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"""Regression test for USPAttention GQA replicated-prefix head sharding.

For GQA models (kv heads < g heads), the K/V prefix must be sliced by the KV head
shard instead of the query head shard, otherwise the prefix slice is empty and cat
with the all-to-all'd suffix raises. MHA (kv heads == g heads) is unaffected.

import unittest
from unittest.mock import MagicMock, patch

import torch
from sglang.multimodal_gen.runtime.layers.attention.layer import USPAttention

_LAYER = "sglang.multimodal_gen.runtime.layers.attention.layer"
_SP = 2 # Ulysses world size

def fake_input_all_to_all(x, **_):



# Simulate Ulysses input all-to-all: gather sequence (xSP), shard heads (/SP).
h = x.shape[2]
return x[:, :, : h // _SP, :].repeat_interleave(_SP, dim=1).contiguous()

def fake_output_all_to_all(x, **):
# Inverse: shard sequence (/SP), gather heads (xSP).
s = x.shape[1]
return x[:, : s // _SP, :, :].repeat_interleave(_SP, dim=2).contiguous()

class _CaptureAttn:

"""Stand-in attention backend that records the g/k/v it receives.

def _init_ (self):
self.q = self.k = self.v = None

def forward(self, g, k, v, _ctx):
self.q, self.k, self.v=gq, k, v
return g.clone()

class TestUSPAttentionReplicatedPrefix(unittest. TestCase):
def _run(self, g_heads, kv_heads, sp_rank, num_rep=3, suffix=4, head_dim=4):
attn = _CaptureAttn()
# Bypass __init__/backend setup; directly set attn_impl
obj = USPAttention.__new__ (USPAttention)
obj.attn_impl = attn

seq = hum_rep + suffix

g = torch.randn(1, seq, q_heads, head_dim)
k = torch.randn(1, seq, kv_heads, head_dim)
v = torch.randn(1, seq, kv_heads, head_dim)

sp_group = MagicMock()
sp_group.ulysses_group = None

def fake_all_gather(out_list, tensor, **_):
for t in out_list:
t.copy_(tensor)

with (
patch(f"{_LAYER}.get _ulysses_parallel_world_size", return_value=_SP),
patch(f'{_ LAYER}.get_sp_parallel_rank", return_value=sp_rank),
patch(f"{_LAYER}._usp_input_all_to_all", side_effect=_fake_input_all_to_all),
patch(f'{_ LAYER}. usp_output_all_to_all", side_effect=_fake_output_all_to_all),
patch(f"{_ LAYER}.get_sp_group", return_value=sp_group),
patch("torch.distributed.all_gather", side_effect=fake_all_gather),



out = USPAttention._forward_with_replicated_prefix(obj, g, k, v, None, num_rep)
return attn, out, g.shape

def test_gqga_slices_kv_prefix_by_kv_heads(self):

# GQA: 8 query heads, 2 kv heads. Old code sliced by query heads,

# causing empty K/V prefix. New code uses kv_h_local.

for sp_rank in range(_SP):

with self.subTest(sp_rank=sp_rank):

attn, out, g_shape = self._run(q_heads=8, kv_heads=2, sp_rank=sp_rank)
# q keeps q_heads/SP, k/v keep kv_heads/SP -> GQA grouping preserved
self.assertEqual(attn.qg.shape[2], 8 // _SP)
self.assertEqual(attn.k.shape[2], 2 // _SP)
self.assertEqual(attn.v.shape(2], 2 // _SP)
# prefix + all-to-all'd suffix line up on the sequence axis
self.assertEqual(attn.k.shape[1], attn.qg.shape[1])
# output is restored to the input layout
self.assertEqual(tuple(out.shape), tuple(g_shape))
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# Excerpt from Krea2PipelineConfig._build_pos_and_mask and _shard_img_pos_for_sp

def build_pos_and_mask(self, context, text_mask, batch, device):
b, txt_len = context.shape[0], context.shape[1]
patch = self.dit_config.arch_config.patch
vsf = self.get_vae_scale_factor()
h_tok = int(batch.height) // vsf // patch
w_tok = int(batch.width) // vsf // patch

img_ids = torch.zeros(h_tok, w_tok, 3, device=device)

img_ids[..., 1] = torch.arange(h_tok, device=device)[:, None]

img_ids[..., 2] = torch.arange(w_tok, device=device)[None, :]

img_pos = img_ids.reshape(h_tok * w_tok, 3).unsqueeze(0).expand(b, -1, -1)
txt_pos = torch.zeros(b, txt_len, 3, device=device)

sp_world_size = get_sp_world_size()
if sp_world_size > 1:
# Under SP: shard image positions to match latent sharding, text stays replicated.
# Ragged/padded batches are not supported.
if text_mask is not None and not bool(text_mask.all()):
raise ValueError(
"Krea-2 sequence parallelism does not support ragged/padded "
"multi-prompt batches; use a single prompt or --tp-size."
)
img_pos = self._shard_img_pos_for_sp(img_pos, sp_world_size)
return {"pos": torch.cat([txt_pos, img_pos], dim=1), "mask": None}



# Non-SP path: build full mask as before.
pos = torch.cat([txt_pos, img_pos], dim=1)
img_mask = torch.ones(b, h_tok * w_tok, dtype=torch.bool, device=device)
if text_mask is None:
txt_mask = torch.ones(b, txt_len, dtype=torch.bool, device=device)
else:
txt_mask = text_mask.to(device=device).bool()
mask = torch.cat([txt_mask, img_mask], dim=1)
return {"pos": pos, "mask": mask}

@staticmethod
def _shard_img_pos_for_sp(img_pos, sp_world_size):
# Pad the image-position sequence to a multiple of sp_world_size,
# then take this rank's contiguous slice.
s = img_pos.shape([1]
if s % sp_world_size = 0:
pad = img_pos|[:, -1:].repeat(1, sp_world_size - (s % sp_world_size), 1)
img_pos = torch.cat([img_pos, pad], dim=1)
local = img_pos.shape[1] // sp_world_size
rank = get_sp_parallel_rank()
return img_pos|:, rank * local : (rank + 1) * local]
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