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extended model
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predictions
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Big Data

Source: “Big Data: The Next Frontier for Innovation, Competitioh,

and Productivity” McKinsey Global Institute, 2011. SN -’
‘ —




Hilbert and Lopez. The World's Technological Capacity to Store, Communicate,
and Compute Information. Science, 332(6025):60-65, 2011.















How good is my model?




“able to replay event log” “Occam’s razor”

fitness simplicity

process
discovery

generalization precision

“not overfitting the log” “not underfitting the log”



“able to replay event log”

fitness

process
discovery

generalization

“not overfitting the log”

“Occam’s razor”

simplicity

precision

“not underfitting the log”

examine
thoroughly

examine
casually

start register

request

request

reinitiate
. . . request . -
N; : fitness = +, precision = +, generalization = +, simplicity = +

start  register examine check decide reject end
request casual!y . ticket i i X r_eq_uest
N, : fitness = -, precision = +, generalization = -, simplicity = +

check
ticket

examine
thoroughly
pay

start

register examine
request casually

f reinitiate .
request r:;:’;;t
N3 : fitness = +, precision = -, generalization = +, simplicity = +

register examine decide pay

request i casually compensation

register examine
request casually

register examine decide reject
request casually request

start 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

455
191
177
144
111
82
56
4
38
33

hy)

1

[N

acdeh

abdeg

adceh

abdeh

acdeg

adceg

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




examine
thoroughly

pay
compensation

C

examine €
casually decide

start register
request

end

d

check ticket

reject
request

reinitiate
request

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

trace

455
191
177
144
111
82
56
a7
38
33
14
11
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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
82|adceg
56 |adbeh
47|acdefdbeh
38|adbeg

@—»aa@—»ca@—»da@—»eag—»hag 33|acdefbdeh

start register examine check decide reject end 14 |acdefbdeg
request casually ticket request

N, : fitness = -, precision = +, generalization = -, simplicity = + 11]acdefdbeg
adcefcdeh
adcefdbeh
adcefbdeg
acdefbdefdbeg
adcefdbeg
adcefbdefbdeg
adcefdbefbdeh
adbefbdefdbeg
adcefdbefcdefdbeg
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examine
thoroughly

check
ticket

trace

455
191
177
144
111
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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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a C g

register check examine decide pay
request ticket casually compensation

a C d g

register xamine check decid pay
request casually ticket compensation

aa@—»d C h

register check examine decide reject
request ticket casually request

a C d e h

register examine check decide reject
request casually ticket request

:
:
:
¢

D

¢
:
:

¢
¢
¢
¢

end

start

m = (all 21 variants seen in the log)

a b d

register examine check decide pay
request thoroughly ticket compensatign

a () d b

register check examine decide reject
request ticket thoroughly request

0.
G
:
.

g
:
.

register examine check decide reject
request thoroughly ticket request

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

trace

455
191
177
144
111
82
56
a7
38
33
14
11
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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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Process Discovery




_ distributed genetic mining
automata-based learning

o . language-based regions
heuristic mining guag g

genetic mining state-based regions

i LTL minin
stochastic task graphs Ining

neural networks
fuzzy mining

o hidden Markov models
mining block structures

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

a# algorithm ILP mining

a++ algorithm
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“able to replay event log” “Occam’s razor’

fitness simplicity
process
discovery
generalization precision
“not overfitting the log” “not underfitting the log”

