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Remember: Eventdata

CaselD Activity

Timestamp

6350 place order

2018/02/13 14:29:45.000

2018/02/13 14:39:25.000

2018/02/13 15:01:33.000

2018/02/13 15:03:43.000

2018/02/13 15:05:36.000

2018/02/13 15:08:11.000

2018/02/13 15:14:04.000

2018/02/13 15:20:36.000

2018/02/13 15:25:21.000

2018/02/13 15:43:39.000

2018/02/13 15:46:08.000

2018/02/13 15:56:03.000

2018/02/13 15:57:42.000

2018/02/13 16:17:37.000

2018/02/13 16:31:28.000

2018/02/13 16:51:54.000

2018/02/13 16:55:55.000

2018/02/13 17:03:26.000

2018/02/13 17:30:16.000

2018/02/13 17:53:22.000

6283 pay

6253 prepare delivery
6257 prepare delivery
6185 confirm payment
6218 confirm payment
6245 make delivery
6272 pay

6269 pay

6212 prepare delivery
6323 send invoice
6246 confirm payment
6347 send invoice

6351 place order

6204 prepare delivery
6204 make delivery
6265 confirm payment
6250 confirm payment
6328 send invoice
6352 place order

6317 send invoice
6353 place order

2018/02/13 18:45:30.000

2018/02/13 20:16:20.000
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event =
case +
activity +
timestamp +



Simplified Event data

CaselD Activity

Timestamp

6350

2018/02/13 14:29:45.000

place order
6283 pay 2018/02/13 14:39:25.000
6253 prepare delivery 2018/02/13 15:01:33.000
6257 prepare delivery 2018/02/13 15:03:43.000
6185 confirm payment 2018/02/13 15:05:36.000
6218 confirm payment 2018/02/13 15:08:11.000
6245 make delivery 2018/02/13 15:14:04.000
6272 pay 2018/02/13 15:20:36.000
6269 pay 2018/02/13 15:25:21.000
6212 prepare delivery 2018/02/13 15:43:39.000
6323 send invoice 2018/02/13 15:46:08.000
6246 confirm payment 2018/02/13 15:56:03.000
6347 send invoice 2018/02/13 15:57:42.000
6351 place order 2018/02/13 16:17:37.000
6204 prepare delivery 2018/02/13 16:31:28.000
6204 make delivery ~ 2018/02/13 16:51:54.000
6265 confirm payment 2018/02/13 16:55:55.000
6250 confirm payment 2018/02/13 17:03:26.000
6328 send invoice 2018/02/13 17:30:16.000
6352 place order 2018/02/13 17:53:22.000
6317 send invoice 2018/02/13 18:45:30.000
6353 place order 2018/02/13 20:16:20.000
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8016 x

1651 x

2962 x

30x

7 X

place send a prepare make confirm
order invoice pay delivery delivery payment
place send cancel

order invoice order

place send a prepare confirm make

order invoice pay delivery payment delivery
place a send prepare make confirm
order pay invoice delivery delivery payment
place a send prepare confirm make

order pay invoice delivery payment delivery



Directly-Follows Graph
(DFG)

place send prepare make confirm

8016 x order invoice pay >> delivery >> delivery payment
place send cancel
1651x order invoice order

place send prepare confirm make

2962 x order invoice pay delivery payment delivery

place send prepare make confirm

30x order pay invoice delivery delivery payment

nt - complete
I.'...
7 place a send prepare confirm make b
X order pay invoice delivery payment delivery

12,666 x
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E place send prepare make confirm
8016 x ! order invoice pay >> delivery >> delivery payment
i place send cancel
1651 X [ order invoice order
i place send prepare confirm make
2962 x i order invoice pay delivery payment delivery
E i eps i mplete
E place send prepare make confirm
30x i order pay invoice delivery delivery payment
7 : place a send prepare confirm make
X i order pay invoice delivery payment delivery

12,666 x
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place send prepare make confirm
8016 x order invoice pay >> delivery >> delivery payment
place send cancel
1651x order invoice order
place send prepare confirm make
2962 x order invoice pay delivery >>puyment delivery
T eps i mplete
place send prepare make confirm
30x order pay invoice delivery >> delivery payment
7 place a send prepare confirm make
X order pay invoice delivery payment delivery

12,666 x
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8016 x

1651x

2962 x

30x

7x

12,666 x
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place send a prepare make confirm
order invoice pay delivery delivery payment
place send cancel

order invoice order

place send a prepare confirm make

order invoice pay delivery payment delivery
place a send prepare make confirm
order pay invoice delivery delivery payment
place a send prepare confirm make

order pay invoice delivery payment delivery

mplete




place send prepare make confirm
8016 x order invoice pay >> delivery >> delivery payment
place send cancel :_ ___________________________________
1651x order invoice order / T
place send prepare confirm make
2962 x order invoice pay delivery payment delivery
mplete
place send prepare make confirm
30x order pay invoice delivery delivery payment
7 place a send prepare confirm make
X order pay invoice delivery payment delivery

