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class Int8CheckpointStore:

int8 store for cached multi-layer linear-attention states.

Per slot: gdata int8 [L, H, d_v, d_k], scale [L, H, 1, d_K].
Quantization occurs over d_v per (head, k-channel) — matching
the per-k-channel decay diag(alpha) alignment.

All math is performed in float32 to avoid precision loss when
input is bf16/fp16.

QMAX = 127

def __init_ (self, *, num_layers, num_slots, num_heads, head_v_dim, head_k_dim, device,
scale_dtype=torch.bfloat16):
# Preallocate tensors on the target device
self.qdata = torch.empty(num_layers, num_slots, num_heads, head_v_dim, head_k_dim,
dtype=torch.int8, device=device)
self.scale = torch.empty(num_layers, num_slots, num_heads, 1, head_k_dim, dtype=scale_
dtype, device=device)

@classmethod
def quantize(cls, state: torch.Tensor):
"""'symmetric per-channel quantize: state [..., H, d_v, d_k] -> (gint8, scale [..., H, 1, d_k]).
# Cast to float32 for safe accumulation
state_fp32 = state.to(torch.float32)
amax = state_fp32.abs().amax(dim=-2, keepdim=True).clamp(min=1e-8)
scale = amax / cls.QMAX
# Round and clamp to int8 range
g = torch.round(state_fp32 / scale).clamp(-cls. QMAX - 1, cls.QMAX).to(torch.int8)
return q, scale.to(state.dtype) # keep scale in original dtype storage

@classmethod

def dequantize(cls, q: torch.Tensor, scale: torch.Tensor, out_dtype: torch.dtype):
"""Dequantize: g * scale -> float32 -> out_dtype.
return (g.to(torch.float32) * scale.to(torch.float32)).to(out_dtype)

def store(self, slots: torch.Tensor, state: torch.Tensor):
"""Quantize and write states for given slots.
slots = torch.as_tensor(slots, device=self.device)
g, scale = self.quantize(state)
self.qdatal:, slots] = q
self.scalel:, slots] = scale



def load(self, slots: torch.Tensor, out_dtype: torch.dtype):
"""Load and dequantize states from slots."""

slots = torch.as_tensor(slots, device=self.device)
return self.dequantize(self.qdatal:, slots], self.scalel:, slots], out_dtype)

def store_from_pool(self, active_pool, active_slots, ckpt_slots):
"""Quantize active slotted states into checkpoint slots.
state = active_pool[:, active_slots].detach()
self.store(ckpt_slots, state)

def copy_to_pool(self, target_pool, ckpt_slots, target_slots):
"""Dequantize checkpoint into target pool slots (cache-hit COW)."""
target_pooll[:, target_slots] = self.load(ckpt_slots, target_pool.dtype)
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def cache_finished_req(self, req: Req, is_insert: bool = True) -> None:
# ... (existing logic up to mamba value selection)
if self.enable_mamba_extra_buffer:
mamba_ping_pong_track_buffer to_keep = (
self.req_to_token_pool.get_mamba_ping_pong_keep_idx(req))
src_active = reg.mamba_ping_pong_track_buffer]|
mamba_ping_pong_track_buffer_to_keep].unsqueeze(-1)
# int8 path: quantize the active slot into the checkpoint pool
if self.int8_ckpt_pool is not None:
mamba_value = self._commit_int8_checkpoint(src_active)
# After quantization, the ping-pong track buffer is no longer needed
mamba_ping_pong_track_buffer_to_keep = None
else:
mamba_value = src_active.clone()
else:
# no_buffer path
if self.int8_ckpt_pool is not None:
mamba_value = self._commit_int8_checkpoint(
req.mamba_pool_idx.unsqueeze(-1))
else:
mamba_value = req.mamba_pool_idx.unsqueeze(-1).clone()
mamba_ping_pong_track_buffer_to_keep = None

result = self.insert(InsertParams(
key=RadixKey(token_ids[:page_aligned_len], req.extra_key),
value=page_aligned_kv_indices,
mamba_value=mamba_value,
prev_prefix_len=req.cache_protected_len,



)
mamba_exist = result.mamba_exist

# If the state already existed in radix (dedup), free the redundant int8 slot
if mamba_exist and self.int8_ckpt_pool is not None:
self.int8_ckpt_pool.free(mamba_value)

# With int8 checkpoints, the active mamba slot must always be returned
free_mamba_cache = (

True if (self.enable_mamba_extra_buffer or self.int8_ckpt_pool is not None)
else mamba_exist

)

if free_mamba_cache:
self.req_to_token_pool.free_mamba_cache(

req, mamba_ping_pong_track_buffer_to_keep=mamba_ping_pong_track_buffer_to_keep)
self.dec_lock_ref(req.last_node)
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