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The need for configurable process

models: CoSelLoG project
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The need for configurable process

models: Suncorp case

End to end process has between 250-1000 process steps

Service 500

e 25+ steps * 50+ steps * 75+ steps * 100+ steps

Sources: Guidewire reference models, GIO CISSS Project, Cl US&S P4PI Project
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Two variants of the same process ...







Cloud computing
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Traditional Situation

Processes
Organization 2

Processes
Organization 1
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\\ ) Eersel

IS = Information System
E = Event log
M = Models

Processes
Organization n
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Using SaaS Technology

Processes
Municipality n

Processes
Municipality 2

Processes
Municipality 1

]G “Eersel

—

|IS-SaaS = Information System (using a SaaS-based BPMS)
E = Event log

CM = Configurable Models

C = Configuration
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Process Mining: Before

Processes Processes Processes
Municipality 1 Municipality 2 Municipality n
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Process Mining: After
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Positioning of Configuration

Some quotes from Michelangelo

« “Every block of stone has a statue
Inside it and it is the task of the
sculptor to discover it.”

« “l saw the angel in the marble and
carved until | set him free.”

e “Carving is easy, you just go
down to the skin and stop.”

Michelangelo's David


http://upload.wikimedia.org/wikipedia/en/8/8c/Michaelangelo_David.jpg�

Life Is about making choices ...

#multiple  single  multiple
1 Cases process processes

SLope T+ T




Time and artifacts

* Design time (generic model, i.e.,is
not released for instantiation)

« Configuration time (specific model,
l.e., can be instantiated)

* Instantiation time (specific model +
Instance)

 Run time (specific model + instance +
state/partial trace)

« Auditing time (specific model +
Instance + full trace)
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Continuum

minutes

seconds

single multiple single  multiple
case cases process processes

scope —
 |In The Netherlands, ...
* |n Brisbane, ...
« When the sun shines, ...
 On Sunday, ...
 When very busy, ...

- For these customers, ... BranChing structure




Hiding and blocking

Configuration = limiting behavior !

@ Activate

@ Hide/skip
Q Block

Blocking Hldlng Blocking

% Actio ?t\z gg
Act|vat|ng

PAGE 20



Configurable Process Models

C-EPC
C-Petri Net
C-YAWL
C-BPEL

EPC
Petri Net
YAWL
BPEL
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Inheritance of dynamic behavior

Inheritance

: 'Inhernance

SBapantlAss



Configuration Techniques

* Blocking Q

(removing an optiony

« Hiding
(skipping activitieg

it and it Wﬂwtadoofﬂwor to-
discover it.”
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Data explosion

Source: UG Bereley Beszarch Propect, How Much Information?, 2003
10€, Disk Sorage System Quaderdy Tracker |as of 1008
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Process Mining
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Starting point: event log

