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Process

WHAT IS A PROCESS?

“[...] a collection of tasks ---or activities--- with coordination requirements among them.”
- Wil van der Aalst

EXAMPLE

1. Ateacher uploads an exercise
2. A learner makes the exercise

3. The teacher grades it
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Workflow

AND WHAT IS A WORKFLOW?

“The automation of a business process, in whole or part, during which documents,
information or tasks are passed from one participant to another for action, according to a set
of procedural rules.”

-Workflow Management Coalition

EXAMPLE

1. Ateacher uploads an exercise

2. A learner makes the exercise { Lpload H Mak.e H Grade J
aCtIVItV exercise

3. The teacher grades it
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Workflow

Provides useful information:

® What is happening on a process.
® How is that process being executed.
® Who is involved in the execution of the process.

Booking by )
Phone Taxi

Driver
“4  Operator
Makes
Booking
Taxi
== Driver
- || TaxiService ﬁ
=8 Server
Taxi

Driver

. o
Workstation

Desktop

Online
Booking
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Workflow

SES

W.hatv.vethink [Upload) )[ Make | { e J
is going on activity exercise
[Upl.oad hake »[ Grade J
activity exercise

v
Ask forum }-

Interact { .
4 with other .{ Optlo!wal }—
What is actually learners exercise
happening { Check }_

bibliography

Need to be discovered
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Process mining

DEFINITION

The goal of process mining is to automatically discover the models that better fit
the process, taking as a starting point the logs.

[ case ID | task |
= v O{EE)
Walter Intro Prahliscelsllisin.N
Saul Finite Automaton (| & —() Auiomatn )
Saul Regular Grammar W
Walter Finite Automaton pma e tom
Walter Regular Grammar
Saul Context-Free Grammar
Walter Pushdown Automaton
Saul Pushdown Automaton
Walter Context-Free Grammar Context-Free
Saul Exam /'O—_. _.O\.
Walter Exam Exam

What is actually happening, and not what the people think it is
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Process mining

WE WANT MODELS WITH SOME CHARACTERISTICS...

= Completeness: model all the behavior shown in the log.
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Process mining

WE WANT MODELS WITH SOME CHARACTERISTICS...

® Completeness: model all the behavior shown in the log.

—_

= Precision: avoid overly general models.
— Bias-variance tradeoff

= Generalization: avoid overly precise models.

—_—
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Process mining

WE WANT MODELS WITH SOME CHARACTERISTICS...

® Completeness: model all the behavior shown in the log.

—_

® Precision: avoid overly general models.
— Bias-variance tradeoff

® Generalization: avoid overly precise models.

_—

= Simplicity: Occam's razor.
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Process mining

Spaghetti models

Ciiflus 0



Process mining

WE WANT MODELS WITH SOME CHARACTERISTICS...

® Completeness: model all the behavior shown in the log.
® Precision: avoid overly general models.
— Bias-variance tradeoff

® Generalization: avoid overly precise models.

_—

® Simplicity: Occam's razor.

" Robust to noise
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State of the art

®m Abstraction based : Poor completeness
> a-algorithm (and extensions)

® Heuristics based: Cannot handle all the constructs at once
> Heuristics Miner

m Search based: Do not consider simplicity
> Genetic Miner

® Based theory of regions: Cannot handle noise and infrequent behavior
> ILP
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Objectives

1. An algorithm that retrieves complete, precise and simple models.
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Objectives

1. An algorithm that retrieves complete, precise and simple models.

2. Robust to noise
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Objectives

1. An algorithm that retrieves complete, precise and simple models.
2. Robust to noise

3. Applicable in different domains
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1. ProDiGen

2. SoftLearn
3. Future work

4. Publications

Cifus
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ProDiGen

Genetic algorithm

® Components:

o _ Evolutionary cycle
> Individuals: solutions.
> Population: set of individuals. [ Initialization J [ End }
Algorithm 1: Genetic algorithm for process discovery.
1 Initialize population;
2 Evaluate population;
3t = 1, rimesRun = initialTimesRun, restarts = 0
4 while 1 < maxGenerations && resiarts < maxResiarts do
5 Selection; .
6 Crossover; Selection
7 Mutation;
# Evaluate new individuals;
L] Replace population;
10 r=r+1;
il il bestind (1) == besilnd (f — 1) then
2 | rimesRiun = rimesRun —1; Replacement Recombmatlon
13 if mone of the individuals of the popularion have been replaced then
14 |_ timesBun = timesBun — 1;
15 il rimesfun < 0 then
16 Reinitialize population;
17 Evaluate population;
18 rimesBun = mittallimesRun, restaris = restaris + 1; Evaluation

Ciiflus .



