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Brief Recap of Calling Convention 
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- Calling Convention unifies the registers for arguments between caller and callee.

- Registers for A and B need to be consistent between MulAdd and Mul.

- Registers for MulResult and C need to be consistent between MulAdd and Add.

What’s the Calling Convention?

MulAdd

Mul function Multiply(Input1, Input2);
function Add(Input1, Input2);
function MulAdd {
    A = 2;
    B = 3;
    C = 4;
    MulResult = call Multiply(A, B);
    AddResult = call Add(MulResult, C);
    return AddResult;
}

Add

A, B

MulResult, C



COPYRIGHT 2024 SIFIVE.  ALL RIGHTS RESERVED.555

- Calling Convention unifies the registers for return value between caller and callee.

- Registers for A and B need to be consistent between MulAdd and Mul.

- Registers for MulResult and C need to be consistent between MulAdd and Add.

What’s the Calling Convention?

MulAdd

Mul function Mul(Input1, Input2);
function Add(Input1, Input2);
function MulAdd {
    A = 2;
    B = 3;
    C = 4;
    MulResult = call Mul(A, B);
    AddResult = call Add(MulResult, C);
    return AddResult;
}

Add

MulResult

AddResult



COPYRIGHT 2024 SIFIVE.  ALL RIGHTS RESERVED.666

- Calling Convention defines the responsibility of maintaining register states during the call.

- Register states are guaranteed to be consistent before and after the call.

- Calling Convention specifies whether caller or callee is in charge of it.

- e.g.

func {
  def reg0       
  call callee()           who needs to keep reg0’s state during the call?
  use reg0
}

What’s the Calling Convention?
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RISC-V ABI and Stack Layout
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Integer Register Convention 

RISC-V Scalar Registers

Ref: 
https://github.com/riscv-non-isa/riscv-elf-psa
bi-doc/blob/master/riscv-cc.adoc#integer-regi
ster-convention

https://github.com/riscv-non-isa/riscv-elf-psabi-doc/blob/master/riscv-cc.adoc#integer-register-convention
https://github.com/riscv-non-isa/riscv-elf-psabi-doc/blob/master/riscv-cc.adoc#integer-register-convention
https://github.com/riscv-non-isa/riscv-elf-psabi-doc/blob/master/riscv-cc.adoc#integer-register-convention
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Float point Register Convention 

RISC-V Scalar Registers

Ref: 
https://github.com/riscv-non-isa/riscv-elf-psa
bi-doc/blob/master/riscv-cc.adoc#floating-poi
nt-register-convention

https://github.com/riscv-non-isa/riscv-elf-psabi-doc/blob/master/riscv-cc.adoc#floating-point-register-convention
https://github.com/riscv-non-isa/riscv-elf-psabi-doc/blob/master/riscv-cc.adoc#floating-point-register-convention
https://github.com/riscv-non-isa/riscv-elf-psabi-doc/blob/master/riscv-cc.adoc#floating-point-register-convention
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• RISC-V vector is a scalable vector.

• RISC-V has 32 vector registers, each of them is VLEN bits.

• VLENB CSR holds the vector length in bytes, e.g. 128 bits vector length -> VLENB = 16.

• vtype CSR and the corresponding instructions for configuration.

RISC-V Vector Introduction
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Standard calling convention v.s. Vector calling convention

RISC-V Vector Registers

Ref: 
https://github.com/riscv-non-isa/riscv-elf-psa
bi-doc/blob/master/riscv-cc.adoc#vector-regi
ster-convention

https://github.com/riscv-non-isa/riscv-elf-psabi-doc/blob/master/riscv-cc.adoc#vector-register-convention
https://github.com/riscv-non-isa/riscv-elf-psabi-doc/blob/master/riscv-cc.adoc#vector-register-convention
https://github.com/riscv-non-isa/riscv-elf-psabi-doc/blob/master/riscv-cc.adoc#vector-register-convention
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Stack Layout in RISC-V

Callee-allocated save 
area for register varargs

Scalar callee-saved 
registers

Scalar local variables

RVV objects

Variable sized objects
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Stack Layout in RISC-V

Scalar local variables
SP - 16

SP - 20

Scalar callee-saved 
registers

void test() {
  int a = 2024;
}

test:
addi    sp, sp, -32
sd      ra, 24(sp)
sd      s0, 16(sp)
addi    s0, sp, 32
li      a0, 2024
sw      a0, -20(s0)
addi    sp, s0, -32
ld      ra, 24(sp)
ld      s0, 16(sp)
addi    sp, sp, 32
ret
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Stack Layout in RISC-V

