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test/registered/kernels/ops/attention/test_rope.py
MR B 284S dtype B RoPE R MM, HARZBEKRHIERAMK

# test_rope_mixed_qg_dtype #n test_rope_store_mixed_qg_dtype
# BIBE S dtype T RoPE Ml 54 dtype ZZE M —3K

@pytest.mark.parametrize("is_neox", IS_NEOX_LIST)

@pytest.mark.parametrize("rope_dim", get_ci_test_range([64, 128], [64]))

def test_rope_mixed_qg_dtype(is_neox: bool, rope_dim: int) -> None:
""fp16 q + bf16 k (a fused QK-norm may emit g in a different dtype):
g must match the all-fp16 kernel bitwise, k the all-bf16 kernel bitwise."""

batch_size, num_kv_heads, gqa_ratio = 129, 4, 8

num_qgo_heads = num_kv_heads * gga_ratio

# BIZZR[F dtype B9 g/k: g fpl6, k bf16

q16 = torch.randn(batch_size, num_go_heads, rope_dim, device=DEVICE, dtype=torch.

float16)

kbf = torch.randn(batch_size, num_kv_heads, rope_dim, device=DEVICE, dtype=torch.

bfloat16)

positions = torch.randint(0, MAX_SEQ_LEN, (batch_size,), device=DEVICE, dtype=torch.int64)

cos_sin_cache = create_cos_sin_cache(rope_dim)

# JB& dtype B RoPE RiM
g_mixed, k_mixed = q16.clone(), kbf.clone()
sglang_jit_rope(g_mixed, k_mixed, cos_sin_cache, positions, is_neox)

# 5% £ fplo Z&3E g fo k f16

g_ref, k_ f16 = q16.clone(), kbf.to(torch.float16)
sglang_jit_rope(qg_ref, k_f16, cos_sin_cache, positions, is_neox)
# 5% 2 bf16 BAIHE g_bf16 o k

q_bf16, k_ref = q16.to(torch.bfloat16), kbf.clone()
sglang_jit_rope(q_bf16, k_ref, cos_sin_cache, positions, is_neox)

# AR BE g NE2 fplo £R K, BE KkNE2 bfl6 R K
assert torch.equal(g_mixed, g_ref)
assert torch.equal(k_mixed, k_ref)

@pytest.mark.parametrize("is_neox", IS_NEOX_LIST)
def test_rope_store_mixed_qg_dtype(is_neox: bool) -> None:



""Fused RoPE + KV store with fp16 g + bf16 k: g bitwise vs the all-fp16
|.IIIIII

kernel; k, k_cache, v_cache bitwise vs the all-bf16 kerne
from sglang.kernels.ops.attention.rope import apply_rope_inplace_with_kvcache

batch_size, num_kv_heads, gqa_ratio, rope_dim = 129, 4, 8§, 64

num_qgo_heads = num_kv_heads * gga_ratio

row_size = num_kv_heads * rope_dim

q16 = torch.randn(batch_size, num_go_heads, rope_dim, device=DEVICE, dtype=torch.
float16)

kbf = torch.randn(batch_size, num_kv_heads, rope_dim, device=DEVICE, dtype=torch.
bfloat16)

vbf = torch.randn(batch_size, num_kv_heads, rope_dim, device=DEVICE, dtype=torch.
bfloat16)

positions = torch.randint(0, MAX_SEQ_LEN, (batch_size,), device=DEVICE, dtype=torch.int64)
out_loc = torch.randperm(CACHE_SIZE, device=DEVICE, dtype=torch.inté4)[:batch_size]
cos_sin_cache = create_cos_sin_cache(rope_dim)

def run(qg, k, v):
# 8725 k [ dtype 8§ KV &%
k_cache = torch.zeros(CACHE_SIZE, row_size, device=DEVICE, dtype=k.dtype)
v_cache = torch.zeros(CACHE_SIZE, row_size, device=DEVICE, dtype=k.dtype)
apply_rope_inplace_with_kvcache(q, k, v, k_cache, v_cache, cos_sin_cache, positions, out_
loc, is_neox=is_neox)
return k_cache, v_cache

# JRE dtype B2

g_mixed = q16.clone()

k_mixed, v_mixed = kbf.clone(), vbf.clone()

kc_mixed, vc_mixed = run(g_mixed, k_mixed, v_mixed)

# 5E: £ fplé B2 (g fu cache)

g_ref = q16.clone()

kc16, _ = run(qg_ref, kbf.to(torch.float16), vbf.to(torch.float16))
# 5% £ bf16 B2 (g fo cache)

q_bf16 = q16.to(torch.bfloat16)

kc_ref, vc_ref = run(g_bf16, kbf.clone(), vbf.clone())