ProDiGen

Internal representation

®m Causal matrix: maps the input and output dependencies of each task.

O~

—Q o &

Tarea I{Tarea) O(Tarea)

A 0 {{BL{CD}T |
B {A} {E}

C 1A} {E}

D {A} {E}

E [ ({(BLCON [
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ProDiGen

Genetic algorithm

®m |nitialization of each individual
of the population

® Based on a heuristics approach

> Using the local information
of the log.

> Dependencies between tasks.

¢ _Baba+#bab . )
s W a# band#aba > 0;

#ab—#ba - -
\ Fabifborl if a # b and #aba = 0;

#ab
v H#ab+1

Cifus

fa=>b

Initialization [ End }

Selection

[ Replacement Recombmatlon

Evaluation
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ProDiGen

Genetic algorithm

® Binary tournament

- Population
=6, [ Initialization } [ End }

Replacement Recombmatlon

\[ Evaluation }/

Cifus



ProDiGen

Genetic algorithm

Generate new individuals.

® Crossover: [ Initialization J [ End }

> Combine the characteristics
of two parents into two offspring

Selection
® Mutation:
> Add or remove material e —
form an individual. eplacement Recombination
Evaluation

Ciiflus ”



ProDiGen

Crossover

Algorithm 2: Pseudo-code for the crossover operator.

1 r+ gerRandomNumber() // returns a random number between [0,1):
2 if r < crossoverRate then

3 incorrectivFiredActivities — 0 ;
4 if firness{parent | ) == fimess{parent ) then
H incorrectlyFiredA crivities « set of incorrectly fired activities of
| pareni;;
& else
7 incorrectlvFiredA crivities « set of incorrectly fired activities of
. hE - - _—
. | [parent;
Guided by a Probability Density Function o | it omecnFiedteriies + 0 then

L] crossoverPoint «— randomly select an activity 1 from
generated from the errors. e P vt
1 else
11 crossoverPoint +— randomly select an activity ¢ from the bag of all
| possible tasks in the log:
12 affspring,, offspring; + doCrossover{parent, pareni;, crossoverPoinr);
13 Repair offspring, and offspring,;

Ciiflus - P 22



ProDiGen

Mutation

Algorithm 3: Pseudo-code for the mutation operator.

1 while the individual does not change do

2
3

4
]

® Guided by the causal dependencies ’
of the log. s

]
11

12
13

14

15

Randomly choose one task ¢ in the individual;

mutationTvpe «— petRandomNumber() // returns a random number
between [0,1):

if murarionTvpe < 1/3 then

Randomly add a new task " to fir), being 1" a task from

input Dependenciesin):
il getRandomNumber() < 1/2 then
|_ Randomly choose one subset X € I} and add the task 1" to X;

else
|_ Create a new subset X, add the task 1" to X, and add X to I{r);

else if murarionType < 2/3 then
Randomly choose one subset X € [(r) and remove a task " from X,
| where " € X, If X isempty after this operation, exclude X from [i1):

else
| Randomly redistribute the elements from /(1);

Repeat from line 3, but using ONr) instead of 1) and outpuiDependencies(i)
instead of inpurDependenciesit);
Eepair the individual;

Individual

Cifus

Mutated individual
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ProDiGen

Evaluation

®m Each individual is evaluated with
three objectives: [Initialization} [ End }
Completeness
. . Selection
Precision
SlmleClty [ Replacement } [ Recombination }

Ciiflus o



ProDiGen

Evaluation (i) — Completeness

® Completeness

allParsedActivities(L,CM) — punishment
numActivitiesLog(L)

Cr (L, CM) =

where

allMissing Tokens(L,CM)

hment —
punishmen num TraceslLog(L) — num TracesMissing Tokens(L,CM) + 1

i allExtra TokensL eftBehind(L,CM)
num TracesLog(L) — numTracesExtra TokensLeftBehind(L,CM) + 1

