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Positioning Process Mining

process model analysis

(simulation, verification, etc.)
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mining
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data-oriented analysis

(data mining, machine learning, business intelligence)




Advances in Process Mining

« Many process discovery and conformance checking algorithms
and tools are available (cf. the various ProM packages).

« Also commercial software based on these ideas:
Disco (Fluxicon), Reflect (Futura/Percentive), BPMOne (Pallas
Athena/Perceptive), ARIS Process Performance Manager (Software AG), Futura
Reflect (Futura Technology), Interstage Automated Process Discovery (Fujitsu),
QPR ProcessAnalyzer/Analysis (QPR Software), flow (fourspark), Discovery
Analyst (StereoLOGIC), etc.

* We applied process mining in over 100 organizations.

More than 75 people

der Aist

i1l Process Mining
Manifesto

involving more than 50

organizations created the | Pr.OC.eSS
s Process Mining Manifesto in M|n|ng
;Z’::F: | thecontext of the IEEE Task
;’7’;:5;:% === =" & [Forceon Process Mining.

= Available in 13 languages



http://www.win.tue.nl/ieeetfpm/lib/exe/fetch.php?media=shared:process_mining_manifesto-small.pdf
http://www.springer.com/computer/database+management+%26+information+retrieval/book/978-3-642-19344-6
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Big Data: Even Dilbert and the "pointy-

haired boss" know about it...

CONSULTANTS SAY
THREE QUINTILLION
BYTES OF DATA ARE
)| CREATED EVERY DAY, |

IT COMES FROM
EVERYLWHERE. IT
KNOLWS ALL.

W

ACCORDIMG TO THE
BOOK OF WIKIPEDIA,
ITS NAME 1S "BIG

BIG DATA LIVES
IN THE CLOUD. IT
KWJJED%HI&T WJE

\

IM THE PAST. OUR
COMPANY DID MANY
EVIL THINGS.

ISIT TOO
LATE TO SHHHH! |
SIDE WITH N IT HEARS |
EVILY YOU,

BUT IF WE ACCEPT
BIG DATA IN QUR m
SERVERS, WJE WILL

BE SAVED FROM,
BAMNKRUPTCY.

http://dilbert.com/strips/comic/2012-07-29/




Transistor count

Moore's Law

Microprocessor Transistor Counts 1971-2011 & Moore’s Law
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A simple calculation

« Starting point 2010:
« Harddisk 1 Terabyte = 10?2 bytes
 Digital Universe 1.2 Zettabyte = 1.2*10! bytes (estimatein

IDC’s annual report, “The Digital Universe Decade — Are You Ready?” May 2010)

* Disk needs to grow 23016 =1.2* 10° = 1.2*10%1/ 101
times Its current size.

« Assuming D=1.56 this takes 30.16*1.56 = 47.05
years.

* Hence, in 2060 your laptop can contain all of
today's digital universe (internet, computer files,
transaction logs, movies, photos, music, books,

databases, etc.)!




Big Data: Opportunities and Challenges




What 1f? there are

T
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O c
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conformance

more

checking

d change
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confirm c3
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skip extra
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select car

ﬁgg

check driver’s
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Decomposing/Distributing
Process Mining Problems



This talk is not about a new algorithm!




How to decompose/distribute
process discovery?

abcdeg
abdcefbcdeg
abdceg
abcdefbcdeg
abdcefbdceg
abcdefbdceg
abcdeg
abdceg
abdcefbdcefbdceg
abcdeg
abcdefbcdefbdceg
abcdefbdceg
abcdeg
abdceg
abdcefbcdeg
abcdeg
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How to decompose/distribute
process discovery?

TN
N

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

(0)—
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cl

-0
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How to decompose/distribute

conformance checking?

abcdeg
adcefbcfdeg

abdceg
abcdefbcdeg c

abdfcefdceg : .
acdefbdceg @-» a b c2 c4 e g —O
abcdeg
abdceg in cl \O—> d AO/ c6 out
abdcefbdcefbdceg
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How to

decompose/distribute

conformance checking?