case id  eventid properties
timestamp activity resource cost
35654423 30-12-2010:11.02 register request Pete 50
1 35654424 31-12-2010:10.06  examine thoroughly Sue 400
35654425 05-01-2011:15.12 check ticket Mike 100
35654426 06-01-2011:11.18 decide Sara 200
35654427 07-01-2011:14.24 reject request Pete 200
35654483 30-12-2010:11.32 register request Mike 50
2 35654485 30-12-2010012.12 check ticket el il
35654487 30-12-2010:14.16 examine casually
35654488 05-01-2011:11.22 decide ) case 'Id. event id Prﬂl}erﬁes
35654489 08-01-2011:12.05  pay compensation
35654521 30-12-2010:14.32 register request i : e :
3 35654522 30-12-2010:15.06  examine casually tlmﬂf&tﬂlﬂp ac[“.r“}.r resource cost e
35654524 30-12-2010:16.34 check ticket
igggig}é ggg:ig} :?g}g . ‘l"iecide l 35654423 30-12-2010:11.02 register request Pete 50 ..
2 -01- 112, reinitiate reques .
35654527 06-01-2011:13.06 examine thoroughly 1 35654424 31-12-2010:10.06  examine thoroughly Sue 400 e
35654530 08-01-2011:11.43 check ticket A7 “ R H
35631930 08012011143 check tc 35654425 05-01-2011:15.12 check ticket Mike 100 ..
35654533 1501-2011:10.45  pay compensation 35654426 06-01-2011:11.18 decide Sara 2 e
35654641 06-01-2011:15.02  register request 35654427 07-01-2011:14.24 reject request Pete 2 .
4 35654643 07-01-2011:12.06 check ticket h
35654644 08-01-2011:14.43  examine thoroughly i .
35654645 09-01-2011:12.02 decide 35654483 30-12-2010:11.32 register request Mike 50 e
35654647 12-01-2011:15.44 reject request . . 7 -
2 35654485 30-12-2010:12.12 check ticket Mike 100 .
35654711 06-01-2011:09.02 register request .
5 35654712 07-01-2011:10.16 exagmine casually 35654487 30-12-2010:14.16 exanmine CHEUH”}’ Pete 400 .
35654714 08-01-2011:11.22 check ticket . " ! . H . )
25654715 10.01201 11328 P 35654488 05-01-2011:11.22 decide , Sara 2 .
35654716 11-01-2011:16.18  reinitiate request 35654489 08-01-2011:12.05  pay compensation Ellen 2 .
35654718 14-01-2011:14.33 check ticket
35654719 16-01-2011:15.50 examine casually -
35654720 19-01-2011:11.18 decide Sara 200 .
35654721 20-01-2011:12.48 reinitiate request Sara 200
35654722 21-01-2011:09.06 examine casually Sue 400
35654724 21-01-2011:11.34 check ticket Pete 100
35654725 23-01-2011:13.12 decide Sara 200
35654726 24-01-2011:14.56 reject request Mike 200
35654871 06-01-2011:15.02 register request Mike 50
6 35654873 06-01-2011:16.06  examine casually Ellen 400 XES, MXM L y SA_ MXM L y CSV, etC .
35654874 07-01-2011:16.22 check ticket Mike 100
35654875 07-01-2011:16.52 decide Sara 200
35654877 16-01-2011:11.47  pay compensation Mike 200
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Simplified event log

case 1d

trace

a,b,d,e,h)
aad:C:€7g>

a,d,b,e,h)

a? C7d? e?f?d7 C? e?f? C7d?€?h>

a?C?d)e)g>

(
(
ga,c,d,e,f,b,d,e,@
(
{

case id  eventid properties
timestamp activity resource

35654423 30-12-2010:11.02 register request Pete

1 35654424 31-12-2010:10.06  examine thoroughly Sue
35654425 05-01-2011:15.12 check ticket Mike
35654426 06-01-2011:11.18 decide Sara 1
35654427 07-01-2011:14.24 reject request Pete
35654483 30-12-2010:11.32 register request Mike 2

2 35654485 30-12-2010:12.12 check ticket Mike
35654487 30-12-2010:14.16 examine casually Pete 3
35654488 05-01-2011:11.22 decide Sara
35654489 08-01-2011:12.05  pay compensation Ellen 4
35654521 30-12-2010:14.32 register request Pete

3 35654522 30-12-2010:15.06 examine casually Mike 5
35654524 30-12-2010016.34 check ticket Ellen
35654525 06-01-2011:09.18 decide Sara
35654526 06-01-2011:12.18 reinitiate request Sara 6
35654527 06-01-2011:13.06 examine thoroughly Sean
35654530 08-01-2011:11.43 check ticket Pete
35654531 09-01-2011:09.55 decide Sara tee
35654533 15-01-2011:10.45  pay compensation Ellen
35654641 06-01-2011:15.02 register request Pete 50

4 35654643 07-01-2011:12.06 check ticket Mike 100
35654644 08-01-2011:14.43  examine thoroughly Sean 400
35654645 09-01-2011:12.02 decide Sara 200
35654647 12-01-2011:15.44 reject request Ellen 200
35654711 06-01-2011:09.02 register request Ellen 50

5 35654712 07-01-2011:10.16  examine casually Mike 400
35654714 08-01-2011:11.22 check ticket Pete 100
35654715 10-01-2011:13.28 decide Sara 200
35654716 11-01-2011:16.18 reinitiate request Sara 200
35654718 14-01-2011:14.33 check ticket Ellen 100
35654719 16-01-2011:15.50 examine casually Mike 400
35654720 19-01-2011:11.18 decide Sara 200
35654721 20-01-2011:12.48 reinitiate request Sara 200
35654722 21-01-2011:09.06 examine casually Sue 400
35654724 21-01-2011:11.34 check ticket Pete 100
35654725 23-01-2011:13.12 decide Sara 200
35654726 24-01-2011:14.56 reject request Mike 200
35654871 06-01-2011:15.02 register request Mike 50

