l\\] N=TSILICA

Virtualization on Constrained Platforms

Virtualization for on constrained platforms, particularly in embedded systems means
running multiple isolated software environments (VMs or Containers) on a single
physical platform, managed by a hypervisor.

Why Virtualize?

e Consolidation: Run diverse applications/OSs on one chip, cutting hardware costs
and power. Critical for mixed-criticality systems (e.g., automotive).

e Isolation & Security: Failures or breaches in one VM won't affect others, boosting
system robustness and protecting data.

¢ Flexibility: Reconfigure, update, and deploy new features easily without hardware
changes.

o Software Reuse: Leverage existing software in its native OS, speeding up
development.

¢ Mixed Criticality: Combine applications with varying safety and real-time needs.

How it Works
e Hypervisor: Manages VMs.

o Type 1 (Bare-Metal): Runs directly on hardware; high performance, strong
isolation. Common for embedded.

o Type 2 (Hosted): Runs atop a host OS; less common for demanding
embedded tasks.

¢ Virtual Machine (VM): A full, isolated software environment (guest OS, virtual
hardware, apps).




e« Containers: Lighter than VMs; share the host OS kernel but isolate apps. Great for
quick deployment.

Key Use Cases
¢ Automotive: Infotainment, ADAS, telematics on one ECU with safety isolation.
¢ Industrial Automation: Real-time control, HMI, analytics.
e Medical Devices: Separating patient data from critical controls.

o loT Edge Devices: Al/ML, data processing, connectivity on resource-limited
hardware.

Challenges

¢ Performance: Virtualization adds overhead, potentially impacting real-time
performance.

¢ Resource Constraints: Embedded systems have limited CPU/memory; efficient
hypervisors are vital.

o Complexity: Managing multiple virtualized environments can be tricky.

o Debugging: Debugging across layers can be complex.

Future Trends
o Hardware-Assisted Virtualization: More chip support for better performance.
¢ Real-Time Hypervisors: Optimized for strict timing needs.
¢ Containerization: Growing use for agile deployment on edge devices.
e Al/ML Integration: Facilitating Al/ML workloads on embedded platforms.

Virtualization is reshaping embedded systems, enabling more capable, flexible, and secure
devices while maximizing hardware use.




