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Design-time analysis vs run-time analysis
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Progess Mining
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More and mare information about business processes is recorded by informaticn
systems in the form aof so-called "event kogs”. Despite the omnipresznce of such data,
mast arganizations diagress prohlems based on fiction rather than facts. Process
mining is an emeTging disdpline based oo process medd - driven approaches end data
minirg. It not cnly allows onganizations to fully benefit from the information stared
in their sysierms, but it cm also be used 1o check the conformance of processss, debect
‘bottlenecks, and predict execution problems.

Wi van der Aalst delivers the first book oo process mining. Itaims tobe sl-contained
whill e covering the entire process mining specirum from process discovery to opem-
tiomal suppart. In Part L the anthor poovides the basics of business process modeling
10d data mining nevessary to understand the remainder of the hook. Part 11 focoses on
process discomery as the most importank process mining task. Part [0 moves beyond
disoowering the contral flow of processes and highlights conformance chedeing, and
organizatioral and time perspectives. Part 1V guides thereader in successfully applying
process mining in practice, inchiding an introduction to the widely used open-source
taal Probd. Finally, Part V takes a step bade. reflecting on the material presented and
thie Joey open challenges.

Orrerall, this book providesa com prebersive overview of the state of the art in process
mining, It is irtended for business process analysts, business consulants, process
managers, graduaie students, and BPM ressarchers.
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« First book on process mining, bridging the gap between business process

= 'Written by one of the most inAuential and mast-cied computer scienkists
1nd the best-known BPM researcher.
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mining sedftware Probd.
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Process discovery = Play-In
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start

P Oze

end

p4

L = [(a,b,c,d>3, (a,ab,d)zj (a,e,d)]

Event log contains all possible
traces of model and vice versa.




Another example

@—>a f<—©<—e d4,©

start PS end

p2 c p4

L2 — [<Cl,b,€,d>3, (a,c,b,d>4,<a,b,c,e,f,b,c,d)2, <a,b,c,e,f,c,b,d>,
<Cl,C,b,€,f,b,C,d>2, <d,C,b,€,f,b,C,€,f,C,b,d>]

Generalization: event log contains only subset
of all possible traces of model.




Notation is less relevant (e.g. BPMN)




Another BPMN example

L2 — [<d,b,€,d>3, (a,c,b,d>4,<a,b,c,e,f,b,c,d)2, <a,b,c,e,f,c,b,d>,
<Cl,C,b,€,f,b,C,d>2, <d,C,b,€,f,b,C,€,f,C,b,d>]




Challenge

* In general, there is a trade-off between the following
four quality criteria:

1.Fitness: the discovered model should allow for the
behavior seen in the event log.

2.Precision (avoid underfitting): the discovered model
should not allow for behavior completely unrelated
to what was seen in the event log.

3.Generalization (avoid overfitting): the discovered
model should generalize the example behavior seen
In the event log.

4.Simplicity: the discovered model should be as
simple as possible.

' PAGE 11
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Process Discovery:
example of algorithm
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> —,||,# relations

L = [(a,b,c,d>3, (a,c,b,d}z, (a,e,d)]

 Direct succession: x>y iff
for some case x is directly

followed by y. abcd
- Causality: x>y iff x>y and achd
not y>x. aed
: b
« Parallel: x|y iff x>y and a>
y>X a>C | la—b X b#e
. . a>e e#b
« Choice: x#y iff not x>y and b>c a—C bl[c
not y>x. a—e c#He
b>d cl|b attd
c>b b—d
c>d | | c—d
e>d | |le—>d |




Basic Idea Used by O Algorithm (1)

(a) sequence pattern: a—b




Basic Idea Used by O Algorithm (2)
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Basic ldea Used by O Algorithm (3)

Wplit pattern:

