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cuBLASLt workspace, EHf SM120 attention 5 K32 {XIRE HNE 1 5 832 x
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1.1 AR RINERE

LTX B3 PAEMDARNR: LTX-2.3 2EBEHEA; Catnip ZE T EZRBGE IR
Streaming model, ASJE%:H) “Catnip” H45 Streaming model, LTX-2.3 /7y Al
checkpoint. Z2#F1 VAE KiEHI, (HA5 Catnip KL RIRE,

1.2 3]=%% 20 #) Streaming &

& 1.1: A IEXIRSE R RS N S IS A R

T RS E

it geometry 832x480, landscape, 489 Mii, 25 playback FPS, #itd
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[ERNNES 20.0s; AP GPU MU S DUZ K O Rk HfE
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Denoise / commit chunk 4 NFE, il 1 {X sigma-zero 523
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ordered drain
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iR &R #H 31 chunks, 155 forwards 5 4+2 KV, 442 SHIE_E R &K
R, R shEdE HeEH T8, FRES RA SRR A/B,

1.3 =1 FPS 54 BFjalia5?
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2



Catnip FP8 Scaled-MM Technical Report F1E BREEHD. S—BRSEKRAE

2. Generated FPS: 489000/formal wall(ms), Week 2/3 ] “27 FPS” J& T Itt7E Yo
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CPU NVTX wall 1 shell E2E /& A4 =Fhlt[aA 5, 22 -4Ehnek B AHEAR,

1.4 IHEFESE

®1.2: IEESR

R ENX A AR
A J5 46 run/trace, HLERILE.  Week 3 profiling; Week 4-6 gate
AT e IS A A AE artifacts; 2026-07-20 Attention V2;
outlier Ziit (576 E2EMNES 63,360
-4

2% activation call records); Week 7
SM120 MXFP8 [ 1255 r04; Week 8
R lane 5 EMEH; Week 8 K32 = XHC
X5 8 {X calibration; Week 8 &7
profiling (45 73#T & 1. 12 stage gate.

3 attention count gate. 5 sequence-pair

gate 4 PASS)
B FEMRERSITE, HEHE]  Week 1 runbook; Week 2 O0-O7
raw E.i5 waterfall; 75 BF16 —%2
C TEY R EEF M S, Week 6 fresh BF16 20 ) oracle

AEH commit S

A Sl exact production shape microbenchmark; 8 574" 7 VF = I
32 warmed 20 PR, B/INT 0.25% B ={% baseline CV 4 neutral; TAFHE =
A58 128 MiB; 576 modules, 55 forwards, 4+6 KV, 31,680 logical scaled-MM
5 0 fallback/upcast #R/2 fail-closed ©~ 2 &, FEJE&IET% operator-local, propagated
latent/block 5 decoded perceptual =271 F, heldout HHE calibration 1 validation
il e REML
FIRID R —RIEIT: 2026-07-22 EEER
=R MR, HrpmERRIETR CediiE. 8 13 Ea i =8IEhR
HH, UmEli propagated latent/trajectory rel-L2 7EJX > 4-NFE ZA iR RS L
BE accept/reject (B fEIE : [Fl—TFFiES cell fF58I%:, ZRIFIER—E & ML
TACHEH, RERRNIEAE S HRTRE R RRA +3 ~ 20% XH], HIZHEEHAE
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2

e “Bl MR IR TEFEIR,

T8RRI 2 JRrk Bi-forward oracle-L2: 1[G E i A\ BRI A] B2 BRiE Y,
Week 6 1 320-strata PRI RS AR, HTAVEE AR Z decoded 20 FOAISM / &
HH reference-free fh5Z MR : DA BF16 547 FP8 Z [AIFY HAREZ R IH—1k, 7
SAFRERART 2.0 iIRE, R—AFREIREMN T LAL cell #id 1.0 7R E,
FLLAIHHMHESE L Y accept/reject &5i8, TEARIREH—HARTERN “HIELM. FE
W M ERRERIR

1.5 B RSHHEIRBRE

1. B 8% | 2 Profiing | 3. f2hfgik | 4. 52¥207% [ S5 Promote/
5%2hR i i #R #0 ik AN S A/B I8 U Reject / Block

1.1: RN BRG—R A B E-EER-0H- T 27 IR,



.Y

AJ17%8l 27 Generated FPS



55— Runbook: &HfiARERtT4A

X—RHME SRR AR Y, MR “A &, 5. BRIGFN VAE Ml profiler”
M= DRI, T raw HSRIGREZEH, RIEARE TR B JRiEE; N
Teik MR I o B A O A0 B B O/ B O LRSSk

Step1 | Phase A: EFEBMIMBS5REIR

Eh{E &L BF16 #EF N[0, FP8-cast, KV cache, VAE, W placement, i}
#afll profiler; BIUMNEHEE, ATA LR YIS NHIZEERH %,

Profiling / 55  WhIAJI5E “24/24 pipeline” 554 block model-parallel: blocks
0-23 1£ GPUO, 24-47 7£ GPU1; 81 forward /3%¢)5 ER{THUTIF, FF1E block
23/24 5 s 5eE states

St ERRJE BFle B&, ~=1ibMsk-REINHUTHE— DIiT forward, 4
REBF 7R A model-parallel 5 EIEA) DiT-VAE producer/consumer overlap 77
IFo

T—% /1 )R%E ST BF16 sanity baseline, F# 115EFr Linear shapes 55 native
scaled-MM fE 17,

Step 2 | Phase B: [A5° BF16 B4

e 1Z17IH Streaming &F NHY BF16 WRHEM, IC5% sampling 55 shell E2E,
Profiling / 455 sampling 7y 42.947 s / 11.386 FPS; E2E 24y 85.771 s / 5.701 FPS,
DIt ZBEIRMEER 31 chunks, 155 forwards 5 4+2 KV, TEESEZ 11 chunks,
55 forwards, 4+6 KV HJ generated FPS #HfR, ‘B [EI% “J751 BF16 RE#SHi@”
FEE,

T—% 1 RE  Phase C i P 20 FOELMEM profiling, {H¥F profiler BiES5 &
-2 7

Step 3 | Phase C: 20 # Profiling

oh{E #1220 #OiERHAIFEE chunk 77 f#N attention. FEN. PSR attention 5
VAE,



Catnip FP8 Scaled-MM Technical Report %5 2% %H—% RUNBOOK: #HiARFEZEMt4

Profiling / 55&  JiF3%E chunk A2 attention 46.79%. FEN 25.59%. AV
cross 17.61%; video VAE S22EfiRI52] 16.7 so Profiler {# HFR chunk ZERHE N4
69.6%:

531 attention 5 FFN /& DiT #{K, VAE WK, BB RESIME, HT
profiler #E3N1RK, trace HH T35S shape JHK, FREFE Y FPS ik,

TF—% /1 R%E 1E Phase D ¥(2§ Linear JiH 1 GEMM shapes, FREMLEHE F
IS 21,

Step 4 | Phase D: Linear 5 GEMM Shape it
e Gt iER A Linear JAA. MEi— GEMM shape 5 M- block CUDA

work,

Profiling /455  £9294,500 {X Linear JA . 44 MiE— shape; GPU0/GPU1 block
CUDA work ratio #J 0.988,

St WEIERERR, AU 24/24 BATHFNRE, A shape (9 M ZR1R
K, /Iy audio shape FBZS B A ] REEIE FP8 GEMM Wi,

TFT—% 1 R%E ZLi “All Linear —# FP8”; JEXEH 5L shape fifl capability 5k

%5 allowlist,

J

Step 5 | Phase E: ®it|H FP8-cast

o BEKEIH FP8 BE5TEHIT 74 GEMM,

Profiling / &8 |H&2 F B2 FPS tE 71 /5 _L ¥ BF16, W4T BF16 GEMM;
top-shape native probes HJJa#l speedup ] 1.015x-2.155 %

53tF  FP8 storage REFFNESINE BAF, {HAZ WBAS8 Tensor Core IHH, Ja#B
shape speedup AR TEEEANAN = F ELHIANIE,

T—% /1 R%E T —JELH EAM3FN weight + activation 5 aten._scaled_mm,
[F]ICR B BF16 output F1%F fallback.

J

Step 6 | Phase F-H: £&77. Bt 5iEEALR

e YESLHIT persistent cache, runbook Z&[ 15 R Y); 1ZH F ZRAR
1T Phase I FP8 KV storage POC,

Profiling / 55 JJi5 persistent cache F875£Y 5.210449 GiB, Phase 13/14 HJIC.
RERFRRBETER, {H Phase F/G HIERIZRELE raw EMIER,

SOt RECLEREHFSHEDINYEERRT A raw KIECEANREEHR S+
FMERG ISR

J




Catnip FP8 Scaled-MM Technical Report $F2E H— RUNBOOK: EHARIEZ M4

T—FRE A EREREE 20 7 # UEHEER” B NGEIMY; Phase
I RFRFARAIT,

£ 2.1: Runbook %8 13/14 BRI TS 2 aiin] B &1

BRI MRS MEHyA 5| HAVSE R E TGRS
13.1 Chunk latency Jis{ifEArics2  Phase C 2l /A87E chunk {LEVS 75, Grade B
% 1£; ZHCE CSV EiEH
13.2 Peak VRAM  JiSEIRFEFRICSE  Persistent cache F3745%Y 5.210449 75, GradeB
0% GiB; ZHl&E GPUO/GPU1 bars [
raw E
13.3 AR, SERL Attention 46.79%. FFN 25.59%. SO
AV cross 17.61% 87 52V RBTE
13.4 GEMM FER Top-shape native probes £J LR
microbenchmark 1.015x-2.155x%
13.5 EfkiRZ%E FmfEiRIdsE B chunk BF16/FPS ik raw  FHAE AR E &
159 EEH; J5%2 Phase 4 AN
backend IRZUEE
13.6 KV cache K Jisimfetnicse  RESEEITE; & chunk 77, Grade B
4 video/audio/PE ##%> CSV .G #
14 RS SEAK REELEICEFEA runbook /45 TREBR T EHE
experiment table & R AR

R21H "R HERMAF Grade B iRghfl s, NECEMIBRAY raw {2 A]
HEIUEE, J54% Week 3-6 RN [FIIRE JSON/CSV. runner, pre-run hash 5
ST a=

X—REEIEAT4A
Week 1 1IEBH T |H BF16 GEHl, 24/24 2517 model-parallel, attention/FFN/VAE

EEE 7M. |H FP8-cast /& native W8AS, BiX AR 4+6 &lF, WX
BIRMEA] 5 27 FPS S LLHH) BF16 24k, [E-Wi-RUNBOOK]




3

"3 Phase 0-4: #E3IIRJELERAEY WBAS 32

Ly =

Step 7 | Phase 0-1: ML T{EX. A¥) Prompt 54— Runner

NE  QIEIRST weekly H3%; &5 APIHHZK prompt. seed. initial noise, timer,
telemetry, NVTX. 453 schema HIZRIRM= LR,

Profiling / 55 1#E. quality 5 profiling ##%8~[F run; Phase 2/3 #£H A
Y prompt, T IEZASE € 832x480. 20 ),

St BAG A FEVIES timer, {H{r] “HR” FBAIRERE AR,
T—F 1RE Jolfi BFle =R EZ%, B LAR—4H production shapes & native
backend,

Step 8 | Phase 2-3: BF16 =#¢5 Shape 5%

EH{E  2026-07-13 X} 24/24 BF16 sampling-only J&1T =48, HE /5 44 shapes
S5

Profiling / 4552 —#& wall 2 43.229055 / 43.249080 / 43.245502 s; sampling FPS
A 11.311837 / 11.306599 / 11.307534, HiZ 11.307534,

St ZRAREAE, Eh2IH 31-chunk. 4+2 %12, HXRIERNE R/ RIESH;
T HEVE IR FP8 formal timer 1536},

TF—% | R&E #H A Phase 4, & shape SiEEIER] W8AS8 backend,

Step 9 | Phase 4. 55—hR Native W8A8 Backend

B  SKIMFRAS tensorwise EAM3FN weight, ZIJi 32 tensorwise activation,
J74: aten._scaled_mm, BF16 output. JH37 BF16 bias, % fallback/upcast.
Profiling / 5% 36 shapes x 2 GPUs, 1t 72/72 capability probes J#id ; relative-
L2 0.028111-0.039523, cosine 0.999227-0.999605, =5 —hri%#E 240 modules, all-
Linear 2878 #% 2] 46.6742%, 155 FLOP 78 %2 54.8653%, E#ASTI4 2] 8.25 GiB,
5317 IXUERA native W8AS8 RIHIT, {H/N M audio shapes MEF &, 240 mod-
ules AARIUERAZEEE DIT BESRIBTT, A 5% FPS MJMEL FPS,
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T—% 1 R&E = 240-module manifest {525 mixed DiT #-F placement; &
—Z R G AR AT,

Phase 4 B8R |

“FP8IE HB1FE" 5 “WSA8 GEMM (£H.” B H, &2 backend BIRZLNME
H2

_ T
Ygr16 = scaled_mm(Xgams, Weanmss Sz Sw, OBF16)

AT S Wips #[7] BF16 FHECE 1@ GEMM, [E-W2-HOW]

10



4

5o DIT k. M=% OOM Zl1Eff Stream-
ing

Step 10 | 240 Modules: FSINERT, BRBTRNERE

E  H45E%E mixed Catnip DiT ji¥#| GPU1, Gemma/VAE JiXt GPUO, #&:—IX
1217 240-module manifest,

Profiling / &% mixed DiT 4 29,119,307,200 B; KV/PE floor ] 5,594,677,248
B; A1ttt GPU1 YA B % 994.898 MiB, —{X¥JTE chunk 0 B} forward OOM,
It IREETELE F—{X%] 14 MiB bias allocation, F A EKE bias ZIRA; A
ZHEIMLFARESN TR ESE T+,

T—F 1RE T RANK M @GR 2R FP8 coverage, M EIfE allocator
SHHR S E,

Step 11 | 480 Modules: EEAEET, L£HRARAIEEMN OOM

EN{E ¥ %] 480 modules, 4 mixed DiT F4% 25,898,082,688 B,

Profiling / 5% Linear weight coverage X 63.651684%; chunk 0 RESEH,
{fH chunk 1 NFE0 OOM, OOM K} allocated/reserved & 31,185,477,632 /
32,933,675,008 B; KV/PE f#f chunk 1 # &) 86.783%.

St REM “FEESECR R # A append-before-evict [ KV/PE lifetime peak
W eV A Bl — > bias T REMRIRFELIE KRS,

T—% 1 RE 30 bounded KV, = PE #l fused bias, &% RA74: di & A

[,

Step 12 | Bounded KV. Shared PE 5 Fused Bias

ahfE 1 persistent KV BUNA ESZ1EH] sink+recent, PE HEREEIEZSIM, bias
Al scaled-MM epilogue,

Profiling / 455 pre-fusion control B#fI5%, {H reserved i 95.0268%, it 95%
memory gate; fused treatment 4 94.0863%, 11 chunks 58/%, 1> FFN-down
bias fusion }#/5 B & peak M 25,559,040 B f&= 12,779,520 B,

11
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FP8 coverage reduced static storage; bounded state fixed runtime OOM

---runtime-visible capacity (31.36 GiB) - 80
35.37
35 - =
-70 &
et et e e g
m 30 - IS
o Rl
] o
o 25 - O
© -50 &
& £
]
« 20 -
2 -40 2
s 2
c 15 - _302
S o
3 z
= ©
f— 10 -
a 20 _g
=
5~ 10 <
capacity only
0- 1 1 1 1 -0
BF16 FP8-240 FP8-480 FP8-576
4.1: FP8 coverage [ T ##4S storage; EIELE 20 FYIEKIEI ARG X KV/PE 4 BRI

ﬁi(}

St X—dHek@h ok 7T EE X, HYE1{2IH 442, serial decode; 35.568 s
RRETE N BR A RER T

TFT—% 1 RE BERAEGHCH, T—PH 4" MaineCoon NEIETHE S
VAE 153,

Step 13 | #EHit4EF#IE: VAE 2% chunk, FRRE4— decode

&E it MaineCoon 2E 2 JfIA K DIT. latent copy. VAE 5 audio drain JZ%H,
Profiling / 455 #14%i VAE B/ME L chunk RS —IR, #%#% 8 LF history;
audio latent NTE L EFRASBAZ drain f5— X VAE/vocoder, “E7* BF16 Bk
H & IETERE DIT 57— chunk VAE WITRERI KR,

DI B2& FP8 SN UREE 24 /24 525 Transformer state; 5% DiT it GPUL,
GPUO 5T — chunk, #5-F% latent, A H HEIE overlap,

T—%/ R%E (BIEKV N first 4 + latest 6, F3ZH GPUO #4 worker 54 VAE,

4.1 B2 bounded KV iENX

Listing 4.1: & KV iIBEX, NEFHH 442

persistent sink = first 4 latent frames
persistent recent = latest 6 latent frames
max history = 10 latent frames

for each chunk:

12
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run 4 denoise forwards without persistent commit
run 1 full sigma-zero forward

write bounded pending cache

commit first-4 + latest-6

i chunk 5 history [RIINA] UWLIN & [TA]IX 16 LF, {H persistent history FRIGZ%
& 10 LF, B&IRH 442 KK E I SOFE AR, KA X wrapper #fX

sink=4, recent=6. capacity=10 fail-closed,
Step 14 | False Overlap {81IE5 00 FEE L

e EZIAEFELFEHTFE CUDA stream #2828 VAE; &I Python il vae_
submit_ms £ 1.25 s, {/5BHZE N — chunk DiT, B#/5#2 VAE launch # A . host
worker, GPUO copy/VAE 5 GPU1 DiT H event 1%, pending depth [E%E 3,
Profiling / 5% % —hR structured prompt [FII IR video/audio, condition-
ing r01 7EJ&; {EIE audio prompt J515%] O0: 25,628.835600 ms / 19.080070887
generated FPS, DiT CUDA sum 24.041768 s, VAE CUDA sum 12.418855s, M
HERBESR,

Stk “FHTMA CUDA stream” FNETHIERH; host launch HAAZE %
PR, OO0 EIRFIMH M IERM 4+6. & chunk VAE, [EE 20 HFIHAH timer.
TFT—FRE  PLO0 NME—/55L 01-07 =, MAIIFEF RS Streaming &,

GPU1 Dil1 chunk 0 chunk 1 chunk 2 chunk 3
» 5 5
GPUO copy copy copy copy
e e e
GPUO VAE VAE 0 VAE 1 VAE 2

4.2: JANFEARE ‘MK FSE—F DIT”, M2 GPUL A F— chunk B GPUO f#fg T —

chunk,

13
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00-07: M 19.08 %l 27.10 Generated FPS

5.1 BREREM, MAERPERIHIN

00-07 performance evolution under the frozen 20 s contract

26 - 25£33S 25;195 29.61% less wall time
w24 -
. \_595 22.81s
o .
Z 22 -
©
£ 20.21s
IE 20 - .\19.395

0.

Nms 18,04s
18 - @ m———

27.06 27.10

Generated FPS
N N
N EY

1 1
~
5
S
\
LS
IS
[ ]

18 - O3 rejected; 04 resumes from 02

1
00 0o1 02 03 04 05 06 o7

5.1: O0-O7 [ formal wall 5 generated FPS, O3 (Y£R8 shape HUGE, 5eREIHRKAH]
SIS

OO0 £l O7 formal wall &/} 7,587.829 ms / 29.6066%, generated FPS 4/l 42.0588%
X2 R4S workload 55 timer Y observed waterfall, &4 factorial (K550 i#; JU
H O5 [FIIN 222 T FP8 coverage,

Step 15 | O1: TSERILNFF54

&E XM performance hooks. #Hfif% NVTX 1 Python audit counter,
Profiling / 455  wall {8/ 143.264 ms, FPS 19.0801—19.1873,
St DR A IOk allocator BLE, FHEEHEEER 143 ms WiE N hooks

14
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& 5.1: O0-O7 JJj 5 L5612 A

B 5% 00-07: M 19.08 % 27.10 GENERATED FPS

frEg  FEDME Wall (ms) Generated

FPS
O0  IEHffi 446 + async VAE 25,628.836 19.080071
O1  X[f] hooks / NVTX 25,485.571 19.187327
02  48blocks 737l compile 22,592.952 21.643918
03  selective cuDNN SDPA, 54 22,813.005 21.435142
04 HrBHEE V2A attention 20,212.044 24.193496
O5  480—576 FP8 Linear 19,387.098 25.222960
O6  PE metadata key + 5-shape warmup 18,070.993 27.059941
Q7  strict entry S5FE 18,041.006 27.104924

HOARSZ R SR W 2
T—% 1 RE RETEERE, #A block-level compile,

Step 16 | 02: 48 Blocks 433! torch.compile

i & Transformer block H.#! compile, warmup 5 formal timer 73 &, &
X 101 £ warmup chunk 2 [K%] 2 GiB reserved-but-unallocated OOM; J5 H
expandable segments, % cache J5EHl,

Profiling / &% r02 24 22,592.952 ms / 21.643918 FPS, [t O1 /) 2,892.619 ms;
formal graph delta %5,

St UXZE>K B normalization, pointwise. reshape 5 &ft support graph
A& launch 70 ; AMER aten._scaled_mm GEMM H{&H #% 48 ERlA K —1
kernel,

T—% 1 RE RE compile, F—HMIA attention provider,

Step 17 | 03: Selective cuDNN SDPA

aIfE A microbenchmark H1 D128.Q > 512 HfEi%k shape 1%+ cuDNN SDPA,
Profiling / 455%™ shape ZJ{k 19.7%, 2% 20 #)iF KA AL 22,813.005 ms, [t
02 18 220.053 ms.