6 35654873 06-01-2011:16.06 examine casually Ellen 400
35654874 07-01-2011:16.22 check ticket Mike 100
35654875 07-01-2011:16.52 decide Sara 200
35654877 16-01-2011:11.47  pay compensation Mike 200

= register request,
= examine thoroughly,
examine casually,

= check ticket,

= decide,

f = reinitiate request,

g = pay compensation,
and h =reject request

DO QO O T
I
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Process

discovery 1 (@ bd.eh)
2 (a,d,c,e,g)
3 (a,c.d,e.f,b,d,e,g)
4 (a,d,b,e,h)
5 (a,c,d,e.f,d.c,e.f,c,d,eh)
6 (a,c,d,e.g)

examine
thoroughly

pay
compensation

C

: a
start register
request

examine
casually

end

d

check ticket

reject
request

reinitiate

request




Conformance
checking

(@) a

start

register
request

trace

= WD 00 =] O Ln e W —

(a,b.d,e h)
(a,d,c,e,g)

{ﬂ,{‘,d,f,f,b,d,ﬁ',g}

(a,d,b,e. h)

(a,c,d,e.f.d,cef,c.d e h)

{ﬂ,f,d,&,g}
(a,b,e.g)
(a,b,d,e)

la,d,c,e.f.d,ce.f.b.d eh)

(a,c.d,e,f.b,d g) <:|

examine
thoroughly

C

examine
casually

d c4

check ticket

case7:eis

executed
without
being
enabled

reinitiate
request

case 8: g or
h is missing

tion

end

reject
request
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Extension: Adding perspectives to

model based on event log

The event log can be used to
discover roles in the organization
(e.g., groups of people with similar
work patterns). These roles can be
used to relate individuals and
activities.

Performance information (e.g., the
average time between two
subsequent activities) can be
extracted from the event log and
visualized on top of the model.

Role A: \ ([ Role E: \ Role M:

Assistant Expert Manager . .
® ® Decision rules (e.g., a decision tree
based on data known at the time a
Pete Sue particular choice was made) can be
e learned from the event log and used
Mike |n| Sean to annotated decisions.
—_
@
Ellen
—____

pay
compgansation

exemine
civ ally

: a
start register
request

decide

reject
request

@
M
|
reinitiate

check ticket




We applied ProM in >100 organizations

* Municipalities (e.g., Alkmaar, Heusden, Harderwijk, etc.)

 Government agencies (e.g., Rijkswaterstaat, Centraal
Justitieel Incasso Bureau, Justice department)

* Insurance related agencies (e.g., UWV)

« Banks (e.g., ING Bank)

* Hospitals (e.g., AMC hospital, Catharina hospital)
« Multinationals (e.g., DSM, Deloitte)

* High-tech system manufacturers and their customers
(e.g., Philips Healthcare, ASML, Ricoh, Thales)

* Media companies (e.g. Winkwaves)
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All supported by ...

md 001\

process mining workbench

* Open-source (L-GPL), cf. www.processmining.org
* Plug-in architecture

* Plug-ins cover the whole process mining spectrum and
also support classical forms of process analysis
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Towards Maturity ...

 |[EEE Task Force on Process Mining

— Software vendors (Pallas Athena, IDS Scheer/Software AG, Futura Process
Intelligence, HP, IBM, Infosys, Fluxicon, Businesscape, lontas, Fujitsu,
Business Process Mining)

— Consultancy (Some of the above and ProcessGold, Business Process
Trends, Gartner, Deloitte, Rabobank)

— Universities (TU/e, University of Padua, University of Catalunya, New
Mexico State University, Technical University of Lisbon, University of
Calabria, Penn State University, University of Bari, Humboldt-Universitat,
Queensland University of Technology, Vienna University of Economics and
Business, Stevens Institute of Technology, University of Haifa, Seoul
National University of Technology, Cranfield University, K.U.Leuven,
Tsinghua University, Innsbruck University)

e Various tools: ARIS Process Performance Manager (Software AG),
Comprehend (Open Connect), Discovery Analyst (Stereo-LOGIC), Flow
(Fourspark), Futura Reflect (Futura Process Intelligence), Interstage Automated
Process Discovery (Fujitsu), OKT Process Mining suite (Exeura), Process
Discovery Focus (lontas/ Verint), ProcessAnalyzer (QPR), ProM (TU/e),

Rbminer/Dbminer (UPC), and Reflect|one (Pallas Athena). _
PAGE 35




How can process mining help?

