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/! sgl-kernel/csrc/cpu/norm.cpp — B HEEE (NormParams + NormMode + NormReduce)

struct NormParams {
/] &—%AA [B, H, T, D] ZEAA,
//2D->[B,1,1,D];3D->[B, 1, T,D]; 4D -> [B, H, T, D]
/RN G — 4354, M RIFSEESL,



inté4_t B{1}, H{1}, T{1}, D{1};
intb4_ti_strideB{0}, i_strideH{0}, i_strideT{0};
float eps{1e-5f};

float shift{0.f};

const void* weight{nullptr};

const void* bias{nullptr};

explicit NormParams(const at::Tensor& input, float eps_)
: ndim(input.dim()), eps(eps_) {
TORCH_CHECK(ndim >= 2 && ndim <= 4, "Expected 2D/3D/4D, got ", ndim, "D");
B = input.size(0);
D = input.size(ndim - 1);
i_strideB = input.stride(0);
/] ARFE ndim FEAT H. T a5 i@
switch (ndim) {
case 2: break; // [B, D]
case 3: T = input.size(1); i_strideT = input.stride(1); break; // [B, T, D]
case 4: H = input.size(1); T = input.size(2);
i_strideH = input.stride(1); i_strideT = input.stride(2); break;
}
}
inline int64_t rows() const { return B * H * T; }
inline int64_t input_offset(intb4_t b, intb4_t h, intb4_t t) const {
return b * i_strideB + h * i_strideH + t * i_strideT;
}
inline int64_t output_offset(intb4_t b, intb4_t h, intb4_t t) const {
return (b *H+h) *T+1t) *D;
}
b

enum class NormMode {
L2Norm, // y = x / sgrt(mean(x*2) + eps)
RMSNorm, // y = x * weight / sgrt(mean(xA2) + eps)
GemmaNorm, // y = x * (weight + scale_shift) / sqrt(mean(x*2) + eps)
LayerNorm, // y = (x - mean(x)) * weight / sqrt(var(x) + eps) + bias
RMSNormGated, // y = x * weight / sgrt(mean(x?2) + eps) * SiLU(gate)

/] #RiFHEA trait: ANESEEREEN norm TR ER
template <NormMode M> struct NormTraits : NormTraitsBase {};

template <> struct NormTraits<NormMode::RMSNorm> : NormTraitsBase {
static constexpr bool has_weight = true;

b

template <> struct NormTraits<NormMode::GemmaNorm> : NormTraitsBase {
static constexpr bool has_weight = true;
static constexpr bool has_shift = true;
/ apply_shift ZEFREFR AVX512 EIHE



template <> struct NormTraits<NormMode::LayerNorm> : NormTraitsBase {
static constexpr bool has_weight = true;
static constexpr bool has_bias = true;
static constexpr bool has_mean = true;

b

template <> struct NormTraits<NormMode::RMSNormGated> : NormTraitsBase {
static constexpr bool has_weight = true;

static constexpr bool has_gate = true;

// apply_gate A mm512_exp_u20_ps BRE sigmoid

b

template <NormMode M, typename scalar_t, int D> struct NormReduce;
/] BERBIZ (NormReduceGeneric) 5§ AVX512 BF16 45LB&12
/] B traits B#13%E$F reduce + scale + apply B

test/registered/cpu/test_norm.py

MIREEEN: KA pytest ¥k, F Gemmasd. gated RMSNorm. FEXMFR SR A
B, HatRNAERRE,

# test/registered/cpu/test_norm.py — X test_|2norm AFIHY pytest ZEALMR

import pytest
import torch
from utils import make_non_contiguous, precision

DTYPES = [torch.float16, torch.bfloat16]
DTYPE_IDS = ["float16", "bfloat16"]
eps = le-6

class TestNorm:

def _forward_native(self, x, weight, variance_epsilon=eps, residual=None):
# JR& PyTorch %53,
orig_dtype = x.dtype
x = x.to(torch.float32)
if residual is not None:
x = X + residual.to(torch.float32)
residual = x.to(orig_dtype)
variance = x.pow(2).mean(dim=-1, keepdim=True)
x = x * torch.rsgrt(variance + variance_epsilon)
x = x.to(orig_dtype) * weight
return x if residual is None else (x, residual)