531 shape mix. workspace. f5%E kernel 51HE R BHUE T REBILES; mi-
crobench %58, {HAEHIFR KN,

TF—% /) R%E REJECT; K& PyTorch Flash, PATEECIERITENIHE,

15
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Step 18 | O4: IFEEE V2A Attention

hiE WhidEE—IRARE cache WEE V2A M, EHS%E KA cache BITEFRY
output, FERFFMIX residual add T,

Profiling / £55& 20,212.044 ms / 24.193496 FPS, [t O2 /> 2,380.908 ms, JRiHk
output/cache exact-equal; FZAHHX O2 i PSNR 21.233598 dB. SSIM 0.721615,
audio correlation 0.351360,

St XREEITEERR, 12 kernel fusion, MAERE, (HERLHPILIHIE bit-
identical, REFRILEFR BF16 BAIENT,

T—% 1 RE  REMERERRR, S XSS video K/V K FP8 B 7%,

J

Step 19 | O5: 480—576 FP8 Linears

J

e BEHY attnl.to_k/to_v PN} Linear, £ 96 modules,

Profiling / 5% 19,387.098 ms / 25.222960 FPS, i (Xt 25 generated FPS; &%
% selected weight elements 79 13,690,208,256, 5 2 HE Linear weight 72.138575%:
St X K/V BEEB KR video M, scaled-MM Y7578 #2074 activation
quant; {H O5 g “EIRIBTEEANE” HHEAEE A/B,

T—%F 1 R%E {RHE 576-module manifest, ~—3{HFR graph key 55 warmup s
s

Step 20 | 06: PE Metadata Key 53 Shape Warmup

J

ahfE K PE memo key M storage identity MU fa/E metadata key, F1 warmup
8 % AP IER shape,

Profiling / %% X warmup PUFIRZSHY r01 /£ formal chunk 4 #4w % 6 graphs,
chunk DiT 51.927 s, /i wall 68.435s, ¥4{E%Z, H shape r02 24 18,070.993 ms
/ 27.059941 FPS, formal graph delta 7945,

5t 05—06 1 1.316 s fU & key. 5¢% warmup 532 H, FRERFET—D
metadata key,

T—% /) R%E HEFTH formal shapes ZIETEH TN, HARNMREN,

Step 21 | O7: Strict Entry 5=158U

e [Ek safe helper. strict entry. allocator-aware serial warmup, H1{X cold
run {£ warmup chunk 3 RoPE buffer OOM, X serial warmup 576 # 5 B Hl,

Profiling / 5% =% wall ¥ 18,031.774 / 18,052.090 / 18,039.155 ms; FPS Hy
27.118797 / 27.088276 / 27.107700, mean 18,041.006 ms / 27.104924 FPS, FPS CV
0.046536%, —%t decoded-video hash H[F], GPU1 peak allocated/reserved 2y

16
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29,968,928,768 / 30,624,710,656 B,

St FEERA NERIGE, HizfTREHFEM feasibility B AJ5E; hash —£UH
UERRfEE B S RfEME, RUERH BF16 47,

T—®/R%E K week2-improved- fp8 scaled 32 fl; R—J& LA=% frozen
baseline JF4# profiling-driven {lift.,

27 FPS BEHE X

3
1 489000
generated FPS = g i:E 1 m = 27.104924.

KATER =52 run-level FPS BYEARF-1Y; =5 wall BYFHI0N 18.041006 s, 1M
489/18.041006 = 27.104918, IR EAAIES . ‘BN formal timer PIAE X 489
AN MU R IS PR TSR IR MP4 {54 25 FPS #57i. BAUAN#EL. Gemma. FP8
conversion, #] 145 s compile warmup. audio decode Fl mux NEZ N A,
[E-W2-HOW]

17
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Profiling JXzRYE -EAEAL
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Week 3: FEELZ%. Tmik(zik, BHTE

Profiling

6.1 FE=ELHKS5 promotion gate

Step 22 | #1iI Week 3 Frozen Baseline

ZhiE  FIRTH AR =R warmed 20 F)IER; #R&5 576 modules, 4+6 KV,
55 forwards. 31,680 logical scaled-MM., media contract 5 Z1#[ 1

Profiling / 6% median formal wall 18,021.708801 ms, median generated FPS
27.133941925, wall population CV 0.028937%; GPU1 peak allocated /reserved
27.910740 / 28.521484 GiB,

St /T 0.25% BL=1¥% baseline CV HJZMLTCIRE IS THA 5 TREINE;
IXHH promotion gate,

T—% 1 RE (RIESM exact-shape micro/feasibility, IEZIFICULESTA R

=X full request.

Step 23 | 7\KfRi%: REIBERREEE

e MKIXIIA external M padding. shape-specific fast-accum, shared activa-
tion quant, text K/V cache, el B QKV/KV concat 1 cuBLASLt workspace,
Profiling / 455 ™ 16 MiB provider workspace JAF full-request promotion
gate, Padding 5 & 8. fusion 7E micro/ceiling T B¢ 545 ; fast-accum, shared quant
1 workspace A =%2 full request,

St JRER kernel MEASE TIHRANE, A&, JulBHM TEESRES wall [
HEAT 12

T—% 1 R&E [E{L provider-only f&ik; HARMEARMZIMKA, FEER 20
PO

\
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3+ 6.1: Week 3 LM BRLIRE

fB3de KpEgs R Full runs RE

External M padding =K shape ¥18; Will&i&K +52.517 0 REJECT
ms, [HARTF pad/crop

Fast-accum square micro 1.0237x; full median 18 3 REJECT
2.402 ms / 0.0133%

Shared activation physical quant calls -25%; full wall 3 REJECT

quant -0.1664%, 1T gate HEHIL

Text K/V cache 48 |2 3,840 MiB; 9 )2 720 MiB &1L 0 REJECT
memory gate

Simple QKV/KV RIS R ceiling 1 0.173474% 0 REJECT

concat

Provider workspace wall -0.865511%, FPS +0.873067%, 3 PROMOTE

16 MiB GPU1 allocated +30 MiB

Week 3 full-request A/B: only provider workspace was promoted

fast_accum - -2.4 ms

shared activation quant -

provider workspace 16 MiB - +156.0 ms

+165.7 ms
5.1 ms)

shared quant + provider -

: } +0.054% Vs provider, wQrse seam

T T
0 25 50 75 100 125 150 175
Wall time saved vs baseline (ms; larger is better)

6.1: fHX frozen baseline 7 & 1) full-request wall, Shared+provider S R, (EAEX
provider-only X% 9.716 ms / 0.0544%, H seam iZWitHZ, KIHKHE R4k,
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Step 24 | Mi— Promote: 16 MiB cuBLASLt Workspace

ThiE 1E IR CUDA #J1A1LR1T1%E CUBLASLT_WORKSPACE_SIZE=16384,
HZE scale. weight, coverage. KV. scheduler. VAE E{ output dtype.
Profiling / &% median wall 17,865.729011 ms, 27.370839427 generated FPS;
HEX baseline 7 -155.979790 ms / -0.865511%, FPS +0.873067%: Stable chunks 8-
10 DiT CUDA -1.104%; GPU1 allocated +30 MiB. reserved +16 MiB, FFN-down
micro M 785.254 us F&ZE 725.942 us, £ 1.0817 %,

St ERAh provider R4 EINZE cuBLASLt algorithm 1%#%, FZEUNEEVETE
FFN-down, =#J{R%f 0 fallback/upcast 5523 EF; EE seed 152IFE HIHT
trajectory, {H5 baseline bit-identical,

T—% | RE AN Week 3 HFILE; BBMATTAERGEREH E=

# fresh acceptance,

6.2 5t Nsys/Kineto J3E

Step 25 | ¥EFECERTE Nsys

ahfE *f provider-only build 3% full request Nsys; /5 MR#H SQLite Hisk 52k
25,

Profiling / 5% profiled wall 17,962.078 ms, Lt unprofiled median 12 96.349
ms / 0.5393%, GPU1 busy union 89.298%, GPUO J 66.825%; GPU1 & X#H
2o

% Profiler $831/NTF 1%, &L kernel Z8BIHA, {HEZR FPS {1441k H
unprofiled runs,

TF—® /| RE % GPU1 kernel-duration share #fF F—#t 7], mAE4ksE
IEMC/CRV TS

Step 26 | Kineto R[A]% Exact Shape, FEIZE%= FPS

IfE X uncompiled chunk 10 % Kineto, 37 scaled-MM shape/call attribu-
tion,

Profiling / 458 fEHA155] 2,880 = 576 x 5 calls; FELHE [2340,4096] x
[4096,4096] square. text K/V. FEN up/down 5 A2V q/out, 5E¥&iEREFN
576 x 55 = 31,680, Nsys JHIZWER—F,

53R 1% trace U uncompiled, & & shape 5 operator, 48REE 1 com-
piled Nsys N [Al,
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Production Nsys attribution: GPU1 is not a single-kernel bottleneck

9.9%

1
40

o -

20 60 80
Share of GPU1 kernel-duration sum (%)
HE true FP8 GEMM (45.5%) Hm activation quant (6.4%)
I attention core (23.0%) B reduction (1.4%)
B other GEMM (13.8%) B explicit KV concat (0.0%)
I elementwise/support (9.9%)

1 1 1 1
0 20 40 60
Request busy union (%)

GPU1 -

GPUO - 66.8%

80

% 6E WEEKS3: HEELZ. fmik®ik, BM5E PROFILING

6.4%

1
100

89.3%

1
100

6.2: #E#¢ provider FCEH GPU1 kernel-duration #4%5 M+ busy union, XHH] share T2

SM AR, AR ERETHPRAY E2E LR,

$+ 6.2: GPU1 52%4iE°K kernel 7738

=il Calls GPU time Share
(ms)
True FP8§ GEMM 31,680 7,295.072 45.4866%
Attention core 21,120 3,693.002 23.0268%
Other GEMM 83,020 2,207.063 13.7616%
Elementwise/support 83,168 1,588.672 9.9058%
Activation quant 79,200 1,019.437 6.3564%
Reduction 42,248 232.412 1.4491%
Explicit KV concat 1,045 2.180 0.0136%
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TF—%F 1 RE BHHFEHET N provider/FP8 GEMM, D128 attention. activation-
quant support F152%& shared-A grouped GEMM,

Profiling J5HYSCRR¥! B

FP8 GEMM & AT, {HH 5 GPU1 kernel-duration [ 45.49%, Attention.
other GEMM, support il activation quant & it —F, Ht “#i—1 FP8
GEMM kernel BEREFEMAER 45%” JREFIRIEWT. (E-wa-Nsys)

IXMERTTE Week 8 Y K32 1% E#EEHrE (b, 4510 [F][A1{H B ™ 4% : #3785 K32 scaled-
mm GEMM (5f GPU1 kernel sum 38.489%. flll support 3£ 40.966%, T2kt
A scaled-mm GEMM ik 10% SR steady envelope 3.73% HJEAT ERR; =
> PO shape &R 20% 28D 89.4 ms/steady chunk A& VH A, REZM <
K EREEIIME, £—F busy iX 99.640%, device-level share 5iZ!¥iii iz <
[FIfRE GPUO IIFFTHUT, TEUE 15 =,
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Week 4: B4l Scale BEBIEEM BF16 357

71 &8 “RE IRR=EE

R 7.1: BERBY =ZEIHR

=1 [ 78 BATFEDR

Operator local FA{X quantized Linear % BF16 relative-L2, cosine.
Linear 1 saturation

Propagated RZELZIL attention, residual, video/audio p50/p95.

latent/block KV 5 55 forwards JGUifAlZEft.  velocity/latent rel-L2

Perceptual output R, S5 AV sync £75  decoded metrics, seam.
Ces B WLSSERR

JIFRRE NERIFES, ANEeBMIMAE T 55, Streaming RA S RE
AT HE BREURESS KV; RETTH, RERE, BESMEH early-chunk tail
#l T RE S B B R W

Week 4-5 IlTFERY “overall improvement” Zi—+5HHXf M cell tensorwise FP8 ¥
BF16-relative trajectory-error I{#:

I = 100 x Etensorwise - Ecandidate

’ Etensorwise |

?

Hrr F /2 gate artifact ' matched overall trajectory relative-L2, F{HHR/RIZ trajec-
tory tEAR #5218 BF16; ‘BT decoded perceptual quality, Median/worst S AE%
gate H CLRZEI cells FRE, NRIFALI gate HREZ 1R — population HE44,

Step 27 | Weight Output-Channel Scan

&fE  X4H6 576 modules 4 weight scale M tensorwise Zlift. 2] output-channel,
FeHBENEER,

Profiling / 455 weight relative-L2 M 0.0264973 F#%| 0.0264341, P&+
0.2385%; nonzero-to-zero EAIEIRFEAL 95.16%:

531t B4l weight scale REXXEIKB/MYE, {BEE(K relative-L2 Z AR/ ; weight-
only FEHRAEEHEMT Linear output BUARSM,
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l T—% 1 RE  #A activation rowwise ¥ cell probe, FHRE RS KIEME,

Step 28 | & Cell Rowwise 5555k %

Eh{E 1E person-car / seed 12345 K tensorwise 55 rowwise activation,
Profiling /455 overall trajectory error 0.516014—0.440042, %% 14.723%;video
trajectory MSE 4 36.056%; audio rel-L2 ZIM\ 1.11933 2279 1.26212, K-only. V-
only 558281 K+V BF16 rescue ¥R aggregate; K+V HIHTHIX OOM
BN Invalid,

53t A& video trajectory HiR(E S, HRE —XshCFEM, WAL Z
prompt/seed 5 modality-aware gate; iXHEHGH decoded-video AN REES
o

T—% 1 RE  HEN cells, 1% Gate D/E/F il 2 ) R

Step 29 | Gate D: Hybrid-K

&fE 528 1 activation rowwise,48 > attn1.to_k £R¥F tensorwise ; weight output-

channelwise,

Profiling / 455 overall trajectory-error improvement #J 4 fk 2 fi, median
+0.506%, worst -20.320%; audio velocity/latent median 4 -7.679% / -8.666%:
ot JREERA R VR SR ZE cell, HEMARGIEIRIL,

T—% /1 RE REJECT; MIAHEIRFAY tensor activation + channel weight,

Step 30 | Gate E: Tensor Activation + Channel Weight

&{E activation fREFAET” tensorwise, 4K weight.

Profiling / 5% overall trajectory-error improvement median +3.221%, worst
-22.632%; stable DiT FPS worst -2.323%, Ceramics /12345 +6.703%, #& seed 67890
[ %N -22.632%,

St PO TEIEAE R seed 721k, LN TR,

T—% | RE REJECT; MK full rowwise, HINZEE HE —EM activa-
tion/weight K7 &K,

Step 31 | Gate F: Full Rowwise

ohE X B 25 rowwise activation TR,

Profiling / 5% overall trajectory-error improvement median +0.385%, worst
-7.563%; JHEE worst -1.542% JEid, {H audio velocity/latent worst 1K -61.777% /
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-65.655%:
St SEYEER RS2, B tail AIAAIERE; B scale SR HIANGE,
TF—¥ /1 R%E REJECT; #[A calibration /) SmoothQuant,

Step 32 | SmoothQuant: Calibration 5, Heldout 3%

ENE DA car/12345, ceramics/12345 calibration 2% alpha, 734N A held-
out H|Wr, BEX observer it 224 #Y FP32 linspace index, fifi& CUDA assert;
okati INT64 fa5e/% 63,360 records,

Profiling / 5% %% a = 0.0; calibration overall trajectory-error improvement
median +22.782%. worst +19.932%., Heldout median -2.991%. worst -18.750%;
stable FPS worst -2.933%.

SR IXEHY calibration overfit, THES calibration [ +22.8% 3 & HF 1
&, WAREM heldout EHTI% alphas

T—% | R%E REJECT; Week 5 B HZAHUK family/top-N B E 4l scale,

Week 4 U3k |

T4 scale RETERFE cell BHEEX%E video trajectory #6bR, HEHEM 42/
row/channel/SmoothQuant RI&[FEIIEISAHR cell population IR ZEH. &
S IHE ], 47 tensorwise YRELREE, 2N “Y scale K", MiKEH
trajectory iR i BTzt ; AR ETF2] decoded perceptual quality HIEF L
o [E-W4-FINAL]
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Week 5;: S{REERIZ. K32/K64 5BYF &K

8.1 FIERMEIELN I S1%:%FERE

R 8.1: Week 5 IR&5HY cell split

Split Cells

Calibration chef-market / seed 24680; drummer-rooftop / seed 13579

Validation tailor-workshop / seed 31415; skateboarder-plaza / seed
27182

Final-heldout scientist-greenhouse / seed 42424; violinist-station / seed
77777

N7

policies, A calibration 1 validation 2®J#EIIH survivor A feH&; HAHSEEA
SV A final-heldout,

ZSHESEIRE: T8 final-heldout BH#EHE

R 2026-07-21, AFSH T survivor FICHEKAL, 5 Week 8 HIZE—hi
reference-free HIMRIEMIE H AZERHINEH T scientist-greenhouse/42424 5
violinist-station/77777 Wi, #pkitie. V2 X Eidxixittis, EIXMgESE
A calibration (il calibration 2:PU4%), H B A TR EE R IERHIY final-heldout-v2
ST, 7 hash-bound B HEEIA GEVT AL,

IEAh, AREE 13 4> reject H K32 5 logical K64 AIHE A4 /& i £ overall
trajectory-error improvement ¥ prompt ¥%; ZHIEC T 2026-07-22 HIE
(%6 13 %), K32 B Jo 1 [FIARACN sE 4 Hrisid VERE 155 A MRS ALK calibration,
N TREREER V2 (i,

Step 33 | %383 K-group Provider §&7

e X7 native K32, compact K64, K64-via-K32. naive split-K 5 fake quant,
Profiling / 5% Native K32 . GEMM AJ#/{T; compact native K64 ~3Z#F, H
REHI— K64 scale EHlIEIM ™ K32 provider slots, Naive split-K 12 68x-135x ;
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fake quant fRAAZ FP8 GEMM,

St 864 NITER " scale” MR provider HA compact K64; SEIER
SEROUEIEE S A] e,

T—% /R, HAVF native K32 FIHHFAARIER logical K64-via-K32 i AL
gate,

Step 34 | Family 5 Sensitive Top-N

&{E JLAE calibration LI A2V row/channel. sensitive top-48/96/192, video
FEN SRS,

Profiling / 455 A-row A2V 1E chef/drummer N +2.221% / +9.174%, # A vali-
dation J5 tailor -12.150%. audio latent -49.179%, W-channel A2V tailor -10.925%;
top-48 1£ drummer audio N -2.299% / -2.456%; top-96. top-192 5 video FFN
TEE N EERIA,

53 local activation probe fJ mean rel-L2 M 0.0263162 F&£l 0.0245079, {H*#
record ZE{KIEE -31.515% | +70.263%, JCIEHIMH 2| %4,

T—F 1 RE 2HEA family/top-N I reject; LA K32/Ko4 2 EHHHEA
#JZ 5 BF16-relative trajectory error.

Step 35 | K32/K64: EEIRE, Trajectory Error & Prompt 3%

E{E 1E chef 5 drummer [JZ1T tensorwise, K32, logical K64-via-K32,
Profiling / 455 K32 overall trajectory-error improvement A +0.827% / -
7.064%, stable-DiT FPS £ +14.3%; K64 7 +17.009% / -9.357%, stable-DiT FPS
2] +14.0%

5317 Block-scaled provider WSEHTERERE ), 1H scale WeilLIRZ (L& MIkE
prompt R¥%, iXHAJZ) 34 stable-DiT FPS N HE S Week 3 Y 27.37 generated FPS
Lt

T—% | R K32/Ke4 3 REJECT; MEREES A T —HEEREF.
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Week 4: median gains did not survive worst-cell gates Week 5: K-group gains reversed by prompt

EEE median

mmm worst cell

Hybrid-K (n=6) - 15 -

10 -

Tensor act + channel W (n=6) -

Full rowwise (n=6) -

SmoothQuant calibration (n=2) -

Trajectory-error improvement (%)

SmoothQuant heldout (n=4) - B chef calibration

B drummer calibration

_104
7‘20 7‘10 6 1‘0 2‘0 K."SZ Ké4
BF16-relative trajectory-error improvement (%)
8.1: BF16-relative trajectory-error improvement, /= fill Week 4 it Hybrid-K. channel-weight 5
rowwise 77 6 cells, SmoothQuant calibration /9 2 cells, heldout ¥ 4 cells, [FtHER% H gate
IR, REREAHES ; 401 K32/K64 i H[Fl— chef/drummer Pif calibration prompts, 77
A& A e o

Step 36 | Dynamic torch.cond Temporal Routing

&{E H bit-exact. JC graph-break fJ dynamic branch, £ [A] timestep/chunk
e A scale,

Profiling / 455 Attention overhead 10.1885%-13.1055%, FFN-up 15.9881%—
20.9805%, FFN-down 17.1468%-18.8054%:

St EUEIE SIER, {H CUDA overhead 8| T, 717 temporal candidates
FJALAM launch 7 0, M EE, FRIRR.

T—% / RE BLOCKED; ARKAEHEEHREHESHIE callable, A2

dynamic branch,

Week 5 BIM=IRERE

13 MEEIESERRII TS reject, 51> temporal candidates #% overhead gate HijE [H
Wr; survivor set 4 0, Al combination runs J*¥%4 0, candidate final-heldout
launches/comparisons .7 0, AKVj[A] heldout 2 WX IERTT N, [E-Ws-FINAL]

30



9

Week 6: # Granularity 5 Scale Encoding
R

9.1 Phase 0-3: ${BLIE &, Biksit

Step 37 | Phase 0: Provider 5=EiABAARHIT

J

EE  EHE 576 modules, 31,680 calls. 11 shapes 5 native K32 eligibility.
Profiling / &8 &% finalizer RIEHRIC R AR H ambiguous/fail; #h2 10
SRJE Rk,

St “REEBEKSH AN2IUEE; A% shape 5 fallback #4%01E artifact
G,

T—% /1 RE  fED Phase 1 ¥ AL,

Step 38 | Phase 1: Jk&# Conditioning FiA

&fE 9T calibration/validation/heldout 42/ conditioning. noise 5 sam-
pler identity,

Profiling / & Attempt 001 [Kl CUDA _CUuuid JGi% JSON serialize, S BT
12 > partial tensors, Z1EE M, BEJSMIX publication i 48/48 tensor pairs
bit-identical; whole-file SHA 0/12 fH[F{X[Al safetensors metadata HEF.

