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repair
"paving the cow paths”



Repairing a model based on event data

X’M-:{)
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Repairing a model based on event data




No need to repair

p
considered to be an
outlier
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Repair model or influence reality ???

no longer an
outlier: change
model or process
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Repaired model
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Metaphor: Improving passageways

(what are the minimal changes in m? asphalt)
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Assume the following replay results

[ seldom executed (<1%)
sometimes partial
b compensation (30%)

examine

\oroughly '
o\ :
pay

3 ¢ e compensation
examine

start register casually decide
request

end

reject
request

eck ticket

reinitiate

/ request
[ often skipped (45%)

[ seldom executed (<1%) |
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Repaired model

partial
b compensation
examine
thoroughly
pay
©_> a compensation
start register decide ond
request
d reject
check ticket request

skip | €
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Original model is like a 5" force

examine
start register casually
request

reject
check ticket request
reinitiate
request

initial
model

to avoid confusion
when things change

fithess

ability to explain
observed behavior

precision

avoiding
overfitting

avoiding
underfitting

generalization

Occam’s Razor

simplicity
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extending process
models with additional
perspectives



Process are not just about control-flow!
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Process are not just about control-flow!
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ow

Attributes In

event logs

caseid eventid properties
time activity trans resource cost
35654423 30-12-2010:11.02 register request start Pete
35654424 30-12-2010:11.08 register request complete Pete 50
35654425 31-12-2010:10.06  examine thoroughly start Sue
35654427 31-12-2010:10.08 check ticket start Mike
1 35654428 31-12-2010:10.12  examine thoroughly complete Sue 400
35654429 31-12-2010:10.20 check ticket complete  Mike 100
35654430 06-01-2011:11.18 decide start Sara
35654431 06-01-2011:11.22 decide complete Sara 200
35654432 07-01-2011:14.24 reject request start Pete
35654433 07-01-2011:14.32 reject request complete Pete 200
35654483 30-12-2010:11.32 register request start Mike
35654484 30-12-2010:11.40 register request complete Mike 50
35654485 30-12-2010:12.12 check ticket start Mike
35654486 30-12-2010:12.24 check ticket complete ~ Mike 100
2 35654487 30-12-2010:14.16 examine casually start Pete
35654488 30-12-2010:14.22  examine casually  complete Pete 400
35654489 05-01-2011:11.22 decide start Sara
35654490 05-01-2011:11.29 decide complete Sara 200
35654491 08-01-2011:12.05  pay compensation start Ellen
35654492 08-01-2011:12.15  pay compensation ~ complete  Ellen 200

As discussed before:

A process consists
of cases.

A case consists of
events such that
each event relates to
precisely one case.
Events within a case
are ordered.

Events can have
attributes.

Examples of typical
attribute names are
activity, time, costs,
and resource.

PXES

Extensible Event Stream
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Cases may also have attributes

caseid  custid name type region amount
| 9911 Smith gold south 9089.50
2 9915 Jones silver west 546.00
3 9912  Anderson silver north 763.20
4 9904 Thompson silver west 911.70
5 9911 Smith gold south 812.10
6 9944 Baker silver east 788.00
7 9944 Baker silver east 792.80
8 0011 Smith gold south 544.70

IXES

Extensible Event Stream

PAGE 13
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Extending process models using

event data

» ., supports/ .
world™ pusiness eone software
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process model people  machines system
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discovered from events, e.g
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analyzes conngures etc. relating to
implements

various

analyzes .
integrated model /\ perspectives
showing multiple \/ - v

perspectives discovery
(process) event

\@ model formance logs 0
enhancemen \/

conformance checking is the model is extended using the
used to relate the initial additional information in the
model and event log event log
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Extending process models using

event data

integrated model

(process)

\@ model

conformance checking is
used to relate the initial
model and event log
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Extending process models using

event data

the initial
process model
is made by
hand or
discovered from
the event log

integrated model

(process)

\@ model

conformance checking is
used to relate the initial
model and event log
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replay revisited



Connecting events to model elements Is

essential for model extension

Play-In

D
<
D
>
=
o
«

process model

~_

process model event log

O

extended model
showing times,
frequencies, etc.

i o
O’Qﬁb’w % 4

diagnostics

predictions

event log process model

recommendations)
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Connected event log and model

through replay or alignments

process

1

*

activity

model
level

i
| * .
case : event timestamp
I
1 e EE )
d f g . _{ resource
. : . /
activit | . i
. y | attribute k——2—  costs
instance .
I
: | Kk
instance . event
level | level trans-
, action

trace in the event log is related to a path in the model
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Remember: Replay!

ABCD

® 1 " T * FHO

start end

p2 C p4
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Remember: Replay!

BCD
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Remember: Replay!

© " ¢ e

start end

p2 C p4
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Replay can detect problems

IS
start \(: end
p2 C p4
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Replay can detect problems

IO~

start \(: end
p2 C p4
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Replay can detect problems

-0

start \(: end
p2 C p4
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Replay can detect problems

Problem!
B missing token
OR DL
start end
p2 C
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Replay can detect problems

Problem!
missing token

© {7 T

start

end

p2 C
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Replay can detect problems

Problem! Problem!
token left behind B missing token

© {7 T

start

end

p2 C
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Replay can extract timing information

IS
start \(: end
p2 C p4
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Replay can extract timing information

7 -0

start end
5 \(t
p2 C p4
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Replay can extract timing information
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Replay can extract timing information

/5<B
ORIy Ose
4p2 C p4
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Replay can extract timing information

D

@—> A pl E
start 5 \(: 13 end

PAGE 20
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Replay can extract timing information

8
5
2 3% e 2 5/
yodl :

O * " 1@
start 5 \(: 13 end
SRCgt
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Replay can extract timing information
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When there are deviation we need to
sgueeze reality into the model

« Traces may not perfectly fit the model.

« Often we cannot throw non-fitting traces (loosing
most of the data and/or introducing a hidden bias).

- Conformance checking technigues help us to map
traces onto the "nearest" path in the model.

alc | b|ld| T |>] h
tL | t4d | t3 | tH | t7 tl
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In the remainder we assume that through
prepressing model and log are aligned

1/
PAGE 22
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In the remainder we assume that through
prepressing model and log are aligned

Assumption: every complete trace
corresponds to a complete path
through the model.