Detect bottlenecks
Detect deviations

Performance
measurement

Suggest improvements

Decision support (e.g.,
recommendation and
prediction)

Provide mirror

Highlight important
problems

Avoid ICT failures

Avoid management by
PowerPoint

From “politics” to
“analytics”

"o s |

Ay







Example of a Lasagna process: WMO

2009 2811.2008 29122008
2300 E HUEIg

Task ID |~ =
[¥] Size shows # of events Time sort (metrics): =
days -

iComponent Type: Instance ID
# of components: 528

items | values
ime(first) _|4-1-09 16.00
lime{end) [28-2-10 16:00
avg spread |25,34659

First Event |~
[] descending

Zoom in |

max spread|220,0

(10%3)x (1043}

il T 'Component 1D: 13983
(1082)x (1082)x # of dots: 12
- items values
10% 10x limeffirst) _|4-109 16.00
1% 1x lime(end) |9-2-09 16.00
avg. interval [3,27273
zoom (X) zoom (¥) min interval (0,0
Zoom out max interval 29,0
iComponent ID: 14365

# of dots: 10
_items | values
lime(first) [4-1-09 16:00
time(end) |1-3-09 16:00
avg. interval |6,22222

min interval |0,0

max interval |36,0

jComponent ID: 14329

i# of dots: 10
items values

time(firsty |4-1-09 16:00

ime(end) _[8-2-08 16:00

avg. interval |3,88889

min interval |0,0

max interval 22,0

iComponent ID: 13986
H of dots: 10
items values
timeffirst) [5-1-00 16:00
ime(end) |11-1-00 16:00
__|jave. interval |0,66667 =
~| jmin interval {0,0 =)
[]4] I v

Each line corresponds to one of the 528 requests that were
handled in the period from 4-1-2009 until 28-2-2010. In total
there are 5498 events represented as dots. The mean time

needed to handled a case is approximately 25 days. PAGE 38




WMO process

(Wet Maatschappelijke Ondersteuning)

« WMO refers to the social support act that came into
force in The Netherlands on January 1st, 2007.

 The aim of this act is to assist people with disabilities
and impairments. Under the act, local authorities are
required to give support to those who need it, e.q.,
household help, providing wheelchairs and
scootmobiles, and adaptations to homes.

* There are different processes for the different kinds of
help. We focus on the process for handling requests
for household help.

* In a period of about one year, 528 requests for
household WMO support were received.

 These 528 requests generated 5498 events.
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C-net discovered using
heuristic miner (1/3)

races regist

40 Toetsen en besiissen

10 Proces registratie
(start)
530

0,991
530

10 Proces registratie
(complete)
530

0,998
530

20 Rapportage & beschikking
(start)
532

0,987
532

20 Rapportage & beschikking
(complete)
532

0,998
529

40 Toetsen en beslissen
(start)
573




A A

C-net discovered using S
heuristic miner (2/3)

27 Retour
(complete)

40 Toetsen en beslissen

(complete) D 0,929
573 16

0,998
528

o 50 Verzendingdossiervorming
: (start)
528

0,998
528

50 Verzendingdossiervorming
(complete)
528

0,938
15




C-net discovered using

528

heuristic miner (3/3)

(complete)
o 528

0:991
330

10 Proces registratie
{complet

% 0,938
60 Administratieve verwerking

15
530
(start)
532
(start)

0957
32
20 Rapporiage & beschikking 1 5
(complete)
532
0,998

529

: 0,998 0,938
BTN 513 15

60 Administratieve verwerking

/ | 27 Retour | |
[osos  [oow | (star)) | 0975
[sw s 43 |
\ { s |

N (complete)
S 1
““mw?"L (m”ﬂ,‘ 15
573 16 43

099
528

e 0,938

15

90 Slotfase
(start)
528

7 0,998
528

90 Slotfase
£ (complete)
T 528




()
<
L
]
<
o

LM remaining

o) ~Jtokens

~~

—

N’

2 £

= 8

O

-

o |

@) { _was executed
g .