Adding a place limits behavior:
« overfitting = adding too many places
e underfitting = adding too few places

b
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A place is feasible if it
can be added without
disabling any of the

traces in the event log.
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Conformance Checking




abeg

start

register
request

examine
thoroughly

C

examine
casually

r=1

d

check ticket

decide

reinitiate

request

request

= 0.83333



N1 b
examine
thoroughly
g
c p3 pay
a e compensation
examine
start register casually decide p5 end
request h
p4 reject
request
f reinitiate
request
N2 b pay
examine compensation g
thoroughly
a c d —»Q—» e
start  register examine  p2 check p3 decide end
request casually ticket h
f reject request
reinitiate request
N3 c
p1 examine p3
casuall
a y e-—»(i}—» h
start register decide p5 reject end
request d request
p2 check p4
ticket
N examine check
4 thoroughly b d ticket g
pay —
compensation
a
start register examine c end
request casually — h
e f reinitiate oot
decide request rejec

request

trace

455
191
177
144
111

82

56

acdeh
abdeg
adceh
abdeh
acdeg
adceg
adbeh
acdefdbeh
adbeg
acdefbdeh
acdefbdeg

acdefdbeg

9|adcefcdeh
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adcefdbeh
adcefbdeg
acdefbdefdbeg
adcefdbeg
adcefbdefbdeg
adcefdbefbdeh
adbefbdefdbeg
adcefdbefcdefdbeg
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observed trace: “abeg”

Q
@)

>» e

QD
O
O
@
Q

A

examine
thoroughly
g
. pay
mMmaove In a C. o compensaﬁj
examine
start register casually decide end
model only regste -
reject
check ticket request
f <
reinitiate

request



observed trace: “abcdeq”

D

QD

examine
thoroughly
g
c pay
compensation
end

a examine e
. start register casually decide
m Ove I n request /CD/ -
d reject
I (@) g on Iy check ticket request
f reinitiate

request



move in log

a b > d e g
a > C d e g
move in _

Optimal alignment describes modeled behavior

closest to observed behavior

trace in
event log

/éﬁﬁﬁﬁ///
TS

possible run
of model
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 Standard cost function:

-Cc(X,») =1
—c(»y)=1
-c(x,y) =0, If x=y

—C(X,y) = =, If XY

QD

O




a > e >» g

a d | e b g
BEBORL
a » » g
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send-letter(John,2
weeks, $400)

send-email(Sue,3
weeks,$500)

Similar activities (more similarity implies lower costs).

Resource conformance (done by someone that does
not have the specified role).

Data conformance (path is not possible for this
customer).

Time conformance (missed the legal deadline)



Our A* algorithm
exploits the Petri
net marking
equation and uses
other “tricks” to
prune the search
space.

Aligned event log is

S

0 000

starting point for other

types of analysis.

start register

examine
thoroughly

examine
casually
request

request

reinitiate
request

N; : fithess = +, precision = +, generalization = +, simplicity = +

start  register
request

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

start register

tart

check
ticket

examine
casually

decide reject end

request

examine
thoroughly

a

examine

request casually

reinitiate )
request reject
request

N3 : fithess = +, precision = -, generalization = +, simplicity = +

examine
casually

check
ticket

register
request

check
ticket

examine
casually

register
request

examine
casually

check
ticket

register
request

reject
request

decide

check
ticket

examine
casually

register
request

decide

examine
thoroughly

check
ticket

register
request

examine
thoroughly

check
ticket

register
request

check
ticket

register
request

examine decide

thoroughly
N, : fithess = +, precision = +, generalization = -, simplicity = -

request

trace

455
191
177
144
111
82
56
47
38
33
14
11
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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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Distributing/Decomposing “Big Data”

Process Mining Problems







—

acefgiikl ©
acddefhkjil
abdefjkgil process
acdddefkhijl discovery
acefqgijkl
abefgjikl
“an b
skip extra
insurance

O_
OO

in boo r cl add extra
insurance

there are more
than 1.000.000
cases?

there are more
than 100.000.000
events?

c2

conform.ance addexta
checking insurance g
c8
skip extra h
insurance
d chan_ge c5 c9
booking ;
o i
select car
c6
confirm c3 initiate check driver's ¢10° 7 supply out
check-in license car
k
c7 cll

there are more than
1000 different
activities?