12,666 x
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place send prepare make confirm
8016 x order invoice pay >> delivery >> delivery payment
place send cancel '
1651x order invoice order T

place send prepare confirm make

2962 x order invoice pay delivery payment delivery

mplete

place send prepare make confirm

30x order pay invoice delivery delivery payment
7 place a send prepare confirm make

X order pay invoice delivery payment delivery

12,666 x
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el order - complete
101 hours
. prepare delivery - complete
1,015

14 hours

20 hours ‘ nfirm payment - complete
015

12 hours 29 hours

‘ wﬁkp delivery - complete
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‘ place order - complete
12,666

invoice

Average time over 12,629
] 103 hours | gpservations

send
invoice

280 hours send invoice - complete
send 12,666

invoice

49 hours 283 hours

pay - complete 93 hours
® o3

101 hours
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sond ‘ place order - complete
invoice 1 2,666
lace send Average time 103 hours
grder invoice over 37 .
observations
SRR ->| 280 hours send invoice - complete
send : 12,666
invoice i
— Z 49 hours 283 hours
pay - complete 93 hours
® >
________________________ 101 hours
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What if?
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What if?
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ds Receipt

Change Price

ange Currency

ve Order Confirmation

Send Overdue Notice




Three types
of filtering to
simplify DFGs

1 Activity-based

2 Arc-based
3 Variant-based

Use with care!

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



Pracess Start
67,023 .
e,

30,071

Arc-based
857 . ggg{e Purchase Order ltem

filtering of
g 813, Vendor creates Invoice 9763
= 58252
DFGs ans
8 Receive Order Confirmation 126 336
34709
e e 0 3469 2 6 5147
Top 7 activities
"7 24473 2481 22833 Create Purchase Requisition ltem
>30,000 time
1 Im s 50476 4556 17495 859 g 22 J 2,008
2995 931 910 5 f—”'jﬂf"d Send Purchase Order (Paper)
2373 7,927 1
782 Record Goods Receipt 2 330
47302
To be safe:
°
7269 Record Invoice Receipt 18,590
55717

Remove activities
from the event log!

33,822

Process End
67,023
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(») Process Start
7023

N B7

Activity-based
filtering of DFGs

. Create Purchase Order ltem
67,023

i

45

Top 7 activities (30,000 times) and
arcs with frequency above 10,000

4P_r\;a_tsand Send Purchase Order (Paper)
22833

Receive Order Confirmation

34700

13,900

Important

. Vendor creates Invoice
58252

+ If you do not remove activities, they i
will influence the resulit. 50

76 17,495

Hidden activities influence ¥ . N\,

. . sﬂsercgrd Invoice Receipt 24473
directly-follows frequency. :
Numbers do not need to add up 15062
after remOVing arcs. “’33 822 4R’eacoc%rd Goods Receipt

’.°',‘ 8,590
|

@ Ergesene
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Process Start
67,023

Considering

just 3
activities

(=)
B
o
%)
w

Create Purchase Order ltem
67,023

3 =) G

I~
—~
~
(o]

o

Print and Send Purchase Order (Paper) 10,423

67,023 =47,478 +10,423 + 9,122 oy AT

9,122 o0 24217

23,201 9 Receive Order Confirmation

34,709
@
0-0

34,700
\d

v A
@ Process End
67,023
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> F:ro;ess Start

6‘,]
. gr?ﬁle Purchase Order Item
|
f’,"ﬂ‘,a”d Send Purchase Order (Paper) 10,42 P rOCESS Start
L] L] 0,122 ’ A ;:!3‘7 — 6?‘923
Considering PN z

Receive Order Confirmation -

67,023

° 4
just 3 v
Create Purchase Order ltem
) oy ® 67,023
activities |  67,023>47,478

47,478

\

Print and Send Purchase Order (Paper)
47,478

24277

23,201 Receive Order Confirmation
34,709

34,700

p End .
7025 - arcs with frequency

above 20,000
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Variant-based 8% of cases 14% of cases
filtering of DFGs

[+ Process Start
o 9.542

Process Start

5,438 4104
5,438 E‘raedate Purchase Requisition Item
5,438
. ggam Purchase Order ltem
|
Create Purchase Order ltem ¥
5438 . ﬂwpzt and Send Purchase Order (Paper)
5,438 Ei‘eaniewe Order Confirmation
. Print and Send Purchase Order (Paper) Bigzord Goods Recelt
5,438

5438 4104

Vendor creates Invoice
4104

5,438

Create Pl‘lsnetn(:’nd Record Invoice Receipt Two
Purchase - o
Process End | orderttem // Puichase e variants
5,438 raer

(w) Process End
() o5es
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Variant- ==

i H N
based filtering . .
of DFGs —
80% of cases described | : R\ %
by 4.3% of all variants! N L
298 a0%
of 6,897 variants of cases covered
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Different
filters can be
combined!