Ciiflus -



ProDiGen

Evaluation (ii) — Precision and simplicity

® Precision:;

1
allEnabledActivities (L, CM)

Ps (L, CM) =

= Simplicity:

S¢ (CM) = -
ZteCM (Zd?Ef[t] || + Z\ue(}(t] |"-|-f|)

Ciiflus -



ProDiGen

Evaluation (iii) - Fitness

Hierarchical fitness function

F(a) > F(b) <= {Cf(a) > C¢(b)} V{Cr(a) = Cr (b) A Pr(a) > Pr (b)}
A {Cf (a) = Cf(b) A Pr (a) = Pf(b) A St (3) > 5S¢ (b)}

[ Completeness H Precision H Simplicity}

Ciiflus -



ProDiGen

Genetic algorithm

Update of the population

m Steady-state process...

> Combine and sort
parents and offspring (2N)

> The N best survive to the
next cycle.

m ...with reinitialization:

> If the best solution does not
change

> If there are not new individuals
in the population

Cifus

ren R .

Selection

Replacement

Recombmatlon

Evaluation
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ProDiGen

Noise — post-process

WAIT..., AND WHAT ABOUT NOISE?

®m Post-processing of the best individual: arc-pruning
> Remove those arcs used fewer than a certain threshold

¥
ArificialStartTask
(complete)
300
0,997
ag]
A
(complete) 0,667
291
0,994 0,993 0.8
156 135 4
B c
(complete) (complete)
158 137
0,989 10,986 0,985 0,986
158 | 158 a7 70 J
F D H
(complete) (complete) (complete)
159 169 74

I j

Cifus

G
(complete)

299

ArificialStartTask
(complete)

L i

291

A

(complete

/%

C
(complete)
137

(complete
158

a7 l?[]

H
(complete)
74

153\153

F
74 (complete)

D
(complete)
158

s
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ProDiGen

Experimentation - Balanced logs

Activity structures Log content
= 18 different model s SN f}f“v““ %
Irerent models %;,,e » N N o
Model G
Caminatas 2v 7 v 700 4.200
: , A8 TV vV 300 1.200
> Different degrees of complexity N> P 300 1.200
MiTiSkip[11] 6 v v v ¢ 500 4.757
Mas5[11] TV Vv 300 2.178
- ca MI21 [11] 6 v v v 300 4.668
> Logs with several levels of noise: Mbriver L {11] 11 v v ¢ v 700 13303
allLoops 5V v Vv v v 300 1,035
o . 12la 6 v v v v 300 2.264
— 0% of noise Ma7 [11] 9 v v ¥ 500 2427
10 - Herbst6p37 [11] 16 v v 700 12,600
1% of n0fse MexampleL [11] 8 v ¢ v 300 1.645
— 5% of noise Matnfc [11] 8 v v v 300 2,006
0 . MParallel5 [11] 10 v v 700 12,600
— 10% of noise. NC T v v v v 300 1,704
_ 20% of noise. L2LP TV Vv ¥ v 300 5476
NCB TV vV v v 300 2950
DWS [23] 12v v v v 500 4,033
> In total: 90 different logs (a) Balanced logs.

Ciiflus “



ProDiGen

Experimentation - Unbalanced logs

Activity structures L-ng content
¥ \‘ﬁﬂg IS
Model Mﬁ x;iﬂ'#ﬁ’ﬁ
. 2[11] 22 & « « - 1501
m 21 different models gilll] W v v v P v 014509
1] 29 v v ¥ v v 300 5975
g5[11] 20 v « ¥ v W00 6,172
g6[11] 23 ¥ v ¥ v v 00 5,419
) ) ) ) ) 7] 29 v & ¥ v 300 14.451
> Models with many interleaving situations. 1] 0w v v v v ¢ 300 5133
g9[11] 26 v v v 300 5,670
efO[11] 23 v v v 00 4,117
gl2[I] 26 & & & & & 300 4,841
i i 3] 2 & & & & « « o 300 5,007
> Models Wlth many different traces and A A L e o
frequenc|es g5 B v v v y 300 3,978
gl9[11] 23 v « ¥ v ¢ 300 4,107
2] 21 & v W W00 6,193
221 [11] 22 v v 00 3,882
. : g22[11] 24 v & « v W 300 3,095
> In total: 21 different logs P By vy Y 00 et
g24[11] 21 v & + v &« 300 4,130
g25[11] 20 v & + o’ 00 6,312
EMT[9] 7 & « + « o 100 790

