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"""MLX overlap scheduling mixin for the SGLang scheduler.

Provides ~“event_loop_overlap_mlIx™ ", which pipelines MLX forward
passes by keeping two in-flight lazy graphs queued on the GPU while
the scheduler runs its CPU-side bookkeeping on the tokens of the
older one.

@dataclass
class MIxPendingJob:
"""Represents an unfinished MLX forward pass queued on the GPU.



““lazy_tokens” ": mix.array of token IDs, not yet evaluated.
“Tprefills™ "/ “extends™ "/  “decode” ": per-mode state for finalization.

¢ “'"decode"™ ", extend"” ", or ~'idle"" .
““batch_copy” ": snapshot of ~"ScheduleBatch™ ™ at launch time,
decoupled from the live batch to avoid races.

““mode”

lazy_tokens: Optional[mx.array]
prefills: list["MIxPendingPrefill"]
extends: list["MIxPendingExtend"]
decode: Optional["MIxPendingDecode"]
mode: str

batch_copy: "ScheduleBatch"

regs: List[Req]

class SchedulerMIxOverlapMixin:

"""Mixin that adds MLX overlap scheduling to :class: Scheduler™.

@DynamicGradMode()
def event_loop_overlap_mlix(self: "Scheduler"):
"""'MLX overlap loop modelled on ~ "mlIx_Im.generate.generate_step™ .

At steady state we keep TWO in-flight MLX graphs:
““pending_curr™” (about to be finalized) and

““pending_next™ " (built on top of ~“pending_curr™"'s lazy output,
already handed to ~“mx.async_eval™ ).

# Initialize state

pending_curr: Optional[MIxPendingJob] = None

pending_next: Optional[MIxPendingJob] = None
self.result_queue.clear()

while not self.is_shutdown:
# Finalize the previous step's pending_curr, if any
if pending_curr is not None:
self._finalize(pending_curr)

# If a chained next step exists, shift it to current
if pending_next is not None:
pending_curr = pending_next
pending_next = None
else:
# Otherwise schedule a new batch
batch = self.get_next_batch_to_run()
if batch is None:
pending_curr = None
continue
pending_curr = self._launch_fresh(batch)



# Decide whether we can chain a next decode step
if self._can_chain(pending_curr):
pending_next = self._try_launch_chained(pending_curr)

# Block on pending_curr tokens to feed into bookkeeping
# (the GPU is already running pending_next in the background)
_ = pending_curr.lazy_tokens.tolist()
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@dataclass
class MIxPendingPrefill:
""Lazy prefill state, finalized after ~“mx.eval ™.
““cache” " is per-layer " “ContiguousKVCache™ " list for commit.
lazy_token: mx.array
cache: list # list[ContiguousKVCache]
reqg_id: str
full_token_ids: list[int]
req_pool_idx: int
synced_offset: int

@dataclass
class MIxPendingExtend:
"""Lazy chunked-prefill-continuation state for an existing request.
Uses the request's existing per-layer cache.
lazy_token: mx.array
reqg_id: str
new_token_ids: list[int]
new_synced_offset: int

@dataclass
class MIxPendingDecode:
"""Lazy decode state for a batch.
““caches™ ": per-request list of per-layer ~“ContiguousKVCache™ "
references that the attention wrapper writes into.
lazy_tokens: mx.array
req_ids: list[str]
caches: list # list[list[ContiguousKVCache]]

class MIxModelRunner:
# ... (existing fields)

def decode_batch_start(self, reg_ids: list[str]) -> MIxPendingDecode:



"""Start a decode step without evaluating.
Builds the compute graph, writes KV caches in-place,
and returns lazy token output.
# ... merge KV caches, run model forward, collect lazy tokens
# Return MIxPendingDecode without calling mx.eval
return MIxPendingDecode(
lazy_tokens=logits.argmax(-1),
reqg_ids=req_ids,
caches=merged_caches,

def decode_batch_start_chained(self, prev: MixPendingDecode) -> MIxPendingDecode:
"""Launch next decode step on top of a still-lazy previous decode.
Reuses the same cache objects, so MLX tracks the dependency.
# Build graph using prev's lazy (unevaluated) output as input
# and the same cache lists (already updated in-place).
return self.decode_batch_start(prev.reqg_ids)

def decode_batch_finalize(self, pending: MIxPendingDecode) -> list[int]:
"""Block on lazy tokens and return token IDs.
Evaluates tokens together with cache arrays to materialize writes.
cache_arrays = [

arr for c_list in pending.caches for arr in self._cache_state_arrays(c_list)

]
mx.eval(pending.lazy_tokens, *cache_arrays)
return pending.lazy_tokens.tolist()
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def async_forward_batch_generation_mix(
self,
model_worker_batch: ModelWorkerBatch,
) -> tuple][
Union[mx.array, None],
list[MIxPendingPrefill],
list[MIxPendingExtend],
Optional[MIxPendingDecode],
str,

"""Start an async (lazy) forward pass through the MLX model runner.

Returns (lazy_result, prefills, extends, decode, mode) without
blocking on the GPU. The caller can later call ~“finalize_mlx_result™"
to block and produce a " ~GenerationBatchResult™ .



forward_mode = model_worker_batch.forward_mode
regs = model_worker_batch.regs

if forward_mode.is_idle():
return (None, [], [I, None, "idle")

self._cleanup_stale_rids(forward_mode, {req.rid for req in regs})

if forward_mode.is_extend():
# ... build lazy extend graphs, return pending state
pass
else:
# Decode: use decode_batch_start
pending_decode = self._mlx_runner.decode_batch_start(
[req.rid for req in reqs]
)

return (pending_decode.lazy_tokens, [], [], pending_decode, "decode")

def async_chained_decode_mlx(self, prev_decode: MIxPendingDecode) -> MIxPendingDecode:
"""Build the next decode step on top of a still-lazy previous decode.
Reuses the cache objects from prev_decode, so MLX tracks the
dependency graph. The caller should hand the result to
““mx.async_eval® " immediately.
next_decode = self._mlx_runner.decode_batch_start_chained(prev_decode)
# Fire async evaluation: GPU will execute this step as soon as
# the previous step's dependencies are resolved.
mx.async_eval(next_decode.lazy tokens)
return next_decode

def finalize_mlx_result(self, pending_job: MIxPendingJob) -> GenerationBatchResult:
"""Block on lazy tokens and produce a normal GenerationBatchResult.
Depending on pending_job.mode, calls prefill/extend/decode finalize.
if pending_job.mode == "decode":
next_token_ids = self._mlix_runner.decode_batch_finalize(pending_job.decode)
# ... build GenerationBatchResult
elif pending_job.mode == "extend":
# ... merge prefills and extends
pass
# ... return GenerationBatchResult
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