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State-of-the-Art Trace clustering

Log traces

<S5,CG>
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State-of-the-Art

Log traces

Trace clustering

<S5,CG>
<S,C,GD>
<S,B,F,A>
<S,F,FA>
<S,F,BA>
<S,G,F,D,D>
<S,G,F,D,D,D,D >
<G,CF,S,D,D>
<S,D,D,D >

Data clustering is the task of grouping
objects by similarity.




State-of-the-Art Trace clustering

Log traces Clusters
<S,CG>
S SC6D
<S’B’F’A> <S,G,F,D,D>
<S,F,F,A> <S,B,F,A>
<S,F,B,A> o <S,FFA>
<S,G,F,D,D> <S,F,B,A>
<S,G,F,D,D,D,D >
<G,CESDD> <S,G,F,D,D,D,D >
<S,D.D,D> <G,CFS,D,D>
<S,D0,D,D >

[ Greco et al. 2006 | ; [ Ferreira et al. 2007 ] ; [ Bose et al. 2009 ]




State-of-the-Art Trace clustering

Log traces Clusters
<§5,G>
o <5,C,6,D>
<S’B’F’A> <S,G,F,D,D>
<S,FFA> <5,B,F,A> occurences
<5,FBA> » <S,FFA> activities frequency
<S,G,F,D,D> <S,F,B,A>
<S,G,F,D,D,D,D >
CGCESDD> <S,G,F,D,D,D,D>
<SD.D,D> <GCGFS,D,D>
<S5,0,0,D >

[ Greco et al. 2006 | ; [ Ferreira et al. 2007 ] ; [ Bose et al. 2009 ]




State-of-the-Art Model-based Trace Clustering

New idea : to cluster data based on an existing process model

> highlight parts of models that are executed
> show deviating traces

> model repair

[ Chatain et al. 2017 ]




State-of-the-Art Model-based Trace Clustering
Existing models

> Available process model > Discovered process model
- system modelled by hand - data are used to create the
-model used at design phase process model : process discovery
(Alpha Miner, ILP miner, Inductive
miner..)
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State-of-the-Art Alignment-based Trace Clustering

Log traces

<S,CG>
<S,C,GD>
<S,B,F,A>
<S,F,F,A>
<S,F,B,A>
<S,G,F,D,D>
<S,G,F,D,D,D,D >
<G,CF,S,D,D>
<S,D0,D,D >

[ Chatain et al. 2017 ]
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Log traces
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State-of-the-Art Alignment-based Trace Clustering

Log traces Clusters
<5,CG>
<<SS’CC’GGD>> < S’ C, G, D>
<S,B,F,A> <§,B,F,A>
<S,F,F,A> <S,F.FA>
<5,F,BA> <S,FBA>
<S,G,F,D,D>
<S’G’F’D’D’D’D> <S,G,F,D,D>
<G,CFS,D,D>
<S5,0,0,D> <5,G,F,D,D0,0,D>
<G,CFS,D,D>
[ Chatain et al. 2017 ] <S,D,D,D >
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Log traces Clusters
<5,CG>
<<SS’CC’GGD>> < S’ C, G, D>
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State-of-the-Art Alignment-based Trace Clustering
Full runs as centroids

Example of fullrun : < S,C,T ,G>
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Full runs as centroids

N a process model, £ alog:
Find €= ({us... un}, % ) :
{ui... Un} € Runs(.A")
¥ : £ —{nqui... un}
Such that for every € £, dész(O, X(0)) is small
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N a process model, £ alog:
Find €= ({us... un}, % ) :
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State-of-the-Art Alignment-based Trace Clustering
Full runs as centroids

N a process model, £ alog:
Find €= ({us... un}, % ) :
{ui... Un} € Runs(.A")
¥ : £ —{ncus... un}
Such that for every o € £, dée(0, X(0)) is small

Example : u=<S,C7,G6G>
ol=<S5_(G> déer(01,u) =0
02=<5,(,GD> dch'(O'z U)=1




State-of-the-Art Alignment-based Trace Clustering
Full runs as centroids

N a process model, £ alog:
Find €= ({us... un}, % ) :
{ui... Un} € Runs(.A")
¥ : £ —{ncus... un}
Such that for every o € £, dée(0, X(0)) is small

Example : u=<5,07,6> dcotis a distance between

01=<5,(6> dier(0l,u) =0 words (Hamming distance,
02=<5,(GD> déet(0,u) = 1 Edit distance..)