©Wil van der Aalst TU/e (use only with permission & acknowledgements)
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mining decision
poInts



Decision mining: “Red” cases

NS

start end

p2 C p4
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Decision mining: “Red” cases

© " ¢ e

start end

p2 C p4
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Decision mining: “Blue” cases

AED

® {1 = ¢ FHO

start end

p2 C p4
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Decision mining: “Blue” cases

O " ¢ e

start end

p2 C p4
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Guards ensure that the right path is taken

If red then B+C:;
If blue then E:

type = red

B
pl

@—»A E p3 D—»@

start end
\%}e = red
p2 C p4
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Decision mining: places with multiple

output arcs form decision points

decision
point #1

examine

thoroughly decision

point #2

pay
compensation

C

(@) a

start register

examine
casually

decide end

request o
d reject
check ticket request

reinitiate
request

In other notations often specific building blocks, e.g., XOR/OR gateways.
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Remember:

classification using decision trees

- Response variable (dependent variable):
claim (yes/no).

* Predictor variables (independent variables):
gender, age, smoker, car brand.

female 47 yes Volvo no
male 31 no Alfa Romeo yes
male 59 no Alfa Romeo yes
male 28 no Fiat no
male 44 no BMW no
female 27 no Fiat no
male 29 no Subaru no
male 44 yes Subaru yes
male 39 no BMW no

male 35 no Subaru yes i
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Remember:

classification using decision trees

- Response variable (dependent variable):
claim (yes/no).

female 47 yes Volvo no

male 31 no Alfa Romeo yes Goal: explain
male 59 no Alfa Bomeo yes response variable
male 28 no Fiat no _

male 44 no BMW no In terms of
female 27 no Fiat no relevant predictor
male 29 no Subaru no variables.

male 44 yes Subaru yes

male 39 no BMW no

male 35 no Subaru yes i
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Creating a classification problem

decision
point #1

examine

thoroughly decision

point #2

pay
compensation

C

examine
casually

(@) a

start register

decide end

request o
d reject
check ticket request

reinitiate
request
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Creating a classification problem

response variable:
which activity is
decision executed (b or ¢)

point #1

thoroughly decision

point #2
c pay
compensation
@—> a examine
start register casually decide end
request h
d reject

check ticket request

reinitiate
request
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Creating a classification problem

response variable:
which activity is

decision executed (b or ¢)
point #1 ox
thoroughly decision
point #2
1 pay
a compensation
examine
start register casually decide end
request h
d reject
k ticket f request
: : : reinitiate
d predictor variables: anything — request
related to the of this

decision, e.g., the age of the client,
the resource that executed the
Kprevious activity, the weather, etc./

PAGE 30
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Creating a classification problem

response variable:
which activity is

decision executed (b or ¢)
point #1 ox
thoroughly decision [ ]
age of resource | weather activity
N c | customer | that did a executed
C) ? exami 37 Pete sunny b
start reglster casua
request 63 John sunny C
d 39 Pete rain b
k ti 25 Mary sunny b
d predictor variables: anything 29 Sue storm c
related to the of this

decision, e.g., the age of the client,
the resource that executed the
\previous activity, the weather, etc.

PAGE 30
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Creating a classification problem

response variable:
which activity is

decision executed (b or ¢)
point #1 ox
thoroughly decision [ ]
/ age of resource | weather activity

c | customer | that did a executed
@—> a exami j

b

start register casuff
request C
b
b

/ . . . . 29

predictor variables: anything feature vector C

related to the of this

decision, e.g., the age of the client,
the resource that executed the
\previous activity, the weather, etc.
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Example: XOR-split

type | region | amount | activit type=gold and L » 6 ”
yp g y AR y Wh at_are the _features
gold | south |987.30 | z (predictor variables)
silver | north | 178.70 | z — X influencing the
gold | south | 21150 | 'y ype=silver or decision?
silver | west | 587.70 z amount>500 z >
silver east |224.70 Z

silver | south |278.50 z
gold north | 488.50 y
silver | west |443.20
silver | south | 673.70 z
gold west | 413.50 y
silver | south | 687.70

type=gold and
amount<500

type=silver or
amount>500 . ) ) )
A classification technique like

decision tree learning can be
gold | south | 987.30 | z used to find such rules:

silver | north |378.80 | z explain response variable
gold | south | 31450 | vy (dependent variable) in terms
silver | north | 537.70 of predictor variables
(independent variables).

PAGE 31

type=gold and
amount<500

silver west | 158.70 ya

gold east | 344.50 y type=silver or
amount>500
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Example: OR-split

type region | amount | activity
gold south | 987.30 |y and z
silver north | 178.70 |y and z
gold south | 211.50 | justy
silver west | 587.70 | justz
silver east |224.70 |yandz
silver | south |[278.50 [y andz
gold north | 488.50 | justy
silver west |[443.20 |[yandz
silver | south | 673.70 | justz

= Replay/
type=gold or _ _
ggougt@oo y > alignment will
tell what the
/\ value of the
—» X
\/ response
. variable is.
type=silver or
amount=500 Z >
type=gold or
amount<500

type=silver or
amount=500

Response variable (dependent variable) is now
an activity set rather than a single activity.

©Wil van der Aalst TU/e (use only with permission & acknowledgements)
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Predictor variables based on process

Instance only

decision point

1

taccabcdcdcde faghhhi

past future

past and future

Case variables

Attributes (data, resource, etc.) of all past events
Attributes (data, resource, etc.) of last event only
Attributes (data, resource, etc.) of all events

(including future).
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Predictor variables based on context of

the process instance

 Number of cases
running (e.g. skip
check if busy).

* Number of resources
present.

- Day of the week.
« Weather.

external context

social context

process context

instance
context

expanding scope (more instances,
more processes, etc.)

a more direct relationship
between cause and effect

e.g. size of order or
type of customer

e.g., number of resources
allocated to process, number
of cases in progress

e.g., prioritization over different
processes, social network,
stress levels, internal
competition

e.g., weather, economic
climate, seasonal effects,
changes in legislation

PAGE 34
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Predictor variables based on context of

the process instance

 Number of cases
running (e.g. skip
check if busy).

* Number of resources
present.

- Day of the week.
- Weather.

external context

social context

process context

instance
context

expanding scope (more instances,
more processes, etc.)

a more direct relationship
between cause and effect

e.g. size of order or

type of customer

e.g., number of resources
allocated to process, number
of cases in progress

e.g., prioritization over different
processes, social network,
stress levels, internal
competition

Problem: curse of
dimensionality!