W m \E:__m not enabled
o

. -

O . 2 missing

—

D e tokens

e

o

°

-

T :

m % __Jwas executed

O ; _——|while not enabled

c I

in m 2 missing
mv\\\\N tokens



<
<
L
]
<
o

m \ 110 remaining
__——|tokens

\_Emm executed

,\\\\\\\_Ez_m not enabled

complete

40 Toersen &n beslssen

/ \\A missing
__——|tokens

23 missing

_——"|tokens

complete

~— | 27 Reftcur

was executed

s \W\\NE:_E not enabled

o - 4 missing and

~—23 remaining
tokens

~~
o
~
AN
~—r
)
)]
<))
&)
o
—
Q.
O
W
4
&)
O
e
&)
O
&)
-
©
=
—
o
-
-
o
O

N3 |2 remaining|




Conformance check WMO process (3/3)

B0 Administratizve verwerking B0 Adminisratieve verwarking

slart _-(:)_-‘ camplete

- 51 Verzendingdoss arvorming - 97 Slotlaee — B Slotfase -,
('. j complete K J/—/\K)_. starl i ; complete (. J

The fithess of the discovered
process is 0.99521667. Of the 528
cases, 496 cases fit perfectly
whereas for 32 cases there are
missing or remaining tokens.
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8

] Anaiyia - Pertorrnasce Amaiyia wi et nt ) o

Er——r)

ofthe

I J—
Time i Detween (days) | -u-n-.- Transition - 50 Verrendingdo... = |
kS \ - g

somn | Fransition . 20 Rapportags 5.—. = |

sxey a2
Fas{Z500%_ 10 15

beschikking 20 Rapportage & beschilking
» (:) » complete T m—]

0.44

27 Retour
complete

40 Toetsen en beslissen ﬂ UT

start 27 Retour

start

0.56

Waiting tirmc.
I High
1 Medium
Hl Low

Settings
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I
T imes s, Common. Expos Yniow, b,
v

W Q& B B3

] Anaiyrs - Pertormance Anaiyuis win Peii e 2

| } e T
= Bl e e
20 Rapportage & beschilking 000
complete T 27 Retour
\‘ 0.44 complete 0.98 50 Velzendinstilrc:ossier\rorming | |
40 Toetsen en beslissen 40 Toetsen en beslissen
‘ start 007 2?::,.:0”[ 056 complete 002’
\ - a
-
-
\ -
-
\ —=
\ -
-
\ -
-
-
\ -
-
\ -
\ -
-
| -
-
Performance information of the selected transitions: -
Frequency: 496 cases
Time in between (days) |
avg 224
min 0.0
max 41,0
stdev 3,28
e
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" || Process information:

Total number ssiectes:

Process information:

Total number selected:
528 cases

Humber fitting:
flow time of 496 cases

approx. 25 days Arrival rate:
with a standard e

deviation of | Throughput ime (days)
roughput time (days

approx. 28 avg 24 66 e !

min 0,0

max 2200

stdey |27 86

fast 25..|3,54

slow 2. |60 27

norma... |17 42
PAGE 48




Two additional Lasagna processes

RWS
(“ Rijkswaterstaat”)
process

WOZ (*Waardering
Onroerende Zaken”)
process

PAGE 49




RWS Process

—
% Rijkswaterstaat

 The Dutch national public works department, called
“Rijkswaterstaat” (RWS), has twelve provincial offices.
We analyzed the handling of invoices in one of these
offices.

« The office employs about 1,000 civil servants and is
primarily responsible for the construction and
maintenance of the road and water infrastructure in its
province.

« To perform its functions, the RWS office subcontracts
various parties such as road construction companies,
cleaning companies, and environmental bureaus. Also,
It purchases services and products to support its
construction, maintenance, and administrative




C-net discovered using heuristic miner

020 Contr. betstuk

{complete)
13473
1
13288
030 1e Vastlegging
14821
0821) 1 0,984
14469f1421 185
050 Adm. akkoord
(complete) 1 0,94
18657 276
1 1 0,994 '\ 0,994 091 0,962
14437 2601 158 156 378 20
070 PV. 160 Wachten op VPL 210 Afvoeren betstuk
(complete) 1 (complete) (complete) Dn.l)xs
15887 9 158 1236 28
0,999
844
110 Afhandelen afw.
,991 0,991 (complete)
212 1714 1398
0,999 {0,999 1 0,627 J 0969 0,99 \ 0,99
1291 § 1516 11109 128 29 261 280
200 Wachten op C.F. 130 Aanpassen code
0,999 999 (complete) (complete) 0,997 0,733
151 919 128 1220 298 2148
0,999 0,99 0,999 0,999 ,999
587 99 940 1726 1180
180 Verificatie
(complete) 0,993 0,999
13541 161 959
0,995 0,995 1
751 176 13301
170 Parkeer 150 2e Vastlegging
(complete) 999 0,998 {complete)
2884 450 655 13301
0.999 0,999
239 110 1229
080 Contract akkoord 220 Afsluiten
(complete) 1 (complete)
3624 918 13472

0,94740,947
17§17

190 Wachten op PV.
(complete)

17
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Social network constructed based on
handovers of work

Each of the 271 nodes
corresponds to a civil
servant. Two civil
servants are
connected if one
executed an activity
causally following an
activity executed by the
other civil servant
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Social network consisting of civil servants that

executed more than 2000 activities in a 9 month period.