Scalar local variables

RVV objects

SP - 16

SP - 20

SP - 32 - 2 * 
VLENB

Scalar callee-saved 
registers

void test() {
  int a = 2024;
  vint32m1_t b;
}

test:
   addi    sp, sp, -32
   sd      ra, 24(sp)
   sd      s0, 16(sp)
   addi    s0, sp, 32
   csrr    a0, vlenb
   slli    a0, a0, 1
   sub     sp, sp, a0
   li      a0, 2024
   sw      a0, -20(s0)
   addi    sp, s0, -32
   ld      ra, 24(sp)
   ld      s0, 16(sp)
   addi    sp, sp, 32
   ret
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Stack Layout in RISC-V

void test(int 
count, …) {
  int a = 2024;
  vint32m1_t b;
}

test:
addi    sp, sp, -96
sd      ra, 24(sp) 
sd      s0, 16(sp) 
addi    s0, sp, 32
csrr    t0, vlenb
slli    t0, t0, 1
sub     sp, sp, t0
sd      a7, 56(s0)
sd      a6, 48(s0)
sd      a5, 40(s0)
sd      a4, 32(s0)
sd      a3, 24(s0)
sd      a2, 16(s0)
sd      a1, 8(s0)
sw      a0, -20(s0)
li      a0, 2024
sw      a0, -24(s0)
addi    sp, s0, -32
ld      ra, 24(sp)
ld      s0, 16(sp)
addi    sp, sp, 96
ret

Scalar local variables

RVV objects

SP - 80

SP - 88

SP - 96 -2 * 
VLENB

Callee-allocated save 
area for register varargs

SP - 56
Scalar callee-saved 
registers
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Stack Layout in RISC-V

extern int sz;
void test(int 
count, …) {
  int a = 2024;
  vint32m1_t b;
  int arr[sz];
}

test:
addi    sp, sp, -112
sd      ra, 40(sp) 
sd      s0, 32(sp) 
addi    s0, sp, 48
csrr    t0, vlenb
slli    t0, t0, 1
sub     sp, sp, t0
sd      a7, 56(s0)
sd      a6, 48(s0)
sd      a5, 40(s0)
sd      a4, 32(s0)
sd      a3, 24(s0)
sd      a2, 16(s0)
sd      a1, 8(s0)
sw      a0, -20(s0)
li      a0, 2024
sw      a0, -24(s0)

   lui     a0, %hi(sz)
   lwu     a0, %lo(sz)(a0)
   mv      a1, sp
   sd      a1, -32(s0)
   slli    a1, a0, 2
   addi    a1, a1, 15
   andi    a2, a1, -16
   mv      a1, sp
   sub     a1, a1, a2
   mv      sp, a1
   sd      a0, -40(s0)
   ld      a0, -32(s0)
   mv      sp, a0
   addi    sp, s0, -48
   ld      ra, 40(sp)
   ld      s0, 32(sp)
   addi    sp, sp, 112
   ret

Scalar local variables

RVV objects

SP - 80

SP - 88

SP - 112 -2 * 
VLENB

Callee-allocated save 
area for register varargs

SP - 56

Variable sized objects SP - 112 -2 * 
VLENB - 4 * sz

Scalar callee-saved 
registers
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Implementation Details
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- clang/include/clang/Basic/Attr.td

- clang/include/clang/Basic/Specifiers.h

Add a Function Attribute(Clang Side)
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- clang/lib/CodeGen/CGCall.cpp

Add a Function Attribute(Clang Side)
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- llvm/include/llvm/IR/CallingConv.h

Add a Function Attribute(Clang Side)
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- llvm/include/llvm/AsmParser/LLToken.h

- llvm/lib/AsmParser/LLParser.cpp

Add a Function Attribute(Clang Side)
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- llvm/lib/IR/AsmWriter.cpp

Add a Function Attribute(Clang Side)
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- test.c

- clang -target riscv64 -S -emit-llvm test.c

Add a Function Attribute(Clang Side)
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- RISC-V Vector has 2 concepts

- LMUL: Vector register group multiplier.

- NF: Number of Fields(vector register group) in a segment(This is used for segment load/store)

- e.g. 

- The type for representing NF is called “Vector Tuple Type”.

Handling Vector Type Arguments

v0

v1

v2

v3

LMUL = 1

v0 v0

v1

v2

v3

LMUL = 2

v0

v1

v0

v1

v2

v3

LMUL = 2, NF = 2

v0

v1
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- Constraints for RVV(normal vector) Type:

- 1. Starting register should be multiple of LMUL.

- 2. All LMUL registers should be consecutive.

- example1: ✅ vint64m2 -> V2,V3

- example2: ❌ vint64m2 -> V1,V2

- example3: ❌ vint64m4 -> V4,V6,V8,V24

- Constraints for Vector Tuple Type:

- 1. All of constraints in RVV type.