PAGE 34

e.g., weather, economic
climate, seasonal effects,
changes in legislation
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Question: Build classification problem to

learn the decision point

decision
point

(@) a

start register

examine
thoroughly

pay
compensatlon

C

examine
casually

decide ¢5

end

request .
d reject
check ticket request

reinitiate
request

case activity | resour time custom | amoun
ce er t

John 8.11 silver 500
Mary 8.12 gold

o '] p— P
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Question: Build classification problem to

learn the decision point

decision ] T :
point case | activity | resour | time |custom | amoun
ce er t
1 a John 8.11 silver 500
CQ_> a 2 a Mary 8.12 gold 800
stat  register 2 d Sue 8.32 gold 800
request 1 b John | 9.12 | silver | 500
3 a John 9.45 silver 300
3 C Mary 9.56 silver 300
1 d John 9.45 silver 500
2 C Mary 9.56 gold 800
3 d Mary 10.43 silver 300
4 a John 11.34 gold 850
4 C John 11.57 gold 850
Wil van der Aalst TU/e (use only with permission & acknow




Question: Build classification problem to

learn the decision point

b\
examine

case | activity | resour time |custom | amoun
thoroughly ce er t
11 a John 8.11 silver 500
—> a examme 2 a Mary 8.12 gold 800
register casually 2 d Sue 8.32 gold 800
request
4 — 1 b John 9.12 silver 500
check ficket 3 a John 9.45 silver 300
3 C Mary 9.56 silver 300
1 d John 9.45 silver 500
2 C Mary 9.56 gold 800
3 d Mary 10.43 silver 300
4 a John 11.34 gold 850
4 C John 11.57 gold 850
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Classification problem (example, not all

possible attributes included)

case | activity | resour time | custom | amoun
ce er t
1 a John 8.11 silver 500
2 a Mary 8.12 gold 800
2 d Sue 8.32 gold 800
@—> a 1 b John 9.12 silver 500
start  register 3 a John 9.45 silver 300
request
3 C Mary 9.56 silver 300
1 d John 9.45 silver 500
2 e o= gold 800
case resource customer amount class _

1 John silver 500 b gold 850
2 Mary gold 800 C gold 850

3 John silver 300 b

4 John gold 850 C




Decision tree and resulting guards

#b=100 b
#c=50 (150/50)
[customer = silver]

split on attribute
examine
thoroughly customer

[customer = gold] g
c c3 pay
compensation
examine € P #b=5 Id/— customer |— i
casually decide ¢5 end #c=45 go silver #b=95
h #c=5

d

c4 reject \é b
check ticket request .
f [reinitiate (50/5) (100/5)

start register
request

case resource customer amount class
executing a
1 John silver 500 b
2 Mary gold 800 C
3 John silver 300 b
4 John gold 850 C




Question: create guards based on

decision tree

examine
thoroughly

c

examine
casually

: a
start register
request

d

check ticket

assume that this
decision tree
was learned for

c4

real values
#f: 5 (reinit)
#9: 50 (pay)

#h: 5 (reject)

decision point
N
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real values

#f: 0 (reinit)

#9: 0 (pay)
#h: 20 (reject)

reinitiate
request

g
pay
compensation
end
h
reject
request
_—— examination
OK
— amount [—
<450 > 950
> 450
g (pay) <950 f (reinit)
(60/10) ¥ (50/20)
resource |
= John |€executing e + John

h (reject)
(20/0)

(60/25)

h (reject)
(30/1)

NOK

real values

#f: 0 (reinit)

#9: 1 (pay)
#h: 29 (reject)

real values
#f: 30 (reinit)
#g: 10 (pay)
#h: 10 (reject)

real values

#f: 10 (reinit)
#g: 35 (pay)
#h: 15 (reject)




Deterministic guards

c3

c4

decide

[(examination = OK) AND ((amount <= 450) OR
((amount = 950) AND (resource executing e # John)))]

e

I

f

I

ch

reinitiate
request

[(examination = OK) AND
(amount > 950)]
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pay

reject
request

request

end

[(examination = NOK) OR
((resource executing e = John) AND
(450 < amount < 950)]

real values
#f: 5 (reinit)
#9: 50 (pay)
#h: 5 (reject)

real values

#f: 0 (reinit)

#g: 0 (pay)
#h: 20 (reject)

_—1 examination

OK
— amount |—
<450 > 950
> 450 _
g (pay) <950 f (reinit)
(60/10) v (50/20)
resource |
= John |executing e + John

h (reject)
(20/0)

(60/25)

h (reject)
(30/1)

NOK

real values

#f: 0 (reinit)

#9: 1 (pay)
#h: 29 (reject)

real values
#f: 30 (reinit)
#g: 10 (pay)
#h: 10 (reject)

real values
#f: 10 (reinit)
#g: 35 (pay)
#h: 15 (reject)




Non-deterministic guards

[(examination = OK) AND ((amount < 450) OR
(amount > 950) OR (resource executing e # John)))]

pay

e request

decide ¢5 end

_ [(examination = NOK) OR
reject (amount > 450)]

o request
f reinitiate inati real values
request ok | MO P ok #5: 0 (reinit)
[(examination = OK) AND l S ((rpe?ggt)
((amount > 950) OR ((amount > 450) real values :
: #f: 5 (reinit) 1 amount |— h (reject)
AND (resource executing e # John)))] | #g: 50 (pay) < 450 > 950 (30/1)
#h: 5 (reject) I
> 450 real values

g (pay) <950 if: 3fo(r(einit))

60/10 g: 10 (pay

( ) ¢ #h: 10 (reject)

resource

= John |executinge [ = John

real values
#f: 0 (reinit) - real values
#9: 0 (pay) h (reject) #f: 10 (reinit)
#h: 20 (reject) (20/0) #g: 35 (pay)
©Wil van der Aalst TU/e (use only with permission & acknowledgement #h: 15 (reject)




Non-deterministic guards

[(examination = OK) AND ((amount < 450) OR
(amount > 950) OR (resource executing e # John)))]

pay
e request
decide €5 end
_h [(examination = NOK) OR
reject (amount > 450)]
request

reinitiate
request

[(examination = OK) AND
((amount > 950) OR ((amount > 450)
AND (resource executing e # John)))]

©Wil van der Aalst TU/e (use only with permission & acknowledgement

real values
#f: 5 (reinit)
#9: 50 (pay)
#h: 5 (reject)

consensus

red=no

nation
OK

green =
(almost)
consensus

real values
#f: 0 (reinit)
#g: 1 (pay)

#h: 29 (reject)

real values

#f: 30 (reinit)
#g: 10 (pay)
#h: 10 (reject)

—— amount
< 450
> 450
g (pay) <950
(60/10) v
resource |
=John |[e€xecutinge| =+ John

real values

#f: 0 (reinit)

#g: 0 (pay)
#h: 20 (reject)

h (reject)
(20/0)

real values
#f: 10 (reinit)
#g: 35 (pay)
#h: 15 (reject)