53%7  Tensor identity A4 /2 gate; & 2% metadata 7= F N HEMIRHIK conditioning
HE

FT—% /1 RE B Phase 2 fresh BF16/tensorwise reference,

Step 39 | Phase 2: 30 X Fresh 20 # References

J

ahfE 4K 8 /I BF16 oracle. 8 /|* tensorwise warmup. 8 > paired quality. 3
A timing warmup 5 3 > timing formal,

Profiling / 4558  Attempt 001 K venv symlink f###7 £ & 5t Python, torch import
K, 0GPU requests, fE1EJ5 30/30 5¢/ik, Tensorwise formal generated FPS 2y
20.4769 / 20.3788 / 20.3853, mean 20.4137; stable DiT mean 30.7383 FPS,
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5317 1% full-request timer tt Week 3 formal timer 3K, FfPA 20.41 SFRERE
[A13&, 8 ™ tensorwise/BF16 pair f{ overall trajectory rel-L2 £] 0.3985-0.6374, ¥t
WAZE R FP8 Al {HEUEH 121k BF16,

T—®F /1 RE f#D{ Phase 3 metric qualification,

Step 40 | Phase 3: Metric Qualification ;@& £ZBi&3

EE X325 audio/video corruption FEAdFIEFRARAY /7 1] 5 BRI 1

Profiling / 455 232 manifest records. 880 metric rows, #J 12.58 GB, MR-
STFT/log-mel X =2& audio corruption J#id; Farneback X} flicker/seam H
0.6667 direction success, Spearman 0.8, £ 8 > blockers,

G EWiEMRAIH TR R, MM metric registry [\ A BE % X
production/final-heldout 3K,

TF—% /R%E Phase3 BLOCKED; VT calibration factorization, {H#{fE pro-
duction metric registry 55 final-heldout,

9.2 Phase 4. Local Factor Grid

Step 41 | Exact K32. Pow2 5 Native ESMO0 BIE|R1F5

ENE  5&li 20 ) BF16 capture, FEXT 320 strata x 8 4% 2,560 paired local sam-
ples; 737l bb%% tensor FP32, K32 exact FP32, K32 ceil-pow?2 5 native K32 ESMO,
Profiling / 455 Capture attempt 01 1£5¢ % IE KRG XK tensor ¥ torch.
quantile W, RAEA; attempt 02 %], Tensorwise mean rel-L2 0.0228185; K32
exact 0.0175908, M 22.910%; K32 pow?2/native ESMO #(49 0.0230594, Jifitt
tensorwise % 1.056%:

S BE4H K32 granularity A & AR ERILES; AT amax—ceil-pow2 HY
E8MO scale encoding #A## T i #i, Native provider 5 pow?2 simulator =& —
#, kernel MEFEEIRER,

TF—% /2% Hilk BFl6-reconstruct exact-K32 simulator # A paired propaga-
tion; native K32 FR1GHE HEHE,

Step 42 | FU%k Paired Block Propagation Lanes

&{E 1F blocks 11/23/35/47 X #H[F BF16 capture LL#% tensorwise 5 exact-K32
propagated video/audio error,
Profiling / 5% '4%% video block-probe lanes £ #Bi@ It ; Y55 audio p95 lanes
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R, Audio p95 M HIENE +6.786%. +6.292%. +5.239%. +6.541%; 1EF
gate ) 4/8, IXEHH 4/4 /& block-probe %1, 2P decoded full videos.
93t Local Linear reconstruction 23 A] DATEAMAE & AR5, HIFE/D ECHE
audio forwards JEX tail, H.— overall mean =5 1% A&,

F—3%% / RE Phase 4 BLOCKED, Phase 5 {f4¥8iE; /e audio tail,

Local error: granularity helps only Propagation split: video passed;
when scales remain precise audio p95 failed
0.025 -

0.0228 0.0231 0.0231 s '\l\-/-

0.020 -
0.0176
0.015 -
0.010 -
0.005 -
=15+ ideo p50  —@— audio p50
=~ video p95 -l audio p95
0.000 - g | g

1 1 1 1 1
tensor K32 exact K32 native K32 11 23 35 47
FP32 FP32 pow2 E8MO Transformer block

o

Mean local relative-L2
(negative is better)

|

w

1

|
[y
o

1

Error change vs tensorwise (%)

9.1: /i: HUH exact FP32 scale fR B K32 Ja i ; £ PUZ% paired block-probe lanes 1 video

p50/p95 X, audio p95 & HHEIR, ﬁlfﬁ?‘%ﬁi?&%ﬁ%ﬁ ZEAMAFR decoded full-video perceptual
quality,

Step 43 | Audio Tail Retrospective

EfE 1% chunk. forward. denoise stage 1 block [E]i#f] exact-K32 HHX} tensorwise
] audio delta,

Profiling / 6% &K —Z[HEf T forward 8. chunk 1. denoise_3; warmup
audio p50/p95 [AIR] 72.952% / 20.866%, steady p95 AR 5.187%, terminal
BHEME, denoise_3 5 cache-commit p95 287, denoise 0-2 X,

S REAE “2i K32 B FEE M, M2 early chunk Y late-denoise/cache-
commit FEHEAEE,

TF—% 1 RE ZIHEHAS audio-path rescue, NI dynamic torch.

cond,
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Step 44 | {587 Rescue ALK

o{E R A: A2V q/out tensorwise, H. 4% 480 modules exact K32, 772 B: 480
attention tensorwise, 1X 96 video FFN exact K32,

Profiling / 582 /7% A /525 video block-probe 4/4, audio p95 0/4, 1t 4/8;
77 % B J\#H block/modality gates 2K, 0/8,

Stk R 96 1 A2V I/O A2 LARE S audio error; R4 video FFN K32 4~
RER RGN R, IRZIEIL BE) Y attention/residual graph #i&

T—% 1 RE WHE REJECT; T —{RIZAHHTE = H7EEAFRA audio path B
early-tail callable, FEHTMEHET] 77

IXEREMETHA

Scale HAHFFAE “WH F”: exact-FP32 K32 £ 2,547/2,560 local samples B 4F, F{H
P4Z% video block-probe lanes £ #fEL#, = MHFHZEJHA T ESMO representable
scale. audio p95 tail F1i% prompt/seed iZft., MiTZ& provider GEMM IEAfM:;
IXLE probe R AFN T decoded perceptual quality, [E-We-LOCALJ[E-W6-PAIRED]

FEHRNEHIET: REGICHRE, BEFIREHEE

AE R RN R L AHROR Y . exact-FP32 K32 local mean rel-L2 0.0175908 %f
bt tensorwise 0.0228185 (M 22.910%), K32 ceil-pow?2 5 native ESMO [l
0.0230594 (Lt tensorwise 2 1.056%).

{HIB A A S50 B B EAE 2026-07-22/23 HHERH, 25—, “native K32 3£
FERB TR HUKHER local rel-L2 %5 propagation 4/8; J& 3 4 FH AV i 5]
trajectory & & CHUELN, 1M native ESMO K32 BITEIE /& THEHRER V2 [ scale 4w
i, HEARECAT stable-DiT median gain 24 14.103773924659912%, ik lane fY
RS EHARIARN AUTO_PASS, 26—, “E8MO representable scale. audio p95
tail. ¥ prompt/seed 72" X=""BHZETAH, HiNITES 2 EMOIENAYE & B
TEIRY, AP EA R AR,

XA A “RETER AR ARE R B — R RTT AR — 1 RER
B 721 scale 9w, TEMERSEHARTAINR b5 A RIUIERI o A FEME—TEF 2 R
REFROZIHAINT, 1E 2 GHfJ—Ilocal /propagated probe T54/1 T decoded
perceptual quality,
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2026-07-20 #hiM: Attention BERERL 5 &
AR

RERAEAE Week 6 ZJ5, BNEE “NH2RFAITHIE FA3/FA4, ZH( Attention
HBERKRAHRIRE” mEMmr R, 4587c17: AEMEIAYZ FA-style useful-
throughput efficiency, /& SM occupancy; AREEMIIZZ 2026-07-20 HIR:
I attention #i7E PyTorch Hz/IEREH fused Flash kernel, ‘B2 5 Il precision
candidates I%E£E, WAL Week 3-6 HISCEITF

ZIRBE e, H Week 7 2, 48 1 video-self attn1l E & #4 Hiff SM120
MXFP8 persistent kernel (FEULEE 12 &), FIHAZER 168.677600 TFLOP/s, 80.5144%
55 68.6384% iR i HECE, IR YA attnl B2, AR H R X T IHHNNASS “useful
throughput & SM occupancy” /7 TEIREETICATI IR,

=1 ESOEFEEER
fahR ARIREER ‘B HIERIE R
NVML GPU-Util 200/200 polls 1 RFEE N GPU 2 &G Hi5LH kernel; A
100% Tensor Core X%
NCU SM occupancy A RE| {HEk warp slots dAEFF EIREYLEH;
ERR_NVGPUCTRPERM FEWT, 4H{EARK]
FA-style useful 80.51% M Attention matmul AL useful FLOPs,
throughput fixed-spec; FEX complete-op A5 dense BF16
68.64% capacity LA

clock-normalized

{ik SM occupancy 5 & useful throughput FFA~FJ&: occupancy HELF—HZ|A]
JERE I warp slots, /D& warp & REIE IR SR ST MMA, Tensor Core {5 A] RE{R T
Bamatt, ISK, & occupancy tHAREUERH Tensor Core {2, A& NCU counters,
IR AR 5 BEASE T 24 Rl occupancy, HAEE FA-style F 77 EEECES
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10.1 F—REIFEATAFRKIL
Step 45 | NCU Permission Probe 5 NVML Busy &5l

e X dominant shape 1817 20 #VHIZ Attention loop, FFIAII =K basic
matmul 5 H5E dominant attention Y NCU counters,

Profiling / 455 W1 NCU probes #{{E counter collection HjJX[H] ERR_
NVGPUCTRPERM[ 5], 37 contiguous-BHSD loop J&1T 20.0089 s. 15,290 calls,
1.30863 ms/call; 200 I NVML polls #1& [ GPU-Util 100%.

5317 NVML 100% HUEEHRAEE [ NFRELH kernel; ‘B2 Tensor Core utiliza-
tion. SM occupancy B %X FLOPs, % loop Y layout 1547 BSHD—BHSD
transpose view A,

T—% | RE JHFF NVML headline, %% FA3/FA4 XU useful FLOPs /
complete-op CUDA-event elapsed, F& 4 layout,

M PRB 57

XI5 ZHE BN REL CAIER A 2840 Linux capability, 4 #TIRzNMBR ] perfor-
mance counters; [KtH & 0] A% HE R TFLOP/s, HIFGERFRELMNTS Ten-
sor/MUFU/SMEM/L2 active &, compute-vs-memory roofline, [E-ATTN-NCU]

10.2 V1 75 Shape A+ A#iEE

Step 46 | V1: 751 steady shapes & 20 #

ENE X731 steady attention shapes (55 —%€ formal timing 5 provider cap-
ture,

Profiling / 55 &#Ban PyTorch Flash, {HHIRIT #7565 Kineto kernel-
self sum 4{EF latency. ® /5 &I FA helper HIR00IA 52585 operation
elapsed,

531 kernel-only duration A] i T3, =74 main/combine kernel Z [A]F]]
[F] stream HY gap; 5 useful FLOPs HHBRE Sl 7R 2R T30%,

T—% | R¥E V1superseded, HIRHE provider/name 55 secondary kernel di-
agnosis; T{EM V2 BY 25-shape complete-op 1%,

37



Catnip FP8 Scaled-MM Technical Report % 10E 2026-07-20 #MT: ATTENTION BREMS & AR

10.3 V2: 25 4 Production Shapes BIIER 4

Step 47 | iIZB{THIARL RS, Shape Inventory 507

&{E M production Nsys SQLite B % 25 shape rows 5 11 exact chunks; TEH
I GPU interval HitEIE 1K, helper. benchmark. inventory 1 launcher, 35
A pre-run SHA256,

Profiling / %  25/25 rows &> formal window /) 20 #, %l A contiguous
BSHD £ transpose 15%/ non-contiguous BHSD, BF16. non-causal; £ #kanH
PyTorch Flash, #it finite,

St HEIRIEIHFAZ “FhE attention”, i/ PyTorch SDPA H 3l dispatch
fused FlashAttention kernel[4], £ D128 video shapes 1Ri& & +F450% 4 Tensor
Core work,

TF—% /1 R%E H production logical-call count Xf 25 > complete-op timing 1§
A

J

X4 non-causal. D, = D, = D ¥ forward, k& HR{EHDMEREEITA useful
work:

F; t i
F, useful = ABH Sq Sk D, U = useful / complete-op ‘
P, dense BF16

Softmax, exp. scale. <Hik, padding. tail fil launch gap I H%X FLOPs, {H&LH
£ complete-op 7378}, RTX 5090 E 77 dense BF16 Tensor + FP32 accumulate 735}
HY 209.5 TFLOP/s, MA@ iaatafmeiny 419 TFLOP/s[3].

Useful-throughput efficiency D128 video roles dominate
(not SM occupancy) the weighted mix
100 -~
H fixed official-spec denominator
g .
> video text -
2
S
3 N
©
o audio text -
o
-
w
- I
g video to audio -
o
—
w
5 ol
9] audio self
w
o}

audio to video - complete-op time share

I clock-normalized throughput

1
10 20 30 40 50 60 70 80
Percent

o

1
full mix steady dominant

10.1: FA-style complete-op useful-throughput efficiency 5 role #4/i; &2 SM occupancy.
[i5] 7 B 77 RAS 73 BEEE SR 5 7% formal-window SETII B I — (k.45 ST 71 if R
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7 10.1: V2 Attention useful throughput: protocol-primary 5 clock-normalized interpretation

Scope TFLOP/s  Official peak Clock-

normalized
Full production-call mix 168.677600 80.514368% 68.638389%
Exact steady chunks 8-10 172.223771 82.207051% 70.098352%

Dominant (1, 32, 2340, 6240, 128) 184.346137 87.993383% 75.106409%

Step 48 | fi##% 80.51% Official 5 68.64% Clock-Normalized

aifE Bk fELE. kernel 1 shape mix 77 &,

Profiling / 5%  full mix event-time-weighted SM clock y 2823.5 MHz, [fii RTX
5090 B 77 209.5 TFLOP/s Mlt&1% 2407 MHz 431 ; &SR UG A &Y
245.7 TFLOP/s, FitA 168.68/245.7=68.64%, D128 video self/text i5i complete-op
time 91.3157%, X clock-normalized utilization 77528 74.485% 5 70.620%. P4
i D64 roles A 0.60%-31.37%

517 = aggregate SR H “CL& 2 F PyTorch Flash kernel + 35 shape fRK +
5090 £ BF16 I{E 7> RHEE T H100/B200”, AMRFEH R kernel 3 FA3/FA4. BIf#
55— kernel #J NCU occupancy fix T 30%, A5 AR useful-throughput
efficiency BHLLAEL, FA3 IEXXHHYIH baseline /& H100 | FA2 £ 35%, /& FA3
A5 [1]; FA4 1Y 71% headline K H B200 HJ BF16 f#{F shape[2],

T—%F 1 RE AV HBEER— RTX 5090, [Fl— 25-shape matrix. [F—75¢
#-op HHIN T provider A/B,

& 10.2: I35 Catnip HFHI_E TS ARRGIEREE, ARSI

JIEA fif: W/ SEREE R A SR

FA2 |H baseline  H100 2] 35% FA3 LS5 HIIHSEE, 2
FA3 %1H

FA3 FP16 final ~ H100 2] 75% WS axfE shape; Hopper % H
SR

FA4 BF16 final ~ B200 BEA 71% WA shape; #dlEHI0
Blackwell

Catnip PyTorch ~ RTX 5090 68.6384% 25-shape production-call

Flash weighted, SEREH)T—1k;

A2 fE: shape headline
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10.4 EHIHBIEST—%

477 Nsys HY full kernel-only diagnosis 4 175.364306 TFLOP/s / 83.706113%,
HRE N secondary, |H steady 84.090119% ¥4 exact chunks 8-10 53 FBRAE T2
1A 5 wall-clipped PROFILE_STEADY; IEffi exact denominator 72 5,760 kernels /
1,149.913473 ms, XMV 84.813119%, V2 50-call Kineto self-time &£ #EH AR AT REATZ
301% official peak, KlIHAEARHHERR,

Step 49 | HFUEHIE Attention (R {LIGRF

&{E ¥ complete-op role share. dominant launch geometry 54:7* Nsys share
it

Profiling / 5% D128 video roles i Attention complete-op 91.3157%, dom-
inant shape i 64.8969%., Dominant kernel J HeadDim=128. BlockM=128,
BlockN=64; 608 CTAs f£ 170 SM EJEMRPYA L wave, £Ji— wave X 98
CTAs, Attention t§ GPU1 kernel-duration sum 23.0268%:

S PO N7 #2735 D128 production shapes Y provider A/B, M2
cherry-pick dominant row; P14 /& BlockM/BlockN. persistent/work-stealing
5 tail-aware scheduling; P2 K}§ D64 calls fitAbFHE RIS,

T—% 1 RE {E] candidate /D E il D128 aggregate elapsed 4 1%, Bif5
I =IR5e% 20 #HIEK. trajectory/perceptual gate, determinism. 4+6 KV #l

zero-fallback [ 2%,

Attention BYimE i s LR

£ production Nsys HJ kernel-duration 125 -, BIf#iffi5 Attention kernel I5%|
‘B 77 peak, GPUI1 kernel sum th /%) 3.7520%, B 1.03898x, XA 2 E2E
wall T, {28 PARA2S AT Attention LR ™R8 S2 Wt [ THEZT SR, [E-ATTN-V2]
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Outlier 4til'5 HWf Attention Kernel
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11

Outlier 4iit: " BiEHE FP8” MEH
B R ERLEIL

1.1 BISigi: —RFMIEE. RSt

X—ESHHG —EEAE: BREEREM— D, A FEM kernel,
WA 7= A AT AR AT 0 B %, 2026-07-21 FIX IR 58 Ui — F F—1"outlier 2=
{73 FP8” IXAJTE INT8 mAEAEM R E 5| HAVE W, T E baseline27FPS Y 576
I tensorwise-FP8 Linear I, A2EMNES Week 4 L& R4 activation observer
bundle f{— X AEAR B, HAZ RN : SEENE S Week 4 1Y 63,360
4% Streaming activation call records, Hith/@MHXRE. MV &S HLRFEL, 7”7
A B EAR B AT E S Yo

Step 45 | OFF4S: FUlFRMLESEIRHN. WEEREN

\

E &SR B & 576 modules (48 blocks x 12 families) , *f
13,690,208,256 MY E LR R I HE R IRZE, amax, underflow 5 clip frac-
tion; MiES kurtosis KNS HEFT, MHEERZ 262,144 ME kSR
FEA, activation flI{iFH Week 4 ¥ N 63,360 52 H 5K Streaming activation call
records (2 cells x 576 modules x 55 forwards), &M FREH 4,000 (X family-
stratified bootstrap, seed 20260721,

Profiling / 5% i1 activation cell 2 person_car_seed12345 5 person_
ceramics_seed12345, —FHI:H[F— seed, It prompt X5 seed M TEA
BEANSE;, FTE” 5 prompt” S5ICEFRZ” BEIXN MR seed cell”

St ERSIIS R IR TR Bl 0 o, 2o 7 e i R FERAE AL
HRpreRiRE” NiRE, SRR AIRZERR. amax, underflow 5 clip
fraction PU2K; tail JTEIRIESR (p99.99. kurtosis) KIEH RAFIRZE,

T—% RE AR OE NI EMAE RS tail MERNE, 212 FP8 IR
ZER,

42



Catnip FP8 Scaled-MM Technical Report® 11 & OUTLIER 45it: 0 BEHEGS FP8” MERNE M ELLEIE

11.2 NEM: tail 3IEFEFN underflow, EN5EEAFN
FP8 iXZE

Step 46 | Channel amax skew 5 underflow BJ5R$E%

&fE X 576 1 module 15 weight channel amax skew (iiiHH{ifiE amax H{f
RHEE) , 5 production tensorwise-FP8 [ nonzero-to-zero underflow Lt.filfi
Spearman fHK,

Profiling / 5% rho 0.812298099043934, family-stratified bootstrap 95% CI
[0.7732686069245892, 0.8460783511978051], p 1.6203374254531687e-136, n=576,
SR XS AR, BENE XS HEZ : channel amax 7MY 5], B—
tensorwise scale WLEIT iR AIEIE, /NEIER)/MUEBE 5 1E E4AM3 IR IEFLIX
BEMRZE, BRIA underflow BY& NI tail FERE T, %A HIA underflow
XRIRZER ZHE,

T—%F 1 RE BEERRF A tail f5hRN RZ DK E—FP8 X R E—=F
AP ST,

Step 47 | [@— tail 54733 FP8 rel-L2 B9HHXET

&NfE H weight tensor amax/p99.99 (EEHBEERIFRIERIEFEIR) X production
FP8 relative L2 ff{[A#¥] Spearman tH5X5 bootstraps

Profiling / 55 rho —0.04594150028870141, 95% CI [—0.12943355023446151,
0.03745939942104084], p 0.27099150255913984, Cl 5%, FEE,

St RRAES -MREMER, MERNFER: £ E4M3 T, " X—EH
max kb p99.99 =/ ME” M EAVERRE) LFIE RS Rt $4H outlier
REME, IREFREN]” IX5AE INTS tH 5 B R AYHEF 3RS, £ Catnip
H FP8 A E_E A G THR R,

T—%F RE AEREETGER L —TERATGEURfahRER, H INTS L]
X, B FE— bR S — FEUERS N R S RE RN,
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11.3 INTS ¥HI3FER: 71t 4 outlier kAR R

e XtE—Ht 576 > module. [F]—> weight tensor amax/p99.99 $&#x, B h i
I sampled uniform-INT8 relative L2, I#fi5 M per-layer 1l clipping alphas
Profiling / 455 INT8 fill rho 0.8173159662656675, 95% CI [0.7842862832416607,
0.846847592520249], p  1.493268769677772e-139, 1% % /K *F-: FP8  exact
all-weights median rel-L2 2.648264635354275%; INT8 sampled median
4.848858078072195% ; INTS8 best-clipped sampled median 2.1044623626881553%,
Xf B best MSE gain median 75.86543298607597%. #xfft alpha 737 £, INT8 &
100% M Z &AL alpha < 1, i FP8 f 0.5746527777777778 HIZ{h9R1%E alpha= 1
(RN #EBT & 41 ) o

S A=A tail #§6R, 7E INT8 F rho 0.817, fE FP8 T rho —0.046, X#iii%
SR HEPRTCR” B AR M NER . HIHIZIEERT: E4M3 1) 4 (75503 max
outlier HIBNZSTERE ERWRMGETEENL, FEMMERNFRRREAFIE—DK outlier
RIS TR 3 A BEHERED exponent bin W BT AUEE IR & A
RE, TREERRZEKVFER. 5 tail RIRE, INTS IR TN, scale B2
EHZIEMER T, —1 outlier R5F ELBIBCRFT AT R4 AP K—FFT LA
100% HIEERAEEST, 1M FP8 A — A2 =8 ) i s 22,

T—% 1 RE  S5e FANARRERZOHAIN: #2 LLM.int8() ./ SmoothQuant
AWQ Hi—ETMHi[A] INT8 Y clipping 5 smoothing H##§Z| Catnip [ FP8 -, {£
PE 2 AN % work, X5 Week 4 Step 32 HYSEI5E 2] & ——SmoothQuant
{E calibration I median +22.782%, %! heldout ¥HN —2.991%, ARIREMAE
S, RALHAIEE,