.0RIG.4
< ORIG.103
The darker arcs
= indicate the strongest
3 == ORIG.G . . .
| relationships in the
Po— 7% social network.

Nodes having the
same color belong to
the same clique.

@ ORIGAD

ORIG13
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WO/Z process

 Event log containing information about 745 objections
against the so-called WOZ (*Waardering Onroerende
Zaken™) valuation.

« Dutch municipalities need to estimate the value of
houses and apartments. The WOZ value is used as a
basis for determining the real-estate property tax.

 The higher the WOZ value, the more tax the owner needs
to pay. Therefore, there are many objections (i.e.,
appeals) of citizens that assert that the WOZ value is too
high.

« “WOZ process” discovered for another municipality (i.e.,
different from the one for which we analyzed the WMO

process).




Discovered process model

0204 Incompleat
compiate

ozl (] 0710 Horen { )
e —
L] ©Z10 Haren Ol L]
s [1
ozts zenuespraas |
0Z02 Voorherelgen 0206 Stop vardering 020 Stop vordering 0ZD48 Becardelen OZD48 Becardeien ©Z03 Wacht Beoard st
el o il Mo Tl s S TG
0203 Wach Becard
2 S
L T
-\"\
O T

0220 Administate G20 Administatie 0Z24 Start vordering 024 Start vondering
start compiete start compiete

2 Uttsr. ’_'Q

CZ18 Ultspr. waont
complete

The log contains events related to 745 objections against the
so-called WOZ valuation. These 745 objections generated 9583
events. There are 13 activities. For 12 of these activities both

start and complete events are recorded. Hence, the WF-net has _
_ PAGE 55
25 transitions.




Conformance checker:

(fitness is 0.98876214)

4
o) 2m
19 103 0715 ZsetI;:.ltitspraak 272
272
0Z15 Zelf uitspraak
103 complete 272
eoaordelen 390 +20 260
I’E-inplaed | - 9 260 . 475 0Z12 Etzr:taxeren 475 ’O 475 > OZ1CQO|I:|nepf|T;>;eren 475 ':;

N B OZDS\I’\I’ST::}BEGGFG 19 473

473

475 1 start
1
QZ16 Uitspraak
475 complete

1 0718 Uitspr. wacht 1 +2

475 complete -1

0Z16 Uitspraak
start —y—____ 475
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Performance analysis

E f:ﬂi"m bottleneck detection: places are
colored based on average durations

e —

; ; _.-|..-:_..4.._|_.. S o S
e s 7o R e ;

—

time required to
move from one

activity to another
2,85 cases per day
| Throughput time (days)
Frequency: 41|E CA5es | information OnR ﬁ:i% ‘EI???‘E,EIEI
Time in between (days) : '
— 50573 total flow time — 2519
min 126,89 stdev |52 87
miax 245 98 fast25..198 93
stdew 19,74 slow 2. |230,76
fast 25,00%... |177,2 norma... {191,11
|
| Channo I Evnnrt




Resource-activity matrix

(four groups discovered)

user ay ax az a4 as de Ay ag dg djp ap| a2 a3

user ] 0 0500 0 00 0 0 0 0 0 0

user2 1 2 0 0 2 00 0 0 38 0 69 0

user3 0 9 0 0 0 0O O O O O O O

userd 2 0 0 0 0 00 0 O 0O O 0 O

user5 117 0 4 0 3 00 O O 1 0 20 6 clique 1

user6 172 6 14 0 7 30 0 1 2 0 48 53

user7 1 41 8 14 275 8 8 865 55 180 0 128 5 clque 2

user8 2 868 7 6 1050 0 79 266441 0 844 3

user9 90 0 2 0 1 20 O 1 2 0 27 28

user 10 0 0 089 0 00 0 0 0 0 0 1019 ,
user 11 336 1 3 1 4 20 0 0 1 0 18 23 e
user 12 1 64513 21 4193 0 3 217281 1 334 9 e
user 13 0 1 0 0 0 00O O O O O 0O O dres
user14 0 0 0 0 0 0O O O 1 0 0 0 A=)

user 15 0 0 0 0 0 00 2 2 0 0 2 0 e

user 16 1 3 3 2 1 00 1 2 3 1 0 0

user17 0 4 0 0 0 00O O O 0O O O O

user18 9 0 0 0 0 00O O O O O O O

user 19 13 1 0 0 1 00 0 O 0O O 4 0

user20 0 0 0 21 0 00O O O 0O O O 258
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Example of a Spaghetti process