@pytest.mark.parametrize("dtype", DTYPES, ids=DTYPE_IDS)
@pytest.mark.parametrize("hidden_size", [2048, 512])
@pytest.mark.parametrize("batch_size", [32, 121])



def test_|2norm(self, batch_size, hidden_size, dtype):
# L2Norm ST weight=ones B RMSNorm
x = torch.randn([batch_size, hidden_size], dtype=dtype)
fake_ones_weight = torch.ones(hidden_size, dtype=dtype)
out = torch.ops.sgl_kernel.l2norm_cpu(x, eps)
ref_out = self._forward_native(x, fake_ones_weight, eps)
atol = rtol = precision[ref_out.dtype]
torch.testing.assert_close(ref_out, out, atol=atol, rtol=rtol)

sgl-kernel/csrc/cpu/vec.h

I AVX512 B3R exp 523, _mm512_exp_u20_ps, AT RMSNormGated By SiLU [ 13%hn
%, 58K fexp_u20 LR,

/] sgl-kernel/csrc/cpu/vec.h — #3E _mm512_exp_u20_ps (X4x Aten exp_u20)

/] RRFEHERM, EH 5 MEEZMRN + 2 REEK
inline __attribute_ ((always_inline)) __ m512 _mm512_exp_u20_ps(const __m512 values) {
const __m512 vec_factorial_1 = _mm512_set1_ps(0.9999997011);
const __mb512 vec_factorial_2 = _mmb12_set1_ps(0.499991506f);
const __m512 vec_factorial_3 = _mm512_set1_ps(0.1666765211);
const __mb512 vec_factorial_4 = _mmb512_setl _ps(0.04189782211);
const __m512 vec_factorial_ 5 = _mm512_set1_ps(0.00828929059f);
const __m512 vec_exp_log2ef = _mm512_castsi512_ps(_mm512_set1_epi32(0x3fb8aa3b)); //
log2(e)
const __mb512 vec_half = _mmb512_set1_ps(0.5f);
const _m512 vec_one =_mmb512_set1_ps(1.f);
const __mb512 vec_two =_mmb12_setl_ps(2.f);
const __m512 vec_In2f = _mm512_castsi512_ps(_mm512_set1_epi32(0x3f317218));
const __mb512 vec_In_flt_min = _mm512_castsi512_ps(_mm512_set1_epi32(0xc2aeac50));
const __m512 vec_In_flt_max = _mm512_castsi512_ps(_mm512_set1_epi32(0x42b17218));
const __mb512ivec_127 = _mmb512_set1_epi32(0x0000007f);
const int n_mantissa_bits = 23;

/1 BN R T RN EE

auto less_In_flt_min_mask = _mm512_cmp_ps_mask(values, vec_In_flt_min, 1);
auto vec_src = _mmb512_min_ps(values, vec_In_flt_max);

vec_src = _mmb512_max_ps(vec_src, vec_In_flt_min);

/] DRRN BRI Fo i Fi3R 4. fx = floor(x * log2(e) + 0.5)

auto vec_fx = _mmb512_fmadd_ps(vec_src, vec_exp_log2ef, vec_half);

auto vec_fx_i = _mm512_cvt_roundps_epi32(vec_fx, _MM_FROUND_TO _NEG_INF | _MM_
FROUND_NO_EXC);

vec_fx = _mmb12_cvtepi32_ps(vec_fx_i);

auto vec_exp_poly = _mm512_fnmadd_ps(vec_fx, vec_In2f, vec_src); // x - fx * In2

// B Horner J%5it & exp(frac) £z

auto vec_res = _mmb512_fmadd_ps(vec_exp_poly, vec_factorial_5, vec_factorial_4);
vec_res = _mmb12_fmadd_ps(vec_exp_poly, vec_res, vec_factorial_3);

vec_res = _mmb12_fmadd_ps(vec_exp_poly, vec_res, vec_factorial_2);



vec_res = _mmb12_fmadd_ps(vec_exp_poly, vec_res, vec_factorial_1);
vec_res = _mmb512_fmadd_ps(vec_exp_poly, vec_res, vec_one);

/] T 27n

auto vec_exp_number = _mmb512_sub_ps(vec_fx, vec_one);

auto vec_two_pow_n_i =_mm512_add_epi32(_mm512_cvtps_epi32(vec_exp_number), vec_127);

vec_two_pow_n_i = _mmb512_slli_epi32(vec_two_pow_n_i, n_mantissa_bits);

auto vec_two_pow_n = _mmb512_mask_blend_ps(less_In_flt_min_mask,
_mmb12_castsi512_ps(vec_two_pow_n_i), _mm512_set1_ps(0.1));

vec_res = _mmb512_mul_ps(vec_res, vec_two_pow_n);

vec_res = _mmb512_mul_ps(vec_res, vec_two);

return vec_res;

}
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