Data-dependent probabilities rather

than guards

A

then 0/30

P1 = if examination = NOK
then 1/30
else if amount < 450

pL A 2
pay
request

decide ¢c5

P2 o

P3
reject
request
reinitiate
request

P3 = if examination = NOK

else if amount < 450

then

else if amount > 950

5/60

then 30/50

then 50/60
else if amount > 950

then 10/50

else if resource executing a = John

then 0/20
else 35/60

end

P2 = if examination = NOK
then 29/30
else if amount < 450
then 5/60
else if amount > 950
then 10/50

real values
#f: 5 (reinit)
#g: 50 (pay)

#h: 5 (reject)

real values

#f: 0 (reinit)

#g: 0 (pay)
#h: 20 (reject)

_—1 examination f— rgal values
OK NOK #f: 0 (reinit)
#g: 1 (pay)
L #h: 29 (reject)
h (reject)
— amount |—
<450 > 950 (30/1)
I
> 450 real values
g (pay) <950 f (reinit) #f: 30 (reinit)
(60/10) ¢ (50/20) #9: 10 (pay)
#h: 10 (reject)

resource
— .
= John |executinge

\#= John

(60/25)

real values
#f: 10 (reinit)
#g: 35 (pay)

h (reject)
(20/0)

#h: 15 (reject)

else if resource executing a = John

then 20/20
else 15/60

else if resource executing a = John

then 0/20
else 10/60
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So we can mine decision points ...

& o l l ¢ B

|_. DECISION . |




mining bottlenecks



Learning time and probabilities

case1d trace

12 19 25 26 32 33 35 40 50 54

1 <aSICH”I ? acomplere ? bSICH”I ’ dSICU’I ? bcomplere’ complete’ Cstart > ecomplere ? hSICU’I? complere>
17 23 28 30 32 38 50 59 70 73

2 <asrarr ? acomplere ? dsrarr s Cstart s dcomplete ? Ccomplete s Estart s ecomplete » 8start s gcomplete>
25 30 32 35 35 40 45 50 50 535

3 <asmrr ? acomplere » Cstart » Ccomplere7d8mﬂ ? dcomplete7 Cstart s ecomplete’ start ?fcomplete7

b60 d62 b65 67 680 687 90 98 >

start? =istart ¥ complete’ “complete® = start? complete?gSmi’t?gcomplete

- Replay, as before, but now considering timestamps.
* Let us replay the first three cases in the event log:

— case 1 starts at time 12 and ends at time 54,

— case 2 starts at time 17 and ends at time 73,

— case 3 starts at time 25 and ends at time 98.

PAGE 45

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




’

oeecccccccccccccccccccnny

.

i
I

.

ol

g

seecccccccccnaa,

;

.
Q4

.
]
.
.
.
[}
[}
'
'
'
'
.
]
a
[}
'
'
'
'
'
.
.
[}
(]
L]
[}

“
.
.
.

-
.o
-
e

start

.

.

[ QD@D
' 9 '
y s s 8 :
' [ 32 ] examine ," @
thoroughly / H
c compensation

examine
casually

register
request

reject T
request ,

-
Py

d

" check ticket

reinitiate
request

’
'
'
'
'

'

'

H P

' caseid trace

'

'

. 12 19 25 26 32 33 35 40 50 54

: <(’ start ) 4 omplete’ [)\I:Il'! ’ ([uurl ’ hmmplmw 14, omplete? Cstart» €, omplete’ h\ml‘/ ’ /I( mn[l/l'l('>
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' 3 - > o o

' 2 <a\/un ’ H(-ump/un“ Cstart s € complete® d\!lH‘l ’ dnun/:/ulu 1 Estart » € complete ‘f\hll‘l complete®

' 60 62 65 80 8 ;90 98
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P — e —— ., [ EDHED

@D D@D {EGEDHED! | GG |
’ R S
e 2R 2 @ s
' BN D | @D—>@usD : @

(@3

seecccccccccnaa,

5 :
(27 X » completi
x 4 > . pletion
I T - @ : examine ; @ P @ “l times
thoroughly / -

C p3 '

examine
casually decide

start register
request

e
-~
N

d

reject
request

case start
times
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start time
activity
instance

duration activity
instance 19-12=7  |----=-enov, . P R L L e L EL T ELT e
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completion
time activity
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/ instance
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) - : completion
@ : examine times
@ thoroughly /

C
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casually

start

register
request

®

d

e
.
-
®
.

case start
times

reinitiate T e
[EQUESt oo e,

I‘ 7 “ @

! @ @ A

' '

' '

' '

: 4 . il tman

' ' caseid trace

' '

' '

. H 12 19 25 26 32 33 35 40 50 54

: @ 5 @ : I <{' start @ omplete’ h\mrr ’ ([wurl ’ brrim/lh’lw ’ ([‘ omplete’ Ctart €, omplete’ hmu'/ ’ h( mn[l/l'l('>

' ' ) 17 23 28 30 32 38 S5 59 0 3

' ! e (astan- 4, omplete’ A5tarts Cstart d4'mll/'/4'l(" Ceomplete Estarts €complete 8start* 8 complete
25 30 32 35 35 40 45 50 50 55
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‘ 60 62 05 6 80 8 90 98

\ @ @ ) h\/ul'r ) d\/un' hmmp/vn' ? d(wmplvl:' +Ctart s 6‘rnm/:lvl:' s 8start » gn!m/)/t‘lt’>
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start time
activity
instance

duration activity
instance 19-12=7

..................................

Ceccccces
cSeccccscae

i
U

completion

time activity [ Temmeeeeoees S
: instance :

examine
thoroughly

register
request >

r

start

case start
times

semeeccaa,

Seccccccccccqgecccccccccm

completion
times

reinitiate
S ) v Iellilale s Mqddceeeccccccccccccccaaa
. .
-
; request e eeenn.
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.
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etween , 4 . —TR
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'
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. . 12 19 25 26 32 33 35 40 50 54
H @ 5 @ H I (Agiarsa, omplete® bszart> Astares b,'mn/!h'lw 4, omplete’ Estart »€complete’ Ware: I, mn[l/l'l(’>
' ' " 17 23 28 30 32 38 50 59 70 .
' ' e (astan- 4, omplete’ A5tarts Cstart d4'mll/'/4'l(" Ceomplete Estarts €complete 8start* 8 complete
: : 3 a0 32 35 35 140 4550 £50 55
' 5 [ = \Mstart s Y complete’ - start >~ complete® “start * “complete? \IUI’I‘((‘nm/w/('u"~ start *J complete®
L] ' 60 62 05 80 8 90 98
kS /; h\/ul'r ) d\/un' hmmp/vn" complete® Cstart> 6‘rrun/:lul:" 8start > gn!m/)/t‘lt’>
‘~ ------------------------- 'l




Another view on the timed replay of

the first three cases

0 10 20 30 40 50 60 70 80 90 time
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Another view on the timed replay of

the first three cases

50 60 70 80 90 time

case 1|

case 3|

. W
case 2 | lﬂ 5

interval
activity a
for case 3

completion of a a|t|ng time for e
enables two starts when c and d
activities at time 30 have both completed
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Timed replay projected onto resources

50 60 70 80 90 time
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Timed replay projected onto resources

(activities colored by case)

Pete

Mike

Ellen
Sue
Sean

Sara

[ERY
o

N
o
o

80

Bl

!

cecccccccccccccncccccncccccepeccccncccec s e e s e emeccccaaeey O
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case id trace
(al’ P25 426

5

W N -

b2

start [I‘ omplete’ \nu! ) \rulr
(”\nur Ll ﬂ( omplete® \mll Ll C\I(III‘

25 2
( start* ““complete Cstart» complete

2
az., a? n } e s donriid,
60 2 05 67 80 87
bSHU‘I ? d.?'lll'f ? b('mnp/m(" d('mup[(’l(‘ ? e.\'ltll'l )€

C Ul"[ll( te’?