Ciiflus 5



ProDiGen

Experimentation - Unbalanced logs

Activity structures Lugmntmt
¥ \‘ﬁﬂg IS
Model Mﬁ \)ﬁ-ﬂﬁ#ﬁ’ﬁ
. 2[11] 22 & « « - 1501
m 21 different models gilll] W v v v P v 014509
1] 29 v v ¥ v v 300 5975
g5[11] 20 v « ¥ v W00 6,172
g6[11] 23 ¥ v ¥ v v 00 5,419
) ) ) ) ) 7] 29 v & ¥ v 300 14.451
> Models with many interleaving situations. 1] 0w v v v v ¢ 300 5133
g9[11] 26 v v v 300 5,670
efO[11] 23 v v v 00 4,117
gl2[I] 26 & & & & & 300 4,841
i i 3] 2 & & & & « « o 300 5,007
> Models Wlth many different traces and A A L e o
frequenc|es g5 B v v v y 300 3,978
gl9[11] 23 v « ¥ v ¢ 300 4,107
2] 21 & v W W00 6,193
221 [11] 22 v v 00 3,882
. : g22[11] 24 v & « v W 300 3,095
> In total: 21 different logs P By vy Y 00 et
g24[11] 21 v & + v &« 300 4,130
g25[11] 20 v & + o’ 00 6,312
EMT[9] 7 & « + « o 100 790

PRODIGEN HAS BEEN TESTED WITH 111 DIFFERENT LOGS

Ciiflus .



ProDiGen

Experimentation - Metrics (i)

® Based on the original model:

> Behavior similarity:

|er] |Enabled(CM p, o, 1|

el i

ler] -
Lier) |Enabled(CM . o, §) 7| Enabled (CM g, o, §)|
G |

B, (L, CM,, CM,,) =

2 L(o)
el
|or] )
Lir) |Enabled(CM ., o, 1) [ Enabled(CM g, o, §)|
E&L[ﬁ X El |Enabled(CM ,. o, 1)| )
B. (L, CM,, CM,,) =
{ ) 2 L)
el
> Similarity from the structural point of view:
1Co (Gl
Sp(CM,, CM,,)) = ————
d |Conl
1Co (M Gl

Sr (CMﬂu CMm) =
1Col

Ciiflus -



ProDiGen

Experimentation — Metrics (ii)

® Based on the log:

> Proper completion: percentage of correctly parsed traces.

> Precision: how much behavior of the log is allowed by the model

|enL e)l

recision(L, M’
g GE Z < [enar(e)

> Simplicity: Weighted place/transition node arc degree

Ciiflus .



ProDiGen

Results on balanced logs (i)

Logs with 4% of noise |

| Logs with 1% of noise

& ® & N o
o 9T B T ﬁ:‘f@@ F s

AP I C X ARPE

¢ sy ¢

B
Mozl gf
milrics .5'_;..
ProDiGen
Log 0.80 077
metrics s 031 03 028 0.29 0.29 31 0.34 029 0.29
Ry |0.84 0.9 099 095 tm
Model | gy 098 n.w
metrics| 5p 0,85 0586 0% um
GM s, 073 0188 099 (08 091 85 [0,
Log 081 068 068 091 08 (89 064 78 (189 (.73 078 0.68
e c 0.52 0.49
mekncs 0.29
Ep
Model | &,
melrics .'.'n'p
HM Ar i i
Los | P 08 054 |6 81 091 UEE-ﬂI}-
| 069 084 u:m [HZI | 073 069 084 024 0.0 051
MEEs| 5 [0.23 . 025 @31 0.34 @8 0.28 0.29 0.3 [iEaE

+=

o0 00 00
00 00 00

&24- 027

[I|53 {IE

07a 082
087 087

073 084 076 077 0.94 083 073 04 041 e 08T 076 0.77 0LEE O4a
093 077
Iy o7

063 82 069 075 0.83 085 06 07 052 078 099 086 ﬂuu
0.