FP8 5 INT8 B FREMTT—iKiEERE L

_1H FP8 HY 2.648264635354275% K H 13,690,208,256 L& M4 mkEHhiT &,
INTS f) 4.848858078072195% 5 2.1044623626881553% K HIFE % 262,144
ANFEEREARNMGT, WERAFEMGITE, JESE 5 HSMW dipping 2R,
AHEJE L E AR FPS Lb INTS FEE & X% ATiME—H M SIS GG 10 2R,
HIZSR: (tho —0.046 Xf 0.817) S A alpha D iZES (0.5746527777777778
X 1.0), IXPRIERAMKRE L R 22 CER AT EePE,  [E-FPsoUT]
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& 11.1: Fi5% Spearman #5¢ (n=576, 4,000 {X family-stratified bootstrap, seed 20260721)

izl tho 95% CI 2

weight channel amax skew — production underflow 0.812298099043934 [0.7732686069245892, 0.846078351197 /&
8051]

weight tensor amax/p99.99 — production FP8 rel-L2 —0.045941500288 [—0.12943355023446151, 0.0374 i

70141 5939942104084 ]

weight tensor amax/p99.99 — sampled uniform-INT8 rel-L2 0.8173159662656675  [0.7842862832416607, 0.846847592520 =
249]

activation tail p95 — sampled tensorwise rel-L2 p95 0.379846334275848 [0.3165110992387452, 0.446289164830 /&
1316]

activation tail p95 — rowwise MSE gain median 0.44168781761016884 [0.3898034435906903, 0.493355074838  J&

91233]

11.4 NEMREBE: OEXRR, 25—FER

BEAR tail PN FP8 IR%, HR2” 3t outlier AEMBOE” BRI 2/ DA2F? T
YR iR B HEE, ERAENE LR, NP kernel, AN AR,

Step 49 | Output-channel FP8: underflow {7 93.89%, &/ F&xh

ahfE ¢ weight scale M production tensorwise 4H{t. 2] output-channel, £ &
PE FAEERIRZE, underflow., fAIESEAER,

Profiling / &% production tensorwise global rel-L2 24 0.02649727306907663
(2.6497273069076632%) . output-channel /& global MSE X% 0.476%, rel-
L2 F&Z| 0.026434085599599103; underflow M 9.601306661635195e-05 & |
5.869056182104899-06, i/} 93.89% ; f#{iT+%1] 1.000832950367647 bytes/weight,
TG M 2.0 [ 1.9983354857224855,

St XEBARFEREEWEN, (ES5 5 underflow #2)LFH K T, {H underflow
ASREEAEE, ©Z 1 count UK — B ERIE 2 LA NIRE, &
MR- RER AV, F A TER L2 &, ATPA—1 Jil 93.89%” M=
By, UK 0.476% B MSE BG%, IEEING TR, (EfAIPA underflow HHECH
AL BRI R, AR EX R,

T—% 1 RE  id5k REJECTIEN” FEPRERHIR" IHA, KL HRIY 5
Bk ZZIX M SR E AR outlier AR,

5 Week 4 Step 27 WORER

Week 4 Step 27 X [F—X 3k &2 weight relative-L2 M 0.0264973 [%%
0.0264341, X3 0.2385%, PAMN nonzero-to-zero BLAEIRFE(X 95.16%, AN
[ 0.476% 52 MSE 112 (GRZE77), 0.2385% 42 rel-L2 112 (QRZEF5HR), M
BHEABMMHEL —ERER; 93.89% 5 95.16% N3 B AR underflow FiitE X,
AR EH BIE, Aol EAESIH, [E-FrsouT
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Step 50 | Dense clip oracle 5 sparse residual: — Mg, — 1R LR

e BiE=: NE—EH2EINEST% best dense clipping threshold, HY oracle
B GRSEHAAS, FOVEREI THEAEIEAS), 2P sparse residual
—1t outlier fraction &z KHJ—/]MEAEE DA exact FP32 residual /Il uint32 index
U, 94 alpha,

Profiling / £55& per-layer best dense clip oracle {2k 0.1478865618259051%
MSE (. sparse residual alpha= 0.25: MSE M 2.9947691093950124%,
rel-L2 0.026097491106692475, & 4% 1.9581202378585871, outlier fraction
0.0026734672194602444, £ alpha ! 0.0625: MSE 2 58.61854961069044%,
{EEZEREEE] 0.9342419038528882——kk BF16 i& K,

53%7  dense clip i oracle L5 0.1478865618259051%, EMHE" (LA clip-
ping 77 %" 1£ FP8 A EH LA KA T T 702 — MSE—IX5 Step 48 1
0.5746527777777778 W2 &AL alpha /g2 1 584 %, sparse residual £ al-
pha= 0.25 FFEASHE] 2.9947691093950124% Y MSE M3 H 45 % A = 2|
1.9581202378585871, & L2 @PUAREAZ EME—GIER); (HE 2B HE 15
{BR1% exact FP32 residual 5 uint32 index & 502 E1E, 1A b SF, % H GEMM
kernel, &HIRENHITG, alpha —BHEFIRERIEREIRZR 0.0625, H4AZRH0Ek
B 1.0, EEA FP8 MITEEB HIE L,

T—% 1 RE  PUSFAEMBEAR ARSI, R PR A S

Weight tail does not explain E4M3 errgr; INT8 doesWeight-side counterfactual Pareto

Weight channel skew -> underflow - @4 -22
60 - 58.62%

0.046 e e g 20 ©
5 o
Weight tail -> FP8 rel-L2 - —e— < 50 - 18@
S I}
Rl >
© c
+0.817 5 40 - 16 5
e 0
INT8 control: tail -> INT8 rel-L2 - @A o @
w 3 - 1.4 5
2 £
= <]
+0.380 = 12 0
- ’ ) Q 20 - v
Activation tail -> tensorwise rel-L... = —eo— o =]
[G] 1.0 38
)

+0.442 10~ -0.8

2.99%
Activation tail -> rowwise MSE gain - —0— 0.00% 0.48% 0.15%
T T T T T 1 0- T i T U T 0.6
-0.2 0.0 0.2 0.4 0.6 0.8 1.0 tensor out-chan  clip sparse  sparse

Spearman rho with family-stratified 95% Cl 25 0625

11.1: /&: A Spearman AHK K H family-stratified bootstrap 95% Cl, weight tail fiEhRXf
E4M3 21 CL EE, REE (tho —0.04594150028870141) , il —+8HR7E INT8 X & K rho
0.8173159662656675 SR AR AMmARER, A AEMIY K R FILH MSE 568 5585 & 44
% Pareto, sparse residual HHZZ/2{f1% exact FP32 residual fill uint32 index I #§&k L5, ~/2&A]
& kernel; alpha= 0.0625 s ELEZ 0.9342419038528882 CLlt BF16 B K, 4 E N E %S [H]
layer-local Hf &, K&K decoded media quality,
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® 1122 NEMEFELREE (SR, 13,690,208256 JLHE; baseline global rel-L2
0.02649727306907663)

A MSE ¥ ZR rel-1.2 A IEGER

production tensorwise (F££k) — 0.02649727306907663 2.0

output-channel FP8 0.476% 0.026434085599599103 1.9983354857224855

per-layer best dense clip (oracle) 0.147886561825 — 2.0
9051%

sparse residual alpha= 0.25 2.994769109395 0.026097491106692475 1.9581202378585871
0124%

sparse residual alpha= 0.0625 58.618549610690 — 0.9342419038528882

44%

11.5 FHuEl: MMNEKX—E, mMBARK prompt #5h

Step 51 | Family & BEMEAFREM

e DL 12 D module family Jy7r2HKF, XY &2 B Kruskal-Wallis 3
R HLE €2 RN B

Profiling / 4% /&M activation tail H =  382.0066526981147,
€2 = 0.6578132140037495; rowwise gain H =  398.4847855421557,

2 = 0.6870297615995669, X EEMI: channel skew ¢ = 0.3380704097298892;
underflow €2 = 0.47745484541441224.,

St 7 X module J& THEA family” 1£ 306 MBEARRR L) =53 &~ — R4 A28
5, EPEMRERE =72 —F A2 —+, ik activation tail p95 A sam-
pled tensorwise rel-L2 p95 F{ rho 0.379846334275848 (CI [0.3165110992387452,
0.4462891648301316]). X rowwise MSE gain median fY rho 0.44168781761016884
(CI[0.3898034435906903, 0.49335507483891233]) &R 2.3 M IE—TE MM outlier
SERIRASE 5 BACARR RS, AR A,

T—% | RE  J55: outlier KRBT FE R RERILAIBIEM; SeAIRBTEA out-
lier Z5H97E 6t prompt N IEFAFR,

Step 52 | ¥ prompt I8 BELEWR, ERHIFERR

BE TEMD cell 2RI =RISEN:: FEHH NJEE log-amax Y rank —%
TE. top-1% JBELEGEAE. exact argmax JBIEZGHF; X 576 MEILH
median error ff{ paired Wilcoxon, FiTHEBHXEHEFFAIES cell Spearman,

Profiling / 43R WES =t 4: log-amax rank Spearman Hfi
0.9128367679598998; top-1% JHIE T & Jaccard A7 0.5471698113207547;
exact argmax BB RIAJEER 5 0.625, 73R H: 576 TMEHLAY median error 7E
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its 2 BITCEEAANIFS, paired Wilcoxon statistic 81769.0, p 0.7413292858178809,
B XURS HEFF B ES cell Spearman A 0.4356695853333234.,

Stk EWNEEICERRFE, HIormss: BEREG MmO ULTFA3)
(Wilcoxon p 0.7413292858178809), [A]i” BB AGRS” IX A HEFHE prompt
KiE#EHE (rho 0.4356695853333234), Hi&E &—MiHE, E&EKFEN. TES
NARE#E—" F— prompt X top-N GUBHEIH, X IXHEE PR R B
X5, ERAMWA cell WIEHE FHELAESE,; MiAEZE rank —21E
0.9128367679598998 Ui FHIB BRI RAZE, WE MIZ D H Ao

T—% 1 RE BT top-N WEERIGMTE > 3 DRI prompt/seed |E
WM ARBE ARG HIXRER SR,

Step 53 | BXERPEENL: —1RARPEIEEHVHERE rank score

ohiE & IR rank score R, HXVU MR (weight amax/p99.99. underflow,
activation tail p95. rowwise local MSE gain) % H rank percentile FJ¥{H, *f
576 MY

Profiling / 4 B M B HLEE R 7E blocks 35-45 [Y attn2.to_out.0, Ff
B/ EME attn2.to_qo HLBUM: transformer_blocks.36.attn2.to_out.0, R =
97.96006944444444 percentile, weight amax/p99.99 } 56.615857170282204, un-
derflow 0.111624186452387%, activation tail p95 4 110.12057884925197, rowwise
local MSE gain 40.6277317414952%,

St RV rank Y, BAEAHERIE X —EARRBER, thikaa
IS cell JAE (ML Step 52 19 0.4356695853333234) , ‘EXME—IHIRZTE F—HFH
ZHA TN BEBIRASKLRN, 246D BfEiE” BAERENER. BE A2V
B HEAE AT, 5 Week 6 Step 43-44 H1 audio path &85 I & R 77 A —
8, HIXPURTTA—8, AIREIL,

T—% IRE R top FIFRMEN N —5LHTE ML Ie A BIE S A artifact, £
M TFALAT gate IR,

\
IE EAENLEIRZENEEZES Week 4 —IRMN LR H TR BEL RN T,
Ft# error-squareds,

Profiling / 55 & K& ZE error-squared HXf {7 2.277322806636392¢-07.
St mERALT FP32 EMNRVEIEME S EEIN, AR 13,690,208,256 TL3RAY
ERIMTAESMAEH I LIER —FBUER L, FTHrEHEXREE RELAZ
3T S O RAL R B bug & HIRAT,

T—% 1 RE UL, ARSI,
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11.6 A F W NEBRRYPRH

1. %S kurtosis & R &, 12 % .amax,underflow.clip fraction 24 13,690,208,256
TLEREESE; p99.99. kurtosis % tail JTRIRIEIRK B B 2R % 262,144 MEN
FHREAR, W tail TRARIIHE = REEH X ERFEIRZE,

2. activation %7 probe #f call 5% 64 17, A activation amax /&&= FHHAY;
rel-L2 p95. rowwise MSE gain XK & A TR call £2 64 {THIFHEARML T,

3. HAMA activation cell, HILH][A]— seed, person_car_seed12345 5 person_
ceramics_seed 12345 [ seed H[F], prompt XN 5 seed RN A 735 ; Step 52 1Y
FiE” 5 prompt” FRIAHRSZ HERR I,

4. family-stratified bootstrap REBHHEE block Xk, B RAEHL family 772, H
FHRE block Z BIYGEHHAHRIL AR KILATH 95% CI AJfefm A, 1k
W s

5. BE%*0] L2 X} task importance —#RF{=, AREFTANEMSEILHAE L2 B L
RRAZ, T L2 X5 WREEAEE RN S AU B OB EE 2 Ff H. sparse residual 1%
AoESEIL. %A GEMM kernel, A MENGHITL, RAGRZ S EIE,

REMNER, HENER

f7outlier 7% FP8” XA EWFH 25, WILKIERZMHRH, BEHEMNK
P: tail FEARX EAM3 IR Z K rho —0.04594150028870141, CI #5%F; per-
layer best dense clip fJ oracle 5 H 0.1478865618259051% MSE X #;
0.5746527777777778 W2 alpha /2 1; output-channel # underflow Hil##
93.89% HIH#iR 0.476%, KI5 underflow J& count 4k, *EHaEE N ELFE S
L2, AR E INTS X f——F—F5FR1E INT8 | rho 0.8173159662656675,
100% HYZERAEEEY : E4M3 HY 4 M FEEIR UL T max outlier Xf FAMERY I, 3 fiZ
R N IEUEE BN & AR, Kt LLM.int8() ./ SmoothQuant /~ AWQ
ABE INTS outlier 77 % E] Catnip FP8 _BHIE LA work, Week 4 Step 32 Y
calibration fwi. heldout 2N A A2 P Z A, BRI : family R0V
B €2 0.6578132140037495 5 0.6870297615995669, 52 R EM] 0.3380704097298892
/" 0.47745484541441224 (IEMIF%; activation tail p95 X JEHFIRZE S rowwise Y
7 FIAHSE tho 0.379846334275848 5 0.44168781761016884 #f T 3& N 1E, (HEIE
MBI T S5 BE ™ J@IE rank £2 (H2 0.9128367679598998), & LXK HEFF
Aha (5 cell 0.4356695853333234), [E-FP8OUT]
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X—E S EAinTiRiEie

KRR HELTERE layer-local reconstruction &: IEZ R L2 MSE, HZ
activation Y rel-L2 55 rowwise gain, #SHEAER, Bl AR decoded i/ &
RRHIB LR, 2 generated FPS, WAR(TA gate AYIEII AR, AT —
ORHERR, I RS — Mg A, DY SRA N S S sk I — B DU IR /Y sparse
residual (alpha= 0.25, MSE (3% 2.9947691093950124%) /2854 L5, hgmpg.
Bkt kernel., HRIHEHIEMS; rank score R ARSI, TREREMAER, EAZE
EA— N EECEE RERA T2/07 51 H, #ZRHEIR, [EFPsoUT]
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SM120 MXFP8 Attention Ker-

Week 7: B
nel

=

Week 3-6 HJ2Ff attention #{HITE PyTorch SDPA H3j dispatch HYJ fused Flash ker-
nel |; 2026-07-20 ARYRAMNIIZE Y 168.677600 TFLOP/s (full production-call mix.
complete-op [1%) fHIARTIERZNRE, MABEAERNR, Week 7 HATHAH—
ff: 4 48 P video-self attn1 M PyTorch Flash #th% H i) SM120 MXFP8 attention
kernel, FF{Eft ER 2T, JeAlS EHRRIVIARG ik, M SEIIRRZR —HI5E, &
—idsx, GHEEEPHENE Y, AENMREFESRBERTFE T ARORE, Ef—4
HEASRE HLAHE 8,

12.1 X4 kernel IEEHt4

RS E E# /B . BF16 Q/K — signed normalized H128 Jigfs — E4AM3 +
UE8SMO K32 &1t — native SM120 block-scaled QK MMA — one-pass online softmax
(reverse-N128 §7f) — P 1££ka/13% K32 &1k — native SM120 block-scaled PV MMA
(FP32 2/I) — BF16 fanth, REA<HE LA RSV BFl6 FE# 2 LHIIAT,
WE SR E(EIR Z 0% “ Pk BB X" TAE “SKBIRAL” Rk,

BARBHMEEDK, MG ETERE, SNTCTAMRRE R ERLEES e T AIME, T
SEREE:

1. QK/PV JEFERA%L L H CUTLASS 4.5.2 ‘B 75 SM120 blockscaled GEMM ex-
ample: mx_float8_t<e4m3>. OpClassBlockScaledTensorOp. ThreadBlockShape

128 x 128 x 128, ClusterShape 1 x 1 x 1, warp-specialized persistent + cluster

launch control,
2. attention FZ FA3 %M warp-specialized persistent % compute_attn_ws,

3. producer J2/ZF5 CUDA: Q/K i H128 fighk + &fk + SF swizzle, AR V ¥
il K32 #fk + 5 E,

4. BRJZZ pybind ¥ RN catnip_mxfp8:attention_bsh custom op; 1% op %7 fake
impl, i torch.compile £ B —IXANEIAIMNERE F T A2 22 AEK ; 2 48 1 attnd
I /2 fail-closed FY™ Fg 7 #i,
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CUTLASS VRS FEEHATE £ MXFPS MMA &2 Ada FP8 MMA Y 2 %, iX
SRANZRAE FH A H AR A B attention core FIMMEEL, HAERE T /52K Linear M K32 Uk
IR — & 517 2[R — 2% block-scaled MMA JEEE, T ASZ RN FIESR
.

GeForce hilt SM120 A PR MR AT SZ HIBRTI: A58 TMA multicast; cluster
shape 2 1 x 1 x 1, XERELIREFL Blackwell L W2 CTA PHFEEECRE
fEIXHf LA, producer FIMRIS A HBESE B O,

F®12.1: FEIK (5,=2340. S,=6240) A7 B&12H launch B ; AR H Nsight RE&E, T2E

T e T

Kernel Grid Block HoAth

Fused attention core [170,1,1] [384,1,1] dynamic shared 84992

compute_attn_ws B; 168
registers/thread

H128 K-side producer [25088,1,1] [256,1,1] 28 registers/thread

H128 Q-side producer [9728,1,1] [256,1,1] [A]—F5 producer, Q
AR

V producer (JF#H K32 [195,32,1] [256,1,1] 44 registers/thread

=il + #%H)

12.2 [EXMeiSHREN: MARESEIHRE

Step 52 | A3 Signed H128 KEd%HI#EEYA calibration jERE

N

oH{E 1% =2%% lane: AO 47" BF16 attention; A2 A K32 E4M3 Q/K/V Jll fixed-
scale EAM3 #3812, A3 1E A2 Z EBINREEHY role-specific signed normalized
H128 (post-RoPE Q/K). A2/A3 fifif] query-tiled ZUEBLIAY, query_tile=128,
Profiling / 458 P1b B! calibration #, A3 f£E&—1 pooled 255! L& LT
A2: overall 283 2.1063% (48.2238% — 47.2081%). video input 2.0341%. video
velocity 2.0385%. video latent 2.0347%. audio input 8.1237%. audio velocity
8.8755%. audio latent 7.2014%, MERSEHATTRIFIFEALE, A3 fEPUIALTEIR S
=IE AR LR A2,

S WEMT T2 overall/input/latent > 5%, video velocity > 10%, A3 — i
ARBORE, AR R MRS, AZEA—7 5, F 20k, A
=FAWR AR, ARARE A,

F—%/RE  A3REJECT AINIAIXIEAL R 2IX — IR E R 5 K32 fake-math
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l BN RGEIERE, AR “Fr A AR TCAL” HIIEHE, (E-w7-smi20] J

Step 53 | A3 BYJHIL 20 #» Validation: MEZEMN, SXERTE

ahfE 7E Pla L4157 20 #) validation: %%k sampled attention replay, 5
calibration disjoint A tailor_workshop, seed 31415,

Profiling / 452 output.full.rel_12 M\ A2 [ 2.9455% [%Z| A3 1) 1.9488%, X
B35 33.8397%; logits B35 57.0710%; softmax 731 JS EX3E 75.7148%

St X=EMEENEXRE—A: FEEEWMAT, A3 Lk A2 BEHF BF16 atten-
tion 2%, CAH T HI L 33.84%——replay & &Lk, i AR EE RAER, 17
ZRA LI 55 forwards HFERMERE, WAL VAE 685 BAITEAS,

T—F 1 RE (RE e IERT RRSAESE, (HRREVEDN Step 52 [TTHERY
KL, WAE B HE RS, [E-w7-sM120]

Step 54 | A3 Full Model-Loop FPS Recheck: —4H R B iSHTiRAYEE

ahfE  2026-07-22 X} A0/A2/A3 =% lane i full model-loop FPS recheck.
Profiling / 55 A3}y 4.447527234 generated FPS (109948.736515 ms); A2/
4.806256391 generated FPS (101742.387466 ms) ; A3 Lt A2 18 7.463796%. A0
BF16 in-study control 7 13.682666488 generated FPS.

S X = FPS 2>k H fake-math accuracy provider: unfused PyTorch FP32
signed H128 FWHT. fake-quant/dequant. query-tiled FP32 %% ; 1M B %A
AT native SM120 FP8 kernel, ZIREHFEE I BOLEEH T torch.compile, FF
{ifi serial video decode. (Kt 4.45 5 13.68 < [AIFZEER M R LIATTH,
R,

T—% /RE LR NBWHE, A5G4 FPS #itl; (LT 4.447527234 1
“FP8 attention THEE” HI5|HERE IR551R, [E-W7-SM120]

Step 55 | A7 Hi=E K32: T KM, IREFH

ah{E 1E Plc LIEHERIERE P FUEMIRAI K32 (A7), 5 A3 XLk KA DO Ml
exact-P ceiling,

Profiling / 4% pooled AEZF NiiZ M 20.0809% FEZE| 0.9589%, reduction
95.2250%, {H A7 tHX} A3 Y full-vs-production defect Rk 0.0267% ([ 11
>10%). P-quant defect B35 0.0089% ('Kl > 20%). 43K exact-P ceiling i
0.1700% (['J4l > 60%) o 25 T accuracy gate H' 11 WA, DO MTFHY exact-P
ceiling A&y full-vs-production +15.7165%

It RABREFER (15.7165%), (B A7 JLF—R#lZIZE], iX2AMREH
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RHBLF — D& MRt RMENE ., 2R 2 L A8)—5 Week 6 FUE
M K32 HIZ5ILIRIAL, MREREIE “ NaR” NEIRENRH, ERR MRS KE,
ARG PR R I R g

T—% | RE A7 REJECT, SJRIEMTEL “I8D Nt/ i/ D #Ir AL ier ek,
AR EX defect HITTHR IR, FFHITESCRMIR, [E-w7-svi20]

Step 56 | P1d Learned Orthogonal Rotation: =&k IRMIE

e 1EP1d DA A3 yELEk, X =# learned orthogonal rotation f#{ odd-chunk
screen: dense_gk_upper. foldable_vo. joint_gk_vo.