State-of-the-Art Alignment-based Trace Clustering

> Pseudo SAT formulas

> solver : minisat+

10



State-of-the-Art Alignment-based Trace Clustering

> Pseudo SAT formulas
> solver : minisat+

Example of parts of the formula :

n

AV Gar N\ =50

i=1 a€X a'e€xX\t

transition « fires at instant ¢

10



State-of-the-Art Alignment-based Trace Clustering

> Pseudo SAT formulas
> solver : minisat+

Example of parts of the formula :

n

k
/\ \/ (Ti’a A /\ _ITi,a’) /\ /\ ()(n,a A /\ _')(m,a)

i=1 aeXx a'ex\t n=1 o€l n#m

transition « fires at instant ¢ trace O is in cluster «

10



State-of-the-Art

Log traces

<S,CG>
<S,C,GD>
<S,B,F,A>
<S,F,F,A>
<S,F,B,A>
<S,G,F,D,D>
<S,G,F,D,D,D,D >
<G,CF,S,D,D>
<S,D0,D,D >

Alignment-based Trace Clustering

. S
Clusters olds ALl

The use of full runs as centroids
does not allow concurrency

<s,B,FN
<S.F.FA>

-
SR 'r 45,&%,[\
)24
< S’ G’ F’ D’ D> | ¢ S,G,F -;Da
: F DaD’D,

<S,G,F,D,D,D,D> 4S,Ga ’

GORSDD> [ s
<5,D0,D0,D > [




Contribution Alignment and Model Partial-Order-based Trace Clustering

Processes as centroids

Linearizations of the process :
Example of process : Q—>.< O/,.-»Q <SBFA>

<S,F,B,A>

[ Engelfriet 1991 ]

12



Contribution Alignment and Model Partial-Order-based Trace Clustering

Processes as centroids

V" a process model, £ alog:

Find @= ({P1... P}, % ) :
{P1... Py} € Processes(. V")
4 L — {nc,Py... Py}

Such that for every 0 € £, dés(O, X(0)) is small

13



Contribution Alignment and Model Partial-Order-based Trace Clustering

Processes as centroids

V" a process model, £ alog:
Find @= ({P1...Pn}, ¥ ) :
{P1... Py} € Processes(. V")
¥ L — [nc,P1...Pn}
Such that for every o € £, déo(T, 2(0)) is small

dcot is the minimal distance between a linearization of

P and the trace (computed as distance between words :
Hamming distance, Edit distance..)

13



Contribution Alignment and Model Partial-Order-based Trace Clustering

Processes as centroids

.« 1e o cesses
Log traces Clusters Centroids - pro
o
See Scan @ =
<S,C,G,D> EACH
<S,B,F,A> <SBFA O'@lo.ﬁ*z;@»o
Q
<S,F,F,A> <S,F,F,A> (B0
<S,F,BA> CSEBA> i
<S,G,F,D,D> 1 - Z}@' .
<S,G,F,D,D,D,D> <S,G,F,D,D> %@%”@
OplEY> O
<G,CFS,D,D> »
<S.D,D,D > <S,G,F,D,D,D,D>{O'@10*@§O»@_o»@'
d

<GCFSDD>
[ Boltenhagen 2019 | <S,D,D0,D >
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Contribution Alignment and Model Partial-Order-based Trace Clustering

Log traces Clusters (,entm'\ds -

Q
<5,(,G> 506> o»@io'@*%;;
<S CCD> <S,C,6,D>
<S,B,F,A> | ' O
<S,F.FA> e )Q’j The use of processes as centroids
<S,F.BA> e o~ | does not allow loops /\
<S,G,F,D,D> Y:@ }';"@

<S,G,F,D,D,D,D > |
<G,CFS,D,D>
<S,0,D,D >
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Contribution Alignment and Model Subnet-based Trace Clustering

Subnets as centroids

thy 7.
/&F/q: O

A
(O s A
\‘ o
Pl
N A
6 ol
. G i Runs of the subnet :
Example of subnet : ‘K O <$5,G,FT,D>
N <S,FTG,D,D>

<S,G,D,D,D,D,F,T>
16




Contribution Alignment and Model Subnet-based Trace Clustering
Subnets as centroids

1. - cybnets
Log traces Clusters (,en“‘"ds :sub
<S5,C,G> <5,06>
<S,C,G,D> <5660
<S,B,F,A>
<S,FFA> R
¢SFBA> N
S EEDD <S,F,B,A>
<S,G,F,D,D,D,D > <S,G,F,D,D>
<G,CF,S,D,D> <S,G,F,D,D,D,D >
<S.D.D,D> —

<G,CFS,D,D>
<S,0,D0,D >
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Contribution

Quality criteria

Log traces

<S,G>
<S,GG,D>
<S,B,F,A>
<S,F,F,A>
<S,F,B,A>
<S,G,F,D,D>
<S,G,F,D,0,D,D >
<G,CFS,D,D>
<S,D0,D0,D >

Clusters

<S,CG>
<S,C,G,D>

<S,B,F,A>
<S,F,F,A>
<S,F,B,A>

<S,G,F,D,D>
<S,G,F,D,D,D,D>

<G,CFS,D,D>
<S.D.D.D>

18




Contribution Quality criteria

> Distance between traces and their centroid

Log traces

<S,G>
<S,CG,D>
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<§5,CG>
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<S,B,F,A>
<S,FFA> <
<S,F,B,A>