081 L83 079 081 0.83 0.69 0.69 D46 068 (L6E 084 074

] 0.0 087 0ef 00 0E2 00 00 00 00 00 00 00 00 00 00
0o 05 00 025 00 00 00 00 00 0n 00 0o
024 031 013 0.27 028 028 0.3 024 028 028 024 029 Q19

.69 LE3 09 075083 03] 0.75 0el 091 0.86 0.91 09

0.86 {ISI

[IEIS {ITI

081 077 4% 072
3 0.25 031 03 028 0.25 0.29 (] 029 03 031 025

0.3 039 (ued 058 L4 063 0032 031 042 048 047 033 047 003 052 062 063 042
068 056 0L83 075 L9 09 068 053 069 07 075 0.89 078 074 0E4 09 0% 056
028 053 0Le3 0L6% 75 076 (032 0.53 0.43 034 041 087 049 045 045 066 066 079
0Er

098

083
048 0.5] 073 06l LET 0055 054 065 058 00 075 056 063 074 064 048 054 052
05 00 0D 049 g2
016 027 0035 026 026 032 015 019 021 009 024 027 024 021 02 03 03 Q4

0.95 0.92 0.88 0.9 JIH

CiUS
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ProDiGen

Experimentation - Results on balanced logs (i)

Logs with 5% of noise [| Logs with 10%: of noise

T s
o 9 3 0TIV o 9 v”"?ﬂo PO Ho o o9 b o fweo 50

Bp 0.57

Model | 0.99

metrics Sp 073
ProDiGen 078
Log .86
melTics
Hp| 08 091 0.94 BQEI[ISJ-I}SE 0.99 0.94 0094 087 I}TQ-IIIE:EIIES 0.95 0592 083 08 -IIIET-I]‘}E 0.99 077 0BT 0.99 0.92 0.88 0.8s I}E!}-{ISI 084
Model | B | 090 099 099 0.96 099 009 0.99 0.99 0.99 0.99 0.99 098 0.99 0.99 099 ll.EI 099[199I}'!JQDEH_Jl]!;‘!;ll!;‘?ﬂ'!lgEWDQQEW-DQQEWHWDWI}QQDBQHE}

metrics |5 p |0.66 .77 .77 0.92 0.66 Q.88 0.8 08 0.9 0.68 076 0.92 0.66 069 0.9 MEN0E3||084 0.6 075092 09 088 0.0 (.98 0.57 0.75 (.92 0.95 (.83 0.66 0.91 0.9 072 079
GM Sr| 05 087 0.87 0.92 0.66 0 0.76 0.9 0.91 0.95JEJo.66 075 0.9 JEAN0.95| |0.78 0.75 0.75 [J0.53 N 0.55 0.96 0.66 0.51 [0 0.95 0.53 0.66 0.91 [JEEJ0.55 0.95

Log | P |0:68 062 0.87 0.68 066 0.66 0.54 0.6 0.78 0.86 0.54 0.61 0.92 0.47 0.63 0.55 [ 0.6 | [0.79 .56 0.46 0.68 0.51 (.44 0.63 0.51 0.52 0.44 0.67 075 0.43 0.58 0.76 0.58 0.57 0.54

- | clo22 0.6 [ 0.35 Iy 0.56 0.7 6 NN ©.55 0.7 [R010.27| |0.23 0.5 IRy 0.1 0.59 Y 0.53 PO 0. 1 7 ey .57
metnes| 028 0.29 0.7 u?unuzsuzsnzs 0.28 031 0.29 0.29 0.28 [@F 031 0.2 028 0.29 0.29 0.29 0.3 uzsnzsn?umuzsunnz;unuznuzg 0.3 0.28
087 0.7 0.88 0.77
Model 92 0. .95 0. 0.95 [JINJ 0.94

» 0.5 [N 0.53 0.9 ;
HM Sr 091 0.8 0.88 091 09 088 0.95

Los | P 092 un 00 057 058 0.01 QI (.88 055 0.0 00 0.92 0.0 00 (57 0.80 082 . 088 00 00 00
metics| € 056 un um 0.26 060 P08 0.85 077 0.0 uu 9 0 62 0. ) ! 084 00 00 00
L4 03 n3| 023 015 ) 0.3 [iEgo.2

