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Web Engineering

—)

model, specify,
configure, implement
processes

observe
behavior (e.g.,
event data)
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Big ... or fast and efficient?
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* enormous investments in process models
* large collections of "dead" process models®
* not taken seriously, unrelated to reality® =






USEAESS - AECNOREIMAS CX M
NAOEIAA ¥A BLNOCHIEAL NO MOCEST

e wre v rp e e vy e be— et
e N B+ et o pman § it e g ——
Sr— [ ond

moscow







examine
thoroughly

examine
casually

check ticket




What is the process instance?

Orderline Order
Order OrderLinelD : OrderLinelD
1% : OrderID Customer Amount Created Paid Completed
OrderID : OrderID OrderID : OrderID
Customer : CustlD Product : ProdID 91245 John 100 28-11-2011:08.12  02-12-2011:13.45  05-12-2011:11.33
A : ; 91561 Mike 530 28-11-2011:12.22  03-12-2011:14.34  05-12-2011:09.32
mount : Euro Nofltems : PosInt
- - - 91812 Mary 234 29-11-2011:09.45  02-12-2011:09.44  04-12-2011:13.33
Created : DateTime TotalWeight : Weight 92233 Sue 110 29-11-2011:10.12 null null
Paid : DateTime Entered : DateTime 02345 Kirsten 195 20-11-2011:14.45  02-12-2011:13.45 null
Completed : DateTime BackOrdered : DateTime 92355 Pete 320 29-11-2011:16.32 null null
Secured : DateTime
DellD : DellD
1.*
Attempt
Delivery
0.1 DelllD When Successful
Attempt Delivery DelllD
0..* 1 882345
DellD : DellD DellD : DellD S0
212
When : DateTime DelAddress : Address 882346 . Rom oo —>O
Successful : Bool Contact : PhoneNo é
B oz L Bt
Sé Specify and Create purchase
Ye quantify the requisition
Orderline e .
. ) . i . . T ]
OrderLinelD  OrderlD Product Noflterns  TotalWeight Ente o |2 ;
g § . known
112345 91245  iPhone 4G 1 0.250  28-11-20101% |2 o | Creckpumhese L3022 X
112346 91245 iPod nano 2 0.300 28-11-201 £ s n
112347 91245 1Pod classic 1 0.200 28-11-201 § £ supplor s ERP
112448 91561 iPhone 4G 1 0.250 28-11-201 E
112449 91561 1Pod classic 1 0.200 28-11-201 =
112452 91812 iPhone 4G 5 1.250 29-11-201 )
:[§ ERP system
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Positioning Process Mining

process model analysis

(simulation, verification, optimization, gaming, etc.)

performance- §& 48 compliance-
orlen.ted > process oriented
questions, questions,

problems and problems and
solutions solutions

data-oriented analysis

(data mining, machine learning, business intelligence) _
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process model event log
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Play-Out (Classical use of models)
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Example Process Discovery

(Vestia, Dutch housing agency, 208 cases, 5987 events)

117315 110 Bepalen leegstandsogps

117315 120 Plannen eindinspecti
117315 13015 het opleveringsfor
117315 150 1s er sprake van ZAV 7
117315 170 Aanpassen plattegron|
117315 180 Aanpassen woningwa
117315 190 Actualiseren huurprijg
117315 200 Toewijzen woning/be
117315 210 Registreren voorl. huy
117315 220 Is contract getekend e
117315 240 Definitief maken Huu
117315 250 Aanpassen factureera
117315 260 After sales

117315 270 Archiveren nieuwe ve
117315 300 Is eindinspectie uitgey
117315 340 Zijn er nieuwe of niet
117315 400 Beoordelen/wijzigen |

117315 410 Is opleveringsformulig
117315 430 Aanmaken werkopdral
117315 440 Worden er bonussen/
117315 460 Opstellen eindnota

117315 470 Archiveren huuropzeg
115763 010 Registreren huuropze
119763 030 Vastleggen toekomstif
115763 050 Inplannen afspraak 1e
1195763 060 Aanmaken bevestigin
119763 070 Is 1e inspectie uitgevd
115763 100 Gereedmelden 1e ins
119763 110 Bepalen leegstandsod
115763 120 Plannen eindinSpectq

119763 130 Is het opleveringsfor
119763 150 Is er sprake van ZAV 7

16.05.2007 14:06:23
16.05.2007 143601
23.05.2007 09:41:40

3.05.2007 09:41:51

23.0 157118
23.05.2007 09:42:37

23.05.2007 09:48:23
23.05.2007 09:48:29
10.09.2007 16:24:36
11.09.2007 14:56:18
31.03.2008 16:17:12
05.09.2008 15:39:59
09.09.2008 16:51:24
.09.2008 07:52:08
07.06.2007 14:47:04
14:4T7:06
07.06.2007 18:51:16
07.06.2007 14:51>

