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PATHRE

« —4]iE: KDA ReplaySSM #1385 4B parity MR, $ZE gate 5 ring IEFME
« WEMME: EEFEIR. BEAXGL2ENR, BEMEBRT &RERZ parity MR ERITTER
1) WRIEH AR BRI M, FiLERM—MTALEZER gate AR; 2) AARE shape &

& (GQA. 3E pow2. #iFEXR. padding) FTRRRSImIEIE bug; 3) XN HERESRNMEIT
EBRANEMAEMERERE; 4) ENRAAAFRABIEE ZNREEERIRNE LKL Wh £
PME. EIGLL4I KDA/ReplaySSM A8k AZBYTF & & DA R EARAN ZEMR, o230 5 1%
test_kda_replayssm_fold.py ¥ safe gate 5§ softplus 894 %%, XEFHKESLZEYIN
K,

ThEe5 shtl
PR body #tEAIXZ #32541 89 follow-up, FFER TMR 895 E M

The GDN side of ReplaySSM has parity tests upstream; the KDA side landed with
none... The whole feature rests on one claim, that the state rebuilt by replaying raw
inputs is bit-identical to what the recurrent baseline would have committed. That
claim is exactly what silently breaks: an earlier version of this path recomputed the
gate on the torch side with a subtly different formula, which left every output
looking correct while the state drifted underneath. End-to-end accuracy does not
catch that; a parity test does.

BRSLAE] KDA MIRA AT parity MR, F1i%2h BEIEA TR BRI A EZ RS S £

KFM—K, HACELZLLENR gate AR (plain softplus 5§ K3 safe gate) RA—EKFHR
AERESE bug, REBREETELI, SME parity MR T B,

SIS HER, SETEE test/registered/kernels/ BEE T :

1. #asL parity MR AR FrAMRER KA WE XTI, baseline & A
fused_sigmoid_gating_delta_rule_update(is_kda=True, disable_state_update=True) 1kt
NN IRERR gate, HIBESRESREBE N intermediate_states_buffer; ring BitRE—
NAZ UL cache_ring=True #ERIE rawv/rawk/gk/beta B AN& slot IR EF, BHH
commit_kda_replayssm_spec (8 commit_kda_replayssm_spec_all_layers) IBIFIFE[E
checkpoint, FMIIMATE2MERE, HEHBRITSERSEEARE— P HRBHNENRE, B



Wit 2 FRMEMNRL (a, b, A_log, dt_bias) ¥3&", #HEEFERE 1 gk FK gate AR
EZREHE,

2. AXHBEARRNFCHE :

« test_kda_replayssm_fold.py: B NEZE K3 # safe gate (lower_bound *
sigmoid(exp(A_log) * x), lower_bound = -5.0) 5%3& softplus NG X, BEET#
gate AN;

. test_kda_replayssm_ring_fused.py: IIEREE 3 verify RAZH ring B (

CACHE_RING=True) 5RZEH E—3RES—%, B= GQA. 3FE pow2 K/V. HiEXK.
padding F&{r ;

« test_kda_replayssm_ring_ragged.py: BEZZK (varlen) BIEAFTH ring EA, &
full/partial commit 5 padding &4 ;

« test_kda_replayssm_fold_batched.py: F&IE layer-batched #& (—>X launch) 53&
BERRAALER torch.equal (LK ABRE, FFERF /stride bug;

. test_kda_mtp_cuteds|_replayssm_ring.py: SM100 ¥J/&, &% CuTe MTP BIERNAZHY
CACHE_RING &=, F/MRIEH L KEERMERAT bitwise BF UK CUDA graph
padding LA H S IR,

3. CI J3#t: f£ register_cuda_ci(est_time=..., stage="base-b-kernel-unit",
runner_config=...) JEMER EM B kernel-unit stage, fold &35 fused/ragged H
1-gpu-large, CuTe MTP & SM100 FR#I|H 4-gpu-b200,