- 2. All NF register group should be consecutive.

- example4: ✅ vint64m2x2 -> V2,V3,V4,V5

- example5: ❌ vint64m2x2 -> V2,V3,V8,V9

Handling Vector Type Arguments
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- RVV type can be model using “vscale” in llvm

- Bits per block = 64

- vint64m1     ->  <vscale x 1 x i64>

- In RISC-V, if we use the same approach to model tuple type, it would be ambiguous.

- vint64m2x4 ->  <vscale x 8 x i64>???

- vint64m4x2 ->  <vscale x 8 x i64>???

- So we need another type to model the vector tuple type correctly.

- AArch64 has NF but not LMUL, the AArch64 vector tuple type can be represented using existing 

scalable vector.

- Bits per block = 128

- svint64_t     ->  <vscale x 2 x i64>

- svint64x2_t ->  <vscale x 4 x i64>

Handling Vector Type Arguments
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- Previously we used “struct” for tuple type, but it would be flattened during selection dag 

construction, so the “NF” information is gone.

- vint64m2x4  ->

{<vscale x 2 x 64>, <vscale x 2 x 64>, <vscale x 2 x 64>, <vscale x 2 x 64>} ->

MVT::nxv2i64, MVT::nxv2i64, MVT::nxv2i64, MVT::nxv2i64

- RISC-V models the vector tuple type in LLVM IR by using TargetExtType.

- vint64m2x4  ->  target("riscv.vector.tuple", <vscale x 16 x i8>, 4)

- The type argument represents the LMUL with regularized element type i8.

- The integer argument represents the NF.

Handling Vector Type Arguments
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- MVT(Machine Value Type) for RISC-V Vector

- RVV: <vscale x 2 x i64>  ->  MVT::nxv2i64

- Vector Tuple Type: target("riscv.vector.tuple", <vscale x 16 x i8>, 4)  ->  MVT::riscv_nxv16i8x4

- Machine Register class for RISC-V Vector

- RVV: <vscale x 2 x i64>  ->  VRM2

- Registers in VRM2 class: V0M2, V2M2, V4M2, V6M2… V30M2

- Vector Tuple Type: target("riscv.vector.tuple", <vscale x 16 x i8>, 4)  ->  VRN4M2

- Registers in VRN4M2 class: V0M2_V2M2_V4M2_V6M2, V2M2_V4M2_V6M2_V8M2… 

V24M2_V26M2_V28M2_V30M2

Handling Vector Type Arguments
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- llvm/lib/Target/RISCV/RISCVCallingConv.td

Caller saved and Callee saved Registers
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- llvm/lib/Target/RISCV/RISCVRegisterInfo.cpp

Caller saved and Callee saved Registers
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- llvm/lib/Target/RISCV/RISCVFrameLowering.cpp

- Utility function to get all of RVV callee saved information.

Caller saved and Callee saved Registers
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- llvm/lib/Target/RISCV/RISCVFrameLowering.cpp

Caller saved and Callee saved Registers
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- llvm/lib/Target/RISCV/RISCVFrameLowering.cpp

- Emit spills for RVV.

Caller saved and Callee saved Registers
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- llvm/lib/Target/RISCV/RISCVFrameLowering.cpp

- Emit reloads for RVV.

Caller saved and Callee saved Registers
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- Test without RVV calling convention

- v1 is not callee-saved register, v8 is not callee-saved register

Caller saved and Callee saved Registers
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- Test with RVV calling convention

- v1 is not callee-saved register, v8 is callee-saved register

Caller saved and Callee saved Registers
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- llvm/lib/Target/RISCV/RISCVISelLowering.cpp

- Need to implement the register assign interface RISCVCCAssignFn for target hooks

- RISCVTargetLowering::LowerFormalArgument

- RISCVTargetLowering::LowerReturn

- RISCVTargetLowering::LowerCall

- The RISCVCCAssignFn for RISC-V Vector CC is called CC_RISCV

Handling Vector Type Arguments
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- RISC-V Vector CC uses V8-V23 for passing arguments.

- RVV argument registers:

Handling Vector Type Arguments
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- Vector Tuple Type Registers:

Handling Vector Type Arguments
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- Vector Tuple Type Registers:

Handling Vector Type Arguments
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- Run out of registers?

- The arguments that don’t have enough register to pass would be passed by reference.

- Store the value to the stack and pass the stack address through GPRs.

Handling Vector Type Arguments
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- Test RVV

- Test RVV out of registers

Handling Vector Type Arguments
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- Test Vector Tuple Type

 

Handling Vector Type arguments
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- Test Vector Tuple Type out of registers 

Handling Vector Type arguments
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Thank you for your attention!!!


