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PATHRE

- —AIE: BENAKE ETHEMA KDA prefill kernel PE&E

- WEME: EBSHKEIL, % PR BRT Triton kernel (RALEIZEBE: autotune HYAET.
kernel RS BURLEEIE. MKRBANRIT, FETWFITIOMEART XA EFMERMERE R
B, LHEHE exp vs exp2 BIBF. chunk_ indices IH¥EBIE. UL BEEREBRRA, &4
attention kernel Fr&FEAuxt Triton M EERAL BB BB ARA FUIRANIE,

Th RES EAL

Profiling B~ KDA & prefill GPU a4 13% (4-GPU TP B2E) , BmAMNESH kernel By
autotune ECEZR, FI3 SM FHZEXRFRE, Bl chunk gated_delta_rule fwd_kernel _h_blo
ckdimé4 F£ TP=8 H=4 B grid 1R/ =% 16 4~ CTA, =X T Hopper ) SM $k&, KI4H SM
N

LI RE

1. h-recurrence kernel autotune ¥ /&: # chunk_delta_h.py #, A
chunk_gated_delta_rule_fwd_kernel_h_blockdimé4 #fn BV=16 8 num_warps=8 =
R, F5IAN NT_BUCKET (3 AM&: NT<32. <128. >128) 1A autotune key, K /
58 prefill BE3%E$FR BB optimal tile K/\, BB restore_value Btk autotune A= @A
in-place 5 /g &G,

2. chunk_intra kernel & : 7 chunk_intra.py 89
chunk_kda_fwd_kernel_inter_solve_fused R tl.constexpr B
FUSE_DIAGONAL ¥ 14k Akk TTEIF AR — kernel, JHFR Akkd 89 HBM iR ;
FUSE_RECOMPUTE #—#% w/u/kg EitEIH AN, HKR Akk_inv 89 HBM 3R, [EBTXE
RBAER bf16 MABET tl.dot, ik tensor core IHE,

3. recompute_w_u kernel BBEIFE: & kda.py H, recompute w_u_fwd_kernel £
autotune BLEMMZ A (BK, BV) ERAIX BK=64, BV=64, #HE triton 3.6 FEM A
S EBIEEAF LA autotune EIFRAELE ; DOT_PRECISION M ieee 284 tf32, #|H
Hopper tensor core i,

4. MMREIREE11IR: & kda.py 89 chunk kda_fwd &%#, & small grid = (B *
NT_pr * H_per_rank) < 256, ¥R/t H FUSE_DIAGONAL #a
FUSE_RECOMPUTE (#tBY launch FA#HAE) , KRMEEERE| unfused B&2 (BEHRZF
HFREAFKN spilling) o NT_pr 33F varlen {8 chunk_indices.shape[0] IEfitEE



F3| chunk $&.,
5. cumsum FIKEIR: £ cumsum.py B chunk_local_cumsum_vector_kernel 8
autotune BCE FA0AN num_stages, & prefill 7333 E R RKLK,

RS
« python/sglang/srt/layers/attention/fla/chunk_intra.py (#3k KDA kernel; 255 source

; BRI core-logic; 5 chunk_kda_fwd_kernel_inter_solve_fused,
chunk_kda_fwd_intra) : #WEE X E chunk_kda_fwd_kernel_inter_solve_fused &
5237 FUSE_DIAGONAL #n FUSE_RECOMPUTE RNEREHER, HMT Akkd #n
Akk_inv B HBM 3R, RBMELT off-diagonal MMA B bf16 BN, XMHKFIERA (
+487/-96) , EVEREERANEERR,

« python/sglang/srt/layers/attention/fla/kda.py (#1k KDA AE; 3£5| source; EH
core-logic; %5 chunk_kda_fwd, recompute_w_u_fwd_kernel, recompute_w_u_fwd,
chunk_gla_fwd_kernel_o) : RAEBFMBBALNFTE: LT _small_grid ¥IBrELE, R
EE CTA HENSEERMAEREE; FAET recompute_w_u_fwd_kernel autotune BLE X
IEED triton 3.6; MR T REAE chunk_kda_fwd_h_output_fused_kernel; ¥
chunk_gla_fwd_kernel_o 8 allow_tf32=False # MUK A tf32 hnik,

