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• The Linux PCI Endpoint framework
• Allows Linux Kernel to run on the Endpoint itself and control it
• Endpoint Controller (EPC) layer controls the hardware Endpoint Controller
• Endpoint Function (EPF) layer implements the device functionality
• ConfigFS binds them
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• The Linux PCI Endpoint framework
• Allows Linux Kernel to run on the Endpoint itself and control it
• Endpoint Controller (EPC) layer controls the hardware Endpoint Controller
• Endpoint Function (EPF) layer implements the device functionality
• ConfigFS binds them

• Kselftests are the standard way to test it
• But it requires connecting two Linux systems over PCIe and control both
• Difficult to hook it up in CI

Testing PCI Endpoint Framework
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Testing Endpoint Framework with QEMU
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• Using QEMU to test Endpoint Framework was first proposed by Shunsuke Mie
• QEMU series posted, discussed, not merged
• lore.kernel.org/qemu-devel/CANXvt5oKt=AKdqv24LT079e+6URnfqJcfTJh0ajGA17paJUEKw@mail.gmail.com
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• My first take
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• Using QEMU to test Endpoint Framework was first proposed by Shunsuke Mie
• QEMU series posted, discussed, not merged
• lore.kernel.org/qemu-devel/CANXvt5oKt=AKdqv24LT079e+6URnfqJcfTJh0ajGA17paJUEKw@mail.gmail.com

• My first take
• Two QEMU instances over a socket
• One acting as Endpoint, one acting as host

• Kselftests Result
• pass:10 fail:10 skip:3 (filtered pass:10 fail:0)
• No DMA, INTx, Doorbell
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First design: Two QEMU instances over a socket

Endpoint (EP)

Linux guest (EP)
pci-epf-test function

pci-ep-generic EPC driver

pcie-ep-ctrl
MMIO registers → socket

Unix socket

Root Complex (RC)

pcie-ep-proxy
socket client

Linux guest (RC / host)
pciehp hotplug · kselftest host driver

pcie-ep-endpoint
hotplugged PCIe function
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Rethinking the design: One QEMU instance



11

• Suggested by QEMU maintainers
• Socket + two address spaces add complexity

Rethinking the design: One QEMU instance



12

• Suggested by QEMU maintainers
• Socket + two address spaces add complexity

• New design: RC and EP in one QEMU
• One kernel, one guest address space
• In-process calls, BARs are memory aliases

Rethinking the design: One QEMU instance



13

• Suggested by QEMU maintainers
• Socket + two address spaces add complexity

• New design: RC and EP in one QEMU
• One kernel, one guest address space
• In-process calls, BARs are memory aliases

• Simpler design, much less code
• lore.kernel.org/qemu-devel/20260913-pcie-ep-emulation-v1-0-b8e8f74a5842@kernel.org 
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• Suggested by QEMU maintainers
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• Simpler design, much less code
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A simpler model: Single QEMU instance

Endpoint Controller Root Complex

pci-epf-test function
pci-ep-generic EPC driver pci_endpoint_test

pcie-ep-ctrl pcie.0 root port rp0
pcie-ep-generic function
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What single instance gives up
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• Independent endpoint lifecycle
• EP reboot or crash while host stays up

What single instance gives up
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• Independent endpoint lifecycle
• EP reboot or crash while host stays up

• Link events
• Link down, retrain, hot reset

• Surprise removal

• Address space isolation
• Aliasing can hide bad translations

• Heterogeneous setup
• Different host and EP kernels

What single instance gives up



22

TODO
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• Add QEMU functional tests
• Automate the kselftest run for CI
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• Add QEMU functional tests
• Automate the kselftest run for CI
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• Add QEMU functional tests
• Automate the kselftest run for CI

• Extend to more Endpoint functions
• MHI, NVMe, beyond pci-epf-test

• Upstream generic EPC Linux Kernel driver
• https://github.com/Mani-Sadhasivam/linux/commit/d23bc106b79579ddb979be6b141e71712a70acfa 

• Fill functionality gaps
• DMA, INTx routing, Doorbell

TODO
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