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PATHE

- —A)E: A EGF S GDN #NRIEREF, EHFMEM] 11.5GB

c BESNME: Z PR BART AERB X TEZRMHNZERE, B8RE0H. XEZRIT.
MRERAANIRIE, X TFAEHNARL, RETBEARKEGERMNFTLEAERBZEZINME, &
PUFE IR gdn_replayssm_spec_decode.py T8 RAZSZILAnKE E iti6

ThRES EAL

HMARFL T GDN IIFEEH intermediate_ssm &2 B AL, RFC #28511 X Part B
HERESRETSRESE AN, BROETAERE, PR body $123| 'snapshot buffer itself
(intermediate_ssm, 11.48 GB at TP1) is the bulk of spec-decode memory', RERRZ|E =
batch FIIERTEZH TRHl, ReplaySSM IERZMAL I,

SRR

1. BBE 553 & server_args.py #F3 —enable-gdn-replayssm-spec Foxd AR5 &k
_validate_gdn_replayssm_spec_ring, #{R{X7ZE GDN A KMsE (topk<=1) B
Triton Ja3mEt /@ o

2. BIEEM L HE LB £ memory_pool.py B9 MambaPool.State 8 MambaPool.__init__
Ty BN EGEKE (replayssm_d/k/g, rawv/rawk, beta) UK HFr (write_pos,
cache_base, is_flush), SpeculativeState.intermediate_ssm ZATZ, BRANABDE,

3. BIERAZ: #73 gdn_replayssm_spec_decode.py, HE&FHAML Triton WX:
gdn_replayssm_spec_circular_kernel (MR ERG + KBS EZHE) Fn
gdn_replayssm_exact_fold_kernel (ZERIFTEMRBIMANIRF EAR, 5RGMREIFEFA—
R o BAEEXINERN,

4. £ : £ gdn_backend.py::forward_extend #, L& B L 5wk 48 1A A
_replayssm_target_verify; 7 spec_utils.py::commit_mamba_states_after_verify &,
3 commit_gdn_replayssm_spec ##H KX ArMIES intermediate_ssm; &
hybrid_linear_attn_backend.py F#if& decode ¥ HArAI#H AT spec BiZ,

5. B2ERsh: kv_cache_configurator.py £ enable_gdn_replayssm_spec %
MambaPool #93& & %K,

R



« python/sglang/kernels/ops/attention/fla/gdn_replayssm_spec_decode.py (1R
ReplaySSM W#%; 25 source; 2R core-logic; &5
gdn_replayssm_spec_circular_kernel, gdn_replayssm_exact_fold_kernel,
_advance_gdn_spec_cursors_kernel, _reset_gdn_replayssm_spec_cursors_kernel) :
NHFE X, BEWA Triton A (A EEEZMTITERITS) URAHREIRREK
, & ReplaySSM spec-verify BYSZILEAR,

. python/sglang/srt/layers/attention/linear/gdn_backend.py (#3k GDN Ein; £ 5|
source; A core-logic; &5 _replayssm_target_verify) : £ forward_extend &K
ReplaySSM IEER1Z, RIBIFE G LRSS ASEFF A H ALK EER B R A RIS T,

« python/sglang/srt/server_args.py (#£3k BEEEMEHNT; 5| source; £ core-logic; &F5
_validate_gdn_replayssm_spec_ring) : #TIEECE W ARISIEZ 45, #afk ReplaySSM
spec-verify (REXIFHHA4TRA, SFKAMEERE. FiwES ring KERIE,

« python/sglang/srt/mem_cache/memory_pool.py (3R Z774; K5 source; ER
core-logic) : ¥ /& MambaPool 8 State o SpeculativeState $k3E4EH, g
rawv/rawk/beta SR EFEFNAR, HEAFBE intermediate_ssm 2 BLUTE B 7.

« python/sglang/srt/speculative/spec_utils.py (#3k #EMIZZ; 25 source; KR
dependency-wiring) : ¥ commit_mamba_states_after_verify A0 ReplaySSM 4%
, U EGEEER(XIESH AR, 5 intermediate_ssm, EI{RE conv state B
commit Z 1§,

« python/sglang/srt/layers/attention/hybrid_linear_attn_backend.py (iR JREEEN;
25| source; A core-logic) : &8 decode S HAraI#FLE, BNLE
enable_linear_replayssm #x&MIE cursor IKEFAENME, BHR T spec Ko

« python/sglang/srt/mem_cache/kv_cache_configurator.py (#3k KV ZHFEE; K57
source; £ core-logic) : 13 enable_gdn_replayssm_spec % MambaPool #i& & ¥k

., HRER D ELIER.