{t ()m/)l_< te?
35

d\mrr

'H 35 40

{umpl( te? eg\fl“T 1€, omplete® h
8 0 3

complete® »Csrart s ecmuplme' 8start » g('nmplr’!t'
40 6’45 fi() 55
complete® “start* © complete®t start *J complete®

T o)
start? (mnphn

complete’® 8start g('mnp/cre>




Waiting times

....................................................

............. d average = 10. 0 ........
K st.dev. = 4.4

,-

@ average = 5.0

. st.dev.=1.9

b

examine

@ ...... Q thoroughly

~~~~~~ / ’ a c e compensatlon
"""" examine

start register casually decide p5 \ end
™

request
d average = 6.0 [l
A . st.dev. = 4.6

average = 9.5

.........................
- S

...........................

average = 6.0
st.dev. = 1.0

.........................
. .

...........................

...........................
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Service times

s 7 N
€D 6 e average = 6.0
stdev.=1.0

5 !

average = 5.5
st.dev. =2.5

average = 6.5

2:7

h

ul: average = 5.5 .

\ _ st.dev. = 1.7
S average = 6.0 -
stdev = 0.8 A examine
TR T T 5 Ny thoroughly / bifo s
C p3 E :" X '/ "”
e compensation /Y __..
examine
start regisig casually decide p5

reguest

......... average = 4.0 .@4-m
average = 53 Stdev = OO Moo T i
st.dev.=1.1 , . .
3:5
; average = 5.0 [
st.dev. = 0.0

.........................
. .
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Routing probabilities

""""""" O examine
....... thoroughly ;

C

examine
casually

start register
request

d

~~~~~~

.........................
. .
.........................
. .

...........................

...........................
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start pl
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p6

@,

1 a start 10 Pete
1 a complete 12 Pete
1 c start 15 Sue
2 a start 16 Pete
2 a complete 17 Pete
1 c complete 18 Sue
3 a start 20 Pete
2 b start 22 Mary
2 b complete 25 Mary
3 a complete 28 Pete
1 b start 30 Mary
1 b complete 34 Mary
3 d start 35 Mary
3 d complete 37 Mary
2 c start 40 Sue
1 f start 42 Carol
2 c complete 45 Sue
1 f complete 46 Carol
2 e start 50 Kirsten
3 f start 51 Carol
2 e complete 52 Kirsten
2 d start 53 Mary
3 f complete 55 Carol
2 d complete 56 Mary
2 f start 57 Carol
2 f comblete 60 Carol




Times recorded during replay

©Wil van der Aalst TU/e (use only with permission

1 a start 10 Pete
1 a complete 12 Pete
1 C start 15 Sue
2 a start 16 Pete
2 a complete 17 Pete




C cCorded d J 1€epPlIc
1 a start 10 Pete
1 a complete 12 Pete
1 C start 15 Sue
2 a start 16 Pete
2 a complete 17 Pete
I R . 1 © complete 18 Sue
{ s> | 3 a start 20 Pete S g N
| Ga = Q1D @ b start 77 Mary ;
8 @ 2 b complete 25 Mary Cs:5D—>C2ci60) |
'\," @ 3 a complete 28 Pete @
L «D - 1 b start 30 Mary |/ M. et !
" . T 1 b complete 34 Mary @
@_, a 4,< 3 d start 35 Mary "
----- = 3 d complete 37 Mary |/~ f 4’@
star 2 c start 40 Sue "“
1 f start 42 Carol
PR 2 c complete 45 Sue
1 f complete 46 Carol |
2 e start 50 Kirsten :&D
M emeen 2 f start 51 Carol [—.
2 e complete 52 Kirsten
2 d start 53 Mary
3 f complete 55 Carol
2 d complete 56 Mary
2 f start 57 Carol
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Waiting times

average = 10.0
st.dev. =10.0

average =2.0 [ ™ < average =7.0
st.dev.=2.9 " . . st.dev.=4.7

average = 13.0 average = 8.0
st.dev. =10.0 st.dev. = 8.0
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Service times

average =4.5 [H ; average = 4.0
st.dev.=0.5 [ ' ' '

average = 3.7 - N average = 3.7
st.dev. =3.1 ; Vo st.dev. =0.5

average = 2.5 average =2.0
st.dev.=0.5 st.dev.=0.0
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Routing probabilities
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So we can mine for bottlenecks and
other performance related properties ...

At y
» Y
\ ‘
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mining social
networks



Organizational mining

case 1d trace

1 <aPere bSue szke Sara hPeze>

9) (aMzke szke Pere} Sara?gEllen>

3 (aPere Mike dEllen) Sara ?fSam bSean?dPere:eSara?gEllen>

4 (aPete szke bSean? Sara}hEllen>

5 (aEllen Mzke dPere’ Sara )fSam)dEllen, CMike) eSara ’fSara’bSuedeere) eSam’hMike>
6 (aMzke CEllen szke) Sara’gMike>

(a = register request, b = examine thoroughly, ¢ = examine casually, d = check ticket, e = decide,
f = reinitiate request, g = pay compensation, and h = reject request)
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Resource-activity matrix

mean number of times a resource
performs an activity per case

a b C d e f g h
Pete 0.3 0 0.345  0.69 0 0 0.135  0.165
Mike 0.5 0 0.575 1.15 0 0 0.225  0.275
Ellen 0.2 0 0.23 0.46 0 0 0.09 0.11
Sue 0 0.46 0 0 0 0 0 0
Sean 0 0.69 0 0 0 0 0 0
Sara 0 0 0 0 2.3 1.3 0 0