() AND-spliizpatte P a—c, and b||c

a—b, a—c,and b




Example Revisited

a>b || a—oDb!| bllc || b#e

a>C || g_sc || Cllb || e#b

boe || 278 e

C a

> b—d

c>b c—d

c>d e—d

e>d

® {1 * L1 » -0

start end
P2 c p4

Result produced by A algorithm TR PacE 18



Footprint of L,

Ll — [<anbacnd>3a <aacabad>2a <d, €,d>]

e Qi oN

start \(: end
P2 C p4

a b C d e
a #Ll —L, — L, #Ll —7 L,
b —r, i Iz, —r, #
C —r Lo —Ln #L
d #1, L, I, #r, 1,
e I, #1, #1, —L, #r,




Footprint of L,

L, =[(a,b,c,d)’, (a,c,b,d)* (a,b.c.e.f,b,c,d)?, (a,b.c.e.f.c.b,d),
(a,c,b,e.f,b,c,d) 2,<a c,b,e.f,b,c,e.f,c,b,d)]

b

(&)— 2

start p5
c 4
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Simple patterns

~ L~
1O
- RS

(a) sequence pattern: a—b

|- ~

/
o
®
/

~

c/\b/

>~ -
(b) XOR-split pattern: (c) XOR-join pattern:
a—b, a—c, and b#c a—c, b—c, and a#b
|- ~
O—F -0
- / ~ - P
a C
~ \ O~ ™~
O—-[F -
~ -
(d) AND-split pattern: (e) AND-join pattern:

a—b, a—c, and b||c a—c, b—c, and a||b I M PAGE 21



Algorithm

Let L be an event log over T. a(L) is defined as follows.
1. T, ={teT | 3
2. T, ={teT | 3__ t=first(c) },
3.To={teT | 3__ t=last(c)},
4. X ={(AB)| AcT, AA#8ABcCT AB#@ A

VacaVhep@ LD A Va8, A Vi, g bi# by 1
Y ={(AB) e X_ | Viap-c x AcA ABc B'= (A,B) = (A',B") },
6.PL={Pup | (AB)eY }Ai,o}k
I.F ={(@ppp) | (AB)eY nraecA} U{(Pngb) | (AB)e

Y AbeB} O{(i,t) | teT} U{(to) |te T}, and

8. a(l) = (P, T,.F).

. tea}

ol

: '. ) PAGE 22



Key idea: find places

A:{al,az, am} B:{bl,bz, e bn}

4. X ={(AB)| AcT, AA#aABcT AB#o A
VacaVbep@ 2D A Vagpcadifa, AV g bi# by}

S. YL = { (A’B) < XL | V(A',B') € XLAg A’ B & B'= (A’B) = (A”B’) }’

PAGE 23



Places as footprints

aj an m bl bg bn
ai # # # — — —
> 1 # # — — —
m 1 — — —
by — — — # # #
b — +— +— # # #
by, - - - w ko 7




b
L, L Ly L, Ly /'©< >:>\
L 1, Iz, L L, @_' ? i ° i ‘
L ||L1 #Ll — L #Ll " \<2< E/’
I 1 1 I p - p
I i 1 i

o Qo Q9

XL] — {({CI} {b})* ({ﬂ}{{,}) ({CI} {8}) ({a}* {b*"a}) ({CI} {CF})
({6}:4d}). ({c}1d}). ({e}.1d}). (1b. e}, {d}). (1c.e}.1d}) }

Yo, = {({a}.{b.e}), ({a} . {c,e}), ({b,e}. {d}), ({c,e} . {d})}




Another event log L,

L3 — [(aabacadae:fabadaCa€:g>7
(a,b,d,c,e,g)z,
(a,b,c,d,e,f,b,c,d,e,f,b,d,c,ejgﬂ

*+ % T =+ | #|o
* # | o= # T #H

e
#
#
N
N
#
%
s

# # T == ] #|x

b
N
#
P
—
#
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a b ¢ d e f g

a # - # L # # #

b — # — — # — #

Model for L, e I T
d # — I # — # #

e # # — — # — —

f # - # = — # #

g # # i ' — i #

L3 — [(a,b,c,d,e,f,b,d,c,e,g>,
(a,b,d,c,e,g)z,
<Cl,b,C,d,€,f,b,C,d,€,f,b,d,C,€,g>]

@—» a b Pb}ich Pdchien e g —»@
i P{a.f.{0} \Q—y d —>©/Y Penir.ah OL

Pb}.{a) Pa).fen

PAGE 27




Another event log L,

Ly=[(a.c.d)® (b.c.d)? (a.c.e)*®. (b.c.e)?]

a d
iL b Pta.b).{c) Pichid.e) e oL




Event log L.

