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Abstract The Scalable Open Architecture for Embedded Edge (SOAFEE) provides a scalable
open-source framework designed for embedded edge systems, integrating cloud-based testing
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with in-vehicle deployment through containerization and microservices. However, the multi-layer
coupling and dynamically changing runtime environment of SOAFEE make timing analysis in
autonomous driving systems extremely complex, rendering traditional real-time analysis
techniques less applicable. In the SOAFEE architecture, containers serve as deployment units for
functional modules, and their configuration parameters (e. g. , CPU, memory) directly determine
task scheduling and execution efficiency, thereby affecting the system’ s overall timing behavior.
Studies show that different container configurations have a significant impact on the end-to-end
Thus,

configuration parameters while satisfying end-to-end timing constraints has become a key

latency of autonomous driving systems. how to automatically optimize container
challenge for the successful application of SOAFEE in autonomous driving. To address this
challenge, we propose a Design Upon Test (DUT) approach for container parameter optimization.
Unlike traditional static real-time theories, this approach relies on empirical testing to obtain real-
time performance data (i.e., subpath end-to-end latency) of containers under different
configurations. Based on these measurements, we formulate an optimization problem to search for
the globally optimal combination of container configurations. A Chain Composition Optimization
Algorithm (CCOA) based on dynamic programming is proposed to efficiently explore high-quality
configuration solutions under multi-dimensional resource constraints. Experimental results in a
representative Autoware autonomous driving system demonstrate that the proposed method
effectively ensures end-to-end timing constraints for multi-container and multi-task chains.
Compared with the greedy algorithm, the proposed method improves the path deadline satisfaction
rate by approximately 50%. In comparison with the traditional mixed-integer linear programming
(MILP) approach, it achieves an improvement of approximately 44%. Furthermore, compared
with the Kubernetes Vertical Pod Autoscaler (VPA) algorithm, the improvement reaches
approximately 58.14%. These results indicate that the proposed approach not only satisfies
timing constraints but also achieves optimized resource allocation, providing an effective solution
for end-to-end timing assurance and container resource optimization in SOAFEE-based

autonomous driving systems.

Keywords end-to-end latency; container configuration; design upon test (DUT); autonomous

driving; scalable open architecture for embedded edge (SOAFEE)
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Background
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(SOAFEE) integrates cloud-based validation and in-vehicle
deployment through containerization and microservices, providing
a technological pathway for rapid iteration and functional upgrades
in autonomous driving applications. However, under SOAFEE’ s
multilayer heterogeneous architecture, traditional real-time
analysis methods are often too idealized to be reliably applicable.
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the problem of container configuration optimization and end-to-
end timing assurance for multi-container task chains under the
SOAFEE architecture.

Existing studies have explored container configuration and
tuning from various perspectives. Frameworks such as
conTuner, OPPerTune, and ConfAdvisor, as well as strategies
based on evolutionary algorithms, machine learning, and
predictive modeling, have been proposed to improve resource

scheduling and performance optimization. However, these

approaches mainly target general-purpose computing clusters and
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cloud environments. paying insufficient attention to safety-critical
autonomous driving systems, which are subject to strict end-to-
the SOAFEE

framework, how to jointly model and optimize container

end timing constraints. Particularly under
configurations and task-chain timing behavior remains an open
challenge.

To address this gap, this paper proposes a Design Upon
Test (DUT) -based container parameter optimization method.
The approach systematically establishes the mapping between
container configuration parameters (e. g. , CPU cores, memory
capacity) and execution delay through empirical testing. On this
foundation, a Chain Composition Optimization Algorithm
(CCOA) 1s developed to solve the multi-container configuration
optimization problem under resource and timing constraints.
Experimental results show that the proposed method improves the
deadline satisfaction ratio by over 40% compared with greedy,
Mixed-Integer Linear Programming (MILP) -based and VPA
approaches. Unlike traditional static-assumption-based models,
our method builds on real measurement data, making it more
representative of the operational characteristics of containerized

systems under SOAFEE.

performance on critical paths while improving overall resource

It effectively guarantees real-time

utilization.
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SOAFEE-based

environments. Therefore, the proposed DUT-based modeling

delay  measurements,  and deployment
method and CCOA algorithm provide a concrete solution
component for the broader research objective of improving real-
time scheduling and timing assurance in complex embedded

software systems.