4. FEHMEIE: BRIERERLMUNR. BEM CI, FEEI CuTe MIRAE 1-gpu-h100 £
%k (libNVVM #8428 sm_90a £RRiZ& IR) , i keep the cutedsl ring test on
b200" R Z EE F| b200 runner, RAEH main, 28 41 MNABIE 8x B300 LN,

KB

. test/registered/kernels/test_kda_replayssm_fold.py (13 IHEMR; K5 test; LR
test-coverage; 5 TestKDAReplaySSMFoldParity, _parity, test_safe_gate,
test_softplus_gate) : EXEEH parity MR : MR ARRIES) verify NS fold B2
, ERXEBZ K3 safe gate 538 softplus N X, BERFELLXAERK gate ARER
bug (body FA#AIREIEE RIREIMIAEL) ,

. test/registered/kernels/test_kda_mtp_cuteds|_replayssm_ring.py (13t WAZMR; 25|
test; M test-coverage; 5 _run, test_cutedsl_ring fold_parity,
test_cutedsl_fused_output_norm, test_cutedsl|_cuda_graph_padding_slot_is_safe) : &
# SM100 €& CuTe MTP IiFA#%EY CACHE_RING #R: I4F ring 125 N E H R
B parity. HiHIKE bitwise #8%. CUDA graph padding A RA# 53R, HH
libNVVM 8 sm_90a FR#&|&HELE 4-gpu-b200,

. test/registered/kernels/test_kda_replayssm_ring_ragged.py (iR FFEMIRK; K5 test
; BA test-coverage; 5 _run_case, test_ragged_full_commit,
test_ragged_partial_commit, test_ragged_pad_slot) : BZZK (varlen/ragged) Z&iE
BT CACHE_RING BB N IEFME, ®3E full/partial commit 5 padding #&fr,
REE GQA § K3-like TP8,



. test/registered/kernels/test_kda_replayssm_fold_batched.py (&3 #E3S; %3] test
; BRI test-coverage; 5 _rand_rings, test_fold_batched_matches_per_layer) : &
iE layer-batched #T& (—X launch {EEFT&# head grid #1) 5ZBEIFRAAE bit &
5£e2—3 (torch.equal) , FFik grid BHFSIANEMmFE /stride ik, BE GQA. 3E pow?2
K/V. track FF%. padding #{r %,

. test/registered/kernels/test_kda_replayssm_ring_fused.py (iR IXRRES; K5 test;
A test-coverage; &5 test_ring_fold_parity) : BiEFL& 3 verify RAZH ring B (
CACHE_RING=True) §5H#ZEHEHRS—K, BERAM gate 2% (safe/softplus) 5§
padding #fiI, & KDA MU ring B AR EZEE)INR.

XEEFS: test_cutedsl_ring_fold_parity, test_cutedsl_fused_output_norm,
test_cutedsl|_cuda_graph_padding_slot_is_safe, test_ragged_full_commit,
test_ragged_partial_commit, test_ragged_pad_slot,
TestKDAReplaySSMFoldParity._parity, test_safe_gate, test_softplus_gate,
test_fold_batched_matches_per_layer, test_ring_fold_parity

RPERAD B

test/registered/kernels/test_kda_replayssm_fold.py

BREN parity MR ARG ARNIRSS verify A5 fold 3812, ENE = K3 safe
gate 5E i softplus AN X, REHIRESLAK LK gate ANEH bug (body FAFAIREIE
SRS FENREL)

def _parity(self, lower_bound):
# W& parity: baseline B verify NZRNIPAE K gate, fold MIFE torch B
# EH gk/beta 5A ring BITE, AMMATE K, RA gate KRAHM,
# Al gate ARF—RKEZERIN AR ZER,
dev = "cuda"
B, T, HV, K, V, H, L = self.B, self.T, self.HV, self.K, self.V, self.H, self.L
scale = K**-0.5

torch.manual_seed(0)

# 15 A B T B9 4938 g/k/v/a/b/A_log/dt_bias/h0, {RiE® &I,
q = torch.randn(B, T, H, K, device=dev, dtype=torch.float32)

k = torch.randn(B, T, H, K, device=dev, dtype=torch.float32)

v = torch.randn(B, T, HV, V, device=dev, dtype=torch.float32)

a = torch.randn(B, T, HV, K, device=dev, dtype=torch.float32)

b = torch.randn(B, T, HV, device=dev, dtype=torch.float32)