XS _replayssm_target_verify, gdn_replayssm_spec_circular_kernel,
gdn_replayssm_exact_fold_kernel, _advance_gdn_spec_cursors_kernel,
_reset_gdn_replayssm_spec_cursors_kernel, _launch_gdn_spec,
_launch_gdn_exact_fold, gdn_replayssm_spec_decode, commit_gdn_replayssm_spec,
_validate_gdn_replayssm_spec_ring

KBRAL B EX
python/sglang/srt/layers/attention/linear/gdn_backend.py

FE forward_extend FEK ReplaySSM IEEE1R, MBI EEMERSHEFARITA
¥ 2k B3R B R A JEERIE

# python/sglang/srt/layers/attention/linear/gdn_backend.py (A E%)
# & forward_extend #, ¥ is_target_verify A True B, % ReplaySSM M EHE R T4
if is_target_verify:
mamba_pool = self.req_to_token_pool.mamba_pool
use_replayssm_spec = (
mamba_cache_params.replayssm_d is not None



and getattr(mamba_pool, "replayssm_cache_base", None) is not None
and not getattr(mamba_pool, "replayssm_is_kda", False)
)
if use_replayssm_spec:
# ReplaySSM BIEREZ: WAZRE & + MPEFERME
core_attn_out = self._replayssm_target_verify(
layer=layer, query=query, key=key, value=value,
a=a, b=b, mamba_pool=mamba_pool, layer_cache=mamba_cache_params,
cache_indices=cache_indices, query_start_loc=query_start_loc,
draft_token_num=forward_batch.spec_info.draft_token_num,
)
else:
# ELER 3| RILEIREIE (FE per-draft RE)
#5F: YR2HA --enable-gdn-replayssm-spec B intermediate_state_cache A None,
# &k assert R R EEER K& K
assert intermediate_state_cache is not None, (
"recurrent target_verify fallback requires intermediate_ssm, "
"which is not allocated under --enable-gdn-replayssm-spec"
)
core_attn_out = self.kernel_dispatcher.target_verify(
A_log=layer.A_log, dt_bias=layer.dt_bias,
g=query, k=key, v=value, a=a, b=b,
ssm_states=ssm_states, cache_indices=cache_indices,
query_start_loc=query_start_loc,
intermediate_states_buffer=intermediate_state_cache,
intermediate_state_indices=intermediate_state_indices,
cache_steps=forward_batch.spec_info.draft_token_num,
retrieve_parent_token=retrieve_parent_token,

else:
# JEIERRIZ: EEREY GDN fERg

python/sglang/srt/server_args.py

P ED B AN IEIZ AR, BA{R ReplaySSMspec-verify (R E XL BT RA, SRR E.
JE3Ee AR ring KERIE,

# python/sglang/srt/server_args.py (FEX)

# FIEEEN (FE ServerArgs £ )

enable_gdn_replayssm_spec: Al
bool,
"Enable the ReplaySSM GDN spec-verify kernel (Part B of RFC #28511): "
"a per-slot circular (d, k, g) ring + periodic flush replacing the "
"recurrent verify's per-draft full-state snapshots. "
"GDN only, linear-chain (--speculative-eagle-topk in {None, 1}) only. "
"Reuses --linear-replayssm-cache-len for the ring length.",

] = False

# £ _ _post_init__ &, XI5 speculative_decoding EiR A



self._validate_gdn_replayssm_spec_ring()

# IERER (EEZH)
def _validate_gdn_replayssm_spec_ring(self):
if not self.enable_gdn_replayssm_spec:
return
if self.speculative_eagle_topk not in (None, 1):
raise ValueError(
"--enable-gdn-replayssm-spec requires a linear draft chain "
"(--speculative-eagle-topk in {None, 1})"
)
decode = self.linear_attn_decode_backend or self.linear_attn_backend
if decode != "triton":
raise ValueError(
"—-enable-gdn-replayssm-spec requires the Triton linear-attn "
"decode backend"
)
if self.enable_mamba_extra_buffer():
raise ValueError(
"—-enable-gdn-replayssm-spec incompatible with mamba extra_buffer"
)
# #afk ring KEEDA 2 * &K draft #X
if self.linear_replayssm_cache_len < 2 * max_speculative_num_draft_tokens:
raise ValueError(...)