Activity a is executed exactly once for each case (hence the sum of the
first column is 1). Pete, Mike, and Ellen are the only ones executing this
activity. In 30% of the cases, a is executed by Pete, 50% is executed by
Mike, and 20% is executed by Ellen. Activities e and f are always executed
by Sara. Activity e is executed, on average, 2.3 times per case. Etc.
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1 a start 10 Pete
1 a complete 12 Pete
1 c start 15 Sue
2 a start 16 Pete
2 a complete 17 Pete
1 c complete 18 Sue
3 a start 20 Pete
2 b start 22 Mary
2 b complete 25 Mary
3 a complete 28 Pete
1 b start 30 Mary
1 b complete 34 Mary
3 d start 35 Mary
3 d complete 37 Mary
2 c start 40 Sue
1 f start 42 Carol
2 c complete 45 Sue
1 f complete 46 Carol
2 e start 50 Kirsten
3 f start 51 Carol
2 e complete 52 Kirsten
2 d start 53 Mary
3 f complete 55 Carol
2 d complete 56 Mary
2 f start 57 Carol
2 f comblete 60 Carol




a [ )
C

1 a start 10 Pete
1 a complete 12 Pete
1 C start 15 Sue
2 a start 16
2 a complete 17 a b C d € f
. c__[complete | 18 |pegte |1.00 [0.00 |0.00 |0.00 |0.00 |0.00
3 a start 20
2 b start 22 | Mary 0.00 |0.67 |0.00 |0.67 |0.00 |[0.00
: b |compete | 2 ISye [ 0.00 [0.00 |0.67 |0.00 |0.00 |0.00

a complete 28
L b start 30| Kirsten | 0.00 |0.00 |[0.00 |0.00 [0.33 |0.00
1 b complete 34
3 d Start 35 | Carol 0.00 |0.00 |[0.00 |0.00 |0.00 |[1.00
3 d complete 37 Mary
2 ¢ start 40 Sue mean number of times a resource
1 f start 42 Carol ..
> S complete e =T performs an activity per case
1 f complete 46 Carol
2 e start 50 Kirsten
3 f start 51 Carol
2 e complete 52 Kirsten
2 d start 53 Mary
3 f complete 55 Carol
2 d complete 56 Mary
2 f start 57 Carol
2 f comblete 60 Carol




Social network analysis

How two names and a sheaf of newspaper cuttings revealed the 9/11 team

This social network of the 19
hijackers behind the 9/11
attacks in the United States,
and their associates, was drawn
up at the end of 2001. Valdis
Krebs, a commercial consultant
in network analysis, started
with newspaper reports of the
two original terrorist suspects,
Nawaf Alhazmi and Khalid
Almihdhar. He then plotted the
position of the other hijackers
and associates. His analysis
highlighted the central role
played by Mohamed Atta. It also
shows the close associations
between the “Hamburg cell”
that Atta set up, as well as the
close links with the two original
suspects - critical information
that may have helped to avert
an attack had it been known.

Mohamed  Nawaf  Khalid
Atta Alhazmi Almidhdhar

Emergency services attend the scene after
Flight AA77 crashes into the Pentagon

Mustafa Ahmed AEUS
Alhisawi  Budiman

Ra
e Khalid Shaikh > shmed Rl
® MohanTiEc g © Jorati SamiE AT
- Abdelghanl
e d Favez e HNH m w
me
Alhaznaw Ahmed || Il ||Il
® . Essid Sami “m.
® Ben Khemais |
Saeed o | Mohang il
i shehri Ui
Al i Nabi) A @
ylam: AlMarabh @ satam Wail
Sugami Alshehri _ Mahmoun
Als':lamdi > Y. 2 7~ Darazati
Marwan
Ahmed | Abdul AZiz
Alghamdi Alomiarl @ .f""““" o Mohamed
? Aﬁl:;ﬂ Mta @ Mohamed
Ahmed o ; £ * Haydar Zammer
Alsssnl iy o Aishidh, |
« Mounir El
MOhagLedd * Motassadeq
;@
@ ® Zakariya
Majed Hani Said ~ Essabar
Moged .\ Hanjour o Bahaji
\\ Zacarias
2 Moussaoui
\§ N \S’ﬂi;(a]at @ Flight AA1L
TN ~ T
al-Qa’ida ® ® ight AA
suspects g?nnadzanZi Rayed Crashed into Pentagon
® Mohammed @ Flight UA93
Faisal Abdullah Crashed in Pennsylvania
Alsalmi @ Flight UA175

Ahmed _/
Alhada ¥

UsS Cole bombing suspects

Fahad Walid Ba' Attash
Alquso  (Khallad)

Crashed into WTC South
@ Other associates of hijackers

o 2 Direct connections

of the original suspects
=== |ndirect connections

Link thickness indicates
the strength of connection
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Social network analysis

Mustafa Ahmed  Agus "

Alhisawi  Budiman !

Raed 3 5 @
Hifazi Khalid Shaikh shmed AT
o TR © Ibrahim Samir Alani

_. Abdelghani
e Mzoﬁdgi I AHMW"
oI

Ahmed Fayez
Alhaznaw Ahmed
* 2 o Essid Sami
“ Ben Khemais
R
; shehr|
Alghamdi Nabil ® @ 4/
S AlMarabh © satam al
amza Suggang et ® Mahmoun
= o ® * Darazanli
Alghamdi .
Marwan
Ahmed | Abdul AZiz Alshehhi
Alghamdi Alomtarl @ @ Q:It(;hamed -
o Waleed a L
Alshehri @ Mohame
Ahmed Haydar Zammer
Alnami ® Ramzi Bin
. Alshibh
Mohamed ® MounirFal
) ~ Motassa
Abdi ® eq
@ - ® Zakariya
Majed Said ~ Essabar
Moged .--\ ) Bahaji
e Zacarias
AN Moussaoui
R g @ Flight AALL
Two original \\ Pt Crashed into WTC North
al-qa'ida o\ @ Flight AA77
suspects @ Bandar % Crashed into Pentagon

Alhazmi~ Rayed
- Mohammed @ Flight UA93

- Abdullah Crashed in Pennsylvania
Faisal

Alsalmi @ Flight UA175
Crashed into WTC South

@ Other associates of hijackers

. h“d w@l'dB e D;rect connections
aha alid Ba' Attas of the original suspects
Ahmed Alguso  (Khallad) il
Alhada ™ == [ndirect connections

USS Cole bombing suspects Link thickness indicates

the strength of connection

Sociometry: present
data on interpersonal
relationships in graph
or matrix form.

Jacob Levy Moreno
used such techniques
in the 1930s to better
assign students to
residential cottages.

Arcs: weights or
(inverted) distance.
Metrics to denote
importance:

- centrality,

- closeness,

- betweenness.