LS — [<a?b?e?f>2? <a?b?eﬁcﬂd?bﬂf>3? <a?bﬂcﬂeﬂd?bﬂf>2?
(a,b,c,d,e,b,f)* (a,e,b,c,d,b.f)°]

a b C d e f
a # — # # — #
b — # — — —
C # — # — #
d # — — # #
¢ ~ | || || o
f # — # # — #




T; ={a,b,c,d.e.f}
= {a}
=1/}
X ={({a},{b}),({a},{e}), {b}.{c}), ({0} 4 }), ({c}, {d}),
({d}.{b}), (e}, f 1), ({a,d}{D}), ({0} {c.f 1)}
Yo ={({a}.{e}),{c}.{d}), ({e}, {f}), ({a,d},{b}), ({b}{c.f})}
PL={P({a} {e}) P({e}(a}) (e} A1) P (fad} {0}) P (b} fe 1)+ 1L OLY
Fr. ={(a,pay.1e1)s (Payge1)€)s (€0 4a1)) s (Plgey {ay)- ),
(&:P(ey i) (Pgergrn ) (@ P({aaygo1))s (ds P{a.ay.go}))
(Paay1o1):0)s D2y fe) ) Py fey) € (P} fer) )

(iL:a): (f OL)}
o(L) =(Pr.TL,FL)




Discovered model

d fe—( ] c

b

&

Pa,d.(b)

({c}.{d})

Pdb}ic.m

O

e

4,@0L

N s

Pa}.{e})

Perim)

Xp=1(a},1by),(aj,{ey), (1by,1ch), (10}, Af 1), (1), 1d}),
({d},1b}), (Rer, f 1), (Wa,d}, 1b}), (10}, {c.f 1)}
Yp =1(ag,1e}). (icy.1d}), ({ep, 1), (1a.dy, 1by), (1by. 1./ 1)}
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Limitation of a algorithm

(implicit places)

Lo = [(a,c,e,g)?, (a,e,c,g)>, (b,d.f,8)*, (b.f,d,g)"]

%?

P1

P2

;

Green places are implicit!

' PAGE 33



Limitation of a algorithm
(loops of length 1)

L7 = [{a,c)? {a,b,c)’, {a.b,b,c)?, (a,b,b,b,b,c)"]

b

O[O0




Limitation of a algorithm

(loops of length 2)

Ls = [{a,b.d)’ . (a,b,c.b.d)*, (a,b.c.b.c.b,d)]

(&1




Limitation of a algorithm
(non-local dependencies)

o CH e e

Green places are not discovered!

Ly = [{a,c,d)®, (b,c,d)**, (a,c,e)’®, (b,c,e)??]

' PAGE 36



Difficult constructs for a algorithm

7 ~

. /'Q\uf/'
JoRmp: S

~

. ' PAGE 37



Taking the transactional life-cycle into

account

O,

a C
assign assign
assigned suspend assigned
start running >® start
suspended
resume
FUnNin complete .
g running
complete — complete




Rediscovering process models

simulate - discover

> event >
log

discovered
process
model

N1

original process
model

The rediscovery problem: Is the discovered model
N’ equivalent to the original model N?

PAGE 39



Challenge: finding the right
representational bias

@—>a—>©—>a—>©

start P end

There is no WF-net with unique visible labels that exhibits this behavior.

. ' PAGE 40



Another example |5l (a,b,c)*" (a,c)™

a
@Q—»M c —»Q There is no WF-

start pl pl end net with unique
(b) visible labels
that exhibits this

/Q\ behavior.

start pl pl end




Challenge: noise and incompleteness

* To discover a suitable process model it is
assumed that the event log contains a
representative sample of behavior.

 Two related phenomena:

— Noise: the event log contains rare and
infrequent behavior not representative for
the typical behavior of the process.

- Incompleteness: the event log contains
too few events to be able to discover
some of the underlying control-flow
structures.