Bp|073 081 069 0.34 075 Q63 0,38 063 0.83 0.72 055 0.38 0.8 045 075 076 0.23 0.57)] [0.85 084 0.84 086 O.ed el 035 0.74 084 Qa5 063 033 0.54 063 (el 068 032 043
Model | g |0.60 (.00 083 0.32 088 068 0.40 067 0.07 065 06 047 D88 054 000 056 0.24 066|005 000 0.00 D66 0.64 065 0.45 077 000 0ef 060 041 0.8 075 0.97 052 0.36 0.56
metrics|§ p (62 041 0.57 031 D46 03 041 05 0.47 043 036 04 055 037 05 06 0.5 048( |06l G4e 071 O4e 0.3 035 0.35 0.41 044 0L38 0.37 036 031 029 0.25 0.45 Dok 0.31
ot Sr |0EZ 062 05 038 0.5 Q37 0.57 058 066 063 066 056 001 06 QB3 06 066 072] (075 075 0.62 053 05 062 061 041 D66 B3 0.75 045 058 Oes 033 005 044 042
Log FlOo0 0e® 095 00 075 00 00 00 085 00 00 00 00 00 00 00 00 00]]00 085085 00 00 00 00 Q0 077 Q71 00 00 00 Q0 I}.TIE! 0.0 0o
C |00 049 1) 00 00 @O0 08 0.0 00 @0 065 00 00 00 00 00](00 m 0o oo 00 D 057 082 00 Q0 00 00 084 00 0o
5 |0.IE 027 018 020 @21 011 06 025 017 02 -D.E 0.25 021 021 I8 Q6| (021 019 019 013 019 025 021 0.2 -{I.EI 021 025 029 031 015

Bp |13 015 024 0.48 031 Q14 007 0.27 005 0.14 018 Q1 024 0.34 028 0.36 0.26 0.25| [0.16 025 0.2 033 032 0.2 012 0.28 021 12 015 005 013 QU7 01 041 0.24 015
Model | B | 0.3 048 0.83 0.33 0.62 042 0.21 081 017 0.44 0.36 0.45 0.50 064 0.4 0.69 075 0.49] (0025 072 0.58 047 Oued 0.5 0.19 064 038 042 0.29 015 0.43 029 0.32 072 047 0.24
mietrics (8 p |0.23 023 0.32 0.26 0.26 17 016 0.33 0.23 0.21 013 009 06 016 023 03 027 Q.13 (024 019 0.34 0.27 018 Q18 0L15 0.36 0.9 025 016 0.06 0.16 0.13 0.18 0.28 0.28 0.12
e Sy IO 0 0.95 0.3 EORERUORE}0.52 0.52 0.0 07 FEOREN 051 0.96| [H0 03 0.5 0.7 RO 055 O REO RO RED] 053 EORKD] 0 92

Log P 032 041 042 031 0.0 &7 018 045 058 0.3 039 00 042 042 4% 0.33 031 036] (036 041 044 034 00 026 007 0.45 043 037 037 Q0 037 03 032 036 028 028

0.87 0.96 088 0.86
og

c 0.0 [ 063 0.5 JD 0.5 0.0 O 00 [N 0.0 0.5 | |0.13 PRONESNERY 00 [0 0 52 FEUNEONED] 0.5 00 0.6 EEEEDNED .25

500 QIR0 012 007 (e le 0.00 024 006 O.04 014 0010 003 0014 QulS 020 000 Qunn) (002 @9 0.22 0005 0018 QIR 000 021 005 ule 015 007 015 00 004 @2 008 Ol
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ProDiGen

Experimentation - Results on balanced logs (iii)