charge credit
card



multicore CPU
manycore GPU
cluster computing
grid computing
cloud computing



abcdeg
abdcefbcdeg
abdceg
abcdefbcdeg
abdcefbdceg
abcdefbdceg ¢
abcdeg
abdceg
abdcefbdcefbdceg
abcdeg
abcdefbcdefbdceg
abcdefbdceg @—> a b c2
abcdeg
abdceg [

abdcefbcdeg
abcdeg

]
QR

c6 out

c3 c5



abcdeg
adcefbcfdeg
abdceg
abcdefbcdeg
abdfcefdceg
acdefbdceg
abcdeg
abdceg
abdcefbdcefbdceg
abcdeg
abcdefbcdefbdceg
abcdefbdceg
acdefg
adcfeg
abdcefcdfeg
abcdeg

3

abcdeg
abdceg
abcdefbcdeg
abcdeg
abdceg
abdcefbdcefbdceg
abcdeg
abcdefbcdefbdceg

abcdefbdceg
abcdeg

b is often
skipped

f occurs
too often




sets of
cases

sets of
activities




N

@

Yiay

@

S

abcdeg abcdeg abcdeg abcdeg abcdeg
abdcefbedeg abdcefbedeg abdcefbcdeg abdcefbedeg abdcefbcdeg
abdceg abdceg abdceg abdceg abdceg
abcdefbecdeg abcdefbedeg abcdefbedeg abcdefbedeg abcdefbedeg
abdcefbdceg abdcefbdeeg abdcefbdceg abdcefbdceg abdcefbdceg
abcdefbdceg abcdefbdeeg abcdefbdeceg abcdefbdeceg abcdefbdeeg
abcdeg abcdeg abcdeg abcdeg abcdeg
abdceg abdce abdce abdceg abdce
abdcefbdcefbdceg abdcefbdcefbdceg abdcefbdcefbdceg abdcefbdcefbdceg abdcefbdcefbdceg
abcdeg abcdeg abcdeg abcdeg abcdeg
abcdefbedefbdceg abcdefbedefbdceg abcdefbcdefbdceg abcdefbedefbdceg abcdefbedefbdceg
abcdefbdceg abcdefbdeeg abcdefbdeeg abcdefbdceg abcdefbdeeg
abcdeg abcdeg abcdeg abcdeg abcdeg
abdceg abdceg abdceg abdceg abdceg
abdcefbedeg abdcefbedeg abdcefbcdeg abdcefbedeg abdcefbcdeg
abcdeg abcdeg abcdeg abcdeg abcdeg

Only makes sense if random elements,
e.g., genetic process mining.




sets of
cases

T
N

abcdeg
abdcefbcdeg
abdceg
abcdefbcdeg
abdcefbdceg
abcdefbdceg
abcdeg
abdceg
abdcefbdcefbdceg
abcdeg
abcdefbcdefbdceg
abcdefbdceg

abcdeg
abdceg
abdcefbcdeg
abcdeg

abcdeg
abdcefbcdeg
abdceg
abcdefbcdeg
abdcefbdceg
abcdefbdceg
abcdeg
abdceg

abdcefbdcefbdceg
abcdeg
abcdefbcdefbdceg
abcdefbdceg
abcdeg
abdceg

abdcefbcdeg
abcdeg



T
]

abcdeg
abdcefbcdeg
abdceg
abcdefbcdeg
abdcefbdceg
abcdefbdceg
abcdeg
abdceg
abdcefbdcefbdceg
abcdeg
abcdefbcdefbdceg
abcdefbdceg