Spaghetti process describing the diagnosis and treatment of 2765
patients in a Dutch hospital. The process model was constructed
based on an event log containing 114,592 events. There are 619
different activities (taking event types into account) executed by 266

different individuals (doctors, nurses, etc.). _
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Fragment

18 activities of the 619 activities (2.9%)

P

0.941
23

NN

O_Bloedkweek 1

(schedule)
412

0.8

O_Kweek hifri lumen cath.
(schedule)
fi1

0,951
230

O_Bloedkweek 2
(schedule)

258
0,938 | 0,933 0,667 % 0,833 0,944
15 14 7 5 150

0.5 0,967 0,055
1 57 124
O_Kweel liescatheter art 0_Cito GRAM + sputumicweelk O_Bloedlweelk 3 0_Faeces lweek O_Bloedlweel 2 O_Kweek biftri lumen cath.
(schedule) (schedule) (schedule) (schedule) (complete) (complete)
1 a7 14 63 252 58
Ll
0_Cito GRAM + bronchuskweek
(schedule) 0, 0,975\ 0.5 0.5 0.5
a1 11 a0 3 | |
O_Bloedkweelk 1 QO_Faeces kweek O_Kweek fracheostoma O_Kweek liescatheter art C_Candida kolonisatie
0,973 0,962 (complete) (complete) (schedule) {complete) (starf)
50 25 403 60 1 1 1

N

0_Cito GRAM + bronchuslkweek 0_Keel kweek

0,938 (complete) (complete) 0,667 0.5
30 86 19 4 1
0_Cito GRAM + sputumkwe ek
{complete) 0,864
94 40
\ / N\

PA



Another example

(event log of Dutch housing agency)

.2 ProM UlTopia (= e |

ol

des designed by

Dotted Chart

26.10.2007 L . 4. 21.6.2008

i ik i RiHi] 0 oo 0 3 : oo
nsiancop |
T
T

Task ID v
Size shows # of events

First Event ||

[ ] descending

E—r

(1043)x (1043)x
(1042)x (1042)x
10x 10x

1x 1x

Time sort (metrics):

goe s ‘l » |days

‘Component Type: Instance 1D

# of components: 416

- items values
o el lime(first) |29-12-06 8:52

. time(end) [12-9-08 817

avg spread |207,20807

o min spread |0,00542

max spread |594, 92365

o ‘Component ID: 44655
# of dots: 57
items values
- lime(first) |[29-12-06 §:52
L g lime(end) |28-1-08 14:04
avg. interval [14,11488

Lo min interval |0,00007

max interval [168,85093

zoom (X) zoom (Y)

Zgom out

. e @ iorrndpc;neg; 1D: 49639

- of dots:

e items values
time(first)  |8-1-07 9:49
s lime(end) |5-3-08 15.58

c avg. interval |15,08058

min interval |0,00005
max interval |216,97253

Component ID: 49666

# of dots: 55
items values

lime(first)  |8-1-07 10:08

- time(end) |4-4-08 919

avg. interval [16,73793

min interval |0,00005

max interval [201,98113

The event log contains 208
cases that generated 5987
events. There are 74
different activities.

L a - ‘Component ID: 55885
[ ] D H# of dots: 65

[ ] ] © [ ] items values

. - !il = | .. time(first) |16-1-07 921

b

.: - lime(end) |6-12-07 16:35
- avg. interval [12,01115
s thpet gt o .y g |22

min interval |0,0
4| [ ) 1] [»]

[4]
[4]




010 Registreren huuropzegging
{complete)

050 Plannen afspfaak 1e inspectie 057 Plannen eindinspectie bedryfsrigarfberfparkifop)
(complete) (complete)
163 9

050 Inplannen afspraak 1e inspectie 030 Vastleggen loekomstige adres
(complete) (complete) D.833

33 208 0
E’

D60 Aanmaken bevestigingbrief / huuropzeggingform.