« python/sglang/srt/layers/attention/fla/chunk_delta_h.py (#3k KDA 3#Y3; 2% source
; BRI core-logic; 5 chunk_gated_delta_rule_fwd_kernel_h_blockdimé4,
chunk_gated_delta_rule_fwd_h) : h-recurrence kernel autotune EH): FIBHEHN
autotune BOYCEEFR&|I NE—EE (BV=32, num_warps=4, num_stages=2) , F5m7T
NT_BUCKET key U & #F:kX4H#; #N autotune_cache_kwargs BRERE; BRT
hardcoded B4 num_warps/num_stages 3K,

« python/sglang/srt/layers/attention/fla/cumsum.py (#3 Cumsum; 2£5| source; £&
core-logic; &5 chunk_local_cumsum_vector_kernel) : #UINAE: &
chunk_local_cumsum_vector_kernel 8§ autotune ECE F /M0 num_stages $%k, AWK
prefill EFERR KL, #AFTL,

*HMFS . chunk_kda_fwd_kernel_inter_solve fused, chunk_kda_fwd_intra,
chunk_gated_delta_rule_fwd_kernel_h_blockdimé64, chunk_kda_fwd,
recompute_w_u_fwd_kernel, recompute_w_u_fwd, chunk_gla_fwd_kernel_o,
chunk_local_cumsum_vector_kernel

R A B

python/sglang/srt/layers/attention/fla/chunk_intra.py

N E X4 & chunk_kda_fwd_kernel_inter_solve_fused 528, T FUSE_DIAGONAL
A1 FUSE_RECOMPUTE FAMNRREIER, JHFRT Akkd Fo Akk_inv 89 HBM fFiR, RBHMEMLT
off-diagonal MMA #] bf16 A, XHRshERK (+487/-96) , RMEERANEERR,

# python/sglang/srt/layers/attention/fla/chunk_intra.py
#RBTE: BAENAKITEMREITES| inter+solve kernel

@triton.autotune(
configs=[



triton.Config({"BK": BK, "BV": 64}, num_warps=num_warps)
for BK in [32, 64]
for num_warps in [1, 2, 4]
1.
# #F3E V. FUSE_RECOMPUTE. FUSE_DIAGONAL A4 key, MR RREBEEMWIELERF
key=["H", "K", "BC", "V", "FUSE_RECOMPUTE", "FUSE_DIAGONAL"],
**autotune_cache_kwargs,
)
@triton.jit(do_not_specialize=["T"])
def chunk_kda_fwd_kernel_inter_solve_fused(
d, k, g, beta, Agk, Akkd, Akk, scale,
v_in, w_out, u_out, kg_out, # ¥rigHitiEst, AT FUSE_RECOMPUTE 5 &
cu_seqlens, chunk_indices, T,
H: tl.constexpr, K: tl.constexpr, V: tl.constexpr,
BT: tl.constexpr, BC: tl.constexpr, BK: tl.constexpr, BV: tl.constexpr,
IS_VARLEN: tl.constexpr, USE_SAFE_GATE: tl.constexpr,
FUSE_RECOMPUTE: tl.constexpr, FUSE_DIAGONAL: tl.constexpr, # FIEHFEE

# .. (BATER) L

# %4 FUSE_DIAGONAL BY, FUMoBet &k EmeE
if FUSE_DIAGONAL:
b_Agk_dO = tl.zeros([BC, BC], dtype=tl.float32)
b_Akk_dO = tl.zeros([BC, BC], dtype=tl.float32)
# ... &ML d1, d2, d3 ...
mtcO=(_tcO+0i)<T

# EEIR: WP K 4E

for i_k in range(tl.cdiv(K, BK)):
# /3 kO, g0 (#=F)
p_kO = tl.make_block_ptr(k, (T, K), (H*K, 1), (i_tcO, i_k*BK), (BC, BK), (1,0))
p_g0 = tl.make_block_ptr(g, (T, K), (H*K, 1), (i_tc0, i_k*BK), (BC, BK), (1,0))
b_kO = tl.load(p_kO, boundary_check=(0,1)).to(tl.float32)
b_g0 = tl.load(p_g0, boundary_check=(0,1)).to(tl.float32)

# FUSE_DIAGONAL: 7E£it & XM &ikBy Agk_dO 1 Akk_dO
if FUSE_DIAGONAL:
b_q0 = tl.load(p_qgo0, ...).to(tl.float32)
b_gn0 = tl.load(g + i_tcO*H*K + o_k, ...)
b_gmO = tl.clamp(b_g0 - b_gn0[None,:], -126.0, 126.0)
b_gq0 = tl.where(m_tc0[:,None], exp2(b_gm0), 0.0)
b_gkO = tl.where(m_tcO[:,None], exp2(-b_gm0), 0.0)
b_kgt dO = tl.trans(b_kO * b_gkO0)
b_Agk_d0 += tl.dot(b_qg0 * b_gq0, b_kgt_d0)
b_Akk_d0 += tl.dot(b_kO * b_gq0, b_kgt_d0)

