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Business Process Deviation Prediction
Predicting Non-Conforming Process Behavior
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To-Be Model Event Log

Undesired deviations



Running Example
To-Be Model: BPIC 12 only “A_” activities
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Managers want to know in which traces 
which deviations can be expected and 
accordingly introduce preventive measures

Our Approach
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𝑪𝟏: Explicit process knowledge required

Prediction targets are clearly defined (unlike in, e.g., anomaly detections)

usage of to-be model necessary
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𝑪𝟐: Prediction targets have specific nature

𝑪𝟐.𝟏: Multi-label targets

one trace might deviate in 
more than one way (e.g., 

𝒅𝟏and 𝒅𝟐 in 𝒕𝟏)

𝑪𝟐.𝟐: Imbalanced targets

deviating traces are rather 
infrequent, leading to 

highly imbalanced data

𝑪𝟐.𝟑: Dynamic targets

labels change over the 
duration of the trace (i.e., 
after deviation happened)
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𝑪𝟑: Context is of importance
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𝑪𝟒: Action orientation requires specific focus+
-

Default Classifiers 
Optimize accuracy

Process Manager

Want high recall 
(correctly recognizing all 

deviations) over high 
precision (not 

misclassifying conforming 
instances)
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Goal

Offline Component

Online Component

To-Be Model B

Event Log L

Model 
Learning

Encoded 
Prefixes

Labelled 
Prefixes

Encoding

Labelling

Trace Prefix

Trained 
Classifiers

Trained 
Classifiers

𝒅𝟏: Deviation

𝒅𝟐: Deviation

𝒅𝒎: No Deviation

…

Predictions

Predict which deviations will happen in the future of incomplete traces
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Define labels

To consider explicit 
process knowledge, we 

define all labels based on 

alignments of traces 

with to-be models

Addresses
𝑪𝟏

Assign labels

To account for multiple 
targets that change 

dynamically throughout 

the trace, we label each 
prefix individual 

Set of deviation types 𝑫 Label for each prefix for each 𝒅 ∈ 𝑫

Addresses
𝑪𝟐.𝟏& 𝑪𝟐.𝟑
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Apply and compare two context-aware encodings

Complex Index-
Based Encoding 

(CIBE)

Learned 
Encoding 
(MPPN)

Addresses
𝑪𝟑



Business Process Deviation Prediction
Learning - Sampling
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We apply under-sampling to the training split

Deviating 
Cases

Conforming 
Cases

Deviating 
Cases

Conforming 
Cases

Addresses
𝑪𝟐.𝟐

Used Data to Train 
Classifier

Applied Under-Sampling:

One-Sided Selection
• Combines Tomek Links 

and Condensed Nearest 
Neighbor (CNN) Rule

• Tomek Links removes 
ambiguous samples

• CNN removes redundant 
samples



Business Process Deviation Prediction
Learning - Network Architecture
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We train one classifier per 𝒅 ∈ 𝑫

To-Be Model

Event Log

Log Move

Model Move

Log Move

Model Move

Model Move

....

Specified Classifier 1

Specified Classifier 2

Specified Classifier 3

Specified Classifier N-1

Specified Classifier N

....

Addresses
𝑪𝟐.𝟏



Business Process Deviation Prediction
Learning - Training
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We use a weighted cross-entropy loss function (𝑾𝑪𝑬𝑳)

𝒍𝒐𝒔𝒔𝑾𝑪𝑬𝑳 = ቊ
𝟏𝟔 𝑖𝑓 𝐹𝑎𝑙𝑠𝑒 𝑁𝑒𝑔𝑎𝑡𝑖𝑣𝑒
𝟏 𝑖𝑓 𝐹𝑎𝑙𝑠𝑒 𝑃𝑜𝑠𝑖𝑡𝑖𝑣𝑒

Penalizes 
FN more

Optimizes 
Recall

Addresses
𝑪𝟒



Evaluation
Datasets
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High imbalance 
of deviations

Many deviation 
types 𝑑 ∈ 𝐷

Differing 
numbers of 

prefixes

Differing amount 
of context



Evaluation
Results
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Approach with 
similar goal 

based on 
statistics

Approaches that 
could be used 

instead of BPDP

BPDP with both 
CIBE and MPPN 

encodings
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are outperformed

best 
performance



Evaluation
Shapley Values for one specific prediction
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Applying XAI to identify which features lead to a deviation prediction

unlikely to predict a deviation likely to predict a deviation



Discussion
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Further evaluation results
• Shapley values allow process managers 

to detect features that increase 
likelihood of deviations

• Additional use case evaluation showed 

that BPDP is early in its 

predictions

Insights into deviation prediction

• Only both under-sampling and 
WCEL leads to sufficient results 

• Learned encoding MPPN performs

nearly as good as CIBE 
although trained on next-event 
prediction

• Additional context in BPIC 20 

logs could lead to better performance 
for shorter prefixes



Any Questions?
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Backup
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Business Process Deviation Prediction
Learning - Network Architecture
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We train one classifier per 𝒅 ∈ 𝑫

...

Input Layer 
(size = EF*)

...

Hidden Layer 1
(size = 256)

...
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Hidden Layer 2
(size = 256)

Output Layer
(size = 2)
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*EF = number of encoded features for each trace prefix
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