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RISC-V H Extension

The RISC-V Hypervisor Extension



Classical RISC-V Privilege
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RISC-V CPU Virtualization

HS-mode: S mode with
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HS-mode:
° “S<XyZ>” j:EI[Q I-EJ/E\:IE E,:J “S<XyZ>”
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RISC-V HS-mode CSRs

HS-mode CSRs for accessing Guest/VM state

FIRERL “s<xyz>" B fion

VS-mode:

° “S<XyZ>” TE[EJI-EJ “VS<XyZ>”

HS-mode CSRs for hypervisor capabilities

hstatus
hideleg
hedeleg
htimedelta

hgatp

Hypervisor Status

Hypervisor Interrupt Delegate
Hypervisor Trap/Exception Delegate
Hypervisor Guest Time Delta

Hypervisor Guest Address Translation

vsstatus
vsie
vsip
vstvec
vsepc
vscause
vstval
vsatp

vsscratch

Guest/VM Status

Guest/VM Interrupt Enable
Guest/VM Interrupt Pending
Guest/VM Trap Handler Base
Guest/VM Trap Progam Counter
Guest/VM Trap Cause
Guest/VM Trap Value

Guest/VM Address Translation
Guest/VM Scratch



RISC-V Memory Virtualization

« vsatp: Virtual Supervisor Address Translation and
Protection Register

* hgatp: Hypervisor Guest Address Translation and
Protection Register
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RISC-V Interrupt Virtualization
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RISC-V Device Virtualization
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Hypocaust/Hypocaust-2 Overview

Hypocaust:
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Hypocaust
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Hypocaust-2
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Implement



Device tree based configuration
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— Host Device Tree:
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— Guest Device Tree:
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Hypocaust-2 CPU Virtualization

« fE{FSCILT H extension, CPU B3
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Field
zero
ra

Sp

Ay

tp
a0-a7
t0-t6
s0-s11
sepc
sstatus
hstatus

sp_exec

Description

Zero register

Return address register
Stack pointer register
Global pointer register
Thread pointer register
Function argument registers
Caller saved registers
Callee saved register
Program counter
Shadow SSTATUS CSR
Shadow HSTATUS CSR

Stack pointer for traps

Save/Restore

Trap Entry/Exit
Trap Entry/Exit
Trap Entry/Exit
Trap Entry/Exit
Trap Entry/Exit
Trap Entry/Exit
Trap Entry/Exit
Trap Entry/Exit
Trap Entry/Exit
Trap Entry/Exit
Trap Entry/Exit



Hypocaust-2 Memory Virtualization
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Hypocaust-2 Interrupt Virtualization
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Hypocaust-2 Device Virtualization
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Status & Future Work



Current Satus & Future Works
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Questions