N
N

abcdeg
adcefbcfdeg
abdceg
abcdefbcdeg
abdfcefdceg
acdefbdceg
abcdeg
abdceg
abdcefbdcefbdceg
abcdeg
abcdefbcdefbdceg
abcdefbdceg

acdefg

adcfeg
abdcefcdfeg
abcdeg

T
S

abcdeg
abdceg
abcdefbcdeg
abcdeg
abdceg
abdcefbdcefbdceg
abcdeg
abcdefbcdefbdceg

abcdefbdceg

f occurs
too often

b is often
skipped
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Replication: Same event log on all

computing nodes

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

A
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Classification based on partitioning of
event log: vertical and horizontal

sets of
cases

sets of
activities

" : . &4
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Vertical distribution I:

Split cases arbitrarily

sets of

cases

N
S

S
abcdeg abdcefbdcefbdceg
abcdeg abdcefbcdeg abcdeg
abdcefbcdeg abdceg abcdefbcdefbdceg
abdceg abcdefbcdeg abcdefbdceg
abcdefbcdeg abdcefbdceg abcdeg
abdcefbdceg abcdefbdceg abdceg
abcdefbdceg abcdeg abdcefbcdeg
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Vertical distribution Il
Split cases based on a specific feature

S
w

abcdeg abcdeg abdcefbcdeg
abdcefbcdeg abdceg abcdefbcdeg
abdceg abcdeg abdcefbdceg
abcdefbcdeg abdceg abcdefbdceg

abdcefbdceg abcdeg abcdefbdceg
abcdefbdceg abcdeg W
abcdeg abdceg
abdceg abcdeg
abdcefbdcefbdceg
abcdeg \
abcdefbcdefbdceg W

abcdefbdceg
233238 abdcefbdcefbdceg
abdcefbcdeg abcdefbcdefbdceg
abcdeg
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Horizontal distribution sets of

activities

abdceg abeg bdce
abcdefbcdeg abefbeg bcdebcde
abdcefbdceg abefbeg bdcebdce
abcdefbdceg abefbeg bcdebdce
aheQ bcde
bdce
ebdcebdce
bcde
ebcdebdce

abcdeg = abeg + bcde  jrenc

— 7
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Horizontal distribution: The key idea

projected on projected on

a,b,e,f,g b,c,d,e
/ \
abeg bcde
abefbeg . bdggbcde
abeg ce
abefbeg bcdebcde
abefbeg bdcebdce
abefbeg bcgegdce
abeg cde
abeg @_, a b . g 4@ bdce
abefbefbeg bdcebdcebdce
abeg in cl ! ! c6 out bcde
abefbefbeg ' [ bcdebcdebdce
abefbeg | . | bcdebdce
abeg | [ bcde
b e

bdce
\/ bdcebcde
bcde

Q@

abeg
abefbeg
abeg




General Case



System Net

h
t10

€ a = register request

b = examine file

¢ = check ticket

d = decide

e = reinitiate request

f = send acceptance letter
g = pay compensation

- Labeled Petri net (P,T,F,I) h = send refection letter
- Silent transitions and visible transitions (unique or not),
* One initial marking M,,.,, one final marking Mg, .,
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Traces and Logs

« A system net SN has a set of possible visible traces
¢(SN) starting in M,,,, and ending M;,,, only showing
the visible steps.

 An event log L is a multiset of traces.

« Two main process mining problems:

1. Conformance checking: Given L and SN, evaluate the

"conformance" (e.g., fitness, precision, generalization,
etc.) of L and ¢(SN)

2. Process discovery: Given L, create SN such that the
conformance of L and ¢(SN) is "as good as possible"

PAGE 23




Valid Decomposition

t11

%;a

c9 start

start ond

cb6 t9 c9

15 c5 end

« Union of subnets is original net
* No shared places E
- Shared transitions are visible and have unique label

PAGE 24




Another Decomposition

Requirement
* Union of subnets is original net
* No shared places

« Shared transitions are visible and unique




Maximal Valid Decomposition
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Maximal Decomposition

- Construction: group arcs iteratively

_—

E—

B
- Maximal decomposition is unique PN
and always a valid decomposition ~

\/
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Non-unique visible labels

« Union of subnets is original net
* No shared places

- Shared transitions are visible and unique _
PAGE 28




Conformance checking can

be decomposed !!!