A_log = torch.randn(HV, device=dev, dtype=torch.float32)
dt_bias = torch.randn(HV, K, device=dev, dtype=torch.float32)

hO = torch.randn(B, HV, V, K, device=dev, dtype=torch.float32)

#slot A1 FF4s (0 REATLTRENMN) , SEFREMLDZE K.
slots = torch.arange(1, B + 1, device=dev, dtype=torch.int32)
num_slots = B + 1

# baseline B : verify W& AR KDA MUF K gate,



# HIEFH RSB AN intermediate_states_buffer (BT A state EH) .
hO_src = torch.zeros(num_slots, HV, V, K, device=dev, dtype=torch.float32)
for j in range(B):
hO_src[slots[j]] = hO[j]
inter = torch.zeros(num_slots, T, HV, V, K, device=dev, dtype=torch.float32)
fused_sigmoid_gating_delta_rule_update(
A_log=A_log, a=a, dt_bias=dt_bias,
softplus_beta=1.0, softplus_threshold=20.0,
aq=q, k=k, v=v, b=Db,
initial_state_source=h0_src, initial_state_indices=slots,
scale=scale, use_gk_|I2norm_in_kernel=True,
is_kda=True, lower_bound=lower_bound,
disable_state_update=True,
intermediate_states_buffer=inter, intermediate_state_indices=slots,
cache_steps=T,
)
accept =T # R ZEEHFH O
base = torch.stack([inter[slots[j], accept - 1] for j in range(B)], 0)

# fold B: % torch M N X ERNEH gate, BRFIHILHR— gk
# MEEARNER, XEANNMIREEINE| softplus/safe-gate SER Y K,
x = a + dt_bias.view(1, 1, HV, K)
exp_d_log = torch.exp(A_log).view(1, 1, HV, 1)
if lower_bound is not None:
gk = lower_bound * torch.sigmoid(exp_a_log * x)
else:
gk = -exp_a_log * torch.nn.functional.softplus(x)
beta = torch.sigmoid(b)

# 38 v/k/gk/beta B JEE XN slot B ring, BIAA commit & E checkpoint.
rawv = torch.zeros(num_slots, HV, L, V, device=dev, dtype=torch.float32)
rawk = torch.zeros(num_slots, H, L, K, device=dev, dtype=torch.float32)
gkr = torch.zeros(num_slots, HV, L, K, device=dev, dtype=torch.float32)
betar = torch.zeros(num_slots, HV, L, device=dev, dtype=torch.float32)
ckpt = torch.zeros(num_slots, HV, V, K, device=dev, dtype=torch.float32)
for j in range(B):

s = slots[j].item()

rawv[s, :, :T] = v[j].transpose(0, 1)

rawk[s, :, :T] = k[j].transpose(0, 1)

gkrls, :, :T] = gkljl.transpose(0, 1)

betar[s, :, :T] = beta[j].transpose(0, 1)

ckptls] = hO[j]
acc = torch.full((B,), accept, device=dev, dtype=torch.int32)
commit_kda_replayssm_spec(

ckpt, rawv, rawk, gkr, betar, slots, acc,

max_cache_len=L, num_k_heads=H, use_gk_|2Znorm_in_kernel=True,
)
fold = torch.stack([ckpt[slots[j].item()] for j in range(B)], 0)



# MR ERBHUNTF 1e-3, fold 5§ verify RERSR & E—Ko.
rel = ((fold - base).abs().max() / base.abs().max().clamp_min(1e-6)).item()
self.assertlLess(rel, 1e-3, f"fold vs verify parity failed: rel={rel:.3¢e}")

Wb A
2N PR ZRAUKEE review i (review_comments_count = 0) , XL E
/rerun-test 4§45 Cl £ R EH, MNFPEERZFEE—NMNEREREEN A

