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Abstract

Embedded systems are application-specific computing platforms that have been widely used in var-
ious safety-critical domains, including aerospace, rail transit, automotive electronics, and smart cit-
ies. As the complexity of embedded systems increases, traditional embedded software languages
and development processes face multiple challenges, including performance bottlenecks, limited
resources, strict security requirements, and low development efficiency. The complex memory
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management mechanisms of traditional embedded languages not only raise the learning threshold
but also increase maintenance difficulty. The multiple layers, high complexity, and tight hardware-
software coupling of embedded software development lead to long time-to-market and difficulty in
rapid iteration. In recent years, emerging embedded development languages, low-code platforms,
intelligent development tools, and virtual simulation platforms have been reshaping the paradigms
for embedded software languages and development. This survey focuses on these emerging embed-
ded software languages and development paradigms, reviews the current research status and devel-
opment trends at home and abroad, and provides references for embedded software development.
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Figure 1. General development process of embedded systems
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Figure 2. Memory error cases and their Rust solutions
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Table 1. Large-scale industrial projects/open source projects developed using memory-safe languages
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Figure 3. The architecture of TockOS [26]
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Figure 4. lustration of virtual platform construction with VCML [34]
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