abcdeg
abdceg
abcdeg
abdceg
abcdeg
abcdeg

abcdeg
abdceg
abdcefbcdeg
abcdeg

abdceg
abcdeg

abdcefbcdeg
abcdefbcdeg
abdcefbdceg
abcdefbdceg
abcdefbdceg

abdcefbcdeg

T
S

abdcefbdcefbdceg

abcdefbcdefbdceg

~_



sets of
activities

2R
N

|
C O

abcdeg abeg bcde
abdcefbcdeg abefbeg bdcebcde
abdceg abeg bdce
abcdefbcdeg abefbeg bcdebcde
abdcefbdceg abefbeg bdcebdce
abcdefbdceg abefbeg bcdebdce
abcdeg abeg bcde
abdceg abeg bdce
abdcefbdcefbdceg abefbefbeg bdcebdcebdce
abcdeg abeg bcde
abcdefbcdefbdceg abefbefbeg bcdebcdebdce
abcdefbdceg abefbeg bcdebdce
abcdeg abeg bcde
abdceg abeg bdce
abdcefbcdeg abefbeg bdcebcde
abcdeg abeg bcde

—~



projected on

a,b,ef,g

abeg
abefbeg
abeg
abefbeg
abefbeg
abefbeg
abeg
abeg
abefbefbeg
abeg
abefbefbeg
abefbeg
abeg

abeg
abefbeg
abeg

—

In

c1

/

—— - T

?

e )

c2

¢

Quf

c3

c6

projected on

out

b,c,d,e

bcde
bdcebcde
bdce
bcdebede
bdcebdce
bcdebdce
bcde
bdce
bdcebdcebdce
bcde
bcdebedebdce
bcdebdce
bcde
bdce
bdcebcde
bcde




Passages for Horizontal Distribution










a passage is minimal if it does not
contain smaller passages
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 Any process model can be partitioned in minimal
passages.

« Discovery and conformance checking can be done
per passage!

| clouds may contain
R q f h >/( arbitrary subprocesses not
\ \ 7\ | explicitly recorded in the
event log (invisible activities
LD | LD

or small networks used for
/ \‘ / | routing, e.g. XOR/AND/OR-

b e I - - -
split/joins)




“The event log fits all
passages if and only if
the event log fits the
whole model.”

f

N ATNFIATN
LD | LD | LD

—
—
N

b

=il 5

[ s

\}
d

—’@@F” N

Key insight: interface transitions controlled by event log
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abcdeg
abdcefbcdeg
abdceg
abcdefbcdeg
abdcefbdceg
abcdefbdceg
abcdeg
abdceg
abdcefbdcefbdceg
bed

abcdeg
abcdefbcdefbdceg
abcdefbdceg

abcdeg

abdceg
abdcefbcdeg

abcdeg

abcdeg
abdcefbcd

abdceg
abcdefbcd
abdcefbd

aherdafhde

abcdeg
abdceg
abdcefbdceft

abcdeg
abcdefbcdefk
abcdefbdc

abcdeg
abdceg
abdcefbcd
abcdeg
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aceﬂ add extra
acddefl insurance g
abdefl c8
acdddefl 0
acefl . h
skip extra
Qﬂ/ b insurance
skip extra
; change
insurance d - cS c9
booking i
Q_, a c select car
in book car cl addextra  ¢2 c6
insurance .
e —> —> f —> —> | > > | —— )
confirm c3 initiate check driver's ¢10 7 supply out
check-in license car
k
c7 cll

charge credit
card



acefl
acddefl
abdefl
acdddefl
acefl
abefl

nnnnnnnnn

nnnnnnnnn

skip extra change

insurance | b d | booking
alI—» c e —— f —> |

insurance check-in car



N
M
ac
ac

ab
ac

ac
ab

a

book car

c1

/v b
skip extra
insurance

o

add extra
insurance

ef
ef
ef
) ef
change
b booking ef
skip extra f
insurance d ‘/
c
nce -
e confirm c3 initiate
confirm check-in
skip extra A change
insurance | b » d | booking
e
a » C > e f > |
book car  add extra confirm initiate supply
insurance check-in car

add extra
insurance
J
ol
skip extra 0
insurance
ch5
i
select car

o

f

o' T

j

initiate

check-in

check driver’s
license

o

k

c/

charge credit

card

c8
c9
|
c¢10 supply
car
c11









Conclusion




Conclusion

“Big Data”
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