# FNAEbER

assert torch.equal(gq_mixed, q_ref) # q N5 fp16 —3k

assert torch.equal(kc_mixed, kc_ref) # k_cache N5 bf16 —2k
assert torch.equal(vc_mixed, vc_ref) # v_cache N5 bf16 —3X

python/sglang/srt/layers/radix_attention.py
BT . M P X dtype BB A v.dtype M3E g.dtype, BHRES dtype FTIiE
T JE S iR

# radix_attention.py ¥ out_dtype i+ EZB1E (BekjE)

# #d dtype J&H v.dtype (& dtype) , 4 v EFER; TNEEREF| q.dtype
# RIBRE fp8 — bf16 EIRZFHE, R fp8 MIHZ P XMW cast-copy Bl



out_dtype = v.dtype if v is not None else g.dtype
if out_dtype in (torch.float8 _e4m3fn, torch.float8_e5m2):
out_dtype = torch.bfloat16

if self.qk_head_dim != self.v_head_dim:
output = g.new_empty(
(g.shape[0], self.tp_g_head_num * self.v_head_dim),
dtype=out_dtype,
)
else:
output = torch.empty_like(q, dtype=out_dtype)

python/sglang/kernels/jit/csrc/elementwise/rope.cuh

2 CUDA AZEM: KheiEZ BhERA rope_rotate_head #AREKEK, FIA T MIRSHX o
a/k EhiERR

/I rope_rotate_head EARKEL: FEFEHELAT, XIFAR T HH
// kKIsNeox: N t&;: kRopeDim: #ER4E ; kVecSize: MEMNTE
/l % cache_out EEFER, FERNEAELE (AT fused KV store 8 k B§#2
template <typename T, bool kIsNeox, int64_t kRopeDim, inté64_t kVecSize>
__device__ __forceinline__ void
rope_rotate_head(void* input, const void* cos_ptr, const void* sin_ptr,
uint32_t lane_id, void* cache_out = nullptr) {
using namespace device;
using T2 = packed_t<T>;
using Storage = AlignedVector<T2, kVecSize>;
if constexpr (kIsNeox) {
/l Neox Ri&: REF¥IFS, A RMEBMARERIFF/EF
using CacheStorage = AlignedVector<fp32x2_t, kVecSize>;
const auto input_x = input;
const auto input_y = pointer::offset(input, (kRopeDim / 2) * sizeof(T));
auto input_vec_x = load_as<Storage>(input_x, lane_id);
auto input_vec_y = load_as<Storage>(input_y, lane_id);
const auto cos_pair = load_as<CacheStorage>(cos_ptr, lane_id);
const auto sin_pair = load_as<CacheStorage>(sin_ptr, lane_id);
#pragma unroll
for (int64_t j = 0; j < kVecSize; ++j) {
// 1 cos/sin BTHER
const auto [x0, x1] = cast<fp32x2_t>(input_vec_x|[j]);
const auto [y0, y1] = cast<fp32x2_t>(input_vec_y[j]);
const auto [cos_0, cos_1] = cos_pair[jl;
const auto [sin_0, sin_1] = sin_pair[j];
const auto out_x0 = x0 * cos_0 - yO * sin_0;
const auto out_y0 = x0 * sin_0 + y0 * cos_0;
const auto out_x1 =x1 * cos_1 -yl * sin_1;
const auto out_y1 = x1 * sin_1 +y1 * cos_1;
input_vec_x|[j] = cast<T2, fp32x2_t>({out_x0, out_x1});
input_vec_yljl = cast<T2, fp32x2_t>({out_y0, out_y1});



store_as<Storage>(input_x, input_vec_x, lane_id);
store_as<Storage>(input_y, input_vec_y, lane_id);
if (cache_out != nullptr) {
store_as<Storage>(cache_out, input_vec_x, lane_id);
const auto cache_out_y = pointer::offset(cache_out, (kRopeDim / 2) * sizeof(T));
store_as<Storage>(cache_out_y, input_vec_y, lane_id);
}
} else {
// Default MA&: BEEFEXNESATE N
using CacheStorage = AlignedVector<float, kVecSize>;
auto input_vec = load_as<Storage>(input, lane_id);
const auto cos_vec = load_as<CacheStorage>(cos_ptr, lane_id);
const auto sin_vec = load_as<CacheStorage>(sin_ptr, lane_id);
#pragma unroll
for (inté4 t j = 0; j < kVecSize; ++j) {
const auto [x, y] = cast<fp32x2_t>(input_veclj]);
const auto cos = cos_vec|jl;
const auto sin = sin_vec|j];
const auto out_x = x * cos -y * sin;
const auto out_y = x * sin +y * cos;
input_vec[j] = cast<T2, fp32x2_t>({out_x, out_y});
}
store_as<Storage>(input, input_vec, lane_id);
if (cache_out != nullptr) {
store_as<Storage>(cache_out, input_vec, lane_id);

}

}
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