# off-diagonal IREVITERIFARE, 18 tl.dot MAEH bf16 (#2E tensor core FIFAE )
# ...



# BEEE SR & forward substitution EEEITE w, u, kg
if FUSE_RECOMPUTE:
# BEERFTEEN A inv 3%, TEESHE HBM BitE
b_w0 = tl.dot(b_Akk_inv00, b_kb0.to(b_kO0.dtype))
b_u0 = tl.dot(b_Akk_inv00, b_v0)
b_kg0 = b_kO * exp(...) # £/ exp ( BRI ) ItHFLXMZ
# .. EMHAIR L
#ANEHTEESRSRART
tl.store(p_w0, b_w0.to(p_wO0.dtype.element_ty), boundary_check=(0,1))
tl.store(p_u0, b_u0.to(p_u0.dtype.element_ty), boundary_check=(0,1))
tl.store(p_kg0, b_kg0.to(p_kg0.dtype.element_ty), boundary_check=(0,1))
else:
# RAEERIZ: O Akk_inv EHBILF Akk B 4L kernel £
tl.store(p_Akk, ...)

python/sglang/srt/layers/attention/fla/kda.py

TEBMMEBANE: LIT _small_grid HIErZLE, RIFLE CTA RENSSEEMEEE
; AET recompute_w_u_fwd_kernel autotune ELE MAIERD triton 3.6; MR T RIERH
chunk_kda_fwd_h_output_fused_kernel; 3% chunk_gla_fwd_kernel_o #

allow_tf32=False #BRUF| A tf32 ik,

# python/sglang/srt/layers/attention/fla/kda.py
#RBETE: MKRRIEASITE + recompute_w_u BLE &1L

# 7 chunk_kda_fwd_intra JAABTEMBE RN, RERTRARE
# Total CTAs in inter_solve_fused = NT * B * H_per_rank
_NT_pr = (
triton.cdiv(q.shape[1], chunk_size)
if cu_seqlens is None
else chunk_indices.shape[0] # varlen: chunk_indices BEMZSFTA (seq, chunk) At
)
_H_pr = g.shape[2] # H_per_rank
_small_grid = g.shape[0] * _NT_pr * _H_pr <= 256

# MR A NEH 2 chunk_kda_fwd_intra
chunk_kda_fwd_intra(
a, k, g, beta, v, scale,
A=A, Agk=Agk, gk=gk, cu_seqglens=cu_seqglens,
chunk_indices=chunk_indices,
fuse_diagonal=_small_grid,
fuse_recompute=_small_grid,

# recompute_w_u_fwd_kernel autotune fEift.: #F BK=32, BV=128 &R E
@triton.autotune(
configs=|
triton.Config({"BK": BK, "BV": BV}, num_warps=num_warps, num_stages=num_stages)
for BK in [64] # RA BK=64 f triton 3.6 L& E B &L



for BV in [64] # BV=64 ZMRKEE @
for num_warps in [2, 4, 8]
for num_stages in [2, 3, 4]
1.
key=["H", "K", "V", "BT", "IS_VARLEN"],
)
@triton.jit(do_not_specialize=["T"])
def recompute_w_u_fwd_kernel(
a, k, ag, kg, v, beta, w, u, A, gk,
cu_seqglens, chunk_indices, T,
H, K, V, BT, BK, BV, ...

# ... kernel body ( RECESPTAREA )
DOT_PRECISION="tf32" # M ieee BX A tf32, #|H Hopper tensor core

# chunk_gla_fwd_kernel_o ¥k allow_tf32=False LB H tf32
b_o +=tl.dot(b_A, b_v) # JAXA tl.dot(b_A, b_v, allow_tf32=False)

Wb KA

< exp vs exp2 —3M: gemini-code-assist g FUSE_RECOMPUTE 3R {EH exp (BRI
) fS5R— kernel N exp2 (& 2 %) F—3K, TaEFHKIEIR, /FF yuan-luo ARREX
ERARANZ: AKk/Agk R exp2(g_i - g_j) ATHEMNIIEESR, fikb=
keBrexp(gk_cumulative) £ exp(gk) "L RIRITIE, ZAE5RIE FLA REB—2,
Z MR IS ERE E IE A