' PAGE 42



More on incompleteness

To illustrate the relevance of completeness, consider a process consisting of 10
activities that can be executed in parallel and a corresponding log that contains infor-
mation about 10,000 cases. The total number of possible interleavings in the model
with 10 concurrent activities 1s 10! = 3,628,800. Hence, it is impossible that each in-
terleaving is present in the log as there are fewer cases (10,000) than potential traces
(3,628,800). Even if there are 3,628,800 cases in the log, it is extremely unlikely that
all possible variations are present. To motivate this consider the following analogy.
In a group of 365 people it is very unlikely that everyone has a different birthdate.
The probability is 365!/365%% ~ 1.454955 x 10~1°7 ~ 0, i.e., incredibly small. The
number of atoms in the universe is often estimated to be approximately 107 [129].

See also chapter 3 (cross-validation, precision, recall, etc.)

PAGE 43



Challenge: Balancing
Between Underfitting and
Overfitting




Challenge: four competing quality

criteria
“able to replay event log” “Occam’s razor”
fitness simplicity
process
discovery
generalization precision

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

' PAGE 45



Flower model

@-—+ start - end —+Q

' PAGE 46



What is the best model?

ACD 99 B
ACE 0
BCE 85
BCD 0 A

. ' PAGE 47


http://upload.wikimedia.org/wikipedia/commons/0/03/Green_check.svg�

What is the best model?

ACD 99 B
ACE 88
BCE 85
BCD 78 A

. ' PAGE 48


http://upload.wikimedia.org/wikipedia/commons/0/03/Green_check.svg�

What is the best model?

ACD 99 B
ACE 2
BCE 85
BCD 3 A

. ' PAGE 49



Example: one log four models

examine
thoroughly

pay

examine
start register casually
request

request
reinitiate

. . . lequest . .
N; : fitness = +, precision = +, generahzatlon =+, S|mpI|C|ty =+

(@~ a]+(Oc O d O e O =)

start  register examine check decide reject  end
request casually ticket request

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

“able to replay event log” “Occam’s razor”
examine check
- . .. thoroughly ticket
fitness simplicity
start  register I
request casually .
process qecite € | P et
discovery N; : fitness = +, precision = -, generalization = +, simplicity = +
generalization precision e ket £
“not overfitting the log” “not underfitting the log” reERer I e

request casually ticket

register check examine
request ticket casually

start register examine check decide
request casually ticket request

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

register examine check
request thoroughly ticket

register examine reject
request i thoroughly request

register examine check decide reject
request thoroughly ticket request

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

trace

455
191
177
144

acdeh

abdeg

adceh

abdeh

acdeg

adceg

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




trace

thoroughly

compensation

(0)—

check ticket

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

455
191
177
144
111

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

L 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 O

w
w

@ {a-OA OO OO

start  register examine check decide reject end
request casually ticket request

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

N
NS

acdefdbeg
adcefcdeh
adcefdbeh
adcefbdeg
acdefbdefdbeg
adcefdbeg
adcefbdefbdeg
adcefdbefbdeh
adbefbdefdbeg
adcefdbefcdefdbeg

L P P N N W 01 00 ©

1391




(0)—{a

examine
thoroughly

start

register
request

examine
casually

decide

check
ticket

reinitiate
request

pay —
compensation

reject

request

end

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

trace

455
191
177
144
111

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

L 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




start

register
request

register
request

a

register
request

Q.
¢
¢

check
ticket

check
ticket

examine
casually

b

examine
thoroughly

check
ticket

d

check
ticket

register check examine
request ticket thoroughly
register examine check
request thorough'y t|Cket

¢

(all 21 variants seen in the log)

1O

decide

:
:

decide

decide

ea@—»h

pay
compensation

reject
request

reject
request

reject
request

reject
request

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

end

trace

455
191
177
144
111

P P W W A~ 01
R A W O N ODN

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




Why Is process mining such a difficult

problem?

 There are no negative examples (i.e., alog shows
what has happened but does not show what could
not happen).

 Due to concurrency, loops, and choices the search
space has a complex structure and the log typically
contains only a fraction of all possible behaviors.