11.06.2007 09:21:39
11.06.2007 09:21:49
BE.08.2007 16:18:26
09\0B8.2007 14:42:23
09.05.2007 11:19:14
09.05.2007 12:25:01
09.05.2087 11:59:52
09.05.200\12:31:57
16.05.2007 13;04:26

300 Is eindinspkctie uitgevoerd ?
(complete)

34

0,971
34

340 Zijn er nieuwe of nfet herstelde gebreken ?|
(complete)
34

0,068
34

400 Beoordelen/wijZigen leegstandsoort
(complete)
34

0,969
34

410 Is opleveringsformulier ondertekend ?
(complete)
34

0,964

16.05.2007 13:43:39
16.05.2007 13:43:¢3
16.05.2007 13:42:58
16.05.2007 13:34:49
16.05.2007 13:34:56

34

430 Aanmaken werkopdracht
0,929 (complete)
123 34




Example Process Discovery
(ASML, test process lithography systems, 154966 events)
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extended model
showing times,
frequencies, etc.
diagnostics
predictions
recommendations

[
[
[
event log process model \_
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Replay can detect problems

ACD

Problem!
token Ieftii'nd©<: B

o @ » T

start \(
p2 ‘

Problem!
A missing token

end
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Replay can extract timing information




Performance Analysis Using Replay
(WOZ objections Dutch municipality, 745 objections, 9583 event, f= 0.988)

={Process information:

Total number selected:

745 cases

NHumber fitting:
628 cases

Arrival rate:

2,85 cases per day

i | Throughput time (days)
Performang3vd 177,99 hsitions:
OF 12 Hertaneren min 3,78 4____!-—'
o e =4 Frequency: 44 ., 2599 |
stdev  [52,87
avg  Jrast25.|98,98
min
slow 2. [230,76 Waiting time:
max  Inorma.. 191,11 '
stdev - High
[ast 25.00% Change Export . Medium
Percentages Time-Metrics Bl Lo
Settings

PAGE 41
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Models are like the glasses required to see
and understand event data!
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Alignments are essential!

\

g

¢

- conformance checking to diagnose deviations

* squeezing reality into the model to do model-based
analysis

alc | b|ld| T |>]| h
tl [ t4d | t3 | th | t7 t1




process ' £5% & event log
” model

l

synchronous
move

move on move on log
model only only
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Example: BPI Challenge 2012

(Dutch financial institute, doi:10.4121/uuid:3926db30-f712-4394-aebc-7597607091f)

Loops of “W_Completeren aanvraag” and
“W_Nabellen offertes” are often performed

“O_DECLINED” and “W_Wijzigen
contractgegevens” are often skipped

_Wijzigen

,{{,tg ProM UlTopia

ontractgegevel
4/6739)

_DECLIMED+C
T81/8550)

(=] ) )

designed by ’ fluxicon

Many moves on log of
“O_CANCELLED”,
”"O_CREATED”,
”"O_SELECTED”,
“O_SENT” occurred
with the same
frequency value (i.e.
60) before parallel

|1_acTivaTEDH
(223410

#Traces | _reaisTeReD

(22a410)

_ACCEPTED#
224212)

']

o]

[4_APPROVED+
(22a410)

# (Freq)

19
481

Marking Move on Log #Traces

*TED+COMPLETE
MPLETE

[place_11] A_AC
A_PREACCEP

Many moves on log of

“W_Afhandelen

: B leads” (> 2200 times)
occurred in the end of

0 traces

Work of Arya Adriansyah (Replay project)
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Synchronous moves of
“Completeren aanvraag”

Move on log of “Completeren aanvraag”

If;g ProM UlTopia

—— ) (=] ) )
\\ / sty B Auxicon desirest by S fluxicon

Replay result - log BP| Challenge 2012 on net_15_10001 udited.tpn using A* Cost-based Fir'sss Express willl e R 7 (() ol & s R Pl il

i i LEGEND
ase id here> -Synchronous move (move log+model)
FLunobservable move {(move model only)
-Skipped event class (move model only)
-Inserted event class (move log only)

Log-model Alignments

Case id(s):

STATS FROM RELIABLE ALIGNMENTS
Raw Fitnace Mnet

#Cases replayed 13,087

Property S LS The average waiting time for the input place of
Waiting time 000ms 2978days 2.83days 3.30days 24,229

o /A
Synchronizationtime 0.00ms  0.00 ms 0.00 ms 0.00 ms 24,229 W_Nabe”en offertes+START IS Very Iong (283 days)
Sojourn time 0.00ms 29.78days 2.83 days 3.30days 24,229 com pa res tO the ave rage Waiting time Of other places

