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Event-logs

𝑒 is an event

 Each event e has an Activity, 𝑒. 𝑎

 and a set of attributes 𝑒. 𝑥1, 𝑒. 𝑥2, … , 𝑒. 𝑥𝑝 (context in denoted by the set of 

attributes 𝜒).

𝜎 = 𝑒1, … , 𝑒𝑛 is a trace

𝜋⨁ 𝐿 is a log partition
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Process Trees

A rooted tree that represents a process.

Each leaf node is an activity and all non-leaf nodes are control-flow 

operators.

The process tree is given as a set of activity sequence:

{ 𝐴, 𝐵, 𝐶 , 𝐴, 𝐷 }
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Inductive Miner (IM) A,B,C
A,D
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Recurse on each l ∈ 𝜋⊕(𝐿)

Select operator ⊕ and 
log partitioning 𝜋⊕(𝐿)

The IM algorithm (Leemans et al. in [1])
recursively applies a select function to 
construct a process tree as follows:

We use the Inductive Miner to capture 
control-flow. 6

[1] S. J. Leemans, D. Fahland, and W. M. van der Aalst, “Discovering blockstructured process models from event logs-a constructive approach,” in ATPN. Springer, 2013, pp. 311–329.
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K-means Clustering
Each event 𝑒 can be seen as a 𝑝-dimensional feature vector 𝑒. 𝑥1, … , 𝑒. 𝑥𝑝 .

We use K-means Clustering to capture context.
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K-means – Mixed Distance Measure

𝜒𝑁 ⊆ 𝜒 numeric attributes. The distance computed by their Euclidean distance.

𝜒𝐶 ⊆ 𝜒 categorical attributes. The distance computed by: 

𝑑𝑒(𝑒. 𝑥, 𝑒′. 𝑥) = ቊ
0, 𝑖𝑓 𝑒. 𝑥 = 𝑒′𝑥,

1, 𝑖𝑓 𝑒. 𝑥 ≠ 𝑒′𝑥

The mixed measure:

𝑑 𝑒, 𝑒′ = 𝜔 

𝑥∈𝜒𝑁

𝑒. 𝑥 − 𝑒′. 𝑥 2 + (1 − 𝜔) 

𝑥∈𝜒𝐶

𝑑𝑒(𝑒. 𝑥, 𝑒′. 𝑥)

𝜔 = |𝜒𝑁|\ 𝜒
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K-means Clustering

9



Silhouette

Silhouette (𝜓𝑠) is  quality measure of a split of the events of a log.

 It given by quantification  the separation between clusters.

−1 ≤ 𝜓𝑠 𝑒 ≤ 1

The silhouette coefficient 𝜓𝑠 𝑒 is defined by:

𝑖𝑛 𝑒 =
σ𝑒′∈𝐸𝑗\{𝑒}

𝑑 𝑒, 𝑒′

𝐸𝑗
𝑜𝑢𝑡 𝑒 = min

1≤𝑖≤𝐾,𝑖≠𝑗

σ𝑒′∈𝐸𝑖
𝑑 𝑒, 𝑒′

𝐸𝑖

𝜓𝑠 𝑒 =
𝑜𝑢𝑡 𝑒 − 𝑖𝑛(𝑒)

max(𝑖𝑛 𝑒 , 𝑜𝑢𝑡 𝑒 )

𝜓𝑠 {𝐸1, … ,𝐸𝐾} =
1

𝐾
σ1≤𝑗≤𝐾

σ𝑒∈𝐸𝑗
𝜓𝑠 𝑒

𝐸𝑗
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CaT- Context Aware Process Trees

CaTs extend process trees with an operator that carries data 

semantics.

Constraint operator ⋇
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CaT- Context Aware Process Trees

We set 𝐾 = 2, which allows us to use the boundery between the 

clusters to annotate the Constraint operator.
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CaDi- Context Aware Discovery
Overview
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CaDi- Context Aware Discovery
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Evaluation – Experimental Setup
Quality:

 Multi-perspective: Fitness (𝜓𝐹𝑖𝑡 𝐿, 𝑇 ) and precision (𝜓𝑃𝑟𝑒 𝐿, 𝑇 ) [3]

 Generalization (𝜓𝐺𝑒𝑛(𝐿, 𝑇)) in a training and validation fashion.

 𝜓𝑇𝑜𝑡 𝐿, 𝑇 =
1

3
𝜓𝐹𝑖𝑡 𝐿, 𝑇 +

1

3
𝜓𝑃𝑟𝑒 𝐿, 𝑇 +

1

3
𝜓𝐺𝑒𝑛(𝐿, 𝑇)

 Implementation:

Baseline:

 Inductive Mining followed by Decision Mining (IM&DM) [4].
18

[2] F.  Mannhardt et. al., Balanced multi-perspective checking of process conformance, Computing, 2016.
[3] Y. Dahari, A. Gal, and A. Senderovich, “Edu-prom: Prom for the classroom,” in BPM (Demos), 2017.
[4] A. Rozinat and W. M. P.  van der Aalst, Decision mining in ProM. In BPM, 2006.

Python code 

- NLTK for K-means

- EDU-ProM for IM [3]

Produce a Data 
Petri net (DPN)

Evaluate using 
multi-perspective 
process explorer 

in ProM

CaT DPN 𝜓



Evaluation – Datasets

Three synthetic event logs:

 Randomized process tree [5].

 500 traces, with an average length of 3 events.

 Three randomly sampled attributes, namely: timeof-day, resource, and duration.

Real-world hospital log:

 A single day of event data from an outpatient cancer hospital in the United States.

 500 treatment traces that consist of a total of 1,200 events.

 One  numeric feature and two categorical features.
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[5] T. Jouck and B. Depaire, Simulating process trees using discrete-event simulation, 2017.



Evaluation – Results

 The multi-perspective quality measures as function of 𝛿 over synthetic log.
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Evaluation – Results

 The overall performance in terms of Fitness (𝜓𝐹𝑖𝑡), Precision (𝜓𝑃𝑟𝑒 ), 

Generalization (𝜓𝐺𝑒𝑛) and Total Quality (𝜓𝑇𝑜𝑡) obtained by CaT.
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Evaluation – Results

 Comparison of CaDi (blue) and IM&DM (red) in terms of data (x-axis) and 

control-flow  (y-axis) deviations over the Hospital dataset. Larger markers 

indicate higher frequency of the respective values.
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Conclusions

A novel discovery framework that considers both control-flow 

and context, simultaneously. 

A discovery algorithm, CaDi, which combines Inductive Mining 

and K-means clustering to generate a context aware process 

tree, CaT.

We validate the superiority of CaDi, using multi-perspective 

alignments.
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Thank You For 
Listening!

Any Questions?
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Personal URL: 
https://sites.google.com/view/roee-shraga 
Contact me at: 

shraga89@campus.technion.ac.il

Code:
https://github.com/dafna-s/Inductive-Context-
aware-Process-Discovery
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