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Motivation & Goals
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What is in the menu today?
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Context



The big picture of the EPI accelerator

...

#pragma omp target



The vector accelerator



RISC-V V-extension (1)
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◼ VLEN
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◼ ELEN
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https://github.com/riscv/riscv-v-spec


RISC-V V-extension (2)
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RISC-V V-extension (3)
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RISC-V V-extension (4)

◼

vsetvli x1, x2, e32, m1  // VL←min(VLEN / 32, x2); SEW←32; LMUL←1; x1←VL
vadd.vv v3, v1, v2       // v3[e] ← v1[e] + v2[e], forall 0 ≤ e < VL

◼

vsetvli x1, x2, e64, m1  // VL←min(VLEN / 64, x2); SEW←64; LMUL←1; x1←VL
vfadd.vv v3, v1, v2      // v3[e] ← v1[e] + v2[e], forall 0 ≤ e < VL

◼

vsetvli x1, x2, e64, m2  // VL←min((2*VLEN) / 64, x2); SEW←64; LMUL←1; x1←VL
vfadd.vv v4, v0, v2      // v{4,5}[e] ← v{0,1}[e] + v{2,3}[e],

                         //    forall 0 ≤ e < VL Mapping “e” to v{2*i} or v{2*i+1} is 
implementation defined by SLEN



This is all very nice but how does it compare to 
other state-of-the-art vector ISAs?

v0



The EPI vector accelerator

◼
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How to use the V-extension



How to use the V-extension in our programs
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◼ #pragma omp simd
◼
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Work we did in EPI to enable the V-extension in 
our compiler
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The first example: a vector addition

void add_ref(long N, double *restrict c, double *restrict a,
         double *restrict b) {
  for (long i = 0; i < N; i_+)

c[i] = a[i] + b[i];
}



Vector addition with builtins (1)
void add_vec(long N, double *restrict c, double *restrict a,
             double *restrict b) {

}

long gvl; _/ “Granted” vector length
for (long i = 0; i < N;) {

}

gvl = __builtin_epi_vsetvl(N - i, __epi_e64, __epi_m1);
__epi_1xf64 va = __builtin_epi_vload_1xf64(&a[i], gvl);
__epi_1xf64 vb = __builtin_epi_vload_1xf64(&b[i], gvl);
__epi_1xf64 vc = __builtin_epi_vfadd_1xf64(va, vb, gvl);
__builtin_epi_vstore_1xf64(&c[i], vc, gvl);
i += gvl;



Vector addition with builtins (2)

add_vec:                            # @add_vec
    addi a4, zero, 1
    blt a0, a4, .LBB1_3
    mv  a4, zero
.LBB1_2:                            # %for.body
    sub a5, a0, a4
    vsetvli a6, a5, e64, m1
    slli a7, a4, 3
    add a5, a2, a7
    vle.v   v0, (a5)
    add a5, a3, a7
    vle.v   v1, (a5)
    vfadd.vv    v0, v0, v1
    add a5, a1, a7
    add a4, a4, a6
    vse.v   v0, (a5)
    blt a4, a0, .LBB1_2
.LBB1_3:                            # %for.end
    ret



Beyond builtins: where are we now (1)

◼

◼



Beyond builtins: where are we now (2)

◼
①

◼ ②

.LBB0_2: # Single loop, VLMAX uses masks
    vmv.v.x    v0, t0
    vadd.vv    v0, v0, v2
    vmsleu.vv    v0, v0, v1
    add    a4, a1, a5
    vle.v    v3, (a4), v0.t
    add    a4, a2, a5
    vle.v    v4, (a4), v0.t
    vfadd.vv    v3, v3, v4 # not great
    add    a4, a0, a5
    vse.v    v3, (a4), v0.t
    add    t0, t0, a6
    add    a5, a5, a3
    bne    t0, a7, .LBB0_2

    vsetvli t0, zero, e64, m1 # VLMAX
    slli t1, t0, 3
      __.
.LBB0_6: # vector loop (whole register)
    add a5, a2, a4
    vle.v   v0, (a5)
    add a5, a3, a4
    vle.v   v1, (a5)
    vfadd.vv    v0, v0, v1
    add a5, a1, a4
    vse.v   v0, (a5)
    add t2, t2, t0
    add a4, a4, t1
    bne t2, a7, .LBB0_6
    beqz a6, .function-end
      # fall-through on to .LBB0_8

.LBB0_8: # scalar tail
    sub a0, a0, a7
    slli a4, a7, 3
    add a1, a1, a4
    add a3, a3, a4
    add a2, a2, a4
.LBB0_9:
    fld ft0, 0(a2)
    fld ft1, 0(a3)
    fadd.d  ft0, ft0, ft1
    fsd ft0, 0(a1)
    addi a0, a0, -1
    addi a1, a1, 8
    addi a3, a3, 8
    addi a2, a2, 8
    bnez a0, .LBB0_9

① ②



Other areas where the V-extension can be used

◼
◼ #pragma omp simd

◼
◼

void saxpy4_ref(float * __restrict sy,
                float * __restrict sx,
                float sa) {
  sx[0] += sa*sy[0];
  sx[1] += sa*sy[1];
  sx[2] += sa*sy[2];
  sx[3] += sa*sy[3];
}

void saxpy4_vec(float * __restrict sy,
                float * __restrict sx,
                float sa) {
  __epi_2xf32 vx = __builtin_epi_vload_2xf32(sx, 4);
  __epi_2xf32 vy = __builtin_epi_vload_2xf32(sx, 4);
  vy = __builtin_epi_vfmul_2xf32(vy,
         __builtin_epi_vbroadcast_2xf32(sa, 4), 4);
  vx = __builtin_epi_vfadd_2xf32(vx, vy, 4);
  __builtin_epi_vstore_2xf32(sx, vx, 4);
}

SLP



EPI tools for leveraging the V-extension



No silicon yet: what can we do?



Functional emulator: vehave

qemu-system qemu-user



Compiler explorer
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http://www.godbolt.org


FPGA co-processor
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HiFive
Unleashed

(Scalar code)

FPGA
(Vector instr.
running on
RTL of the

Vector Unit)



FPGA co-processor
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HiFive
Unleashed

(Scalar code)
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(Vector instr.
running on
RTL of the

Vector Unit)



Tracing of vector code emulation
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C code

LLVM

Emulation 
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FPGA



DEMO



Conclusions
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