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Research Question

Can the employment of transformer models and clustering algorithms facilitate event log
analysis in process mining by forming more cohesive case clusters that capture meaningful
semantic coherence, allowing for the representation of specific behavioral patterns within the
logs?

Motivation

The field of process mining plays a pivotal role in optimizing business processes by examining
digital footprints. Central to process mining is event log analysis, where event sequences are
scrutinized to unveil patterns, irregularities, and potential bottlenecks. While traditional deep
learning networks, such as recurrent neural networks (RNNs), have excelled in predicting
process behaviors due to their precision and adaptability, they face challenges in handling
long-range dependencies, gradient issues, and computational efficiency for lengthy sequences.
Addressing these challenges led to the introduction of the attention mechanism, embodied by
transformer models.

Transformer models excel in tasks like machine translation and natural language processing.
Encoder-only transformers have consistently achieved state-of-the-art results, particularly when
paired with clustering techniques. This extends beyond the domain of natural language pro-
cessing to structured data, where encoding textual information and subsequently clustering the
encoded representations can lead to semantically coherent clusters, providing valuable insights
and revealing hidden patterns. These patterns can be critical in areas such as understanding
customer behavior in e-commerce, optimizing manufacturing processes in industry, or tracking
disease progression in healthcare. Discovering these patterns informs decision-making and
process improvements across various domains. However, despite their demonstrated success in
various applications, the application of transformer models in process mining remains a largely
unexplored frontier.
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Methodology

This research adopts a two-step approach. Initially, a transformer model will be trained as
a masked language model, requiring it to predict masked portions of input data based on
surrounding context. This training process ensures that the encoder learns to represent input
data as vectors in a latent space, capturing both contextual and semantic relationships.

The second step involves developing a methodology that leverages the encoder model to
transform event logs into semantically meaningful vectors within the latent space. These
encoded vectors will then be subjected to a suitable clustering algorithm, aiming to create
meaningful clusters that reveal behavioral patterns in the event logs. However, assessing
the quality of the constructed semantic clusters requires the introduction of novel evaluation
measures.

When selecting a tokenizer for transformer models, careful consideration must be given to
model compatibility, granularity of the text, and domain specificity. The efficiency of the chosen
tokenizer impacts computational costs and sequence lengths, which must align with practical
constraints such as available computational resources and tool support. Empirical testing on the
specific task and dataset is essential to strike a balance between performance and computational
requirements.

Configuring the transformer model, including decisions on the number of encoder layers
and attention heads, should be driven by dataset size, task complexity, and available computa-
tional resources. While initial configurations can be informed by established architectures like
BERT [1] or RoBERTa [2], fine-tuning these settings based on validation performance is critical.
A systematic hyperparameter search, combined with insights from recent literature, will guide
this decision-making process to optimize model performance and computational efficiency.

To address the challenges of clustering high-dimensional vectors generated by transformers
for structured data like event logs, dimensionality reduction techniques, such as t-SNE [3]
or PCA [4], will be applied before clustering. Alternatively, algorithms like DBSCAN [5] or
HDBSCAN [6], which do not require a priori specification of the number of clusters and can
handle varying densities, will be explored for clustering.

Beyond the pre-training phase, the research will evaluate the versatility of the model through
fine-tuning tasks. An exemplary task is anomaly detection, evaluated using metrics such as
the Area Under the Receiver Operating Characteristic Curve (AUC-ROC) [7] and the Area
Under the Precision-Recall Curve (AUC-PR) [8]. These metrics, especially AUC-ROC, effectively
capture the model’s ability to distinguish between normal and anomalous sequences, serving as
a testament to its post-fine-tuning effectiveness.

Additionally, the research will incorporate novel metrics, as proposed by Sommers et al. [9],
to assess the model’s capacity to generalize beyond its training data. These metrics will address
fundamental questions: Can the neural network effectively learn its task? How do the rediscov-
ered models (semantic clusters) compare to their original counterparts both structurally and
behaviorally? How does the model perform in real-world scenarios without a definitive ground
truth? Incorporating these evaluation metrics will provide a robust framework for analyzing
the efficacy and versatility of the research findings.



State-of-the-Art

Deep neural networks, since their introduction in the field of process mining, have improved
business process monitoring and discovery. Evermann et al. [10] introduced the use of recurrent
neural networks (RNNs) to predict real-time process behaviors. Building on this, a range of
prediction models grounded in RNNs and their derivatives like the long-short term memory
(LSTM) networks have emerged. They involved several tasks such as predicting the next
activity [11], suffix generation [12], and more.

However, there are notable limitations with these networks, especially when handling lengthy
sequences. For instance, the efficiency of LSTM networks tends to decrease in relation to the
increasing length of event sequences [13]. This is undesired since the intricacies of event logs
often involve control flows linking activities, creating the need for recognizing both short and
long-range dependencies. Also, due to their sequential nature, LSTMs and RNNs don’t support
parallel processing, leading to significant inefficiencies during learning and inference phases.

To address these limitations, the attention mechanism was introduced [14]. It has proven
effective in handling long-range dependencies in sequences. Transformer neural network
architectures, using the self-attention mechanism, have become prominent in neural machine
translation and natural language processing. Their contributions span a wide range of tasks
such as text generation [15], sentiment analysis [16], and more. Transformers have also been
applied to non-textual data, such as images [17] and protein sequences [18]. Their applications
include information retrieval tasks with structured data [19].

In the context of event log analysis, trace clustering [20] is a fundamental technique for
understanding and enhancing process behaviors. Deep learning techniques have gained traction
in predictive analytics for process mining, particularly in tasks like predicting the next event or
remaining time [21]. The significance of trace clustering also extends to customer journey anal-
ysis, which helps us grasp and improve customer behaviors in omnichannel environments [22].
Utilizing domain-informed similarity metrics [23] enhances the quality of customer journey clus-
tering, contributing to process improvement efforts. Furthermore, the field of predictive process
analytics emphasizes the need for interpretability in deep learning-based models. The work by
Wickramanayake et al. [24] has shown that attention-based models can provide comprehensive
explanations for process predictions, addressing the challenge of "black-box" models.

The research aims to extend the application of transformer models and attention-based mech-
anisms to event log analysis, leveraging their strengths and addressing identified challenges,
including enhancing cluster quality and interpretability in event log analysis. Encoder-only
transformers, like BERT, excel in translating diverse inputs into a unified latent space, facil-
itating downstream tasks like clustering and anomaly detection. Although the next-activity
prediction was addressed by training an encoder-decoder transformer [25], their application in
transforming input data into semantically meaningful vectors in the latent space is underutilized
in process mining.
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