Profiling /455 dense_qk_upper full mean iX# +0.2460%.p99 [AI3 —2.1450%;
foldable_vo mean +0.3819%. p99 —1.1788%. PV +0.6153%; joint_gk_vo mean
+0.6228%. P99 —3.2462%, [ JHEN mean > 5%, p99 [A) < 2%, foldable PV >
10%s.

St =FHBLE mean FIEALTIIHE, WEIEAE p99 LEEHI R VFEIIT, dense_gk_
upper F fit loss TF& 7.255%, {HIFBZ| odd-chunk J5 H#| 0.246%, EHHRZHIJE
S LE . Utk BFRERIRJZ calibration chunk M50 Af, @U@ &5,
T—F 1 RE =FH2EE REJECT, LHFRIEIX /2 calibration-only f B £k, 4
FEIST validation, PRI e IR RETS Rz, RES T HEMIRIEHRE PEHE, (E-w7-sm120]

12.3 WIMEMER: BELY, EELR

Step 57 | Fused Cooperative H128: B#r2iARK, &= shape £[0])3

afE 2 Q/K ) H128 producer it attention 4%, H cooperative launch {H
BR— T kernel HY[EEFF4H,

Profiling / 582  DIRESE(E BRI 5/ shape B9 BF16 #itt 557 pro-
ducer #$12% bit —2 (bitwise_mismatch=0. max_abs=0) ; Nsight i\ 1 {X
cudaLaunchCooperativeKernel, 1 f> FuseH128=true A compute_attn_ws, 0
MHSZ signed-H128 kernel, {HPYNESE Catnip 427~ shape A median latency
EHEREYT: 1560 x 1560 +7.440%. 1560 x 3120 +1.773%, 2340 x 5460 +2.011%.
2340 x 6240 +1.512%, A E /) shape (1/1/128/256/128) 1 39.148%, #£#l
opt-in 25 17450.52366 ms / 28.02208171671566 generated FPS, FHXIHHLR r04 12
0.221914479%.

53t B shape 1Y 39.148% HH “THBRIEE launch JFHHA . tile [FIEH
W, AEAET” shape ERXTUTH R EWMEE, MG RmbTh 7 ERNFFSRS
shared memory T, FEHIAR 0.221914479% AREFFFLERIR AT B ek
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HE—RHLEENIZTT, T2 interleaved EEE A/B,

T—%F 1 RE  {ENAEFENN REJECT, {XUREY experimental entry point; £
FEBRONGREE “JH37 Q/K H128 producer + attention core” , & bit —HUX—5#
R TR, B G EFIHERAFEEEMREE, [E-w7-smi20]

Step 58 | FA3-Derived K/V Warp-Release: FE#¥RTHEMKMN. £l

a{E FEHE FA3 41 K/V warp-release Hlg, 1EIHR5EH warp P AR
o

Profiling / 455 111> shape 2 #B bitwise_mismatch=0, max_abs=0.0; {HHA
shape 2219, X +0.79% | +2.83%; Nsys BN +2.38% 5 +2.44%,
I 480p20s FEH L,

517 5 Step 57 [FHE: SM120 [ cluster 5 TMA [RHil ~, FEOSEUTETFos
[EA130%, TRATRECHT R AT A B IR AT B SRR IR AATT

T—% /| R%E REJECT, FINEEERCEEN, EHTEMNAHEFEREL 20
FOBCAT, [E-w7-SM120]

12.4 4% Kernel HESSRSHELR

Bz fail-closed HY: mask, head count, dtype. device, batch, hidden. sequence-
pair FRAEM[—IUAILECES B 0tE, AamEklB SDPA, audio. video-text, a2v, v2a
attention JEHEMAFEREEE, NMEBHZCEN, WARARE SEMICA R,

#+ 12.2: video self-attention & & [Al: 48 blocks x 55 forwards = 2640 {X i

(Sy, Sk) VA O iR

1560 x 1560 240 warmup/FH chunk E1R

1560 x 3120 240 KV [FAREHHIE EIR

2340 x 5460 240 FREEBRT—IZIR

2340 x 6240 1920 dominant shape, 44K 2%

ait 2640 HFH catnip_mxfp8::attention_bsh 2
H
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Step 59 | #{EiAFR: 8 3.7-3.8% A/ ENIEXTIA M

N

e RINIR “MS7 quantized-semantics 0”5 “BF16 cuDNN SDPA”
N2E KA fused kernel FEUEN B,

Profiling / &5 fused vs JH37 quantized-semantics #&42l: rel-L2 0.000359506.
cosine 1.0, fused vs BF16 cuDNN SDPA: rel-1.2 0.0382514, cosine 0.999269485,
LSE H ABI Z3ECHTICRN, rel-L2 24 1. cosine 4 0,

ot S5 HBSEMIEXHIELLFRE2ES (cosine 1.0), PiHH kernel SEEf ST
BB X 5 BF16 %4 3.7-3.8% [ rel-L2 [A L 5 A Ffi% online-dynamic
BILIE RS, TAZESSIREL, LSE BA#AAME @ S/ F—T 12 ABI B
DECH—HRGZ M, YETATHAERUE, T NS E

T—% 1 RE  FEZZEUELSH NN, FIRHE “LSE T3 5 A ABL 304, it
HIGEEH, [E-w7-SM120]

PR RER T E . A3 RUIELTEEIMNEEIEF kernel

104 427 kernel ffi ¥ Z online_dynamic_one_pass, T Step 52 #4E ] A3 {#H
[l fixed_p256_two_pass, WFHEF—EERIE, XEMDTANER: K
—, A3 HFS EEfE A RE B2 I MERIAE 77 kernel ; H= kR, A 77 kernel
%) 70413 4% 1] o TEARE AT SRR IR —— 15 A AT —2H 2 56 ARG JRE S 100 ) 2 '8 S B
TEHIRIARERERIE o [E-W7-sM120]

12.5 14&E: RBEMNBSENER

Step 60 | Dominant Shape BIPRE I8

&hfE 7E dominant shape, 4/ ABI M isolated per-call CUDA-event bench-
mark, XfHEZASH BF16 cuDNN SDPA,

Profiling / 455 preprocess + fused attention median 0.751248 ms, BF16
cuDNN SDPA median 1.083568 ms, LAH 1.44236x; {¥ prequantized fused core
median 0.551792 ms, core speedup 1.96373x,

31 1.96373x 5 CUTLASS {1 “MXFP8 MMA 7ty Ada FP8 MMA 1) 2
157 BEARW) &, WIZ OESZNZ 3] T block-scaled MMA J& 1, 1.44236x 5 1.96373x
[ ZEFHE producer Y IER: . Bk, SF swizzle 5 V HE A —TE SM120
%H TMA multicast HJRTHE &, XEB IR — D HEHRIZ,

T—% 1 RE W LUEEBLIFRT Y isolated per-call CUDA-event benchmark:
52 full-request, 72 FPS, NMEH TR MEIN R, [E-W7-SM120]
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& 12.3: Dominant shape [RESXTHE (isolated per-call CUDA-event median, if full-request. 3F
FPS)

FEAZ median (ms) FfE M2

A BF16 cuDNN SDPA 1.083568 Ix XfHEELHE

preprocess + fused attention 0.751248 1.44236x % producer £H{JT
H

prequantized fused core 0.551792 1.96373x E=mfbEA, 1

L)

Step 61 | 4] r04: 28.084266773305128 Generated FPS

o 1E5E%E 832x480. 20 &R NHIIEFIENISTT r04o

Profiing / 4 % formal wall 17411.884168 ms, generated FPS
28.084266773305128 (223X 489000/17411.884168) . % timer & 11 /MIE
A DiT chunk. GPU1—GPUQ latent copy. 11 {X video VAE decode. FIFO
ordered drain GRZM KR, HEFREIINEL, text encoding, EFHL, 54
compile-warmup chunk, audio decode 5 media mux, HH*t O7 ={X#J{H FPS
i 3.613154337%, wall X 629.122156 ms, {?/H3 warmup 8% 30 > unique
graph, FEMf 257.558854 s; FEM L HERE 413.836638 so

S3ir 28.08 5 O7 Z[HIMY +3.613154337% ;2P kL, B ER speedup:
KRB TI%H adjacent provider-off control, MUY driver KA. K5 5 HEEIA
SRR — IR STENAE NS FREJREEY 1.44236x Z FT DA S BLREEA LA EL
Hortk, 5 attention 78 GPU1 kernel INEIHHY &5 H—58, FHATJE,
T—% 1 RE 104 1F)y Week 7 BRI MEF LS, (BAEIR S A —HH “JoH
M7 BRE; T—H%%h interleaved provider on/off FNEE A/B, [E-W7-SM120]

Week 7 HIEfiR T t4

— 452 BB SM120 MXFP8 attention JE I D47 24 BIARKZ £ CUT-
LASS 4.5.2 SM120 block-scaled GEMM F{LHJ QK/PV #%.0, FA3 IM4EH)
compute_attn_ws, F5 producer 5 fail-closed ] catnip_mxfp8::attention_bsh
custom op, %78 i 48 blocks x 55 forwards = 2640 {X video self-attention, P42H
TEARZHER A8 , SCELRSE A LR Of B S B AT SR rel-1.2 0000359506,
cosine 1.0), FREIMEREAREIESE (dominant shape 1.44236x. core 1.96373x), %%
M1 104 24 17411.884168 ms / 28.084266773305128 generated FPS, [FIFEEE /2
BAERIEE 7T A3 JiEde. A7 % K32, =#¥ learned rotation. fused cooperative
H128, FA3 warp-release H7 Mgk £E8 REJECT, HAEMMER bit —2H)
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AT FARBUEE B HR—XBiHH SM120 _FE IFEFARI R TN FEesS
shared memory, 2 kernel (&, [E-W7-sM120]

A0S BARY R IF S T

— AR B UEPRER K . 47 kernel HIfY /2 online_dynamic_one_pass, 48
CERAYRS 5L (A2/A3/A7/P1d) Y2 fixed_p256_two_pass BX fake-math
FEDIE X, Al rel-1.2 0.0382514 / cosine 0.999269485 H 2 B S BUEIE &, IREA
REHE 75 AR E FUCHT; 2 prompt/seed Y trajectory. decoded perceptual 5 AV-
sync UEHE—TERIE 1A . . JetH X B, r04 FEX O7 =R ¥IMER +3.613154337%
IR fused cooperative H128 HY —0.221914479% [FIFE A —RIHLRIZ1 T,
1t interleaved EBE A/B SEHT, XM E 7 LA RS E FY R SREE 18, [E-w7-

SM120]
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Week 8 £: ISUTFIIERIE(H S EE

13.1 Em: 15 MXE NSRS Linear

58 12 ZE/ outlier Gtit M 576 1 Linear H#kH 15 NECAE XS B SR EL: 9
attn2.to_out.0 5 6 > attn2.to_q, ®H&1E blocks 3247, X— "1 Z[AE M A EUH A —
A XEERGEES, AR T IUEREE lane,

+ 13.1: Week 8 FFREMIPYZLAIER lane

Lane T At

B 477 576 = tensorwise  F:Zk, EH Week 5 references, EEfI
(T/T)

BF15 15 M= XEEM FP8 kil test, W15+A15 FELE 57
manifest #£FR, {R¥F BF16

R15 15 ™ family PEECAYERAR RGN R
PURS: R A R AE AL B

A15 15 P EfE BRSO L BHaE MEY R] R e

rowwise BAEIE scale
(R/T), HAx561 254
T/T

BF15 2 flf DUE BB ELAY kill test, 52K N4 Linear 9 W8AS8: AN EE1E MNZLN
S, BUETESRERANISEN, H— MY manifest FREFRERE TN
wrap, T MNEENMIRESHIEEMIRERINIEL, Kt BF15 RN ZE W15 5
A15 PRITF RS B — N SE A R 2R 7Y, SEANRLERY scale 73 BCLE %A
PRI ARV
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13.2 %&(B3%IER: conditioning identity BY fail-closed
$BE

Step 60 | Week 4 lane runner B9 conditioning i&iF5 wrapper {8

ahfE H1f Week 4 B run_accuracy_lane.py: EXf & —2% lane #BEEHI—X
Gemma text encoder, HAEEEREEH T E reference identity, XIEZLL Week
5 B MEIE/ERAILH (CONDITIONING_DETERMINISM_INCIDENT),
TS wrapper, %I Week 5 1 fail-closed %% conditioning bundle,
Profiling / 55 #Ri@EidL: chef IB31TIC*A video SHA 8d2049155657fad3....
audio 8f6e0841b47b429b.... tensor file a13550e6bd189625..., 5 HH SIS ICFH)
SE[EBRT T 5 fallback_text_encoding_allowed=false,

St AR —F, BN LE2ETIER: lane ZHHIERZIEA text encoder
HUAEREYE, (BT + LA A2 SRESEERARTVA R, BRI R —D wrapper,
TERHI RO 2R SR,

T—% 1 RE  1E identity 5B 54 /S5 BF15/R15/A15 MH45% lane, [E-
W8-PANEL]

13.3 =Eijilfh: HFEE oracle-L2 NN ABHRE

Step 61 | BF15 kill test 5 R15 REFIFHHEM

Eh{E 1F chef 5 drummer Fi™ calibration cell -}l BF15 5 R15, ## oracle-L.2
FERTAE = B H 7 bk (IE{E = 3 52x BF16 oracle).

Profiling / 4552 W35 13.2, BF15/chef overall —3.5813%, BF15/drummer overall
+11.1544%; R15/chef overall +8.6137%, R15/drummer overall —0.2423%,
Gt F—TWEND cell EFRFSHEKR, HZRFIE chef LML TAEHH,
T—F 1 RE THEXMEFUEELEHS, MEREEARSIE LHHE,
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& 13.2: BF15 b4 5 R15 ZRIFNAY oracle-L2 3 (%, 1F = HHET BF16 oracle)

¥ & BF15/chef BF15/drummer R15/chef R15/drummer
video_latent —3.5075 +10.7793 +8.4089 —0.3742
video_velocity —3.7114 +11.4077 +8.5788 —0.1989
audio_latent +8.9475 +1.0641 +19.8825 —0.0285
audio_velocity +9.1224 +1.4602 +20.4246 +0.2675
overall —3.5813 +11.1544 +8.6137 —0.2423

Step 62 | ="M ME

e X 13217 “EERESESHGNN” Mtz ARG EG EiTk—ik,
Profiling / &% (1) E—T Wil cell FF5#%: BF15 f£ chef L video &%
—3.5075% / —3.7114%, f£ drummer | KRIEZ4F +10.7793% / +11.4077%, (2)
ZRF R15/chef 7E[F—E & N R T AL BF15/chef: overall +8.6137% Xt
—3.5813%, video NI +8.4089% / +8.5788% X —3.5075% / —3.7114%, audio M
T 4-19.8825% / 4+20.4246% X 4-8.9475% / +9.1224%, (3) EFEFRAN EAE +£3%—-20%
X[H, 5 Week 4/5/6 FrA fEikfI i EsX HEE,

S M (2) BROVEMER: HHUXKERYE, s “NMIZEBRZENE",
IXAERIR B3, WA E R A NS5 RIS, mr2liREBE,
WEL (1) WA B ARG HEFER,; e (3) ML T “chef i drummer 7 (Y
Ml —Week 4-6 [ & HEIHTES prompt ik, HEFIEZIX N HIREN,
T—% 1 RE  IE oracle-L2 (M H Y overall / primary gate) MU
AZRHREJECT, B&ICN “BUlsrZiEE" BRI,

Treatment flips sign; placebo R15/chef beats it Panel artifact-injection calibration

N video latent

20 - Bmm audio latent 25.68x

+19.88 flicker_global -

=
w
1

audio_click_score -} 8.51x

+10.78
+8.95

=
o
1

+8.41

sharpness_median - 1.78x

w
1

+1.06 blockiness - 1.13x

Oracle-L2 improvement (%)

o
1

-0.37 -0.03

351 seam_spike_ratio - 1.46x

|
(4]
'

T T T T
BF15 BF15 R15 R15 1o
chef drummer chef drummer .
Injected / clean detector response

13.1: /£: BF15 /¥4 5 R15 ZEFNTE chef/drummer P cell E/Y oracle-L2 23 H 4Lk
REFREAES cell ¥ 5 8HEE, ZRIFITE chef LML T, MELFEIENIZE&RHR] I, G-
reference-free iR ARSI ASREEEL ONE) ; av_sync Rl bRE, HEEIH,

62



Catnip FP8 Scaled-MM Technical Report %£13E WEEK S8 L: WIKFHEMIEhSEE

Step 63 | JEfARVIASR: RBEBE-forward oracle-L2 {R

o X IENHE R SR E R E R,

Profiling / %55 ¥R BRAYZ N E | 55-forward 1E#E /5 oracle-1.2; fREAHIZE
Ja1 R BA-forward oracle-L2——Week 6 H exact-K32 1Y —22.910% & 320/320 strata
FRER, A XA,

St ERHET BEEN streaming REUAYSIB: HIR forward NIRZE S5 H
VDS, —HIRZEHE N KV 5542 chunk, U7 218 51R 2K/ M, TIE
TREIN YRR, NEEER,

T—% 1 RE JHEIERUREAEN operator HKAFIE T H; BHIZE T a7 7

reference-free TR

13.4 EZE: reference-free BREMIR

Step 64 | $5IRSARENIRRE

e NEMREEIREAZE, REEIRE ST TR, PART P E
JEMIR,

Profiling / 455  flicker_global 0.3046 — 7.8236 (25.68 fi%); audio_click_score
0.8645 — 7.3535 (8.51 %) ; sharpness_median 588.4807 — 330.7725 H. drift fF
S#I%:; blockiness 1.0277 — 1.1662; seam_spike_ratio 3.3325 — 4.8530 (+46%,
ATERE AT ERER) ; subject_consistency 5 clip_prompt_sim A CLIP ViT-B/32
1B AR, av_sync fREIARERM: 400 ms BMIER AR H

S AINTHEEAN NET M S &S, AIEAEREIR; av_sync IR IHER,
HE A XMIE R R L 2R,

T—% 1 RE  av_sync EZCH diagnostic, FS5HE, #5575 SyncNet,
Hoptabrdt AR, [E-ws-PANEL]
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& 13.3: IR MR IR E AR SR

E{=Lan fek — TEANGE I P22 THIH AR £
flicker_global 0.3046 — 7.8236 25.68 {5 Al
audio_click_score  0.8645 — 7.3535 8.51 fi% HIE
sharpness_median  588.4807 — 330.7725  drift fF5H1  HIE

23
blockiness 1.0277 — 1.1662 garrg/N 77 HE

[ 1E i
seam_spike_ratio  3.3325 — 4.8530 +46% HAE (XS D)
subject_consistency, CLIP ViT-B/32 1B H] — HlE
clip_prompt_sim &
av_sync 400 ms ZEIRAAG HY Te i N, diagnostic,

SyncNet

Step 65 | fREIIEE S EE = SEMIRFIRIERS

i FEEMMIEAERE, BEHFERIEIA TIEREAL T,

Profiling / &6 (1) #IR flicker fEbr H CHI 2R RIEEL—2R/7RENR
ERIERIAZE, fEhrN RHMAIRNRE 2T, (2) ffmpeg HY eq FRIX
BOIARZMORIE, EARIRZRELINER &, FTHREA. (3) seam HEARH
EWE, SBUGSMRT IR, BRI, &EEANSH PyAV &
TS By 2 £ o

S =R ERNEEAM, —DERRRN, ERIE2MHE: fahr &
B BHEAMEASRE T ER B, X=TEREES DL g A iEL
" BB DRl 11 R

T—% 1 RE  HEREE—THEROAUTES EAFREA LS 5HE; REM
RGNS —H UL,

Step 66 | BERAERHS seam HIELLHC

B NEMEFREHAERE: B 6 1 cell I |BF16 — FP8| 1Y p95 1 HARZE
S, IR R DA SR —, 1208 deve

Profiling / 58 W& U2 WM ERCHHEZ N B RH lane 2 [AIAKELAE
TERZEFIEE, |dev| < 1 FRMEHIEE WRR FIETHIIERE, HE: c8x
[ BF16 A=~ Hith At chunk S RIAFAAEPAL 3.3 £, IEHZ) 10 f5HIMIZE spikes
St I\ VAE RIA SN ESR B H R, RRRIESI AR, Kt seam_
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spike_ratio RBEMERIXS LLAR, ARERAXE{H, M BF16-FP8 Z 5 w2
wiwsE, FERBIEENSE X EEHNERE “NEE BB lane Z[A]
HIZERE R,

T—% 1 RE HRAES—H worst dev|; BRI 5 TA15 A T
ELHIL,

13.5 FFhEREE 2IPIAIEE
|

EhE 8 Week 5-8 M i i 2 5% reference-free MHitRk, EHTHIE,
Profiling / 45 W% 134, i N: BF15/chef 0.661, BF15/drummer 0.862.
R15/chef 0.811, R15/drummer 0.953, K64/chef 0.988, ROW48/drummer 0.521.
A15 P9R%IE 5K E] 0.883 / 0.778 / 0.887, HitH : K32/chef 1.035, K32/drummer 1.337,
K64 /drummer 2.042. ROW48/chef 1.367. ROW192/chef 1.709 (seam 6.5 X 3.1,
A RMAFES). tailor 1.287,

St A ERAAUEIE, H—, K32/drummer I IZ blockiness 1.0449,
ifi BF16 4 1.0426— & JLF-AHE], /2 FPS BRI U m A I dev TR, A1
K K32 GIABMAR” e ; BIEFEAN THERSZE drummer [ flicker 0.257
X 0176, H -, tailor BY 1.287 HiH 77 AIA4fF: 72 blockiness —1.287, B
Pihgg s /D,