NET)

1 proM UlTopia

Prolyl O 2

desigres oy B fluxicon

SN N K N N

“O_ACCEPTED” has average sojourn time of 27.07 minutes,
while “A_REGISTERED”, ”A_ACTIVATED”, and
“A_APPROVED” have average sojourn time of 29.56 minutes

Property Min. Max. . Std. Dev Freq.
Throughput time 0.00 ms 0.00 ms 0.00 ms 0.00 ms 4

1K 247 the 1 14 vthe 4 RE v 1

1.55 hours 3.43 months 1.14 months 1.55 months 4
#Unigue cases ... 4

Activity “W_Wijzigen contractgegevens” is the
bottleneck, but it occured rarely (only 4 times)







Language identification in the limit
(Mark Gold 1967)

A language is learnable in
the limit if there exists a
perfect child that
generates only finitely
many hypotheses.

PAGE 49

Language identification in the limit by E Mark Gold, Information and Control, 10(5):447-474, 1967.




Learning is not easy ...

trace in event log

language = process model

PAGE 50




at the start of the century,
process mining emerged as a

new research topic o

remarkable progress over a
relatively short period

See keynote at Process Mining Camp 2013, http://fluxicon.com/camp/2013/



Process discovery challenge

(oversimplied no resources, data, etc.)

a,c,d,f,g
a,b,c,d,e,c,d,g,f
a,c,d,h

process
model

(@)—]a

start ul

d = decide

a = register request
b = examine file
¢ = check ticket

e = reinitiate request

f = send acceptance letter
g = pay compensation

h = send rejection letter

f
c7 18 c8 11
c6 t9 c9
c5 end
h
t10

PAGE 52




Process discovery algorithms

(small selection)

_ distributed genetic mining
automata-based learning

. . language-based regions
heuristic mining

genetic mining state-based regions

: LTL minin
stochastic task graphs J

neural networks
fuzzy mining

o hidden Markov models
mining block structures

a algorithm _ o conformal process graph
multi-phase mining _ .
partial-order based mining

ILP mining

s algortim | e
PAGE 53

a# algorithm



http://www.sxc.hu/browse.phtml?f=download&id=45559

Problem

event logs covers only a fraction
of all possible behavior

[ real process process ~—
is unknown discovery/
~ process \
discovery

real record
event Proccss

process data model

“unknown”

‘v examples”

- conformancr
[ only positive examples checki

‘
conformance —
checking

model needs to provide an abstraction:
Murphy's Law of Process Mining

PAGE 54




We only have example behavior (event

log) and do not know the real process ...

regular behavior in log not
covered by model

W.M.P. van der Aalst. Mediating Between Modeled and Observed Behavior: The Quest
for the "Right" Process. In IEEE International Conference on Research Challenges in
Information Science (RCIS 2013), pages 31-43. IEEE Computing Society, 2013.

ideal or desired model based on

perfect knowledge of real process descriptive or normative model
(man-made or discovered)
event log L

—]

— Problem I: event log does
regular behavior in log not provide information
| covered by model about the whole universe of

traces only a selected part

Problem II: in practice it is
unclear where this line is

exceptional behavior in log
covered by model

exceptional behavior in log
not covered by the model

PAGE 55




Balance four forces

fitness

ability to explain
observed behavior

precision

avoiding
overfitting

avoiding
underfitting

generalization

Occam’s Razor

simplicity

PAGE 56




Example: one log four models

trace

455
191
177
144
111
82
56
47
38
33
14
11

P P P N N W 01 00 ©

acdeh

abdeg

adceh

abdeh

acdeg

adceg

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

1391

fitness

ability to explain
observed behavior

precision
avoiding
overfitting

avoiding
underfitting

generalization

Occam’s Razor

simplicity

examine
casually

start

reject
request

5 L . fequest . .
N; : fitness = +, precision = +, generalization = +, simplicity = +

@O} O-Le}- O O-Le OO

start  register examine decide reject end
request casually ticket request

N, : fitness = -, precision = +, generalization = -, simplicity = +

check
ticket

examine
thoroughly

start register

request casually

f reinitiate .
request ;elem

] L - request .
N3 : fitness = +, precision = -, generalization = +, simplicity = +

register check examine decide pay
request ticket casually compensation

register examine check decide

pay
request casually ticket compensation

register check examine decide reject
request ticket casually request

start i i end
register examine check decide reject

request casually ticket request

= = = (all 21 variants seen in the log)