- Let L be an event log, SN a system net, and
D={SN%,SN?, ... SN"} a valid decomposition

- L'is the sublog of SN' (L projected onto visible
transitions of SN

SN* SN?
start 1

L is perfectly fitting SN
If and only if

each projected log is L' is perfectly fittincl) SN!




Example of alignment for observed trace
a,b,c,d,ec,d,g,f

11213141516 718]9|10/11] 12 2572 1]3]9
alb|c|d|e|c|>d|=>g|f|> v; = V2 = €1> ’\/§'=a ¢
V3 = a dle|T|d alcle|c
afblejdiec|iTidirigif|7 t1 t1e3lt5t6|t2 |5 t1|t4t6|t4
t1(e3]ea|ts 61l t2]t5|e7 119|181 l
3141618 1]5]8]9]10[11 10/11] 12
4 _|eld|c|d 5 _|dleld>|g|f 6 _|g|f|>
BECdlelal BT dleldl g f] P T el F] T
t4lt5|talts t5(t6]t5]t7] 9 [t8 19]¢8]¢11
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Quantifying Conformance

* Fraction of cases perfectly fitting SN equals the
fraction of cases for which each projected logis L'is
perfectly fitting SN!

* For fitness at the event level (costs based alignment)
It is possible to compute an optimistic value.

a —»Q—» b
end
cl
1

c2
start
CHQ—»d

¢ c2
start o c C g
Deviations may be underestimated but are always detected!




How about discovery?



Discovery can also be distributed!

® Chantal Schreiber « Assume the set of activities
™8 Susanne Wechdorn : o i
~ IS split in overlapping sets.
- Splitlog L in sublogs L!
based on these sets.
- Discover a model SN! per

sublog.
¥ Das Orakel - Merge the models SN' into

Fn Kampel kommt selten allein
SN and return result.

All the earlier guarantees hold, e.g., L is
perfectly fitting SN if and only if each
projected log is L' is perfectly fitting SN

PAGE 33
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L = [(abcdh)?’o (acbdebcdjgfk)zg(acbdecbdh)gs {a,

zcdecbdjgfk)% (azcdjfgk)M (acbdebcdh)M (a,b,c,d.e.

boeod, j,g, £, k) {a,e,b,d e i d b2 (ab.e d e i d b)Y, (a, e, i d, j, f,g, k),

(a,c i d,j, g, £ k)2 (a,c i, d,e b e, d, b)Y (a,c i d e e i d )7 {a,i e d h)'7,
(acbdjgfk)”(acbdh}ls (azcdezcdgrfgk}M(aczdecbd

d h) (a-,fé.c,d,e.c, b,d,j, f,g. k‘-)S, (a-,c,b, d_ e, b_cl d_J, f_ q, k} (a,b,c.d,e.b, e,
d, h)7, (a‘ c.b.d.ei,c.d jg. f.k  (a.i.c.d.e.ci.d, j, g, f k), (a.c.i.d. h)®, (a,c
b,d,e,i,c,d, )8 (a,i,c,d e, b, c.d,j, g, f. k) (a,be.d. j, f g k)® (a,i cd e ic,d,
e {a,i e d, e ciyd, b)Y (aceyisd e ive,d, by {a,boeod e, evid, g f, g, k), (a, b,
c,de,ebod g, f R (abe d g, R (a.eyicd e boe d, §, g, k)3 {a, b, e, d,
e.boe.d g f.g. k) (ai,e d e bed, g, fog. k)3 (a.be.de,e b.d. j, f,q, k)2 (a,c,
ivd.ejice.d j. f.g. k)2 (a,ci d eise.d e b e.d e b ed g, [, k)2 (a,bed e, i,
c,d,j, g, [, k)2 {a,e.b.d e eyi d, g.og, [E) (a e i d e epid, g, frg. k)2, (a, ¢, b, d,

e!b!c!(lTe!C!b!('lT.j!ng!k>2?<a.‘C i (l ei‘c!b!(lT‘j!g.‘f!k}g'-<a.‘C.‘bfd'e"é.‘c!(l.‘j!f?g!k>2'-