T—% 1 RE  ERFIENGE R K32 KRR ; Week 5 DABHIE Y E
HIEH K32 (chef +0.827%. drummer —7.064%) HUHIRAERRSE, 1% +14.3%
stable-DiT &M EEMK S IE K, ROW192 445 “25 1% rowwise £ 17, [E-ws-
PANEL]
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& 13.4: reference-free MMM IHIEIERIE S (worst [dev|, < 1 HFHMA)

{EEIE / cell worst |dev| HIE pas
BF15 / chef 0.661 HMH —
BF15 / drummer 0.862 N —
R15 / chef 0.811 N 22 R [F R A
R15 / drummer 0.953 A —
K32 / chef 1.035 Hi7 I P22 M 320
K32 / drummer 1.337 i 77 I blockiness 1.0449 X BF16
1.0426, AFNZUENE; FREHIER flicker
0.257 X} 0.176
K64 / chef 0.988 N —
K64 / drummer 2.042 HH R IREEES
ROW4S8 / chef 1.367 i —
ROW4S / 0.521 N —
drummer
ROW192 / chef 1.709  Hi7T seam 6.5 X 3.1, ARFCEFEEAFIES
A15 (Y1) 0.883 / M —
0.778 /
0.887
tailor 1.287 HitH HHF A blockiness —1.287, JilallA]
4af

13.6 EERE: RERSEIA%E
Step 68 | 15 4~B#x Linear Y forward-pre-hook X call 4iit

ahifE X 15 D ER Linear ## forward-pre-hook, 3 call it3% per-channel sum/-
sumsq/amax 5 per-row amax 73i7; 3t 55 calls x 15 modules, *kH eager 1517,
K4 compile X1 hook Ml

Profiling / 8 family FAENE 135, FEHA: blocks.47.atn2.to_q 1
static_share 96.0%. centering %5 11.6 fi5; 4#B 6 1 to_q MY centering 433
> 5.3, row_spike < 1.18; 2#B 9 I to_out.0 F¥J row_spike 4 3.2-5.5, centering
M < 1.5
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S WIEERDN T EHWNT R to_q NIRZER B — NI T-#SH per-channel
fmE (static_share 77.3%, ZEYJEJG amax [% 5.44 %) , 17/ MJLFI5 (row
amax max/p50 f¥ 1.11); to_out.0 fId3K, RIMETCRL (1.14 15%) MATI51A spike
X471, XEMWENHERZEMAMARN TR, FIE—RRLE 258 80 R — IR 2
—IAAE,

T—% 1 RE HANRSEEZE, TWARGETFEE per-forward-slot 4EE )%
5o

+ 13.5: I family FITES LT (family 7%, 55 calls x 15 modules, eager)

Family 2% static_share  centering channel row amax
% amax max/p50
max/p95
S2-Q 6 77.3% 5.44 % 13.73 1.11
(attn2.to_q)
S2-O 9 45.2% 1.14 1% 9.78 4.71

(attn2.to_out.0)

Step 69 | FHEIZH95EIES T AEBFIR

h{E 1% forward class #5797 amax, f&E S IFIEESZE RILIIN RIS,
Profiling / 5% per-forward-class amax 7M. F-4% : S2-Q M nfe0 F 64.8 F| com-
mit [ 61.5; 52-O M nfe0 9 8.1 F nfel # 5.9, nfe0 HELHA slot 5 8%-30%
531 Week 5 H temporal routing {52 “ANAl timestep T2 AN[Al scale”, {H
XiX 15 2, slot [AIZFi/N T channel | (13.73) 5 row [A] (4.71) Z5%,
It per-forward-slot 7= FALAYIAFRMEA FR—IX BN LR T Step 36 AU
temporal &I N{A[7E overhead gate BTEAMES A AT,

T—% / RE 1% family 77 TE: to_q 7NEMHFIZE mean-centering (£ call —
AFEVTLI I — rank-1 GEMV #M2, E2HEHH#) ; to_out.0 JLEHM per-token
rowwise (R/T J5umIlik, scale NFEHH FP32, 4 ESMO),
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13.7 A5 —1EIMVIRILIERE

Step 70 | =£&FFi lane NitEES EERA

EH{E 1 chef/drummer &4 lane [ stable-DiT A5 GPU1 FIR 1%,
Profiling / £552 BF16-rescue 15 Z: stable-DiT —0.91% / —0.97% (chef/drum-
mer), GPU1 F|4x2.65/2.61GiB; R15: —0.94% / —0.95%; A15 PUk&: —0.00%
F] —0.19%, FF 2.90-2.98 GiB,

53tk BF15 5 R15 YA LHEE (9 —0.9%), XARGZHEYNFIUE: AR
BRT “F 15 MEHGE BF16”, 520 15 ME3k; 1 A15 HeiiE scale FLEE,
AT NE HBFE R, 15 & BF16-rescue 1F dual-5090 A& 112 N A 2K
2, N EAGHNTTE,

T—% 1 RE  A15 DUEF AN GSHEIEN; BF15 (REFAIZH T RIS E

#+ 13.6: = 2% T lane MY AR 112 (stable-DiT timer, JEZEFEIEK wall time)

Lane stable-DiT il Ax GPU1 #&TA1F

BF15 (15 2 —-0.91% / —0.97% 2.65/ 2.61 GiB

BF16-rescue) (chef/drummer)

R15 (ZEFN152) —0.94% / —0.95% [A] & 2%

A15 (15 JZR/T) —0.00% #| —0.19% (P4  2.90-2.98 GiB
%)

Step 71 | A15/tailor: “BEE + RE” KB MHILIENE

ohiE K& A15 7E validation cell tailor £V latent FE B 5 i 5 &E M 25
—%

Profiling / 4% Al5/tailor £ latent Z5[A] & oracle HIZ: audio_latent
—50.780%, (BRI G R Mo BF16: audio_rms —23.60 dB, *f[Lt
BF16 [) —23.58 5 FP8 [) —25.25; spectral_var BF£3 (0.39 Xf 0.50); silence &
X (1.8% X 2.4%),

St F—RIEENEOR MA N 2R, HIXE R G YR &
B — AR X — REFEIR Z BIR 72 B /il = MESED IR BB cell 55
B, R, AN K32 WERER; XEHMEA. B M e,
T—% /1 R%E latent-space BB ERPEER T A HEA G RI A15 YREUE MR
5 NITH&E, [E-ws-PANEL]
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FiEieLEie

ARBEHERABEANRIE, M2 Week 4-6 £ H0FE AR RHE & &, 2R
7 R15/chef 7E[R]l— & T RME L T4 BF15/chef (overall +8.6137% Xt
—3.5813%) , IXFcHA—HLHLE AERHEGEN oracle-L2 MY 2SN 5 | #EAYFL
INRERE, MARREBE; 5 cell FFSEIERS £3%-20% BRI ke 7 1k
Al “chef it drummer 7 BRG], K HEHE oracle-1.2 ) H LY overal-
1/primary gate IR IR IIAR, FEEVRHIRMERIEL 7> IR & ER-forward
oracle-L.2 [X exact-K32 Y] —22.910% 7E 320/320 strata fs € MR, BmZH
AN NPRE R reference-free i MR, H EH %G H 2 K32 AP/ i : 1%
MR R ICH R ESS, +14.3% stable-DiT FUEMARIEIK S 1K, [E-Ws-PANEL]

FhiEmiR B SRR

IR R BEUERH “TASIN”, EEIERA “Z4F7: |dev| < 1 U B RIES 47 lane
2 FANEIENE O lane Z BN RAZER, X2 —NMESMHEHE, NEItbk
PEHHE, av_sync fRERIEIT 400 ms EEIRFEASRE, CFEHN diagnostic,
A FR AT o e R 8 A5 35 i [R) 20 3 WSCEHS , #5575 51N SyncNet, |dev| < 1Y
BIE M AR ZE N PRSI —H7 55 BF16-FP8 [ p95 Z 572 X, RRIEOR A, T
PRUES ANRRHAIW 55 ; K32/drummer B flicker 0.257 X 0.176 5 K64 /drummer
[ 2.042 #RAHSEIE N THIEA e ABRE 116, 4P seam_spike_ratio XA /E
X PR B2 BF16 A= 7E chunk R ASKEEE H AL 3.3 %, IB(HZ
10 fFHYMIZE spike, {3\ VAE HUIA S ELSUE HLFE L, [E-ws-PANEL]
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Week 8 H1: 758 landscape K32 MXFP8 &
%% V2

[ SEIEE Y &

AREEH 832 %480 K32 baseline V2 J& 4 Hij Portrait stack H7j 7 LIEIFHE, HECX
A/B ERE R, (B48% FPS N E X Bl baseline headline; current benchmark
MR 18 &=,

14.1 5cil “K32” XAia%TsE

2 14 ULy 7= 01HE4E K32 BHIHE 25, Week 8 XA — P REAZE “ZA
# EK32”, mid “_ERERRE— K327, Week 55 Week 6 B B 2 /D P
A — & FHERAYZRPE: exact-FP32 K32 simulator. ceil-pow?2 K32 simulator, native
E8MO provider, PAKIREE BF16 ALEHY fake quant, ‘EANHIEMEIT NEE2AE, #HE
IR AR, (EMEEIEHEARAL,

Step 68 | IBRIEEX BT RAIHAITI IR, MAEEHHER

ENE 1 Week 5 [ native MXFP8 K32 Linear #12 [&E k. M —{51%E X = 576 4>
Linear #3579 native K32 MXFP8——E4M3 qdata, 1/ GEMM [ K 44 32
MNILE— UESMO scale, activation #Z#{TH4. weight &84T B kA ;
BAIR aten._scaled_mm Y& H. BF16 Hitt. fused bias, FIN{EIUZEELSE HHIT]
25 ik split-K. ZE 1l fake quant, ZX1EREH BF16 A&, X1k fallback 5 upcast,
Profiling / £6R [EXISTTIIHATTIEULNE] 576 (R K32 i, 0 (X fallback, 0
X weight upcast. 0 F IR BFl6 f{ &, HixA HIHHY formal compile graph,
S “576 B 5 “0 X fallback” AAFINBOIA GRS : REZHKS
2 fallback JE#K, HFE fallback #LEHRE R AR, 0 FIRH BFl6 FEZ
18 fake quant ME SCHEAIBRAME—REUESE; JToHT formal compile graph BiAHIX 4%
PR A it TAE R BB 29I 2 SN 5 — 5K & L.

T—% 1 RE  PORE XM S 3 NN SEES; AN 2 55521
BIRNGE HARBEET, [E-ws-kaz)
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Step 69 | Attention IRz}, BRFHEEFEIH

N

ahfE  attention M5 Week 7 [ 48 I B SM120 MXFPS8 attn1 (H128 fusion
disabled), FREAZE—KD,

Profiling / 552 #IE S5 HI4HAE attention BLE e —, WMMNERICRE
576 I Linear HJ scale granularity 5 scale encoding,

51 Week 7 HJ attention B§12 A S IE REEH) fusion Wd; %5 Linear &k
[FE#tsh, ARERNFE S TCEFREE—M, fR%F attention RS, 21k “H
X7 IXANEEIE RO R AT

T—® 1 RE I attention K455 A release manifest [ runtime &%, f#/542
fEIE TCIRAE A B ORI TG L M EIH I,

14.2 MigEIN A/B: XIRE—EHRHERA

AI-CRETERXS L, AR E#EGR AR, Rt ARINE AR I, A
B — A AR O 1T

Step 70 | =ML fresh #12, ZEIRF

E{E ST =AMLY fresh IREISTT, WUF2EH B/K, K/B. B/K; &% lane
{5 A7 HAEJS S AT A EAERT compile-cache root,

Profiling / &8 /SMMELEERTER, =XNBlF, HERES cache root 17
FEME 3 IE a3 A7 S A0EI

St ZZRNUF A THGE “FeruARSR lane AR IXEMFRUNY ; cache
root MAELE, /BN T iEEE5 lane BRMEIFUAGMIE, 3 NIM51E T RE H Rl 4
B ~HY Inductor /=¥, #2 warm throughput 5 cache 8 HIE I —1%,
T—% 1 RE AR A R EZN L, Ewsksz)

Step 71 | B4 FPS $E1589 53 F 53 BEFR, FrEA

E  [EEF MEMRE X stable-DiT FPS = 288 / " (chunks 5..10 ¥ dit_wall_
seconds); generated FPS = 489 / (sampling + {it7K video decode) #b.
Profiling / 455 stable-DiT 432 288 i, 73 REHRE 7S MAE chunk #Y DiT
wall; generated FPS B> T /2 52 B & RIAY 489 Mi. 7354 sampling 5Kk
video decode,

Stk E T TFAIE (288 Xt 489), 73818 s HIHT BX L ANE (A& DIT A7 decode),
RIAEART— 75 RS 25 BTN RE R PR N 55 — 77 UG 2, SRR Fh 2 —FR R 2] i
i3, stable-DiT 24 warmup 5 decode & GBI O RAEMR, generated FPS
7 BE R P AT = R
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T RE 2EHRTFEIRTNE timer; [TEABIE 72 BB BN IR
EO

R 14.1: N RENMFELAIZ1TH stable-DIiT FPS (288 / > chunks 5..10 dit_wall)

P HATIT tensorwise $5tHlZH K32 feik B S

Pair 1 B/K 32.2906767035197 36.84488074452695 14.103773924659912%
Gd)

Pair 2 K/B 32.34437926716349 36.87106602064691  13.995280960853007%
€=

Pair 3 B/K 32.32320669321489 36.88304357580583 =T HAL L Xt

mean — 32.319420887966025 36.86633011365989 —

CVv — 0.0683391179798529  0.0432257473010205 ratio CV 0.04551887

8% 65% 470930984%

Step 72 | stable-DiT: =32 &FRME, Hh—3I]

ohE XN =XNEER A EECN EUE, H ST baseline. candidate 5 ratio
=2 CV,

Profiling / %% median paired gain 14.103773924659912%, minimum
pair gain 13.995280960853007%; tensorwise mean 32.319420887966025
(CV  0.06833911797985298%) , K32 mean 36.86633011365989 (CV
0.043225747301020565%), ratio CV 0.04551887470930984%:

St XA HE NS SR 14%,  ERHIX A 203 3500 55 B RS hAE I 2
ratio CV (0.0455%) 1T baseline CV (0.0683%), WA FHFRHTEE T —
F 77 FL R R A —— X T2 O B TN S = RIs T ME T T, TEEIZE 2 H
J&T stable-DiT timer, & warmup 5 decode.

T—% 1 R&%E #A generated FPS B,

Step 73 | generated FPS: 5t 489 &R THIE

E  FEFR—HSNMEN L, F 489 / (sampling + 7K video decode) T gen-
erated FPS,

Profiling / %% tensorwise mean 28.344309608927105 — K32 mean
32.57240180650768, i 7%  14.916899567908072%; K32 = X 4+ Al A
32.552835914832734 /  32.59177997937012 /  32.57258952532018, CV
0.04881249457193308%:
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531 generated FPS [325 (14.916899567908072%) Mg T stable-DiT ) me-
dian ¥25 (14.103773924659912%) , {HME 73 F o3 BEEBANE], XA Z(H A Ak
“decode HZZHLT” BUIEHE, HEEWFATEIXSATE NN timer BN 75 [/ —
B, K32 flll generated FPS ) CV Jy 0.04881249457193308%, 4 stable-DiT fill
1] 0.043225747301020565% [Fl &2

T—% 1 RE WA timer FVELF 77515 A release manifest FIPERERIRIE R,
BILTERE A S I AR — “hmE R,

® 14.2: Foxt s 1255 HE

%% WLIHE HIE
median paired gain > 10%  14.103773924659912% (stable-DiT) PASS
Xt gain > 8% /%t 13.995280960853007% PASS
baseline CV < 2% 0.06833911797985298% PASS
candidate CV < 2% 0.043225747301020565% PASS
ratio CV < 2% 0.04551887470930984% PASS

GPUI1 free > 536,870,912 B K32 i/ 1,707,868,160 B; tensorwise 2,200,698,880 B PASS

Step 74 | B7F: B NERERITRE

Eh{E  IE3Mi%% lane 1Y GPU1 /) free 5 max allocated,

Profiling / 4558 K32 &) GPU1 free 1,707,868,160 B (1.591 GiB) , tensor-
wise 2,200,698,880 B; K32 GPU1 max allocated 30,504,942,592 B, tensorwise
30,044,127,232 B, 7 460,815,360 B,

5317 K32 Y per-32 scale 5K & S5HMHM A quant H1/E] E# max allocated 15 T4
460.8 MB, &/ free SREM 2.20 GB [4% 1.71 GB, [122H{H 536,870,912 B /5
2] 318 5, HIXARREEEYAT 20 HEF. Y7l attention FLE FIEIH;
HERAFEKE H128 fusion #iSEHEFTHIET,

TF—% 1 RE  E GPUI free [ 1EAREIE G ST E BN H, AR PASS
T B
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14.2.1 HIRIFEENRRSE:

WEEK 8 FA: [75% LANDSCAPE K32 MXFP8 &4 V2

RBHER

Step 75 | K32 HmIFAMNEHELAFMAELR

v il

AT, K32 2GS,

E  AEFE—HEEL LS compile warmup 5% fresh HER elapseds
Profiling / £&55% compile warmup J{H K32 327.122399 s *tt tensorwise
265.215584 s, f&T] 61.906815 s (+23.342073%)
481.48748628570075 s Xt bt 421.0619265236892 s (4-14.350753643505222%) o
XA, AR A DIEME A ISR T £ IR B3I 5EEE 20 7
TR E, K32 # warm [t EE MR I X AEGRIERT BCIE T A1 K, 1R elapsed
[z i 60.4 s, stable-DiT H +14.10% SR elapsed HY +14.35% BEREIT
AR, JiMAER, g n] EAIRIEROR,

T—% 1 R%E K32 HENA#) warm throughput ik, REARIRE, A
SIRAEMT “K32 s i ™ Mk, —obh, R I S e 5 R HR B Y

; BEA fresh HARE elapsed

Generated-FPS progression (same 489/formal-wall timer)

35 -

32.5724

30
27.3708 28.0843 28.3443

+16 +SM120
MiB MXFP8
workspace attnl

27.1049

I
o7

tensorwise

= N N
w o w

Generated FPS

=
o

5

0
paired K32
tensorwise

control

MXFP8

Three alternating-order paired runs

+13.995% +14.107%

+14.104%

4
35 -
3

5 -

0-

= N N

5 -

Stable-DiT FPS

0
5
0_
10 -

5 -

0 -
rep01
B/K

rep02
K/B

rep03
B/K

14.1: /c: [F]— 489 il / formal-wall timer ~HY generated FPS {##f——07 27.104924, Week 3
27.370839, Week 7 r04 28.084267, Week 8 [F]f% tensorwise 2] 28.344310, K32 32.572402, #5:
AR ECATIZATHY stable-DiT FPS 58045, HAG KRS IRERACA ([F—HREHR,
RN RS2 HAFAER) compile-cache root) ; 72 EIRTPYITES AR CHEAL, A I [A] 5 AN R

WA, HREBLE I, AREBERZAE A/B,
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14.3 attempt06: NREIXZEAEZFIRTIEE

Step 76 | AIRAARZIRGEFHAIS| FAIEHE

e TZIN AL E I NIR attempt,  RIEIH E R ERHATT IZS DR IESRFIAR—IR
RN R

Profiling /453  attempt06 MAFTER] cache JHA, JEIL 77 TIHASTIIZA, 13 Tk
HHIRIERS. 13 T portable JuliE#s ; stable-DiT 36.909282 FPS (dit_wall 7,802.915238
ms). generated 32.609774 FPS (sampling_and_video_decode_wall 14,995.504211
ms)o

53 1 attemptO6  HY PN > FPS  #F W& /& T = X AL AT SL 56 19 X B 1 {EH
(36.86633011365989 5 32.57240180650768) , X2 RIZ{TH =IRIEKIIE
WER, TRESASIHEE; X5 H—A B (E,

T—% 1 RE  attempt06 1EHME—H manifest FHEFIHITUENE; A FIRZEELR
RAERKA R, ASIENTERES I FSRIR, (E-ws-kaz)

Step 77 | 2 BEIXHMEIRIRE: E4 warmup DiT chunk

EHE 47/ attempt06 [ fresh compile warmup 45 Inductor cache 4.
Profiling / 455 fresh compile warmup 305.712944 s, #.f> warmup DiT chunk
53511 53.932 / 60.167 / 66.672 / 63.190 / 52.696 s (A1 296.657 s), NHB5 |4 elapsed
458.276779 s, cache M\ 0 XX, 0 F K E] 1,756 1 Inductor S, 599,228,407
Fi,

11 296.657 s 1 305.712944 s AL KRS, BiHAGIFANLF2EVEEIX A
warmup chunk I, TiAZ 7 EAEIETTH, 599,228,407 7Y Inductor /) /&iX
EXITRIP LSS SR, @R 7 T4 “cache root DIAIFAE” X —5& 128 AR
BIA——BHRWEH, RENETMSEZHEK, BNl RE,

T—% 1 RE  H cache XHEEFTEG NIEEGEH, 1F N “WsEMNTHRIE" 1
IR & v 5

Step 78 | RESRSHITIIEAS

ENE RN attempt06 A% A2 4519 /2 REGHY 20 POHERE S (A,

Profiling / £55& #1140 489 fi H.264 832x480. 19.56 #», fill 48 kHz 34K
AAC, HATIIZEWLMIE] 576 {R K32 . 0 (X fallback. 0 {X weight upcast. 0%
TPRE BF16 A&, JCHTHY formal compile graph.

