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1 Introduction
Resource-constrained embedded systems are embedded sys-
tems with strict hardware resource constraints and typically
lack an MMU (Memory Management Unit) and hardware-
assisted virtualization support.These significantly contribute
to minimizing SWaP-C (size, weight, power, and cost), thus
they are widely used in real-world products. There is a de-
mand to utilize the high-functional software assets available
in Linux to reduce development costs in embedded systems
that require real-time capability and reliability. Ensuring
real-time capability with Linux alone is challenging, hence
the virtualization approach that runs Linux and an RTOS
(Real-Time Operating System) simultaneously is commonly
used to meet this demand. However, this approach cannot be
adopted in resource-constrained embedded systems due to
the lack of hardware-assisted virtualization support. To the
best of our knowledge, there is no approach to simultane-
ously support real-time applications and Linux applications
in a single resource-constrained embedded system without
compromising real-time capability and reliability.

To address this issue, we focus onUKL (Unikernel Linux)[1],
a prior work on a Linux-based unikernel, which converts
Linux into a unikernel-style OS running on bare metal or
inside a VM. We consider an architecture that runs a Linux-
based unikernel on top of an RTOS. While the Linux-based
unikernel provides a Linux execution environment, the RTOS
protects real-time applications from the Linux kernel and its
applications. In this poster, we present EUKL, a fork of UKL,
running as an RTOS application.

2 The Design of EUKL
Figure 1 shows the overall architecture of a resource-constrained
embedded system that utilizes EUKL. The design of EUKL in-
volves the following three steps. First, Nommu Linux (Linux
using no MMU) is converted into a Linux-based unikernel
in the same way as UKL. Next, we port it onto an RTOS by
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Figure 1: Overview of EUKL architecture.

removing privileged code and virtualizing interrupts to lever-
age the temporal and spatial isolation by the RTOS. Finally,
LTO (Link Time Optimization) is applied to both the Linux
kernel and its applications to improve resource efficiency.

3 Evaluation
Our early-stage implementation of EUKL targets the Arm
Cortex-M4 @ 168 MHz and TOPPERS/ASP3 RTOS, and runs
a hello world application in C as a test Linux application.
The impact on the worst-case response time of a real-time
application is calculated as (3µs + (the processing time of
interrupt handler in the RTOS kernel)) × (the number of
interrupts assigned to EUKL). Compared to vanilla Linux,
the ROM usage decreases by 30%. These results show that
the impact on real-time capability is sufficiently minimal
and resource efficiency is improved, demonstrating that our
approach is practical and beneficial for resource-constrained
embedded systems.
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