{a,c,i.d,ei,c,d,ei e d, ], g, f. k) (a,c.b.d e c i d. ] f.q, k} (a,i,c,d, e c i d,
e,c iyd,e i e d,e i e d, g, g, f k)L, (a i,cod,e ci,d, j, f,g, k), (a,c,z’.d.e.c.i,d.
Js 9, k)

Let's use the Alpha algorithm

Alpha algorithm is not very L'=[T)-oc-(L)|o €Ly =[(T,a,b,edh,

Das Orake

{a,b,d, e, i}

{a,c,d, e}

{d. e h,j}

{f.g,h,j. k}

L)SO

,(T_.(L_.C,b_. d_.@.b_.(?_.d,j,g,f,

suitable for discovering k J—>28: (T a, ¢, b- d: €, ¢, ba d: h L>283 <—|—~ a, ¢, b: d: €, ¢, b d J~ fs g, k J—>27- (T a, ba C,

transition bordered subnets. de,cid,j g, fk, J_>26‘ N ]
By adding start and end S '
activities we get (in this case)

perfectly fitting subnets.
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Discover model per sublog

(Alpha algorithm)

SN!

i
@00 W‘b@
star b en
e SN?
@,T—»@—»a&c—’@'dﬁ’L ’@
start end
SN j . -

@—»T«%d? h/kﬂ ‘L—»@
& AU

start . ngwk L_’%

/

L' = [(T,a.b,d, L)** (T.a,b.d.e,b,d, L)*® (T.a,b,d e bd, L)** (T a.b.de,
bod. L) (T.a.b.d.e.i.d L)%, .. ]

L? = [(T,a,e,d, 1)*° (T a,c,d,e,c.d, 1) (T, a,e,d,e,c,d, 1), (T, a,¢.d,e,
e,d, LY (T,a.e.de.c.d, L)%, ..

Ly = [(T,d h, LY (T.d.e,d,j, LY*® (T.d,e,d. h, L)*® (T.d,e.d,j, LY*7 (T .d,
e.d,j, L)%, .. ]

Ly=[(T,h, L) (T g, f b, LY (T, h, Y2 AT, 4. f.g.k, LY*" . (T. 4, g, f. k. L)?5,




Merge models

SN* -

&-I-0- -7 0009

\?”
o

L is perfectly fitting SN because each
projected log is L' is perfectly fitting SN

{3,4} {4}

pl
@\ {1’2’3’4}/"@\ {1,2}

p2 T p5 a
p3 p6
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Passages

Wil van der Aalst. Decomposing Process Mining
Problems Using Passages. In Petri Nets 2012,
LNCS 7347 , pages 72-91. Springer, 2012.
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causal dependency:

Passage P:(X,Y) \aytiggerorenable
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a passage is minimal if it does not
contain smaller passages

N
~
1]
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Passages define an equivalence relation

on the edges in the graph




Minimal passage 1: (X,Y) = ({a},{b,c})

.......

o OGO




Minimal passage 2: (X,Y) = ({b,c,d},{d,e,f})




Minimal passage 3: (X,Y) = ({e},{g})




Minimal passage 4. (X,Y) = ({f},{h})

X={f} Y={h}




Minimal passage 5: (X,Y) = ({g,h}{i})

--------

--------




Union of two passages

e

b b e o o Fi e,
a — \:'-e ---- RO g-:N |
[ | —3 1 [ n =

.......




Difference of two passages




Properties of passages

|
|
1

If

Pl — (leyl) - pas(G') . L Ys

Py = (X2.Y2) € pas(G) T w
&

X1 X3

AL NN

|
|
J

el X I
then: —

P; = Py \ P, is apassage if P35 # (0, ),
Py = P, \ P, is a passage if Py # (0, 0),
Ps; = Py N Py is a passage if Ps # (0, 0), and
Fs = P U P> 1s a passage.
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Passage partitioning

- P, P,, ... ,P, IS apassage partitioning
If and only iIf
- P, P, ...,P, are passages,
— the passages are disjoint, and
— the passages cover all edges.

d K\ 5 passages

b 2 e —>»{ ¢
a| 4\ i




More examples of passage partitionings

/I_E 4 passages
({b,c,d},{d,e,f}) d K

b [T e Y

T~
a\ \ /I

¢c —— f —| n

({a}.{b,c}) 2 passages
({f}.{h}) J
({a,b,c,d}{b,c,d,e,f}) \_4

b e —¢g
({b,c,d}{d,e,f}) ‘ q 2 passages

_— T~
a\ \ /I

c —> f —>|n

a/'b'?e )g\i
[ 1 —[n "
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Minimal passages

A passage is minimal if it does not contain smaller
passages.