Ildentification of
cliques.
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Social network

the thickness of the arc indicates

organizational entity (resource, the weight of the relationship

person, role, department, etc.)

relationship

the size of the oval indicates
the weight of the entity

w=0.08
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fraction of shortest

betweenness centrality:
paths between any two

1 divided by the sum of

closeness centrality:

degree centrality:
number of connections

all shortest paths to a

a particular node has

nodes passing a
particular node

particular node

Figures by Claudio Rocchini

A wide variety of definitions exist for "importance".
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Handover of work matrix

Pete Mike  Ellen Sue Sean Sara
Pete 0.135 0.225 0.09 0.06 0.09 1.035
Mike 0.225 0.375 0.15 0.1 0.15 1.725
Ellen 0.09 0.15 0.06 0.04 0.06 0.69

Sue 0 0 0 0 0 0.46

Sean 0 0 0 0 0 0.69

Sara 0.885 1.475 0.59 0.26 0.39 1.3
Count the number of times The causal dependencies in
work is handed over from one the process model are used
resource to another (on to count handovers in the
average per case). event log.
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Socilal network based on handover of
work (threshold of 0.1)

Pete Mike Ellen Sue Sean Sara
Pete 0.135 0.225 0.09 0.06 0.09 1.035

In this figure only the Mike 0.225 0375 0.15 0.1 0.15 1.725
thickness of the arcs is Ellen 0.09 0.15 0.06 0.04 0.06 0.69
based on frequencies. Sue 0 0 0 0 0 0.46

Sean 0 0 0 0 0 0.69

©Wil van der Aalst TU/e (use only with permission & acknowledgements) Sara 0.885 1.475 0.59 0.26 0.39 1.3




Handover of work at role level

Assistant Expert Manager
Assistant 1.5 0.5 3.45
Expert 0 0 1.15
Manager 2.95 0.65 1.3

Assistant
w=5.45

w=1.3

Manager

In this figure also the
w=3.6

size of each node is
based on frequencies.
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Soclal network miner in ProM
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Soclal network miner in ProM

= ProM UlTopia G=HECH >
.. ’ @ | ¥ fluxicon
Actions Activty... L ¥
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Actions

| DEFAULT | Mine for a Handove g
' Event Log u M. Song (m.song@unist.a

S e B®

Mine for a Similar-T;
M. Song (m.song@unist.a

Mine for a Handover-of-Work Social Network

Mine for 2'Subcontr M. Song (m.songi@unist.ac.kr)

M. Song (m.song@unist.a

Mins (ors Merkng Mine for a Reassignment Social Network

M. Song (m.song@unist.a

M. Song (m.songidunist.ac.kr)

Mine for a Similar-Task Social Network
M. Song (m.songi@unist.ac.kr)

Mine for a Subcontracting Social Network
M. Song im.songi@unist.ac.kr)

Mine for a Working-Together Social Network
M. Song (m.songi@unist.ac.kr)




Social network based on hand-over of

L2 ProM UlTopia

Social Network (HoW)

Layout

KKLayout v

Ranking

Betweenness Vl

Mouse Mode

|| [TRANSFORMING -

Edges removed for clust

View options

[] shape by degree

[v] size by ranking

[] stretch by degree ratio

[v] show vertex names

[] show edge weight values
[v] show edge

[] stroke highlight on selection

) Group Clusters

() Hyperbolic View
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Social network based on hand-over of

work

L2 ProM UlTopia

Social Network (HoW)

Layout

oo [

Ranking

oveemess

Mouse Mode

TRANSFORMING | v

Edges removed for clust

d\_):] @ »

View options /
[] shape by degree

size by ranking ’
[] stretch by degree ratio /
show vertex names

[] show edge weight values

show edge &
[] stroke highlight on selection

) Group Clusters

) Hyperbolic View




Social network based on similar tasks

7

L2 ProM UlTopia

designed by ' fluxicon

Layout
Ranking
Degree :
Mouse Mode

| [TRaNSFORMING |+ |

Edges removed for clust

View options
[] shape by degree
[] size by ranking
[] stretch by degree ratio
[v] show vertex names
[] show edge weight values
[v] show edge
| [] stroke highlight on selection

 Group Clusters
(_} Hyperbolic View

o uni
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1 a start 10 Pete
1 a complete 12 Pete
1 C start 15 Sue
2 a start 16 Pete
2 a complete 17 Pete
1 c complete 18 Sue
3 a start 20 Pete
2 b start 22 Mary
2 b complete 25 Mary
3 a complete 28 Pete
1 b start 30 Mary
1 b complete 34 Mary
3 d start 35 Mary
3 d complete 37 Mary
2 C start 40 Sue
1 f start 42 Carol
2 C complete 45 Sue
1 f complete 46 Carol
2 e start 50 Kirsten
3 f start 51 Carol
2 e complete 52 Kirsten
2 d start 53 Mary
3 f complete 55 Carol
2 d complete 56 Mary
2 f start 57 Carol
2 f comblete 60 Carol

Count the number of times work is
handed over from one resource to
another (on average per case).

lgnore process model, no need to
consider causalities and concurrency.
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A0V U

1 a start 10 Pete
1 a complete 12 Pete
1 C start 15 Sue
2 a start 16 Pete
2 a complete 17 Pete
1 c complete 18 Sue
3 a start 20 Pete
2 b start 22 Mary
2 b complete 25 Mary
3 a complete 28 Pete
1 b start 30 Mary
1 b complete 34 Mary
3 d start 35 Mary
3 d complete 37 Mary
2 C start 40 Sue
1 f start 42 Carol
2 C complete 45 Sue
1 f complete 46 Carol
2 e start 50 Kirsten
3 f start 51 Carol
2 e complete 52 Kirsten
2 d start 53 Mary
3 f complete 55 Carol
2 d complete 56 Mary
2 f start 57 Carol
2 f comblete 60 Carol

Pete, Sue, Mary, Carol

Pete, Mary, Sue,
Kirsten, Mary, Carol

Pete, Mary, Carol
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e 50 ksl SUe 0.00 |0.33 |0.00 |0.33 0.00

start o1 car Kirsten | 0.00 [0.33 |0.00 |0.00 0.00

complete 52 Kirst

start 53 Mai Carol 0.00 | 0.00 0.00 0.00 0.00
complete 55 Carol
complete 56 Mary

1 a start 10 Pete

1 a complete 12 Pete

1 C start 15 Sue

! c start = S 1. Pete, Sue, Mary, Carol

2 a complete 17 Pete

1 c complete 18 Sue 2. Pete’ Mary’ Sue’

3 a start 20 Pete Kirsten, Mary, Carol

2 b start 22 Mary

2 b complete 25 Mary 3. Pete, Mary, Car0|

3 a complete 28 Pete

1 b start 30 Mary

1 b complete 34 Mary

. T Pete | Mary |Sue |Kirsten | Carol
2 c start 40 SW pete |0.00 [0.66 |[0.33 |[0.00 0.00
1 f start 42 Car