<S,G,F,D,D> <
<S,G,F,D,D,D,D>

3’0’
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Contribution Quality criteria

> Distance between traces and their centroid

> Number of non-clustered traces

Log traces Clusters

> Number of clusters o Ascc a0
<S,B,FA>
<SFFA> LD <38k
<SFEBA> - <S,F,F,A>
<S,G,F,D,D> \. 62 <S,F.BA>
<S,G,F,D,0,D,D > S EIE
<GCFSDD> \>§q£bbbn>
<S,D,D,D > N
<G,CFSD,D>
<S$.D.D.D >

18




Contribution

Quality criteria

> Distance between traces and their centroid

> Number of non-clustered traces

> Number of clusters

> Inter-cluster distance

Log traces

<S,G>
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v <S,B,F.A>
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<S,G,F,D,D>
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<G,CFS,D,D>
<S.D.D.D>
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Contribution

Quality criteria

> Distance between traces and their centroid

> Number of non-clustered traces

> Number of clusters

> Inter-cluster distance

> Intra-cluster distance

Log traces

<S,G>
<S,CG,D>
<S,B,F,A>
<S,F,FA>
<S,F,BA>
<S,G,F,D,D>
<S,G,F,D,0,D,D >
<G,CFS,D,D>
<S,D,0,D>

Clusters

<S,CG>
<S,C,G,D>

<S,B,F,A>
<S,F,FA>
<S,F,B,A>

|

<S,G,F,D,D>
<S,G,F,D,D0,D,D >

<G,GFS,D,D>
<S.D.D.D >

18




Contribution Quality criteria
Inter-cluster distance

> maximise differences between clusters

Full runs centroids

&(C) = mingy; dist(u;,u;)
distance between centroids
computed as distance
between words (Hamming
distance, Edit distance..)

19




Contribution Quality criteria
Inter-cluster distance

> maximise differences between clusters

Full runs centroids Processes centroids Subnets centroids

@(C) d:ef mini¢j dist(ui, uj) @(C) = mini# dZSt(Pz, P]) @(C) — min#j dZSt(MM)
dist(P,P’) = min werunsem dist(u,u’)  dist(N,N7) = min werunsy dist(u,u'),

u’€Runs(P’) u’ € Runs(N')

distance between centroids

computed as distance distance between centroids is distance between centroids is
between words (Hamming the minimal distance for any the minimal distance for any
distance, Edit distance.) linearizations of the processes full runs of the subnets

19




Contribution Quality criteria

Intra-cluster distance

> only for subnet centroids
k

e(C) < max ( sup dist(P,P'))

. . . . . , / P )
> minimize differences in a cluster P, P’ € Proc(Ny)

20




Contribution

Intra-cluster distance

> only for subnet centroids

> minimize differences in a cluster

A subnet with very different behaviors :

S »()

> L

<

>

> A

Quality criteria

O(C) = max sup
k P.,P’€Proc(Ny)

dist(P, P'))

>

>( —>» S

20




Contribution

Intra-cluster distance

> only for subnet centroids

> minimize differences in a cluster

A subnet with very different behaviors :

S
P >(O)—> L
®\F > )—> A

Quality criteria

oK)= max (

=

sup
P,P’e€Proc(Nk)

dist(P,P’)

(1 + e)maz(PLIP"D

)

20



Contribution Relating clusterings

> Relating clustering by generalizing centroids

Full runs centroids —> Processes centroids — Subnets centroids

> Decrease the distance between the traces and the centroids

> Decrease the inter-cluster distance

21




Contribution Relating clusterings

> Relating clustering by generalizing centroids

Full runs centroids —> Processes centroids — Subnets centroids
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Contribution Relating clusterings

> Relating clustering by generalizing centroids

Full runs centroids —> Processes centroids — Subnets centroids
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Contribution Relating clusterings

> Relating clustering by generalizing centroids

Full runs centroids —> Processes centroids — Subnets centroids

O(C)=0

21



Implementation

[T|: 18
> Tool DARK SIDER* e

clusters : full runs
nb variables : 75438

nb constrains : 165569
> SAT formUlaS total time :5.099369

d(c) : 2

delta(c) : 16

n(c) : 3

> Optimal clusterings < : o.sseser

(ARCEX3IJX1IFDB, [ACEX3IJXIFDB ACEX3IIJXIFDB 1,0.222222)
(ARCELNMFDB, ACELNMFDB ACELOMFDB ],0.222222)

(RCEGHFDB, [ACEGHFDB ACEGHFFB ],0.222222)

(nc, [ACEX3TIJKIIJXIFDB ACEX3IIJKIJKIJIXIFDB AACEGHFDGB ],0.333333)

“https://github.com/BoltMaud/darksider

22



= -

> 2 novel clustering methods for Process Mining problems
> Quality criteria
> Tool and experimentation

Limits :; execution time

Future works : non-clustered traces

23




Thanks for your attention
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