Each edge is involved in precisely one minimal passage.
Passages are composed of minimal passages.
The minimal passages form a passage partitioning.

b 2 e —>»{ ¢
a| 4\ i




Passages are special case of

decomposition

- Conformance checking:

1.
2.

3.
4.

Compute causal structure from Petri net

Compute (minimal) passages and construct
corresponding subnets

Subnets provide a valid decomposition

Hence, conformance checking* can be
decomposed/distributed!

* Process discovery:

1.
2.

Compute causal structure from event log*

Compute (minimal) passages and construct
corresponding sublogs

Discover subnets for sublogs*
Merge subnets into overall model
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Conformance checking

Y
S

acefl add extra
acddefl insurance g
abdefl c8
acdddefl -
acefl . -
skip extra
\abeﬂ/ ° insurance
skip extra
; change c5 9
insurance d booking i
©—> a c select car
in book car cl addextra ¢2 c6
insurance .
confirm c3 initiate check driver's c10 supply out
check-in license car
k
cli
c7 charge credit
card
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Create Skeleton

acefl
acddefl
abdefl
acdddefl
acefl
abefl

nnnnnnnnn

nnnnnnnnn

skip extra change

insurance | b d | booking

ab——>» c e ——» f — |
iInsurance check-in car
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Net fragments per passage

acefl /\
acddefl TN
abdefl N
acdddefl v
acefl ef fl
abefl
ef fl
N ef f
v ef fl add extra
b change £ insurance
ce booking € fl g c8
skip extra f fl c4
/\ cdde insurance d
N bde B K ’ h
skip extra
ac cddde c insurance
ac ce | m o L] o "
ab be e confirm c3 initiate i
ac . confirm check-in select car
ac c6
ab /’ b skip extra [N change f > =i = 1
skip extra insurance | b > d | booking initiate check driver's  ¢10 Agppyy
insurance check-in license car
A
a c a > C > e » f > | K
book car cl  addextra book car  add extra confirm initiate supply c/ charge credit ci1
insurance insurance check-in car card




Suppose d Is executed too late

acefd|
acddefl
abdefl ~— ]
acdddefl ef fl
acefl ef fl
ef fl
ef fl add extra
b change of f insurance
booking
Ce d skip extra f fl c4 c8

A

U

cdde insurance d J K

bde skip extra
acC cddde ¢ insurance
ac C xt(r:ae c2 © ( > f c5 c9
ab b € confirm €3 initiate i
ac confirm check-in lect car
acC c6
b

se

ab /’ skip extra [N change f A’Q—' j "Q—' |

;kip extra insurance | b » d | booking initiate check driver's c10 supply
insurance check-in license car

A
a c a » C » e » f > | k
book car cl  addextra book car ~ addextra  confirm initiate supply c7 charge credit ot

insurance insurance check-in car card




Discovery example

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

g
abdcefbdceft
f abcdeg
[ ‘ abcdefbedeft :

B

abcdefbdc

— abcdeg /Q_. c




Tool Support in ProM



Tool Support in ProM
(implemented by Eric Verbeek)

\\\\\\\\\ Actions

Input

reviewing_with_fe...

Mine Petri net using Passages

H. Verbeek (h.m.w.verbeek@tue.nl)

conformance

Output

Start

Kl

UCT!



http://www.win.tue.nl/~hverbeek/doku.php

L2 ProM UlTopia

rejectsstart

Cancel

%
% 7
L/ AN
/\
/)
N Petrinet fi
(/ Petri net
/ N \
\‘ reviewingll - N
, Eventlog ' (,:/’
?. " First, select a clas:
N
N NS
N LT
P s ’/.f Choose classifier
// o A
N N \
N Py 4 \ time-out 3+comple
-
// get review X+com|
/
collect reviews+si
N
%
&
N
©. invite additional r
decide+start
invite reviewers+g
collect reviews+cg
accept+start

Cancel

Passage-Based Conformance Checking

What is the purpose g
O Measuring fitness
Would you penalize improp
@ Yes
@ No

@ Measuring behavioral

Suggested algorithm(

A" Cost-hased Fitness Exp
A t-hbased Fitness Exp

Activity

Replay in Petri net

Set parameters

Double click costs on table to change their values. Use only non-negative integers.