St iECS NS UL EE, S0 generated FPS HY 7>+ 489 ML —
X FPS M “EFR” K AR ME—TT R, EPHIBERREASTH, BN

75



Catnip FP8 Scaled-MM Technical Report %14 E WEEKS8 H#: [5352 LANDSCAPE K32 MXFP8 & V2

Week 6 /Y audio p95 tail i FHESRRAS IR ZE R ST AITEPR.
T—% 1 RE RS FERIETE TR A,

Step 79 | JM3Z portable 18328 : FISEERFRIBIE

& H 5181777 H portable ik #y E#T40E BT &1

Profiling / 555 UEARHT 40 DREESCAF. 13 DEMBFELKIE, 16 1 atten-
tion artifact, 3 MM E CUDA §7/&. 6 1 Python kA, FEHIHY bitsandbytes
CUDA 12.8 —i#fill. host runtime ABIL, 5E¥ERE {71, result-local prompt/con-
tract PASIMZ replay an; HEK pre-run 5 post-run B source/ ABI/Gemma
PRIE—2

53th pre/post AR —EME 2RI 1L B TR scil” fUSCHE: RAETHRNHE
— IR, TCEHERRERR NV L, SR8 13 > CINEUHSERRIR T A 2 (R E g A
M, RO EAFAEEARBNER S A INEE R, MBI 55 L=,
T—% | R%E  portable KiEa5-5 FEAHIUE S LHNRGEL, B— BN TLR02
7o

J

Step 80 | Week 3 B9 16 MiB cuBLASLt workspace £ “FHE” K&

EH{E 8 CUBLASLT _WORKSPACE_SIZE=16384 M Week 3 HIfEIEIRASHE A
Week 8 ZHBIERIBTTHIRE NG L B —

Profiling / 552 ZZBIEAREM 6 X performance 12175 8 {X calibration J&1T
HReERAERL, 14 IR,

531 Week 3 {22 PROMOTEN B FIEE R “HEMA TN B EAREH
HHT =4 fresh acceptance”; Week 8 Y fresh AR I KA R IX—%%, HIA
A B CLHE A release manifest FIHTI 12K E, KB H2REIE L, M2
il 5 e Z A B E IR — XM E RS B —0.865511% wall Yz EL %
Wi tensorwise =Ml LR, AHIHA K32 B 14% <2 H,

TF—¥ /1 RE PROMOTEIKREXM; FEUEMECN 250 AP 55 lane B AHET
ZAE, SRR,
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14.4 2% B51%: RAFHU manifest, A2 hermetic di-
gest

Step 81 | release manifest S +4. BBARHBEN2

BMIE KM ANAEFH release manifest catnip-k32-reusable-v1:sha256:
e032427521bb6fe1815c090bfd58915e5a5e34d5c7c77495eb60df83b02d5925, H ID
FEX R ID FERA & 2 SMALTEALTE BN A B SHA256,

Profiling / 465 manifest Z8€ [EE M 20 FOHEF AR, BAL G4, 40 NEEM
runtime J5/ —#HIC R, runtime ABL A FRHIHUTT IEERG A attempt06. =X 1HRE
RK Y calibration HBUEHE; R R4S claim 5L : B9 reusable_experiment_
runner, formal_baseline_accepted=false,

51 BRI 2 hermetic container digest: Gy CUDA driver, Na#&—
/ Torch/cuBLAS/cuDNN HZXNER, RIGTHG—MEIBME site-package, X
G ERELRIE Rl —0E BHR A 2 R —HEOR € X 5 R — &5, B8
RIE “TEEENLE R EI”, XKL TH manifest A5, HLE R HE
REEAR RS o

T—% /1 RE X5 H—HE I formal_baseline_accepted=false; manifest AJ
AT EMLE, AaTHTEMREREL, Ewsksz

14.5 fRIIRARIE: BhER AUTO_PASS, ATiTH#H
hRF45

shiE TRHZE 14 T reference-free Mk, X K32 5 tensorwise M55 lane 75l
calibration,

Profiling / & calibration_execution PASS (8/8 izf7. 8/8 ML KUE)
calibration_automatic PASS, Mk lane ¥ AUTO_PASS,

St $4T PASS 5 HBhHIE PASS M E: |/ KA 8 (s THR e H.A
WISZRUE, JEEA W NIFREE, EMERBIEIRSA, 2o Tkn “H5E T
BOZRK “REE T,

T—% 1 RE  #HARERAZRAT
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& 14.3: K32 lane (UAFF HENEFMZE (DARLE B AW T —)

Cell / $5brR WL A=
drummer_rooftop_seed13579 / A lane feK{H 1.8357545923880418
flicker_global

violinist_station_seed77777 / blockiness — 0.6205448576104072
chef / blockiness — 0.5436534483290965
scientist / blockiness — 0.1702499922810123
drummer / blockiness — 0.09754742031431718
drummer / seam_spike_ratio — 0.08223347851634989
> K32 cell / audio_click_score 2ERE 0.0

Step 83 | J91t4 1.8357 A% AUTO_PASS

E  FPUEMRNAE « ISR BE A KT 2.0, HESRIEETEFRTE
PR BAE cell 83T 1.0,

Profiling / 465 K32 i K HEIE FWZH 1.8357545923880418, >k H drummer_
rooftop_seed13579 HJ flicker_global: % cell H' BF16/FP8 C.AI R4FiA% N
0.17829132080078125, K32 i i%ih%% 0.1166534423828125, FRLAZRSE B IR %
0.06354522705078125 15 1.8357545923880418, [AHA tensorwise 4 HllZH & KB N
0.9264946533145333, 2K H violinist_station_seed77777 Y blockiness,

S 1.8357545923880418 A 2.0, H3 14.3 A LM B —FEhRAE M S DA
b cell 3 1.0, PSHLNIRIIRG 2, KA AUTO_PASS, {H'E 5 BIE R % 0.1642,
I BLAH B & F R EAEHIZHAT 0.9264946533145333— X /2 “fiE 5 tensorwise
MY fIEE, RUE “Rig FEME B aRE”, audio_click_score fE& K32
cell #8°4 0.0, 1iHH Week 6 E M EIHYT audio tail FEARERANIX —Febr LB E
B, EIZmEARAR S A 5 Week 6 fHHE p95 M2,

T—% 1 RE LK flicker_global NEE KM, R A TE MR,

& 14.4: BRI BERTIH—%E, band WEIGA HLIES

Ei=0an H— %
flicker_global 0.06354522705078125
seam_spike_ratio 2.0890769623390737
blockiness 0.011582732200622559
audio_click_score 0.09535861015319824

Step 84 | FREXARKEMAE p95

ohiE [EEEREEEREX: Y/ calibration cell _F BF16 54:7% FP8 K
“#axt#%; validation 5 heldout ZEMNFZ5,
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Profiling / 4 % MW 1% B W R 144, band AN # G &
72cff01e42fb6e490de5c6d95d217fa35b09b3d0ca5176a4f67f31686fddad4.

SR FEKIETTAE p95, BRI EIR R B 5 1 —HSE, 14— /5 k28], H
TERRFERR, XA TT AR s AR AR 3, KR EEA “BIEESR” K
fiElE AUTO_PASS ZAMIEAIZE1E; [IIK, P p95, 1.8357545923880418
TR, validation 5 heldout N2 5 FEAIE, &0 T B LR PG EURE
TSPl R,

T—% 1 RE W SEH —HAREHE manifest, (TG4 EE RS EEH Y,

Step 85 | F&IAHIZIE heldout iitiE

ThE 5% Week 8 55— reference-free Mt A& IS FE,

Profiling / &% HF—REWEHRFTNMHEH TIHAIEN final-heldout
scientist-greenhouse/seed42424 5 violinist-station/seed77777 Wit&, 4t
Stk —BRMEZSE TR EN, ETKAKRZE heldout HEig—3 5
“HHT—RR TERE M, XEAREE——ANNEENER, BEE
TR MR E S| HERZ M N F (violinist blockiness 5 scientist blockiness #F
KEIXMWE) o

T—&F 1 RE V2 IHOERIXMIE, RIS E I calibration (calibration Ff
Hpurg), HBITREN DN AIEAR final-heldout-v2 H14F, #F hash-bound $5
HIfEBIA BET A, AZEFTAH calibration Z518 K I R FEPUHE calibration BRI,
IR AT-AR] heldout IZLIEHE,

AUTO PASS HIZEEM

calibration_automatic B AUTO_PASS H7E & PU1 H s fetn : flicker_global,
seam_spike_ratio. blockiness. audio_click_score, manual semantic_review_
required /54 true, 16 XER. EAR—EE. prompt BMWE, HFHEIFEDES AR
FEIXPYMEFRIVEE ITEREIN, AUTO_PASS X B TAEETRRIA,
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14.6 HiIEHE: AT AMEEFRENEL

R 14.5: Week 8 &5 oI 1Y) Jo 2 Hi € B

1= K& dE / i rE

calibration_execution PASS 8/8 1817, 8/8 FNZIRIE

calibration_automatic PASS 4% lane 3 AUTO_PASS

calibration_manual PENDING FRESLIEH; AT LS. handoff SORS-S i A 3G TE 85 Tt ;
formal_adjudication_exists=false

calibration_freeze BLOCKED marker status/quality_calibration.freeze json N ZAE

validation LOCKED required 4 runs, completed 0; f#Hi7 freeze marker

heldout_v2 EMBARGOED 2 hash-bound 5 i fig 4t

overall_status CANDIDATE_PENDING_MANUAL_CALIBRATION

Step 86 | Mi—HIPHELREAN, TEHIE

e R BlUE Rt L — AR AT E R0

Profiling / #5 % calibration_manual PENDING — calibration_freeze
BLOCKED (marker X f£1£) — validation LOCKED (required 4.
completed 0) — heldout_ v2 EMBARGOED; overall_status = CANDI-
DATE_PENDING_MANUAL_CALIBRATION,

St BEEE IR EAUMAKE: freeze marker FH A TEFE#H 74, valida-
tion H freeze marker fi##i, heldout_v2 HPBHEIEH, KA ICIEHEHAME—
JiR R P LI RRSE B PE, AN S EE,  BRE ) sk e g — A~ FF
. handoff %5 N B 56 T 25 AR 44

T—% /1 RE K32 (REHEIZ S f7; 1E formal_adjudication_exists ¥ true &
i, A7t freeze marker, /33 4 IX validation J&17,

14.7 BXERHFZT RSB/ harness

Step 87 | REIRIERFIAHMEIR K32 release

ahfE HEAEABNTRAZE Y scripts/run_paired_candidate.py: #& G
K32 release 1 A#2Hill2H, #% control/candidate. candidate/control., control/candi-
date P HAT =X WA AY 20 #01817, B4% lane HHIZ HAFELERT compile-cache
root,

Profiling / 5% ®i&MIH write_pair_lane_evidence.py 5§ COMPLETE {5 #}
— 1% writer WA EAEIE PASS; 73 MEEE G H validate_paired_candidate.
py Mz E R =214 baseline reference. MJFE%A chunk timing B stable-DiT
FPS, fe&dAEE, HELS G / T / 3R5E / cache / artifact 5%,
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St 1 “BIER” 5 “HIE PASS” HREINMETFE, BHNTIHRALE: writer
HREMRIR R4 T 1124, HIEAAEMAZIY validator, validator MEEA chunk timing
EHH FPS MBI writer fiR &1 FPS, {#15 writer (Ul 1145 IR E TCT%
LIBRNEE0, J52E(] kernel / fAk / attention / compile / V& FEARTEHT B DAL T
A5 EER K32 release M8, T A~/EH K32 release B A L,

TF—® /) RE harness 5 K32 release —[F & i, HEXEHE PASS HgHiiAMENE
HEUEHE ; FRRSIA calibration 5 validation {52 BAURK, (FAIe1EAR1S DAEC XS
PASS it i i, [E-ws-Ka2]

F—REF™IEEXS A/B

TEMZ A, XS EATERY “TE P # AR A LR, A ECE AR R A AR
;5 Week 8 58— IR =X T, BESZ fresh R, 7 HAFAERY compile-
cache root fI% 1, 8 K32 5[Ffk tensorwise 2 Hill4H O R —HE 325, stable-
DiT median paired gain 14.103773924659912%. /N —X} 13.995280960853007 %
ratio CV 0.04551887470930984%; generated FPS Hi 28.344309608927105 Ft
Z 32.57240180650768, M7 14.916899567908072%, 7NUA[ 12E4%E PASS, at-
tempt06 B 77 AT IES MER 13 TiwiEds, JPANA Tk manifest
catnip-k32-reusable-v1:sha256:e032427521bb...5925 [& 7 & 17, Week 3 [] 16 MiB
cuBLASLt workspace 7EI—FF G5 HRIEIEIRT, BONPISS lane TEZ M REEIAE
[E-W8-K32]

EX—EREERIRR T A

e formal_baseline_accepted=false, manifest N 5 B E
reusable_experiment_runner, overall_status N CANDI-
DATE_PENDING_MANUAL_CALIBRATION, K32 A 2B & XM IE
AIELR,

o BJEahdE s, HIEE M, compile warmup 327.122399 s it Ht. 265.215584 s (&
11 61.906815 s, +23.342073%), B fresh #FE elapsed 481.48748628570075 s
X bt 421.0619265236892 s(+14.350753643505222%).K32 HJ& warm through-
put {1,

o P/ FPS bR AR, stable-DiT HY%3F /2 288, 73 BEHE chunks 5..10
f{) dit_wall; generated FPS [J73F/& 489, 77Bk%& sampling 5ifi7K video
decode, WA ANRELAHT M, HLARAIE bim 2 v 8 22 Wik

e AUTO_PASS H E & PUA H 3 fh 2 H5 b, manual_semantic_review_
required /574 true; K32 BRI —HFWZE 1.8357545923880418 il &
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2.0 % 0.1642, Hizs T FREAFZEHIZHA 0.9264946533145333,

o calibration &5 R EPUKS calibration bFJ¥ 7, 26— mEiAR S HEMH S final-
heldout cell H FHM1E B &, MG TR ; V2 B8 702291 5 1% hash-bound
[ final-heldout-v2 SAFF, AREAZE( heldout ZLIEHE,

e manifest /& hermetic container digest— 157 CUDA driver. TG
> Torch/cuBLAS/cuDNN HEZ=XR [ NG MEEM: site-package,

o E—MPHIERE W, calibration_manual PENDING (formal_adjudication_
exists=false) — calibration_freeze BLOCKED— validation LOCKED (re-
quired 4, completed 0) — heldout_v2 EMBARGOED,

82



15

Week 8 T: 5 landscape K32 Big& %
& Profiling

Al E#2 [ profiling evidence, A& Portrait benchmark

AEE N 832 x 480 752 K32 stack Y attribution FH THEF [G&A AL, B HH Y
Hil Portrait FYZEXF FPS; Week 9 EHHFH) V-layout hypothesis S8 A/B,
current baseline W55 18 &,

15.1 SMEMNR. HEELFXNSHEIOF

ARFEREFREEFEAFE— D IRGE AN R release catnip-k32-reusable-v1:sha256:
e0324275... )] K32 baseline, AR TMEMXATAT baseline runtime, WM ; FrasLEl
) — IR N —4, DACRIEIHR S BEA S 127 b, [E-Ws-PROF]

Step 76 | ZHRIFAY NVTX trigger, {BFASEEE 20 FiER

e XURZE K32 baseline R — X ABEEIIRY 20 #h58%E1E K Nsys trace,
Profiling / 455 %18 ML Nsys 2025.3 NVTX trigger i, TCi%{% range /73]
%% ; launcher A CARIEH] --start-later 2X1E, £ =" compile warmup chunk
Z JEHHE trace, BSLkil & FEITEIREA B PROFILE_REQUEST NVTX range,
FMI{RpE e 8 R AREE 20 #HIEKR, F= HIE R RE 1A,

St LRGSR EAEREMm AR AN #EdEEZE warmup B, N2
MERAL; formal H2{5/E PROFILE_REQUEST iX—/ NVTX range, 5
RSN E RN WEEI e

T—% 1 RE  ARVFLAZ trace A7 E VAR, EXREXFMIFRAR A H A EAM]

wall,

Step 77 | SEEMIEIEIRE, BREMWOFAT LA

i XIRFEEHE=IKIZITIIE, SFRIECER Nsys flfEiaf T2 I g,
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Profiling /458 RAfHE =X IIH stable-DiT 36.866330 FPS, generated 32.572402
FPS; Nsys ffilitizf7 4 36.301144 / 31.907889, B4 55 ALY 1.533% 5 2.040%
5, sampling+video decode wall M 15,012.713 ms #§ = 15,325.364 ms, K
2.083%.

St 2% BRI E DL promotion gate FiX D ZER, (A 2 DAIR
kernel Z RIFAEAT &5 EE, Rl trace PTRFE5MVAIAL, A AT H T E A,
T RE NI RIRSAE ORI £RLL 36.866330 / 32.572402 FPS; A&
BEATH E 7 EXIFRE R AEHE trace NN & L,

mEERE

AREE I =R B AN AT . ARAEHE wall (HE—R]XAMTIEE) . Nsys fdiiE
NHY formal PROFILE_REQUEST wall 15,325.152 ms (JAKIZHF) . PAKFRE
CUDA-event benchmark FJ#5 (BEARE wall ABEMEND) ., =& NS HH#E, 1
MMFRE AR FE—KIKZE R, [E-Ws-PROF]

15.2 i85 B89 Nsys SQLite J3E

Step 78 | 5ik self-check £, BEEME S

e MIR4G SQLite RIE R, 41 0 EStit, 7 X FF stage interval, attention
count 5 sequence-pair =2 1%%,

Profiling / 55 &% self-check: 45 M & [, 12 1 stage interval gate, 3 P
attention count gate. 5 I sequence-pair gate &# PASS, G failure, GPU1 #t
369,801 {X kernel launch, kernel sum = union = 13,469.349 ms, stream-overlap
factor 1.0000; formal PROFILE_REQUEST NVTX wall 15,325.152 ms,

531 stream-overlap factor 1679 1.0000 ¥iHH GPU1 - i&A AIMIAY kernel %
HZ, kernel sum A]DLUTEIZ-RIVEITHH; HEMARRZ GPUL NEH, T2
TER walls,

T—® /1 R%E DL GPU1 kernel sum {ENFRAGETEE, LA formal wall fE 1%
R BE, D2 BERRE D IR,
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& 15.1: GPU1 £33 chunk 5-10 envelope ] kernel taxonomy (H./F name-based 772, & GPU1
kernel sum)

F5l i GPU1 kernel

sum
K32 scaled-mm GEMM 38.489%
BF16 GEMM/GEMV 15.673%
Layout/cat/copy fused 11.071%
Custom attention fused core 10.906%
PyTorch SDPA /Flash 7.406%
Reduction/norm 6.711%
Elementwise 3.745%
K32 scaled-mm support 2.477%
Custom attention V K32 quant 1.966%
Custom attention H128 Q/K quant 1.556%

Step 79 | scaled-mm 5 custom attention BIIER 38, UKRERIRTHR

e HEIEZS envelope HI73REERY R E formal IER 1R, HXF=KE X
1 custom-attention kernel B E 1T,

Profiling / &% formal 12 T K32 scaled-mm GEMM 2/ 31,680 launches /
5,284.153 ms, 7 kernel sum 39.231%. 153K wall 34.480%; scaled-mm sup-
port 7 5 2.500% (336.677 ms. 55,440 launches) , WM& &1 41.731%, —=HKE
A M custom-attention kernel 511 1,810.616 ms, & GPU1 kernel sum ¥
13.442%. formal wall #J 11.815% (F23Z4&&1124 1,140.626 ms / 14.428%) ,

S XA 13.442% s name-based #r &, WHELE FHR: BEEAZZEEDN
provider e2e, WAEEEH4EL attention, provider MY cast 5 layout 1R
AIREMUA NIE A Layout/cat/copy fused 8¢ Elementwise 27, [KHE S atten-
tion T B KA Z /N

T—% 1 RE LI attention %1, —FEE K" =ZKmif kernel B FFR”; 52
¥ provider JAF AL H Step 84 HIFFE benchmark FEAH,
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GPU1 / DiT kernel taxonomy GPUO / VAE kernel taxonomy
- o VAE
BF16 - 73.257%
BF16 GEMM/GEMV -_ 15.675% convolution
GEMM
Layout/cat/copy fused -_ 11.071%
Custom attention fused core - 10.906%
PyTorch SDPA/Flash ~I 7-406%
Elementwise/fused - 25.953%
Reduction/norm fused -- 6.711%

Elementwise fused -- 3.745%
K32 scaled-mm support -. 2.477%

Custom attention V K32 quant - 1.966%

Reduction/norm -{0.790%

Custom attention H128 Q/K quant - 1.556%
l l l l l l l l l
10 20 30 40 0 20 40 60 80

Share of GPU1 kernel sum, steady chunks 5-10 Share of GPUO kernel sum

o -

15.1: /&: GPU1 1375 kernel taxonomy, K32 scaled-mm GEMM 5 support &1 40.966%, =3
44 custom-attention kernel &1t 14.428% H /& name-based T5%; #: GPUO taxonomy, VAE
cuDNN BF16 convolution GEMM 1 73.257%, Wi kernel sum 73 J& N RIBeas, 48Nl AH N Ao
%Uﬁ#ﬁ Wauo

Step 80 | £214> NFE RYI2EE, AR NFE 0 REERANR—5 7

e  TEi% chunk 10 B2 NFE, #7F scaled-mm 7 EUE G 7E,

Profiling / 458 chunk 10 /Y NFE 2 A K32 scaled-mm 4 38.772%; NFE 1-3 #8
£)271.5 ms, HA scaled-mm %) 102-103 ms. NFE 0 BHZ H 5 (230.178 ms), *f
N A[FH sigma 5 cache states

51tk NFE 1-3 FEEEUARSHEIN 2/ 0K E NFE f7 R F51E;
NFE 0 2RI —4, EH AR— MR GRSES T %,

T—% 1 RE J5ETH per-NFE A/B H7E NFE 1-3 _[H4%, NFE 0 5],

Step 81 | =4 PO scaled-mm shape 5IER symbol &%

e WA scaled-mm fi shape # 1, 7 H Nsys £5#8{5 B4 symbol.device,
grid. block. shared memory,

Profiling / 558 = PO shape &1t 5154 scaled-mm 87.665%: 2340 x 4096 x

4096 17 36.949% (grid [19,32,1])+ 2340 x 16384 x 4096 17 26.256% (grid [19,32,1])-
2340 x 4096 x 16384 7 24.460% (grid [19,128,1]), = block 324 [384,1,1]. static
shared 0 B.dynamic shared 81,920 B,7%j full trace {£ demangled symbol.device,
grid. block., shared 522 —2 (Nsys F 145 3/3 PASS), scaled-mm shape
BT 122/122 PASS,

S HI shape #Y grid 52 2R K A, BEFREUER grid TREFSRX 7 K;
HRESE shape B HTA 2 launch J UK, 1EH AT IE TN symbol /& SM120 block-
scaled E8M0/E4M3 CUTLASS GEMM, i~ 2 [H probe B i i) sm89_xmma
——I|H probe HYZEIEAREAR K,
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T—F 1 RE HIX= shape [EEH scaled-mm 77 [AAYIEIN NCU BiR, A
N T T E AT G52 kernel 1R E 5414

