 3
p3

B
p4

f >

aaaaaaaaaaaaa

(b, f,d, g)*]

(b, d, £, 9)?,
Lps
Lpg
Lpr7
/\./\.

22




Running Example: Intermediate Case

aaaaaaaaaaaaa

= [¢, {a, c, e, g)?,

(a,e,¢,9)°,

\ 4

\A4

v

p1

p2

p3

p4
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(b,d, f,9)°, (b, f,d, g)*]
€ a C C g
Tps | O | 1 | 1| 1] 0
Zps | O | 1L L O | 0] O
Tp- | O | O | 1 | 1] 0




Running Example: Intermediate Case
L = [e,{a, c,e,9)% (a,e,¢,9)°, (b, d, f,9)%, (b, f,d, 9)*]
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Running Example: Intermediate Case

= [¢,{a,¢c,e,4)°,{a,€,¢,9)°, (b,d, f,9)°,

p7
-
p6 p1
—> C
a p2
d T <

(b, f,d, g)*]

D)
J
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= [¢, {a, c, e, g)?,

Running Example: Extended Case

(b,d, f,9)%, (b, f,d, g)*]

(a,e,¢,9)°,

\ 4

\A4

g

\ 4

p1

p2

p3

p4




Running Example: Extended Case

= [¢, {a, c, e, g)?,

(a,e,¢,9)°,

\ 4

\A4

v

p1

p2

p3

p4

(b.d, f,9) (b, f,d,9)*]
€ a
T | 0 0
Tg | O 0
Lpg
&

&
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Running Example: Extended Case

= [¢, {a, c, e, g)?,

(a,e,¢,9)°,

\A4

v

p1

p2

p3

p4

(b.d, f,9) (b, f,d,9)*]
€ a
T | 0 0
Tg | O 0
Lpg
&

&
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Running Example: Extended Case

= [¢, {a, c, e, g)?,

(a,e,¢,9)°,

\ 4

\A4

v

(b,d, f,9)*,(b, f.d, 9)°]
e | a
T | 0 0
Tg | O 0
Tpg
()

29




Running Example: Extended Case

p5

p6

= [¢, {a, c, e, g)?,

(a,e,¢,9)°,

\ 4

\A4

v

p1

p2

p3

p4

(b,d, f,9)%, (b, f,d, g)*]
€ a
Zps | O | O
Zp, | O | O
Lpg

i
\ @
N
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Running Example: Extended Case

= |&,{dse.e, 00" (6s€,89)°, (6,4, [:0)°, &, T.d,9)°]

p5
€ a C e g
Tps | O | O | 1 | 2 | O
p6 p1
— > CUp4 O O O 1l O
a p2
Tpe | O | O | 1 | 1 | 0
d < 3
7 = Vi
\__/ p3 2 <&
-

p4
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Running Example: Extended Case

= [67 <a'7 C7 67 g>2

p5

(05 €,¢,9)°,

(b, d, £, 9)?,

(b, f,d, g)*]
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> Realized the algorithm via its simple, intermediate and extended cases
> However, can all implicit places be discovered using this method?

> Uncovering the limitations of our implicit place removal technique
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. Limitations

= |&,{dse.e, 00" (6s€,89)°, (6,4, [:0)°, &, T.d,9)°]

p5
€ a C e g
p6 p1
a p2
Lpg
d < 2
. v .
|/ i ( \I
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-
b< p4
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. Limitations

= |&,{dse.e, 00" (6s€,89)°, (6,4, [:0)°, &, T.d,9)°]

€ a C e g
p1
C a: p il O O
p2
Lpg
d < 3
— A 4 p—
|// g ( \\I
| p3 A\ 4
e
p4
f >
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. Limitations

b = [67 <a7 C, 6,9)27 <a,,€, C, g>37 <b7 d7 f7 g>27 <b7 f’ d’ g>4]

€ a C C g
Tpy, | O 0 0
p1
c > @ :Epl O O 1
p2
Tpg | O 0 | -1
d = § A 4
C P °7 ) x_>x_.does not hold for any i
3 = p2 Di
p4
f >
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> Understood the motivation behind removing implicit places
> Examined the main idea of our method
> Witnessed running examples of the algorithm

> Recognized limitations of our technique
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> When and where is this algorithm actually beneficial?
> Diving into the application to the eST-Miner

> Are there any associated implementation challenges?
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. Application

> Using the eST-Miner as a process discovery algorithm
> Only the event log is used
> Candidate places are traversed and evaluated using token replay

> Replaying the event log is crucial to removing implicit places
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. Application

> A clever way to enumerate places using a tree like structure

(»|a,b) (»|a,m) (»|b,m) (ala,b) (ala,m) (a|b,m) (bla,b) (bla,m) (b|b,m)

(»,ala,b,m) (»,bl|a,b,m) (a,b|a,b,=) (»,a,b|a,b) (»,a,b|a,s) (»,a,b[b,m)

(»,aja) (»,bJa) (a,ba) (»,a|b) (»,b]b) (a,b|b) (»,a|m) (»,b|m) (a,b|m)

= Py

a,bla,b) (a,bla,=

(»|a,b,m) (ala,b,m) (bla,b,m)

(»,abla) (»,a,b|b) (»,a,b|m)
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. Application

> The discovery of a set of all fitting places is guaranteed

> A ssignificant number of implicit places are also discovered
> Removed by solving an Integer Linear Programming Problem
> |Immense time and space complexity

> Reason for applying our implicit place removal technique
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. Application: Challenges

> The eST-Miner returns a Petri net without arc weights

> However, arc weights are required

p1 p3

€ a b C d
Tp, | O 1 2 1 0
Tpy | 0 1 0 0 0
G, p2 =
'I:O:I%a—> —{ b [ —c | —fd |— jﬁa Tps | O 0 2 1 0
o = | PIRARERD y



. Application: Challenges

> The eST-Miner discovers only fitting places
> Places empty at the beginning and end of token replay
> Place emptiness is guaranteed by construction

Lp

1:$P2:0 (4)

Tp, = 0 (5)
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. Application: Challenges

eST-Miner allows for Petri nets with self-loops

®
PN P o
L ™ a p1 c — )
| \_/
®
2
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. Application: Challenges

Special case of places with self-loops in parallel constructs

p1
—>» b —»
p2

/ -\\\ P -\\.
| @ —» a e > |
& \ 4

M € d p
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Evaluation: Space Efficiency

Teleckims
18139

HP18-sto

Event Log
(=Y
(3]
(V]
2

Remaining final places are sepsiss0 g
significantly less than total
fitting places - - :
1 ’ L:)(:a)rithmic Scale of P:llaof:s wes i
48
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Evaluation: Time Efficiency

Teleckims
2686

HP18-st0 =
351

g

£
CPR is always significantly swss-zo
faster than FPR

1 10 100 1000 10000
Logarithmic Scale of Times
B CPRTime (ms) ™ FPRTime (ms)
49
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. Conclusion

> An approach to identify and remove implicit places from Petri nets
> Combination with the eST-Miner process discovery algorithm
> Sequential and concurrent application schemes

> Robust time and space efficiency of the CPR variant
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> Further investigations with the eST-Miner
o Increasing the efficiency of the candidate traversal step
O Returning results after a certain running time
> Choosing the order of place comparisons
> Solving the problem of self-loop places in parallel constructs

> Application to the Inductive-Miner process discovery algorithm
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Thank you!

Questions?
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