« chunk_indices £3: gemini-code-assist Z WA kda_recompute_w_u_fwd &N
ITHE B chunk_indices BReEEItE, FEEZHEE,

« RAFEHAH fused output kernel: gemini-code-assist $§
chunk_kda_fwd_h_output_fused_kernel & wrapper & XABXRFEH, 1EEERNZ G
R kernel, BEFK,

« allow_tf32 MFx: BBuf =] A#IER chunk _gla fwd _kernel o ® 8 allow tf32=False,
YE& LA tf32 7 Hopper LE R, REFRMEN R TERZ,

« recompute_w_u BEEft: BBuf #@m] Ak BK=32 fo BV=128 BE, {E&ERSE triton
3.6 £ BV=128 &3 CUDA 3E3AANAEiFIa], BK=32 & autotune P iRE N REELZIRIE
2-10 f&, BEWRFREZLBEHRK BK=64, BV=64,

« B AN kaixih F8H _NT_pr XF packed KERER len(chunk_indices) m3E
cdiv(cu_seglens[-1], chunk_size), BEA chunk REFINZR, EESRKfE, EERE
&8 ; [Pt gemini-code-assist ZWAEIE varlen BN BIE batch £E, 1EEIDRM (
BEa2S batch £E) .

« chunk_delta_h autotune #2EE: kaixih & PR #REMRY & BV Bl [16,32,64], 1B5Z
PR R A B —BLE {BV=32, num_warps=4, num_stages=2}, YEZERF triton 3.6 H{F
TRBZEESELFBEER)T (max_diff 3X 4.49e-2) , EEER; SIFRMEREREER B R
&k, M3k h-recurrence autotune ¥ &,

« FUSE_RECOMPUTE H exp vs exp2 —ZM (correctness): fr 8 exp, THEMBK.



« chunk_indices 1534t (performance): B8 £, 13 chunk_indices %k,

« RMEAB fused output kernel (design): EFFKR,

- allow_tf32 MR E (performance): EZMIR,

« recompute_w_u ECE Bt (correctness): BILECE, 1RIFfaEMEfMERE,

- MR &L A (correctness): B4&E., #H chunk_indices.shape[0] #®%& batch 4
Eo

« chunk_delta_h autotune BEELE PR #3R R —2K (documentation): BEFHR, (RIFHE
BE,

R 5 B

o

- BENM: FUSE_RECOMPUTE 4% fEMH exp MAZ exp2, BAIEEEREZ T,
(B3 KRB R BN REMo L T RS ERE SRR, W, off-diagonal MMA
R bf16 AT~ EREER, EBEBERIE ATOL=2e-2,

- SREF AN recompute_w_u kernel By autotune BLE 53¢ triton 3.6.0 / torch
2.11 / cul30 FRIEFB, |BAR triton ¥ RETD R IE B AT SETRRMEC E .
chunk_delta_h B autotune B ELE R XAFEIRE, HMFETREMRERE ZRmiFE
Mo

« MERBENFEH: _small_grid RM{E 256 2E TELZEEFNEZRST, TREERRER
SEEMG LR B &M, & batch 2 head #EMAK, TRESKEEEREIEIR, Etiat.

MR BERE: PRIZAFNRAF ((RIKKIA test_chunk_gated_delta_rule.py)

, REEZRMERFNAFTEZMSF (WRIRERF|. K batch, ZF &) o

- AP XMER KDA (#m Kimi-Linear-48B) B9, prefill EHFITHEA, ZERFEK.
SEM AR & KDA BER L&,

« ZAGER: {XEE attention/fla BEIRAEY kernel, JTo/MER API &, EE triton 3.6+
FBME

- BIRA®ma: b A ZEASEME AHEXT autotune BIfEME (in-place 5. MRAFR
) foptSERENITL, EELIPEFTEIRAKKES triton JRANFRE

« REARIT: #l kernel BB12ZEE | autotune BLE S triton lRAREES , Mi&E & RE XL
F,MNRAEBEERE

RTINS
« PR #24627 logits: remove blocking H2D copy: EI#&T prefill MEEMHRALRT], FRR
logits ZLF2HEBIFAE H2D ¥, 54 PR Bin—3K (A prefill B GPU FIRE)

« PR #24724 [Spec] Disambiguate verified_id into bonus_token(s) / accept_tokens: &%
TR, {BiZ PR EM T speculative decoding B token IREF, &5 KDA [J& attention

AT, BEWRAER kernel HEAERIFEE.