2 Cc complete 45 Su Mary 0.00 | 0.00 0.33 0.00 1.00
1 f complete 46 Car

2 e

3 f

2 e

2 d

3 f

2 d

2 f

2 f

start 57 Carol
complete 60 Carol PAGET




Profiles based on resource-activity matrix

a b C d e f g h
Pete 0.3 0 0.345  0.69 0 0 0.135 0.165
Mike 0.5 0 0.575 1.15 0 0 0.225  0.275
Ellen 0.2 0 0.23 0.46 0 0 0.09 0.11
Sue 0 0.46 0 0 0 0 0 0
Sean 0 0.69 0 0 0 0 0 0
Sara 0 0 0 0 2.3 1.3 0 0

find the three
profiles
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Social network based on similarity of
profiles

Resources that execute similar collections of activities are
related. Sara is the only resource executing e and f. Therefore,
she is not connected to other resources. Self-loops are

suppressed as they contain no information (self-similarity).
©Wil van der Aalst TU/e (use only with permission & acknowledgements)




Clustering of resources

resource

average nof

average nof

average nof

name times a was times b was times c was
executed executed executed
Pete 0.15 0.00 0.05
Sue 0.16 0.00 0.04
Mary 0.07 0.01 0.14
Clare 0.09 0.02 0.13
John 0.00 0.80 0.00

©Wil van der Aalst TU/e (use only with permission & acknowledgements)
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Clustering of resources

average nof

average nof

resource average nof
name times a was times b was times c was feature vector
executed executed executed
Pete 0.15 0.00 0.05
Sue
Mary : .
Clare 0.09 0.02 0.13
John 0.00 0.80 0.00

©Wil van der Aalst TU/e (use only with permission & acknowledgements)
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Clustering of resources

©ow

feature vector

resource average nof average nof average nof
name times a was times b was times ¢ was
executed executed executed
Pete 0.15 0.00 0.05
Sue
Mary
Clare 0.09 0.02 0.13
- John
O
) Pete QMary
® Sue OCIare I—

Pete

nE

Sue Mary

-

Clare

John



So we can mine soclal networks based on handover of
work matrix or resource-activity matrix ...
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conclusion
and outlook



Enhancement. making better /more

useful process models

“world”

business

people  machines

components
organizations

models
analyzes

(process)
model

processes

~.

supports/
controls
software
system i
\ records
events, e.g.,
N messages,
specifies transactions,
configures etc.
implements Y
analyzes /\
— \¥/
discovery
conformance Iogs
enhancement e

©Wil van der Aalst TU/e (use only with permission & acknowledgements)
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Bringing it all together

—

Step 1: obtain an event log event

\/ \
Step 2: create or discover
a process model

\/ start register

Step 3: connect events in request
the log to activities in the

Step 4: extend the model (Role A:

Assistant

examine
thoroughly

pay

examine
casually

reject
request
reinitiate
request

Role M:

Manager
o

_\\/ Pete Sara
©
c Mike
S o
% Z ] o = 8
|I
N © o > o > g 2 en
c O = = 0 = — "5'
sl ol o | o
o0 — O oo o -
— = o o =] examine
co|lBa|Bn|lT? thar ghly
o T O T = c 5
o T o| ® o L -
°© o o c
© o examine
\ \I/ / start register
- request

cit Ty
- / ’
4

check ticket

reject
request

Step 5: return
integrated model reinitiate

request
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Bringing it all together

—

Step 1: obtain an event log event High-level

— L languages

Step 2: create or discover (e'g" BPMN)
a process model cover all

\/ rr these

Step 3: connect events in et perspectlves
the log to activities in the

examine
thoroughly

pay

examine
casually

reject
request
reinitiate
request

Step 4: extend the model ("Role A: Role M:
Assistant Manager
\ Pete
('_5 \
c Mike
S o
-; > 8
ﬁ = g g B > Ilen
—_ O o = v > c =
c O E = 0 = - O
c = 0O C O [SER)
oW — O (SR ) o _
o = o o © examine
co|lBa|Bn|lT? thar ghly
o o T o T o
© T o| ® o L !
'% o o c
examine
register cit nlly
\I/ = request | /o I
4 A
Step 5: return reject
check ticket request

integrated model reinitiate

request
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Bringing it all together

—

Step 1: obtain an event log event

\/ \
Step 2: create or discover
a process model

—

Step 3: connect events in
the log to activities in the

Step 4: extend the model (Role A:

Assistant

High-level
languages
(e.g., BPMN)
cover all
these
perspectives.

examine
thoroughly .
cl . c3 pay

c

examine
casually

start

reject
request
reinitiate
request

Role M:

Even possible to
automatically

Pete

1
\

©

c Mike

S o | - | t
= 2 earn simuilation

= Q o o Ilen

NG o >

co|g2|832 |8 models!

c = 0O C O [SER)

o0 — O oo o -

o = S o S o © 7 examine

o 8_ S ¥ ] n '8 o thaighly

S S
° o | o L 1
'% o o c
examine
[ —— | register cit nlly 4
\I/ = request "\D/i II
d -
Step 5: return _ reject
check ticket request

integrated model
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Wil van der Aalst
Process Mining

Data Science in Action, Second Edition

15|BY 19p UeA

This is the second edition of Wil van der Aalst’s seminal book on process mining,
which now discusses the field also in the broader context of data science and big data
approaches. It includes several additions and updates, e.g. on inductive mining tech-
niques, the notion of alignments, a considerably expanded section on software tools
and a completely new chapter on process mining in the large, It is self-contained, while
at the same time covering the entire process-mining spectrum from process discovery
to predictive analytics.

After a general introduction to data science and process mining in Part [, Part II pro- WI | Va n der Aa IS't

vides the basics of business process modeling and data mining necessary to understand
the remainder of the book. Next, Part III focuses on process discovery as the most
important process mining task, while Part IV moves beyond discovering the control
flow of processes, highlighting conformance checking, and organizational and time

perspectives. Part V offers a guide to successfully applying process mining in practice,
including an introduction to the widely used open-source tool ProM and several com-
mercial products. Lastly, Part V1 takes a step back, reflecting on the material presented —
and the key open challenges.
Overall, this book provides a comprehensive overview of the state of the art in process
computer scientists and

mining, Itis intended for business process analysts, business consultants, process man-
[ Data Science in Action

agers, graduate students, and BPM researchers.
s and the exploitation of

Features and Benefits:

+ First book on proc reen business process

process mining within the
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naterial, e.g. on data quality,
ues and the notion of
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