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def forward_with_replicated_kv_prefix(
self,
g: torch.Tensor,
k_prefix: torch.Tensor,
v_prefix: torch.Tensor,
k_suffix: torch.Tensor,
v_suffix: torch.Tensor,
) -> torch.Tensor:
""'attention with replicated K/V prefix supplied separately

ZEDK KNV 2ARR (B rank £#) foER @FIILR) |
BRE all-to-all FIMLTEE KV KE,

forward_context: ForwardContext = get_forward_context()
ctx_attn_metadata = forward_context.attn_metadata

# 3 SP #X: H#E concat BIRAKELI



if self.skip_sequence_parallel or get_sequence_parallel_world_size() ==
k = torch.cat([k_prefix, k_suffix], dim=1)
v = torch.cat([v_prefix, v_suffix], dim=1)
return self.attn_impl.forward(q, k, v, ctx_attn_metadata)

# XA TP/DP, % Ulysses: [## concat jaEBRIA forward
if get_ulysses_parallel_world_size() == 1:

k = torch.cat([k_prefix, k_suffix], dim=1)

v = torch.cat([v_prefix, v_suffix], dim=1)

return self(q, k, v)

# Ulysses 34T: /A split HRBER A K/V 1L
return self._forward_with_replicated_kv_prefix_split(
q, k_prefix, v_prefix, k_suffix, v_suffix, ctx_attn_metadata

def _forward_with_replicated_kv_prefix_split(
self,
q: torch.Tensor,
k_rep: torch.Tensor,
v_rep: torch.Tensor,
k_shard: torch.Tensor,
v_shard: torch.Tensor,
ctx_attn_metadata,

) -> torch.Tensor:
""'split form # A Ulysses all-to-all BI¥fL2E K/NV'"
sp_rank = get_sp_parallel_rank()

# 1. all-to-all ¥ Q #1 K/V BRI 0 F B0k
q = _usp_input_all_to_all(g, head_dim=2)

k_shard = _usp_input_all_to_all(k_shard, head_dim=2)
v_shard = _usp_input_all_to_all(v_shard, head_dim=2)

# 2. BEFINRMBYFEIS A rank Bk F—K
h_kv_local = k_shard.shape[2]

h_start = sp_rank * h_kv_local

h_end = h_start + h_kv_local

k_rep = k_repl:, :, h_start:h_end, :].contiguous()
v_rep = v_repl:, :, h_start:h_end, :].contiguous()

# 3. ERA|EE cat RIBAESR, HUTAM attention
k = torch.cat([k_rep, k_shard], dim=1)
v = torch.cat([v_rep, v_shard], dim=1)

out = self.attn_impl.forward(q, k, v, ctx_attn_metadata)
# 4. all-to-all BB LD A HEEFS| 0 H

return _usp_output_all_to_all(out, head_dim=2)
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Cosmos3 IENEBLIEE: BB HNER view R split+contiguous; XX E BT
BOLS&E KV, &5/ RoPE 2k,

# £ Cosmos3CrossAttention.forward ¥, M QKV R HIEE view Y14
gkv, _ = self.to_gkv(hidden_states)
# 1E A view + slicing M split + contiguous, B3N
gkv = gkv.view(
batch_size, seq_len_gen,
self.num_attention_heads + 2 * self.num_key_value_heads,

self.head_dim,
)
a = gkv[:, :, : self.num_attention_heads, :]
k = gkv[:, :, self.num_attention_heads : self.num_attention_heads + self.num_key_value_heads, :
]
v = gkv[;, :, self.num_attention_heads + self.num_key_value_heads :, :]

# N A QK norm #= RoPE

g = F.rms_norm(q, (self.head_dim,), self.norm_qg.weight, self.norm_q.variance_epsilon)
k = F.rms_norm(k, (self.head_dim,), self.norm_k.weight, self.norm_k.variance_epsilon)
g, k = gwen3_apply_rotary_pos_emb(q, k, freqs_cos, fregs_sin)

# BEEFEBH attention O, SBEANRS (k_und, v_und) fiE%& (k, v)
out = self.attn.forward_with_replicated_kv_prefix(q, k_und, v_und, k, v)
out = out.reshape(batch_size, seq_len_gen, -1)

out, _ = self.to_out(out)

return out
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