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Abstract

Industrial distributed Cyber-Physical Systems (dCPS) are becomingmore difficult for

engineers to understand and configure due to their size, heterogeneity, andmany inter-

acting architectural decisions. Automated Design Space Exploration can help manage

this complexity by synthesizing high-quality system configurations, but it provides lim-

ited insight into why certain configurations performwell. As a result, engineers receive

optimized configurations without a clear rationale for the architectural decisions that

influence system quality.

This thesis investigates how interpretable design principles can be extracted from

automatically synthesized hierarchical dCPS configurations. To achieve this, an insights

extraction pipeline is developed that transforms automatically synthesized design points

into a tabular representation using the introduced Categorical Hierarchy-Informed Pro-

positionalization (CHIP) method, trains an XGBoost surrogate model to predict the

fitness score, and applies SHAP to identify influential architectural design choices. The

approach is evaluated on an industrial case study provided by Thales and TNO-ESI using

four strategies to generate the datasets with GA-generated and randomly synthesized

design points used by the surrogate model and SHAP.

The experiments show that dataset generation strategy strongly affects both sur-

rogate model performance and SHAP consistency. Although the dataset combining

GA-generated and randomly synthesized design points achieved the best predictive per-

formance, the dataset containing only randomly synthesized design points produced the

most reproducible SHAP explanations across multiple experiment runs. This indicates

thatdatasetsmust expose enoughvariation in thedesign space to support reliable insight

extraction. Expert validation and an additional experiment with modified hardware

requirements showed that the influential design choices identified by SHAP correspond

to a genuine architectural region in the design space, where they act as indicators of the

presence of a smaller subsystem branch within the design space. Overall, the proposed

pipeline demonstrates how synthesis results can be used not only to obtain optimized

configurations, but also to support engineers in understanding large industrial dCPS

design spaces.
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�¬�_�˜�����_ �¤���˜�¤ �˜���¤�B �¤�8�=�˜ �Ä�=�T�T �¤���˜�¤ �=�0 �E�� ���í�¤�í �•�j�=�_�¤�˜ �1���_���•�í�T�=�Ô�� �¤�j �8�=�1�8�X�•���•�0�j�•�]�=�_�1 �E�� ���í�¤�í
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�8�=�_�� �T���í�•�_�=�_�1 �•���•�0�j�•�]�í�_�
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�•�j�=�_�¤�˜�B �=�_���=�
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�D�=�1�¬�•�� �ü�A�ø�C �p���í�_ �í�_�� �˜�¤�í�_���í�•�� �����Ã�=�í�¤�=�j�_ �j�0 �p�f �•���•�0�j�•�]�í�_�
�� �0�j�• �¤�8�� �E�� ���í�¤�í�˜���¤�A

�����˜�=�1�_ �˜�•�í�
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