DFG based on top

7 activities and
top 7 variants
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frequency view

Process Start
27,065
16,192

10873 Create Purchase Requisition Item
16,182

Print and Send Purchase Order (Paper) 2715
2435
12,959
2042 Receive Order Confirmation
15674
3361
Record Goods Receipt 3,253
17716
5988 12421
3253 Vendor creates Invoice
19,035
5205 19,035

ﬁeﬂggrd Invoice Receipt
15,782

Process End
27,085

time view

270 hours
650 hours
‘:igc‘g-r(\ Goods Receipt
161 hours
150 hours }iéﬁr;ﬁs\cr creates Invoice
13 hours

Record Invoice Receipt
19,035

Process End
27,065

Process Start
27,065

ICEr‘e;W::e Purchase Requisition Item
43 hours
‘ :C_rtegaste Purchase Order Item
0 hours
f‘lﬂqtrJHd Send Purchase Order (Paper)
24350
105 hours
Receive Order Confirmation
15574
367 hours

628 hours

97 hours



DFGs cannot capture
concurrency

a
857 traces receive receive oprdgr
42.85% invoice goods
539 traces receive \ receive O_, place + receive close
26.95% goods invoice order invoice
538 traces receive receive ;
26.90% invoice goods receive
goods

35traces receive receive
1.75% invoice goods

2,000 procurement orders
+ Bactivities

27 traces receive receive

1.35% goods s + 6 unique traces

Unbalanced

4 traces receive receive
0.20% goods invoice
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DFGs cannot capture
concurrency

@ Process Start
_/ 2,000

2,000

\4

857 traces receive receive . ?Iace order
ot 000
42.85% invoice goods

539 traces receive receive 566 . pay order
26.95% goods invoice . K
54; 884 1,395
/
538 traces receive receive ‘ receive goods 1,077 62
26.90% invoice goods v 2,000
1,396 543 ey, 802
.
35traces receive receive oFs =~ . receive invoice
1.75% invoice goods 2,000
31
27 traces receive receive dlose
1.35% goods invoice & 2000
4 traces receive receive v
goods AN (&) fggess End Why loops?
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Arc-based

Filtering filtering
does not help (>750)

@ Process Start
2,000

2,000

\4
‘ glace order
000

857 traces place receive receive pay
42.85% order invoice goods order

539 traces place receive receive pay e 1,395
26.95% order goods invoice order

538 traces place receive pay receive
26.90% order invoice order goods

‘ receive invoice
2,000

892

1.75% order order invoice goods
1077 ‘ receive goods
2,000
27 traces place receive pay receive
135% | order goods order invoice aa4
4t I i receive
o pordl) @ payorder

1,396

close
2,000

2,000

\4
@ Process End
2,000
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Variant-based

filtering

(top 3 variants)

@ Process Start
1934

1,934

A4

. place order
7934

1,395 receive goods

receive invoice
1,934

1.077

1,934

? Eggltorder

1,396

v

close
1934

1_534
\ 4
@ Process End

1,934



Inductive mining
finds the right model

a
857 traces receive receive oprdgr
42.85% invoice goods
539 traces receive \ receive O_, place + receive close
26.95% goods invoice order invoice
538 traces receive receive ;
26.90% invoice goods receive
goods

35traces receive receive

1.75% invoice goods BPMN notation
(Petri nets and process trees under the hood)

27 traces receive receive
1.35% goods invoice

4 traces receive receive
0.20% goods invoice
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Directly-Follows
Graphs (DFGs)

_|_

+ Easy to create and scalable.
- Show paths, frequencies, and times.
- Can be simplified easily using filters.

* Filtering needs to be done with the
utmost care.

* DFGs cannot capture concurrency.
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(») Process Start
7023

N B7
-

s
s
36,085
*
4
30,071 Create Purchase Requisition ltem
H 36,272
., 35,891
%"-@.{
Create Purchase Order ltem
67,023

47 456

¥
=@«

4P_fr\??tsand Send Purchase Order (Paper)
22833

Receive Order Confirmation
34700

13,900
. Vendor creates Invoice
58,252
50,476 17,495
. Record Invoice Receipt 24,473
55717
- \

s

)

) 15,163

s
s
)
ﬂ’ 1
33822 Record Goods Receipt
. 47,302
)
- 4
% 18,590
e
|

@ Ergesene



Next lecture: Improved process discovery

@ Process Start
2,000

=
2,000

\ 4
. E)Iace order
- 000

ggg/oorder

pay order

884 S 1,395
‘ receive goods 1,077
2,000

O—b place order

1,396 \k \ )
573 \» recewe invoice
000

close
2,000

2,000
@ Process End
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receive
invoice

close

receive
goods