« BRI 5 MR —ARIKF] 1-gpu-h100 ERRT£& MK, REZ
test_kda_mtp_cuteds|_replayssm_ring.py #&#i SM100 8 CuTe DSL A4, h100 8
sm_90a ToEmiF;

- VEE RS EIT IR "keep the cutedsl ring test on b200™¥ CuTe MR EXd E Z 3|
4-gpu-b200, JE4: rerun @AY, WEHIZINRBEAHLI R Cl BE ERRIK

X E BT ERE TR XA R 81 R%: k3 £3E SM100 F &AM 2 4% L K ifm IEEME L K,

A b EEIR IEFEY runner_configs

+ SM100 £J& CuTe MHRAH runner ¥%#%F (testing): CuTe DSL WX X HF SM100 (
libNVVM $E46 8 sm_90a A RKIZE IR) , ZMRAIEEITIE b200, FEES HAMNRBAE
h100 E.

R 5 B

- }Fe: BARFemT

« BHKEL: test_kda_mtp_cuteds|_replayssm_ring.py {REEZE SM100 LimfT, HEX
runner WA 4-gpu-b200; & CI HLEMTD), ZMR T e R A E Siza bk, R
KDA CuTe B&IZE9E =,

« BERE: CuTe MRMMREBFMELE 2e-2 (bf16 HAEFTIR) , EP L TaEH/IME
BAERY%; ERMAN 1e-3, B, ZES0REBENLE S bf16 HFEEMM,

- E)IRGIPE: MERESEA parity MR, #F KDA ReplaySSM kKRBT AR EKE (o
gate ARNTE) , MRAKAKFFTEERNEN, XEEBAR, EXARBTZRENT
REF T AR,

« CI BtK: #13E 5 A GPU RAINR (84N 15-27 #) , BRAREME| kernel-unit stage
, B & A ClL ®R; &K runner REFRBEHEREATE,

-« TIRFGEREY : A PR RBAEMTAE AL, FLEESIAEYT, EELLAE KDA
ReplaySSM 1T A B A RY), (T KRE RIS ELEERE,

- U USRS P ENRE CIM:

- AP LT, {8 KDA ReplaySSM BRAZARBTHATHIERAEF A=, ik M
EFERSES IR E )T ERH I,

- XAZ: CI#HE 54 GPU RN, EF 1 ANEKRK SM100 (b200 runner) , ERE

1-gpu-large E3nfT, 34 100 B9 kernel-unit GBS,

« XHEIFA: BARA T iZShBER EF MR A——gate ARRHE K3 —2K (safe gate) . ring
" | B EBSIMK—IK. padding FAMMEE N, BEFAE code review BT



L RINCER

- 5 GDN MIEA parity MR R, *5FT KDA MIBREM 7 —FBE, &£
ReplaySSM 4k SCELER 12 4R B & EIFRFE,

o XFEARIE: 4R PR, JoJRED EREAREREN , SM100-only MERAKK b200 runner, gate
AREVIEZORE , #38 GPU CI KK

KERBKL

« PR #32541 KDA ReplaySSM spec-verify path: PR body EA#a&E B4~ PR 2+ follow-up,
AEXTF KDA Ml parity MiRK; Z4&F4HESI AT kda_replayssm_spec_decode.py.
CACHE_RING B A% is_kda SR,

« PR #34189 [DSV4] Fix silent KV corruption when speculative draft tokens > 4: & A%
WA TR 8 / RSB NERMEBEE (EEIFFHFREIR KV) , 5 KDA ReplaySSM &y
ring EABTR—XE, EYINIRTEZARENE,

« PR #34184 Fix stale track rows corrupting conv checkpoints under the prefill graph:
B A checkpoint EZIEMMEM (%Y track THEK conv checkpoint $8%L) , KDA
ReplaySSM fold tARFIMMBRIGMAERZE checkpoint, Bir—2K,

« PR #34043 [srt] Fix sconv state memory corruption on specdec: [ElEIZRHARIDIRS—IK
M5 NEHIFMEE, KDA ReplaySSM By BPRASIREBERZLEH T HZ—,