058 Aanmaken bevest.briet huuropzegging(b/g/bso/p)|
(complete)
1

{complete)

055 Plannen eindinspectie bedryfsr/garberfpark/op
{complete)
1

196
H
070 Is 1e inspettie uitgevoerd ?
(complete)
204

080 Versturen brief 'Niet thuis’ 120 Plannen eindinspectie
0944 ¥ 0,923 (complete) (complete)

12 192
0,938
20
080 Herplannen 1e inspectie 300 Is eindinspectié vitgevoerd ?
{complete) (complete)
12 34
110 Bepalen leegstandsoort

(complete) 0,971
192 34

100 Gereedmelden 1e insp. / Voorcalculatie maken
0,923 (complete)
12 192

[340 Zijn er nieuwe of niet herstelde gebreken 7|
iromnlotey






From one to many organizations

* More than 80,000 organizations are using Salesforce
 More than 1 million organizations are using Google Apps

e All 430 Dutch municipalities are implementing the same set of
processes

* All 94 U.S. District Courts in the United States share the same
set of workflows

« All car-rental offices of Hertz, Avis, ...

/‘
saleg%rce ?’
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@
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Consider n organizations

a

process
model 1

Ly
Gemeente Bladel / ‘ event
,\; process 1

log 1

|

o)

a

process
model 2

/ "4 | event
/ gemeente process 2

) - Eersel log 2

")

log n model n
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Cross-organizational process mining

process n

- =

process
model 1

process
model 2

process
model n

(configurable)
process model
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Pure model-based

/ =4 | event rocess
process 1 P

log 1 model 1

/\ event process (configurable)
process 2 log 2 model 2 process model

/ ‘ event rocess
process n b C

log n model n

PM, + PM, + ... + PM, = CM
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Pure log-based

a(EL, + EL2 + ...+ EL,) =CM

/\ process (configurable)

model 2 process model

/7~ S\ process

model n

event log
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How to find and
characterize
differences among
processes using
event logs?

How to merge
process models into a
— “Jrable

What are the effects of

these differences on the
performance of a
process?

process 1

-~

How to find and
characterize differences
using models /
configurations?

=

(configurable)
process mod

proce
confi
process n 7~ A

- =

rable model?

~

How to discover a
configurable model
from a collection of
event logs?

A




Evidence-based “best practices”

« Organizations can learn from each other.
« Configuration support and diagnostics.
« Software vendors/service providers can improve

their products/services.




About the paper ...

input output
bindings  bindings

' complete

booking booking

book hotel
* Replay semantics
 More suitable for process configuration and process

mining

XOR-split AND-split OR-split

£ 40 50

XOR-join AND-join OR-join
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Merging made easy

book flight

complete

booking
complete
booking booking
Also good representational bias for process mining!
Theorem 1: Let Cy and C5 be two C-nets having Corollary 1: Let 'y and C be two C-nets having
identical start and end activities. If C; T 5, then identical start and end activities. V(C7) U V(Cq) C

V(Crl) C V(CrQ)- I/T(Crl ) CYQ).



Interested ....

See paper!
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Conclusion

complete
booking booking




Wil M. ! war der Aalst
Process Mining
Dliscovery, Conformance and Enhancement of Business Processes

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

Wil van der Aalst delivers the first beok an process mining. I aims to be self-contained
while covering the entire process mining spectrum from process discovery to opera-
tioral support. In Part I the authar provides the basics of business process modeling
and data mining necessary tounderstand the remainder of the book. Part 11 focuses an
process discovery as the most important process mining task: Part 111 moves beyond
dizcoorering the contrel flow of precesses and highlights conformance checking, and
oaganizaticnal and time perspectives. Part TV guides the reader in successfully apphying
process mining in practice, including an introduction to the widehrused open-source
tool ProM. Finally, Part V takes a step back, reflecting on the material presented and
the key open challenges.

Onverall, this bock provides a comprehensive overview of the state of the art in process
mining It is intended for business process analysts, business consulants, process
managers, graduate students, and BPM ressanchers.

Features and Benefits:

+ First book an process mining, bridging the gap between business process
modeling and business intelligence.

+ Written by one of the most influential and most-cited computer scientists
and the best-known BPFM ressarcher.

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

+ The reader can put process mining ioto practics imme distely due to the
applicakility of the techniques and the availability of the open-source process
mining scftware ProM.
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process mining workbench
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Enhancement of Business Processes
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