]..ugﬁwi.m ¥ of moise
ﬁ‘"’ x@‘* ‘,ﬁ* > ﬁ 3 9
2o ¥ @YV e W -ﬁ"' « Fo
B, |057 078 08 075 075 052 072
Modet | & | 0o 199 000 (.90 090 0.00 000
mefrics | &y | 075 079 081 078 076 078 076
ProDiGen [ 0.83 053 08 075 0.95
P 0p eE 079
LE C 052 072
memes |y 0.0 0.9
By |0356 0&7 Oes 085 082 I 044 09 067 077 073 059 065 083 057 095 058
Model | g (000 0.00 000 000 009 000 D98 008 0.099 000 000 007 000 000 000 000 0.00 081
mewrics | §p (0.5 046 0.6 069 072 088 052 088 047 069 0e6d 044 061 052 05 09 0% Os
oM 5 | ke 075 075 060 0o 0N 052 095 dss 0B 091 0.5 066 Oes Oee 00 088 095
Log | P [039 042 045 065 036 065 00 046 042 042 038 00 035 059 037 031 051 053
S| o |oo 00 [y o0 Ry 00 00 03 [y o.is
MEMC | 5 |026 036 028 026 0.27 031 028 024 025 027 025 027 027 0.9 0.2 02 0.9 0N
By 07 0.e7 077 08 07
Madal | B, L85 0ot 095 0.6
mefrics | §p 0T 6 0.8
HM S 87 & 07s : 0.8
Log | P 00 00 085 00 00 0o 00 0D
i | € L)) 00 065 00 083 0 00 00 00 00
memes | g 03 0.28 [ 03 -::Lzs
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ProDiGen

Results on unbalanced logs

Logs
22 L EL PP IPPEIPPPIP PSS
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Log P 093 09 083 092 09 00 28 071 N85
R N 074 O7R M 09 00 093 023 037
memcs | g 029 020 03 020
By| 08 081 095 088 (007 0E7 09 004 005 003 058 085 00 Oed 084 003 071 081 094 099
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ProDiGen

Experimentation — Non-parametric tests

® Friedman test and Holm post hoc test:

— Balanced Logs Unbalance Logs

Algorithm Ranking Algorithm Ranking

ProDiGen 1.52 ProDiGen 1.55
HM 2.74 HM 2.62
GM 289 ILP 2.95
ILP 3.74 GM 3.672
a™t 4.10 a*t 4.26

Friedman p-value: 5.34E-11 Friedman p-value: 3.58E-7

Comp. z p a/i Hypothesis Comp. z P a/i Hypothesis

a™ 109 7.70E-28 0.012 Rejected
ILP 943 4.17E-21 0.016 Rejected
GM 580 6.70E-9 0.025 Rejected
HM 5.19 2.15E-7 0.05 Rejected

a** 556 2.65E-8 0.012 Rejected
GM 4.25 2.18E-5 0.016 Rejected
ILP 288 0.003 0.025 Rejected
HM 220 003 005 Rejected

— ped Led | e
I—LHLJ..'I_I‘_"..H.
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SoftLearn

EDUCATION

‘vv
e '
Complete - L ' O‘{ ‘
<
3

~ ~  Precise *
. v Simple
——y e

® Evaluate learning paths from a virtual learning enviroment

B |ntuitive GUI to visualize:

> The real learning path of the course
> The learning content generated in the VLE S OftLea rn
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SoftLearn

Framework

Teachers

Instructors

Le
Learning Flow amers

Services Resources

Educational world

Supports / Controls / Monitors

Helps / Assists

Learmirng flow Learning flow

modification

Process Models
(learning flows)

Real learning flows
undertaken by learmers

Low frequency leaming path
filtering

Leaning path simplification

Process Model Manager

Postprocessing

Monitoring sripts

Virtual Learning Environment

Record the events that
occur during the learning-
teaching process

Graphical Interface

Frocess model
configuration

Event log

Process Mining Algorithms

configuration

Low frequency trace filtering

Similar frace clustering

Learning activity clustering

( Learning flow discovery

Cifus
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Event Log Manager

Execule process mining
algorithms to obtain
learming fow informalion
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SoftLearn

® |ntegrated in the virtual learning enviroment Elgg.

®m Used as evaluation software in the present course 13/14.

® Tecnologia Educativa, Departamento de Didactica y Organizacion Escolar —
USC

> 72 enrolled students.
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Future work

S0, WHAT’S NEXT?

1. Multi-objective algorithm.
2. Generalization
3. Conformance

4. Other domains: Medicine (QUIRAV)

Ciiflus 4
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ProDiGen: a genetic algorithm
for process discovery guided by

completeness, precision and
simplicity
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