
RISC-V
Simplicity is the ultimate sophistication.

—Leonardo da Vinci



自我介绍

个人主页：https://twd2.me

GitHub：https://github.com/twd2



Open Source Closed Source

Compiler GCC ICC, …

OS Linux Windows, …

ISA ? x86, ARM, …

Why open source compilers and operating system 
but not ISAs?

What if there were free and open ISAs we could 
use for everything?





中科院计算所面临的选择

研究人员想为系统资源加上标签，为进程区分服务。

x86？过于复杂，IP核授权基本不可能。

ARM？比较复杂，IP核授权很贵。

MIPS？龙芯可以提供研究用源代码，很工程，基本
改不动。

Xilinx FPGA提供的IP核也由于某些原因不适合使用。



RISC-V (pronounced risk-five)

缩写为RV，是一个开放的精简指令集架构。
注意，并不是实现。

32位的RISC-V简称RV32，64位和128位同
理。





Specifications

Volume I: User-Level ISA 2.2 (frozen)

Volume II: Privileged Architecture 1.10 (draft)

RISC-V External Debug Support 0.13.1



G (general) = IMAFD



I: Base Integer ISA

All instructions are 32 bits long?



Registers and Calling Convention



Registers and Calling Convention (cont.)



I: Base Integer ISA (cont.)



Integer Computation

add, sub, and, or, xor, sll, sra, 
srl: these are trivial.

slt, sltu: set if less than.



lui: Load Upper Immediate

lui (load upper immediate) is used to 
build 32-bit constants.

usually used with addi.

# t0 = 0xaaaaaaab
lui t0, 0xaaaab
addi t0, t0, 0xaab



auipc: Add Upper Immediate to PC

auipc (add upper immediate to pc) is used 
to build pc-relative addresses.

The program counter pc holds the address 
of the current instruction.

usually used with addi, jalr.
# call printf, which is far away
auipc ra, %hi(printf)
jalr ra, (%lo(printf))(ra)



Loads and Stores

RISC-V chose little-endian byte 
ordering.

Misaligned accesses are supported
but slow and not guaranteed to 
execute atomically.

lb, lh, lw, lbu, lhu, sb, sh, sw



Conditional Branch

No infamous branch delay slot.

No condition codes.

beq, bne, blt, bge, bltu, bgeu



Unconditional Jump

jal: jump and link
rd = pc + 4
pc = pc + offset

jalr: jump and link (register)
t = pc + 4
pc = rs + offset
rd = t



Miscellaneous

fence is used to order device I/O 
and memory. 

fence.i is used to synchronize the 
instruction and data streams.

RISC-V uses memory mapped I/O.

ecall is for system call.



M: Multiply and Divide

Two instructions for 
the high part and the 
low part of the product.

Two instructions for 
the quotient and the 
remainder.

Dividing by zero does
not cause an exception.



A: Atomic

Two types:

atomic memory 
operations, and

load reserved / 
store conditional

Relaxed (aq, rl bit)



A: Atomic (cont.)
 Sample code for compare-and-

swap function using LR/SC.



FD: Single / Double Floating Point

FP
Registers:

f0-f31

fcsr



C: Compressed Instructions

RVC uses a simple compression scheme that 
offers shorter 16-bit instructions when:
the immediate or address offset is small, or

one of the registers is the zero register, the ABI 
link register, or the ABI stack pointer, or

the destination register and the first source 
register are identical, or

the registers used are the 8 most popular ones.



C: Compressed Instructions (cont.)



Other Extensions
Q: Quad-Precision Floating-Point
L: Decimal Floating-Point 
B: Bit Manipulation 
J: Dynamically Translated Languages 
T: Transactional Memory 
P: Packed-SIMD Instructions 
V: Vector Operations 
N: User-Level Interrupts 
……



Hello, world!



RV64?

所有寄存器长度变为64位

原RV32中同名指令默认变为64位操作数

加入处理32位操作数的指令

加入处理64位操作数的访存指令



RV64



RV64?

How to build arbitrary 64-bit constants?

Hint:
# t0 = 0xffffffffaaaaaaab
lui t0, 0xaaaab
addi t0, t0, 0xaab







RV128?

所有寄存器长度变为128位

原RV32中同名指令默认变为128位操作数

加入处理32位操作数的指令

加入处理64位操作数的普通指令和访存指令

加入处理128位操作数的访存指令



Specifications

Volume I: User-Level ISA 2.2 (frozen)

Volume II: Privileged Architecture 1.10 (draft)

RISC-V External Debug Support 0.13.1



Privileged Architecture

Different implementation stacks 
supporting various forms of privileged 
execution.



Privileged Architecture (cont.)

RISC-V privilege levels.

?



Control and Status Registers



Control and Status Registers (cont.)



Control and Status Registers (cont.)



CSR instructions

csrrw: read and then write.

csrrs: read and then set bit.

csrrc: read and then clear bit.



sstatus: Status Register

SIE: interrupt enable

SPIE: previous interrupt-enable bit

SPP: previous privilege mode

SUM: can S-mode code access user memory?

MXR: make executable as readable?

UXL: U-mode ISA. RV32? RV64? RV128?



satp: Address Translation and Protection



satp: Address Translation and Protection



Virtual-Memory System



Virtual-Memory System (cont.)



Virtual-Memory System (cont.)



Virtual-Memory System (cont.)



Kinds of Traps



sip, sie



stvec: Trap Vector Base Address



sepc, scause

sepc: Exception Program Counter

scause: Cause Register



stval: Trap Value Register

faulting address, or

faulting instruction bits



sscratch



medeleg, mideleg

By default, all traps at any privilege level are 
handled in M-mode, though a M-mode 
handler can redirect traps back to the 
appropriate level with the mret.

To increase performance, exceptions and 
interrupts can be processed directly by a 
lower privilege level.



Physical Memory Protection

Physical memory is divided to 
several regions, and each 
region has its own permission.

pmpcfg, pmpaddr



Privileged Architecture (cont.)



When a trap is taken

xepc = pc

xstatus.xPP = privilege mode

xstatus.xPIE = xstatus.xIE

xstatus.xIE = 0

pc = xtvec*

privilege mode = x

where x is the trap handling privilege mode.



mret, sret: RETurn from trap

pc = xepc

privilege mode = xstatus.xPP

xstatus.xIE = xstatus.xPIE

where x = m or s



sfence.vma

sfence.vma is used to flush any 
local hardware caches related to 
address translation.

How to do a TLB shootdown?

data fence, IPI, sfence.vma, IPI back



wfi: Wait For Interrupt

The wfi instruction is just a hint, 
and a legal implementation is to 
implement wfi as a nop.



Implementations

RTL Design
Rocket

BOOM

SoC Board
HiFive1 (RV32IMAC, M-mode only)

HiFive Unleashed (RV64GC, M+S+U, 4 cores)

Kendryte K210 (RV64GC, M+S+U, AI, 2 cores)





Research(es) on RISC-V

TIMBER-V: Tag-Isolated Memory 
Bringing Fine-grained Enclaves to 
RISC-V
NDSS 2019











相关资源

指令集规范：https://riscv.org/specifications/

芯片实现：https://riscv.org/risc-v-cores/

Rocket：https://github.com/freechipsproject/rocket-chip

BOOM：https://github.com/riscv-boom/riscv-boom

工具链：https://github.com/riscv/riscv-tools

ABI：https://github.com/riscv/riscv-elf-psabi-doc
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