# Maximum explored states (in hundreds). Set max for unlimited. — 2000

Transition Move on Model Cost

time-out 3+complete

get review X+complete

collect reviews+start

time-out 2+complete

get review 2+complete

invite additional reviewer+start
decide+start

invite reviewers+start

collect reviews+complete
E—————

Set all costs above to E

Event Class Move on Log Cost

get review X+complete
time-out 3+complete
collect reviews+start
time-out 2+complete
get review 2+complete
decide+start

Cancel Previous -




Result

L2 ProM UlTopia —— .. e » -h J ' ‘ o

deésignesd by ’ﬂuﬂcon

P roly

frd €) e & vilgew P> fC il r (2& or

invite reviewers+start |/ invite additional reviewer+start r accept+start rtime-out X+complete r reject+start r invite additional reviewer+complete |
| deciderstart | getreview 3+complete __ |  decidescomplete | invite reviewers+complete | collectreviews+start |

Passage graph

R 11 passages

wooz
3\l
/\u\
%l
i/f

\f
i passage
) graph

o

—

o |
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Example Passage

rzé ProM UlTopia ProM UlTopia I )

invite reviewers+start | inv| | invite reviewers+start | invite additional reviewer+start | accept+start | time-out X+complete | reject+start | invite additional reviewer+complete

Passage graph : decide+start get review J+complete decide+complete invite res +complete collect revie

Petri net Q it : | _ LEGEND
Replay results | Replay results Log-model Alignments . Synchronous move (move log+model)

-Unobservable move (move model only)
B-Skipped event class (move model only)
B inserted event class (move log only)

-Mowve log+model with missing tokens

Goto Case ID <iype case id herg>=

case id(s): IE——————

Alignment
4 events

STATS FROM RELIABLE ALIGNMENTS

Num. Cases 7 #Cases replayed 100
Is Alignment Reliable? Yes #Synchronous ev.class (log+model) 400
Raw Fitness Cost 0 #Skipped ev.class 1]
L I | #Unobservable ev.class 1]
#inserted ev.class 1]
Case id(s): ETTIII #Violating synchronous ev.class 0
) Raw Fitness Cost 0.543...
Alignment
4 events

Num. Cases 6 Queued States 19.0

Is Alignment Reliable? Yes
Raw Fitness Cost 1]

[ _] ALIGHMENT STATISTICS

Raw Fitness Cost v

Averagel/case 0.00

case id(s): ETTEE———————

Alignment

Num. Cases 5 4 pverts

Is Alignment Reliable? Yes
Raw Fitness Cost 1]

[ I |

case id(s): ET———————

Alignment

Num. Cases 4 everts

Is Alignment Reliable?
Raw Fitness Cost

[ I |

Max.

Min.

Std. Deviation

#Cases with value 1.00

STATS INCLUDING UNRELIABLE ALIGHMENTS

#Cases replayed 100
#Synchronous ev.class (log+model) 400
#SKipped ev.class 0
#Unobservable ev.class 1]




Process Model has 11 Passages

H
1l
‘EPW g
|
|

iz
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Diagnostics per Passage

L% proM UlTopia ”

o -
Prolvl o ) designes by P fluxicon

Result of replaying log CpnToolsLog on Petrinet from reviewing_with_fewer_errors_and_more_ G IR () u' é | A P2 W1 (RRes

|"" invite reviewers+complete invite additional reviewer+complete collect reviews+start get review 1+complete accept+start | decide+complete decide+start
ge graph invite additional re er+sts invite ers+start get review X+complete reject+start