python/sglang/srt/mem_cache/memory_pool.py

¥ B MambaPool B State fo SpeculativeState $k3E4EH, #F3E rawv/rawk/beta IR L& 75 fo
KR, HEMAEBT intermediate_ssm KEUTE B &,

# python/sglang/srt/mem_cache/memory_pool.py (5 E&)
@dataclass(frozen=True, kw_only=True)
class State:
conv: List[torch.Tensor]
temporal: torch.Tensor
# ReplaySSM X% (decode 3 spec £AKE d/k/g)
replayssm_d: Optional[torch.Tensor] = None
replayssm_k: Optional[torch.Tensor] = None
replayssm_g: Optional[torch.Tensor] = None
# ReplaySSM spec-verify B/MNFE ({X —enable-gdn-replayssm-spec)
# rawv / rawk BEAEREEIAN C¥CE dtype, L) , beta HfiE fp32 &
replayssm_rawv: Optional[torch.Tensor] = None
replayssm_rawk: Optional[torch.Tensor] = None
replayssm_beta: Optional[torch.Tensor] = None

@dataclass(frozen=True, kw_only=True)

class SpeculativeState(State):
# ¥ ReplaySSM spec-verify B AR, intermediate_ssm ~HEZE, &A None
intermediate_ssm: Optional[torch.Tensor]
intermediate_conv_window: List[torch.Tensor]



# &£ MambaPool.__init__ &
_replayssm_on = enable_linear_replayssm or enable_gdn_replayssm_spec

if _replayssm_on:
# HBERE ring: d L, V], k[L, K], g [L] (fp32)

if enable_gdn_replayssm_spec:
# BN BE rawv [L, V], rawk [L, K], beta [L] (fp32)
# AR KARKE cache_base [num_slots], is_flush [num_slots]
# I35 intermediate_ssm %R None (BKER)

6 A
kaixiHg H Z AR A GFE KM R (AIMBD.93Fecurrenv.76ReplaySSMf16)
, NEA# scope FELERF, yuan-luo SRR AEAHF LI RIFERITEREE, EELETER
REFF, kaixih ZINY B A ReplaySSM Bk intermediate_ssm QB ULELZFRTE B 77,
yuan-luo FEESZELZ AL,  kaixih ZINIEIE ring length >= 2*draft token %%, yuan-luo
ERSERPEERIEME,
c KB REERMRMEETE (correctness): BN AMBFHITSMHEERE R, REEHRE
¥,
« Bk intermediate_ssm QB HE BB (performance): LRI, BHETEXL 11.5 GB
per GPU,
« UK EIIE (correctness): SZELISIE, FRARIAUKE B4,

R k5 B
o
« X% #F GDN #R, KDA FoptiRISIE (topk>1) BFERI|REIFEIE, FERIEERE
28 intermediate_ssm F1E.
« 53AF decode ReplaySSM A EHFHEZFKEFNIR, EAREHIZTREIATH (GBY
#2& enable_linear_replayssm #r&EREH) o
- RERDMBE, BESEKEEE fp16 SSM RS T REAMUINESR (PR 3244 A
fp32 SSM checkpoint) »
 FTARZARER Triton, ZE3E NVIDIA GPU L RER (AziEER)

- BOAKRH], THREMREL,

- AP BEAETWHEBAE (~11.5GB per GPU at TP1) , ®HEHT, E&5H4HE, £
FshFF B —-enable-gdn-replayssm-spec,

« A% AR BERREZE, FIARMHERGRER,

« BlFA: #3E Triton AT, B5 vLLM 2R ESEXNTF, BEKE KA.

« RF@ARIE: X GDN =& | (XR&MEEE , FE Triton Bk, AEKHMHBRMLEMLE , BA
P



KERIK L

« PR #28511 [RFC] Porting ReplaySSM to SGLang: faster decode and speculative
decoding for hybrid (GDN/KDA) models: & PR & RFC #28511 #4 Part B 5281, 7
spec-verify ¥4, RFC & X 7 B{AZEMFo Part A/B 2|,

« PR #28451 [Perf] GDN ReplaySSM decode (Part A of RFC #28511): Part A 523, 7
decode ReplaySSM, 7 PR B spec-verify £ A HIFTBEHFLEMIE NMLE 4%,

« PR #27658 [RFC] Compact linear spec cache: PR body H1& X% #H %t spec-decode B %
b, 5K PR BAR—K.