 Thereis no clear relation between the size of a model
and its behavior (i.e., a smaller model may generate
more or less behavior although classical analysis
and evaluation methods typically assume some
monotonicity property).
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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”
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Example of a Lasagna process: WMO

2009 2811.2008 29122008
2300 E HUEIg

Task ID |~
[¥] Size shows # of events
First Event |~
[] descending

Zoom in |

=
El
o
@
=]
=3
a
£
=4
]
=
Tl

iComponent Type: Instance ID
# of components: 528

ilems
lime{first)

max spread [220,0

[o0R3x | p (1043} iComponent ID: 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
time(end) |6-2-08 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] Il [ ]

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. .



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.

' PAGE 59



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




Conformance check WMO process (1/3)

-

10 Prozas reglstratie 10 Procas reglstralia 20 Ray) & & baschikki 20 Rapportage & baschikki
reg &g portag ng C pparag ikking

complata start complate

. —
40 Toetsen en besli
slart

[

(

=]

=

P
suayolL_—

\ \\
s N |53 W S35 g™
> 3. = 3 = o © )
S5 W " 3
»n @ :Q 23 :.Q mg
3 O o 3 O O =
«Q —~ 0O @ —+ O =3
CDE_ t‘DE_ S
5 5 £
o < o &
) ®
o o
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o

~
©
L
O
<
o

L1514
50 Verzendngdoesiarvoerming
start
i 1515 I

10 remaining
__——|tokens

\_Emm executed

,\\\\\\\_Ez_m not enabled

.
\

complete

40 Toersen &n beslissen

4 missing

__——|tokens

23 missing
tokens

complete

~— | 27 Reftcur

was executed
while not enabled

4 missing and
23 remaining
tokens

A~
o
~
Q\
—r
)
V)
QO
O
@)
—
O
@)
=
'
&)
O
e
&)
<))
O
-
©
=
—
@)
-
-
O
O

40 Toetsen en beslissen
slart

] |2 remaining|




Conformance check WMO process (3/3)

B0 Administratizve verwerking B0 Adminisratieve verwarking

slart _-(:)_-‘ camplete

- - 92 Slotiaea - B Slotfaes -

- 51 Verzendingdoss arvorming
('. j complete K J/—/\K)_. starl i ; complete (. J

The fitness 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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] 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

Frequency: 496 cases

Time in between (days) |
avg 224
min 0.0
max 41,0
stdev 3,28

| \ ool T
‘ [ It -
b — 3 Lo | Srarse 2 Rgorme— <]
20 Rapportage & beschilking 000
complete T 27 Retour
\ 0.44 complete 0.98 50 Verzending\dossiervarming
‘ 40 Toetsen en beslissen 40 Toetsen en beslissen
‘ start 007 2?::,.:0”[ 056 complete 002’
\ - a
-
-
\ -
-
\ o
\ -
-
\ -
-
-
\ -
\ -
-
-
\ -
| -
-
Performance information of the selected transitions: -

University of Technolog
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flow time of
approx. 25 days
with a standard
deviation of
approx. 28

" || Process information:

Total number ssiectes:

Process information:

Total number selected:
528 cases

Humber fitting:

4595 cazes

Arrival rate:

1,21 cazes per day

| Throughput time (days)

avg 24 66
min 0,0

max 2200
stdey |27 86
fast 25..|3,54
slow 2. |60 27
norma... |17 42
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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

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 g 0.5 0.5
a1 11 a0 3 1 | |
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\
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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
[ ] * @ 1 items values
. l .. time(first)y  [16-1-07 9:21
.: - lime(end) |6-12-07 16:35
» avg. interval 1201115
“ 8 . u c sl St min interval |0,0
o DK i [»]

[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



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”
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After this lecture you should be able to:

Provide an overview of process mining and ProM's
functionality.

Discover a Petri net based on a concrete event log using
the a algorithm.

Tell about the limitations of the a algorithm.

Construct event logs (or targeted Petri nets) for which
the a algorithm produces an incorrect result.

Explain the delicate balance between overfitting and
underfitting.
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