4 LEGEND
Log-model Alignments 4 B-Synchronous move (move log+model)
-Unobservable move {move model only)
ML skipped event class (move model only)
Goto Case ID <type case id here= Minserted event class (move log only)
-Movwe log+model with missing tokens

case id(s): (T— STATS FROM RELIABLE ALIGNMENTS

Alignmerit
F-
Num. Cases O EE #Cases replayed 100

Is Alignment Reliable? Yes #Synchronous ev.class (log+model) 400

Raw Fitness Cost 1] #Skipped ev.class (1]
#Unobservable ev.class

0
#inserted ev.class 0
0

case iwis: CENMII #ilating synchronous ev.class

Alignmerit

Num. Cases 4 everts LEGEHD

Is Alignment Reliable? Yes
Raw Fitness Cost 0 B synchronous move (move log+model)

-Unobservable move (move model only)
Case id(s): B.skipped event class (move model only)

Alignmerit
Num. Cases 4 evente BInserted event class (move log only)
Is Alignment Reliable? - - -
Raw Fitness Cost -Move log+model with missing tokens

Case id(s): STATS FROM RELIABLE ALIGHMENTS
Alignmerit
— #Cases replayed [11]
#Synchronous ev.class (log+model) 400
#Skipped ev.class 0
Alignment #Unohservable ev.class

Num. Cases 4 events

0
Is Alignment Reliable? #inserted ev.class 0
Raw Fitness Cost _

#\iolating synchronous ev.class 1]

Case id(s): U




nvite
additional

Problematic Passage

reject+start

_]:_: ! ProM UlTcpia

Result of replaying log CpnToolsLog on Petrinet from reviewing_with_fewer_errors_and_more_!

nvite reviewers+complete " invite additional reviewer+complete " collect reviews+start | get review 1+complete accept+start “de de+complete
Passage graph invite additional reviewer+start invite reviewers+start

" Petrinet |
\ Replay results Log-model Alignments

Goto Case ID

LEGEND
B synchronous move (move log+model)
-Unobservable move {move model only)
B skipped event class (move model only)
B inserted event class (move log only)
-Move log+model with missing tokens

=type case id here=

case id(s): (E/——

STATS FROM RELIABLE ALIGNMENTS

Alignment

Num. Cases

Raw Fitness Cost

Is Alignment Reliable?

12
Yes
1

1 events

#Cases replayed

#Synchronous ev.class (log+rmodel) 30

#Skipped ev.class

#Unobservable ev.class 0
#inserted ev.class 49
caseid(s): (T—— #\Jiolating synchronous ev.class 0
TR Raw Fitness Cost 0.98
Num. Cases i 1 everts Queued States 5.204...
Is Alignment Reliable? Yes
Raw Fitness Cost 1

ALIGHNMENT STATISTICS

Num. Cases

Raw Fithess Cost

Raw Fitness Cost

Is Alignment Reliable?

caseid(s; /R

12
Yes
|

Alignment
1 events

decide+zomplete

case id(s): C—

51

GHMENTS

51
30
0
0
49
0



Discovery (no initial model, just events)

%o Pro MUlTpr ProM UlTopia

. - =
m . | 2 203 s g wicon

Actions

Nl

N

4

\ Passage Miner

%

q Select gammac- . §elﬁect gammaP
/// | a ati %ﬁlshr.:i:g:er

/\\ or fiLP Miner with Proper Completion

// wer and ILP Miner with Proper Completion

N

//

N

% discovery algorithm
2 (applied per passage)

algorithm used to
derive causal graph
(to determine
passages)




Result (alpha + ILP with proper completion)

sound WF-net
perfectly fitting the
event log
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Conclusion

* Process discovery and conformance checking
can be decomposed!

- Generic approach with various formal
guarantees independent of the techniques used.

* Open Issues:

— Experimental evaluation (in progress, see Eric's
presentation)

— Better algorithms for computing a causal structure are
needed (independent of decomposition)

— We are still missing sheep with five legs
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formal fast balance sound guaran.
alpha + + - - -
heuristic + + +/- - -
genetic AK + - +/- - +/-
genetic JB + - + + +/-
fuzzy miner - + +/- - -
Disco - + +/- - -
regions SB + - - + +
regions LB + - - + +
alpha ++ + + - - -
alpha # + + - - -
SMT + - - -+ +
MFM + + - - +
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