register examine check
request thoroughly ticket

register check examine reject
request ticket thoroughly request

register examine check decide reject
request thoroughly ticket request

N, : fitness = +, precision = +, generalization = -, simplicity =



trace

thoroughly

compensation

(0)—

check ticket

N, : fitness = +, precision = +, generalization = +, simplicity = +

455
191
177
144
111

P P W W h~ 01
R A W 0O N O DN

R P P N N W 01 00 ©

acdeh

abdeg

adceh

abdeh

acdeg

adceg

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

1391




# |trace

455|acdeh
191 |abdeg
177 |adceh
144 |abdeh
111|acdeg
adceg
adbeh
acdefdbeh
adbeg
acdefbdeh
acdefbdeg

w b~ 01 ©
0 N oM

w
w

@ {2 -OA OO OO

start  register examine check decide reject end
request request

N, : fithess = , simplicity = +

=
NS

acdefdbeg
adcefcdeh
adcefdbeh
adcefbdeg
acdefbdefdbeg
adcefdbeg
adcefbdefbdeg
adcefdbefbdeh
adbefbdefdbeg
adcefdbefcdefdbeg

R P P N N W 01 00 ©
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examine
thoroughly

check
ticket

trace

455
191
177
144
111

P P W W h~ 01
R A W 0O N O DN

R P P N N W 01 00 ©

acdeh

abdeg

adceh

abdeh

acdeg

adceg

adbeh
acdefdbeh
adbeg
acdefbdeh
acdefbdeg
acdefdbeg
adcefcdeh
adcefdbeh
adcefbdeg
acdefbdefdbeg
adcefdbeg
adcefbdefbdeg
adcefdbefbdeh
adbefbdefdbeg
adcefdbefcdefdbeg
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register check examine decide pay
request ticket casually compensation

register examine check decide pay
request casually ticket compensation

register check examine decide reject
request ticket casually request

register examine check decide reject
request casually ticket request

start end

s = = (all 21 variants seen in the log)

a —»(/‘ :
register
request

a

register
request

reject
request

h

a

register
request

reject
request

N, : fitness = +, precision = +, generalization = -, simplicity = -

trace

455
191
177
144
111

P P W W h~ 01
R A W 0O N O DN

R P P N N W 01 00 ©

acdeh

abdeg

adceh

abdeh

acdeg

adceg

adbeh
acdefdbeh
adbeg
acdefbdeh
acdefbdeg
acdefdbeg
adcefcdeh
adcefdbeh
adcefbdeg
acdefbdefdbeg
adcefdbeg
adcefbdefbdeg
adcefdbefbdeh
adbefbdefdbeg
adcefdbefcdefdbeg
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http://tlc.howstuffworks.com/style/style/celebrity-fashion-disaster-pictures.htm
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Cross- organgzgyona;/

omparatlve process mining







Supportmg the process
| J of process mining










The Sexiest Job of the
(thanks to Moore's La

e Harvard : 5 7 -
3¢ Business 7o
Review o
Microprocessor Transistor Counts 1971-2011 & Moore’s Law - P o

: Data Scientist: The Sexiest Job of the 21st Century 00 ‘
2,600,000,000 . : by Thomas H. Davenport and D.J. Patil ,

1,000,000,000
100,000,000 -

curve shows ransistor

10,000,000 4 count douiing every

two years e
e,

1,000,000 -

Transistor count

T T
1980 1990

Date of introduction

40,000

30,000

Capacity (GB)

(Exabytes) 20,000

L 1 L 1 L 1
1985.1 1990.1 1995.1 2000.1 2005.1 2010.1 2015.

Year

2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

Source: IDC's Digital Universe Study, sponsored by EMC, December 2012




How to get started?
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600+ plug-ins available covering the whole process
mining spectrum

-0\

process mining workbench

Download from: www.processmining.org




Commercial Alternatives

* Disco (Fluxicon)

* Perceptive Process Mining
(before Futura Reflect and BPM|one)

« ARIS Process Performance
Manager

* QPR ProcessAnalyzer

* Interstage Process Discovery
(Fujitsu)

* Discovery Analyst (StereoLOGIC)

 XMAnalyzer (XMPro)

/




How to Get Started?

Collect event data

@m) Collect questions

* Minimal requirement: - What kind problems would
events referring to an you like to address (cost,
activity name and a time, risk, compliance,
process instance. service, etc.)?

- Good to have: - Related to discovery,
timestamps, resource conformance,

Information, additional enhancement?
data elements. . Iterative process: can be
- Challenges: scoping and “curiosity driven” initially.

sometimes correlation.
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(simulation, verification, etc.)

process
mining

suolnjos pue swajqoid
‘suonsanb pajuaiio-aouew.oyad

suonnjos pue swajqoid
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data-oriented analysis

(data mining, machine learning, business intelligence)

processmining.org