Step 82 | GPUO fligy4> 3

hie DAR—EH KRG H GPUO,

Profiling / &% #3748 taxonomy: VAE cuDNN BF16 convolution GEMM
73.257%. elementwise/fused 25.953%. reduction/norm 0.790%; formal 11245
H°4 8,554.951 ms / 73.350%. 3,016.668 ms / 25.865%. 91.562 ms / 0.785%,
5t GPUO &5t GPUL S %2, B—AAlE 5l 2=, BWE—H
GPUO #ASCHERSAZ, FIaNRIE AR &,

T—& 1 R%E 2 VAE BN P1 E—BiR, 1E RIS E R BUE A5
AT Y AT R KT

Step 83 | FikFi#i: AEREENSMIELIL

B XHFA chunk [ARFEX DiT wall, DiT CUDA event, VAE CUDA event 5
M busy =%,

Profiling / &5 37 chunk Y DiT wall £ 1,317-1,326 ms, DiT CUDA event
£91,358-1,366 ms, VAE CUDA event £ 1,248-1,250 ms, #37 envelope HFH
[FIf busy 87.327%, 1F—F busy 99.640%

531 [N busy 87.327% BLIERAIUKEE 75y, HWUIHM R kernel sum #21RE
RN 20 wall, X EIRE S DIT wall [ 1287 VAE wall, KHARERFR™
¥ wall-time crossover; HAELHZ) 5-9% HIEZRIXE: GPUL ¥ AIX—K
HEMN )G, GPUO/VAE RIEREITEHE ARG 1R, SEPRERHT B HUR T queue,
backpressure, chunk V5 R drain,

T—% /| RE XA EAE GPUL kiKUK : stable-DiT FPS RJ
HREPAE K, T generated FPS A2 K HATEAHIA Hbfi] 15K,

TR 7 e Ly i i

GPU1 kernel sum 13,469.349 ms 5 GPUOQ #fH 8,554.951 ms 3@ Wi, ({48
BAEIMER Bikts” HESE ST, 278 VAE CUDA event 2 1,248-1,250
ms EAJ&EJT DiT wall 1,317-1,326 ms, Kt GPU1 Il 5-9% M= f5, Wik
HHZR 2 EHBURT VAE, [E-W8-PROF]
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15.3 Attention 3 FiERFRE benchmark

Step 84 | M4A%EA2IREY CUDA-event 53 B ER3ERE

ohE  NEREE A = 3, i attention 73BT Bt CUDA-event benchmark, 7& &
EERUHLEFE (S, S), B 20 RFHAN 100 RIEFTHR; 12712 ZHFHIG A%
%, JIT build disabled, 7 Nsys Zt01EEAZA kernel & 1735 launch %4,
Profiling / 55 20 WAL T provider e2e 9 2,461.068 ms; 73BT BA fused
QK+online softmax+ MR E +PV 1,347.229 ms (54.742%). Q+K+V &{b&
1+ 442.333 ms (17.973%). BSH—BHSD i A layout 392.751 ms (15.959%). Q/K
FP32—BF16 4% cast 307.814 ms (12.507%) . BHSD—BSH #itt layout 74.550
ms (3.029%). K/V padding diagnostic 60.204 ms (2.446%) . FrEHAHF %k
ZFIH 2,628.061 ms,

S XSRS stage N2 CUDA-event FHI B AE 7= FH IR BUINBUS B, 1
SE Al — IRV FH I B 70 fif.  ZHEFN 2,628.061 ms KTHNZIUASRI provider e2e #%
% 2,461.068 ms, X MZEFAGHEIEATIMER ERUENE: SREMMIEK wall time,
TRERME” REZH”, BEABEEF cast+layout K44 L AT 31.5% A LA,
T—% 1 RE SHBIEMERATHREE, ~HTEMEGERAE; §ME5R%
SIER AR B FPUFZIR CUDA event JIEE 20 #HiE K I IE,

& 15.2: Attention 77 1B 20 OIIBERFE (FRSZ CUDA-event FRAZEL, AEATAID

Stage 5 (ms) 7 e2e ¥
Fused QK + online softmax + #iR &1t + PV 1,347.229 54.742%
Q+K+V &kEit 442.333 17.973%
BSH—BHSD #ii A layout 392.751 15.959%
Q/K FP32—BF16 45t cast 307.814 12.507%
BHSD—BSH #itt! layout 74.550 3.029%
K/V padding diagnostic 60.204 2.446%
A Bz A 2,628.061 —
7S provider e2e 55 2,461.068 100%
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+& 15.3: TUHA TR provider #E5ZHITTRR

(Sys Sk) VA FHIREL FEE AL (ms) 5 (ms) Sil=d
1560 x 1560 240 0.281328 67.519 2.743%
1560 x 3120 240 0.447424 107.382 4.363%
2340 x 5460 240 1.062080 254.899 10.357%
2340 x 6240 1,920 1.057952 2,031.268 82.536%

Isolated attention stage medians Do_minant shape carries the workload

1920 calls

5 80-
Q+K+V quant aggregate -_ 442.333 g
g
. Q 60 -
BSH->BHSD input layout - 392.751 5
h=d
3
Q/K FP32->BF16 boundary cast - 307.814 5 40-
W
S)
BHSD->BSH output layout - | 74.550 %
= 4
» 20 10.357%
240 calls
K/V padding diagnostic -I 60.204 2.743% 4.363%

240 calls 240 calls
l l l l l l l l l 0 - — —
0 200 400 600 800 1000 1200 1400 1600
Weighted 20 s projection (ms) - NOT additive wall time

15.2: 75 B stage FHAZELHYT 20 MO, %% stage AERIN, ZHPFAN 2,628.061 ms K THH
SIS provider e2e 452 2,461.068 ms; A5: PHLHA P TEARAYTIMR L kb, FTEIR 2340 x 6240 DA
1,920 (RIAFH i 82.536%, e EUEMIAETEAA AR AT B wall time.

156003500 | 60:3120 5 0x5400 5046240

Step 85 | HEHRHEF, MARERRNMIK ELRERIESLL

it HEPUIEIRTIER S BF16 SDPA dispatcher SWIRAE — e LER

Profiling / 4552  FTEIR 2340 x 6240 A 1,920 YA H iRk 2,031.268 ms / 82.536%:
BF16 SDPA dispatcher IZWi{E ] 2,942.592 ms (119.566%) ; FEIK FHEHE X
provider [@ &L 1.057952 ms Xf bt BF16 SDPA 1.297024 ms, /) 18.432%.
£]1.226 1%,

17 18.432% ZRREIZW, TET REBMSRGFF; 1 82.536% HIEH
FEVIHA, AR 1560 x 1560 SRR EEIEL, A 20 #OFERILPHEE
AL

TF—%F 1 RE 54 kernel TIE—EHZFERIRHT, /INEIRMUE D IERMESE)H

Hi.

Step 86 | compute_attn_ws BEMIt4. FEENHA

oh{E Z fused core WESFEHFAL QK. online softmax. BERE{k. PV PUEL,
Profiling /455 REFEIAIIIZE] prequantized i AZ fused core fi tH FYEE A CUDA-
event I [A], IE X kernel Z#55 launch £ VYRR AL / ¥ME /P95, EFEARZ) 0.597
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ms/call, NREHF 7 QK HEP4 L, online row max/sum. softmax normalization.
K MXFP8 &1k, PV HEFEIHHE, DUENTZ B TMA/QMMA /warp-specialized
pipeline overlap,

Stk EMETF—1 CUDA kernel; Z3PERIFERGEAN NVTX FCiETE device ker-
nel WA IHIZHY GPU wall range, T UXANZE” G, MiH2X SN EHEA
AL,

T—% /1 RE  NERS R REFEREF T EES A, Kl fused core HY R —2 3K
1 NCU figsi (U Step 89-90).

Step 87 | Q/K & launch &3: MAEIE, IELE

hiE Q5 K NEMSHFEHIX launch, TEIUEIR _EMHUZHIATEL,

Profiling / &8 1560 x 1560 P 17.117%, {H 1560 x 3120 12 3.899%. 2340 x 5460
18 1.854%. 2340 x 6240 18 1.731%; % 20 FOA= =18 FREIIAUG1E 0.934%, HI
212.655 ms F+ = 214.641 ms,

St BR/NEIR LR 17.117% 5B ETEIRN 1.731% [FHRIZH, XIEZ2” #%F ¥
RHER” MU A5 RIEHREE launch BOER B IXSBAR M £ S A,

T—% 1 R%E T HEFHE2F Q/K single-launch, REJECT; ¥R HAE/NEIR Y
XIgH, REFPYTERIAI A 5 | R

Step 88 | native SDPA 4332 role 3E

ahiff X PyTorch SDPA /Flash iX— broad 43 284% role T,

Profiling / 455 broad name-based #7384 7.406%, HH native core 765.893
ms. TorchInductor support 240.614 ms; H128 regular video-to-text LIl 589.289
ms, & native core H 76.943%; SplitKV combine &\ 111 17.289 ms,

Gt XA SE— DR PO, BT H128 regular video-to-text; SplitKV com-
bine ¥ 17.289 ms N EBACIME, A= H LIZ/KT scaled-mm 5 fused core,
T—% /1 RE HI128 video-to-text A P4, fEfE scaled-mm. VAE 5 provider
UL
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15.4 Nsight Compute #PRER]

Step 89 | NCU = R#i[F—1£5i=H3PHER

ohiE TEREEBHR IR /)N NCU probe, A A UREREMETHEES,
Profiling / %% probe J&R[A] ERR_NVGPUCTRPERM. f& ¥ #LIK 5l K
RmProfilingAdminOnly:1; &#s 8 uid=0, {H current 5 bounding capa-
bility set ¥~ & cap_sys_admin 5 cap_perfmon, X2 = XIdFKIZH IR
(2026-07-20 MR, 2026-07-23 —1).

53t capability ~1E bounding set I, A& sudo. setcap B B HZ AR
TREFEIMARES); FH HAEANIRZ %M~ CAP_PERFMON /& CAP_SYS_
ADMIN HYZEER,  [AIHX A2 A A AT PAGETHY ),

TF—% /1 R%E Nsight Compute 77 [A] BLOCKED, SCNAEfRBISNERRIFS A TE
FHUEHAR,

& 15.4: NCU BRIMsIs e (2008 EHUVE R HT)

ek BE EAPN

A TEFENIZLE NVreg_ persistent 5{%/& /etc/modprobe.d FLE, Bf/5EHE initramfs I EHJH; 1EFHAY NVIDIA £
RestrictProfilingToAdminUsers=0 HICIEZL 4 reload

B LACAP_SYS_ADMIN [FIHEN  (XESCAEGANTEBTCRL, 670 f fid AL A
bounding 5 effective set /7 &
s

Step 90 | targeted NCU B4, REIR

BE PRSI BRI targeted NCU launcher, fABRIKE 2 K BIATEEL

Profiling / 455 run_ncu_attention.sh [E& FEJEIK 2340 x 6240, Xf Q (signed_
h128_mxfp8_physical_sf_kernel 2§—{X occurrence). K ([i] symbol 2 —{X). V
(v_transpose_mxfp8_k32_kernel) 5 fused core (compute_attn_ws) &K —1
iz launch, Z2XUEILA section (LaunchStats, Occupancy. SpeedOfLight.
ComputeWorkload Analysis, MemoryWorkload Analysis. SchedulerStats, Warp-
StateStats. InstructionStats, WorkloadDistribution) , 2 fused core &AM
SourceCounters; PYI#S i --launch-count1--killyes, run_ncu_scaled_mm.sh
[FAFECHIZE, H eI =T Nsys F/1155 W1 launcher ARTECIE S H 3z
AT fail-closed AR TS, (EAEHEHLAHET DA status 3 IBH,

531 fail-closed WA H AVIREAAR: R FHULCIBTITHIF A HR, M
eG4 8 P aR S F E SR,

T—% | RE FEBUSF counter ZHij, FREWTS fused core B scaled-mm /&
compute-bound. memory-bound. register-bound /& softmax dependency-

91




Catnip FP8 Scaled-MM Technical Repors 15 & WEEK 8 T: 7% LANDSCAPE K32 fJi&& 45 & PROFILING

l bound,

15.5 HBIORZIMIBER (Week 8 BRE L)

Step 91 | 7E generated FPS 4B RRIATE]

e 1E[F—2% trace LEf generated FPS 73 BEZ SMURTER,

Profiling / 45 media write/encode 7,424.061 ms, Hi% NVTX JEEN&E T
{a] CUDA kernel; audio decode 313.123 ms (E.H#xE VAE decode 311.391 ms);
text encoder 801.745 ms; condition copy 6.417 ms.

% media write/encode B formal 1K wall FIEEL, HERENE
generated FPS 738EN, tHANHAE GPU kernel IN[H]; #UETH ABRIMERES RN &
A [P R e A A

T—% 1 RE HEHWREESHPERGNE, B PORSENE, 1RUEH) request-to-final-
MP4 wall HATEMN, FFIATRES (I8 RS P 2 R i A Rl e RE

15.6 T—ZHIF

15.6.1 €5 P0: K32 scaled-mm GEMM

BRI H ok, 2 5SS scaled-mm GEMM I 10%, GPU1 kernel
sum ZJJ/) 304.281 ms, HH=T steady envelope F 3.73% H1T LB ; % = PO shape
BN 20%, BEIHEZ1RD> 89.4 ms/steady chunk, HT GPUO #J VAE 52317,
SEFR generated FPS Wt 23/N T IX ML, [E-W8-PROF]

15.6.2 Attention REE PO: FHIKBY fused core, BN FFHKN
counter

£ fused core NN 20%, FEE 20 POEGE IR/ 269.446 ms; X E] full trace, 3
A fused core 862.188 ms Y 20% £ 172.438 ms, #J steady envelope HJ 2.11% HAT
EFR. counter-to-action Il RS H 1H45

1. & FA3 XU cache hint, B Q A EVICT_FIRST. K,V A EVICT_LAST,

2. WHINFAE one-stage starvation ZJ&, A IR K/ V stage; 4K shared £ 101,376
B, TR guard,

3. #i SourceCounters /ENF] exp2. running max-sum ¢ P quant, MHSHELHE,
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4. HUEHETEA] register pressure, 4% live ranges

5. #i tensor pipe CEEMHA, MBI stage,

& 15.5: N R TATERM

L J5mA s S RTE S

7

%

PO K32scaled-mm GEMM 13784 38.489%., formal i kernel sum 39.231%; =" shape
(=A™ PO shape) (i F374S scaled-mm 87.665%; Nsys S/t 1% 3/3 PASS

PO FEFIK 2340 x 6240 1 ZIZIR G provider 65 82.536%; PHEFEEHE AR NVTX #f
compute_attn_ws 71, AR NCU

P1 GPUO/VAE Jiisi# R % —HAr VAE cuDNN BF16 convolution GEMM  (£375
51053 73.257%), %4 elementwise/fused (25.953%); latent

copy £ 0.16 ms/chunk & HAr
P2 provider 5t /layout 5 BRHEK— ML, SEHIPUEIK CUDA event, FHIfEE 20
producer fl & FHIE K
P3  4J7) Q/K single-launch 20 #Y/AIE 0.934%, REJECT, et
P4 native SDPA 11 H128 589.289 ms, i native core 76.943%, %72 ME—RHEf PO
video-to-text
P5 media write 7,424.061 ms, {HAE generated FPS 3Bk ; {4 HFREL S
PP S54RI TR A £

15.6.3 full-model A/B BI38 IR EIN

FI A full-model A /B #2620 [FII 4% &5 stable DiT FPS, generated FPS. per-chunk
DiT/VAE. backpressure/drain 5 busy, Sl H—I1 (JtH 2 1k stable DiT
FPS) ZXibsEEEE2 AR £ GPUL BEE A 5-9% X[ Z )5, stable DIiT FPS
AIREARSEBH T LK, 1M generated FPS A 4AH[R LA Bk, [E-we-PROF]

Week 8 FTHIFM PO 5—3% VAE i

B B AR U SN D PO: 225 E Hi 2 K32 scaled-mm GEMM (for-
mal [11£ 5,284.153 ms. kernel sum 39.231%. &K wall 34.480%, fl_I: support
A1 41.731%) , attention WESZMHEE TR 2340 x 6240 ) compute_attn_ws
(15 provider $%5 82.536%). M#FHHTHIT LFRERAK: scaled-mm {RANER 10%
Xf M. steady envelope 3.73%, fused core IR 20% X 2.11%, 56 B ZLHY 2 AR
5% : 24 VAE CUDA event 2 1,248-1,250 ms X DiT wall 2] 1,317-1,326 ms, P
RFEIN busy 87.327%. {E—F busy 99.640%, Kt GPU1 flI£) 5-9% AIHEZ
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J& GPUO/VAE R RE#E A8 i8 12, X728 & IX A2 wall-time crossover,
[E-W8-PROF]

AREANIEENERSE

Nsight ~ Compute ERR_NVGPUCTRPERM 2§ = X #% FH W
(RmProfilingAdminOnly:1, bounding set J& cap_sys_admin/cap_perfmon) ,
el g EAVE P R PITENZ A 5 B, EBUSEECFTHEER <A/l 5 GPUL
AR K32 scaled-mm GEMM 5 i attention s K7 #RH fused core #f
TLIEHIE 2 compute-bound. memory-bound. register-bound /2 softmax
dependency-bound; EAHEIIEH kernel EXaNER FIESEM, [N 2R : ARE
i) name-based attention {738 13.442% & FAMIEEE, 2k EAEREA R AN
(ZHAFFN 2,628.061 ms > e2e %5 2,461.068 ms), cast+layout 44 &1t 31.5% A
AT AT EREL, (E-ws-PROF]
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Catnip Portrait vi: HSETIEEL

Ashgsit: vi B4 v2 Bt

catnip-k32-vdirect-portrait-480x832-vl T 2026-07-26 {NERIN engineering-
performance baseline, 3T 2026-07-28 #2518 F Y v2 EXfX, v1 7E X RTX 5090 |
DA 480 x 832 portrait geometry 5E —{XIHIZ. fresh-cache 1) 20 s iE K : 37.486982
stable-DiT FPS 5 33.070761 generated FPS, population CV 43714 0.043284%
5 0.064495%, IXLEEELR B AP LRTFPULSE, A2 current KPL,
ZanitE TR SNSRI, NEMNRE 2 EARIEit. =
Ria 7S request. K32, V-direct. KV, compile 5 media gates, H. fall-
back/upcast/retained converted BF16 weight 3°4%; {H manifest BHHfLE
formal_video_quality_acceptance=false, [KlItEHRERIAN LN active engi-
neering baseline, HEFRIA portrait quality unchanged.

16.1 B 5%, TEh#E5i0O:F

Portrait A3 [E 7717, R latent frame Y 390 spatial tokens, frozen
noise, chunk schedule BOWF placement, ZIEF 2K landscape HIEF EFTIEE]
portrait b, T2 1EHT geometry NEHHAITIEEEIE K, I A= create-only result roots
KRBT & [,
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R 16.1: Portrait vl FIFI IR &R

S|

IRGE

Baseline identity

Geometry / media

Streaming semantics

Placement / scheduling

Stable-DiT FPS
Generated FPS

Compilation

catnip-k32-vdirect-portrait-480x832-v1; SUPERSEDED, active
2026-07-26 % 2026-07-28

480 x 832, requested 20.0s, 489 frames, 25 FPS playback,

encoded duration 19.56 s

62 LF, 11 chunks, 55 DiT forwards, first4 LF sink + latest 6 LF
recent KV

GPU1 complete DiT; GPUO text encoder 55 VAE; per-chunk video
decode pipeline depth 3, video drain J55.{X audio decode

288/ " DiT wallghunks 5-10; T4& MP4 playback FPS

489/(sampling + pipelined video decode); L& text, audio
decode B{ media write

48 Transformer blocks independently

torch.compile(mode=default); %" repetition A absent compile
cache 1%

16.2 =RIMINETT: v1 [HEEMITEHE

#+ 16.2: Portrait baseline ) ATGEIHEE 4

Run Stable-DiT FPS Generated FPS Sampling + video

decode wall (ms)
rep01 37.464035 33.040672 14,799.941
rep02 37.498314 33.087641 14,778.932
rep03 37.498596 33.083971 14,780.572
Mean 37.486982 33.070761 14,786.482
Population CV 0.043284% 0.064495% —
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FPS

38

Portrait baseline: three fresh-cache repeats

9 o
37C¥ ibab\c 0.0433% - generated O O§9§i/983

% 16 & CATNIP PORTRAIT V1: S TiEEL

Orientation preserves the throughput regime

37?86 38 - 37.4870

37 -

36 -

35-

34 -

stable DIT

(+0.232%)

FPS

33.0708
(+0.105%)

33 33807 generated 75857

l l
rep01 rep02

EER HI 311

l l
rep03 stable DIiT generated

Not a contemporaneous paired causal speedup claim.

16.1: /: Portrait baseline ={X fresh-cache JH37J&1T, stable-DiT 55 generated FPS 5 HAIRIK
[ population CV, 45: ##T landscape V-direct reference 5 Portrait FJ¥5{EHAHZE +0.231955% /
+0.105325%, IXAJ& contemporaneous paired A/B, #{SZHF throughput regime preserved,
X F¥F portrait orientation Hi KK R speedup HIBTE,

16.3 Mixed-precision system contract

LHIACE A2 full-model FP8, Transformer source dtype 4 BF16; J&ER) 576
Linear {# ] native K32 MXFP8 scaled-MM: float8_e4m3fn qdata. ¥ GEMM K [
32-element ESMO scale. BF16 output 5 fused BF16 bias, %% A7 & 13,690,208,256
> weight elements, #J4 all-Linear weight elements [ 72.138575%, HAREEA{%
T84 BB BF16 SRS SEIEA T, 48 1> video-self attn1 {# ] V-direct-BSH provider;
text encoder 4 bitsandbytes INTS,

R 16.3: Portrait Z££kMY fail-closed runtime Wi5

MEME S e RE

Selected Linear coverage

Fallback calls

Weight upcast calls

Retained converted BF16
weight bytes

Attention installation

576 native K32 MXFP8 Linears; fE weight storage. activation
quantization 55 scaled-MM execution —4t¥JH gate

0; 5% SDPA B¢ BF16 Linear fallback JEE A\ FP8

performance claim
0; MS7E GEMM Hiiff! FP8 weight #%4[r] BF16
0; 8% converted BF16 shadow weight {7 & f£i81 T

48/48 attn1 strict fail-closed; #i provider RIEFfIZEE, BT
{E 1R 2 B
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16.4 Portrait 5[#5 landscape evidence FJX %

#1832 x 480 V-direct engineering reference 5& 37.400230 stable-DiT FPS /
33.035966 generated FPS; Portrait HIXf M IJ{H N 37.486982 / 33.070761, —#IEKA
A token count F streaming ABI, {HANZRI—INZIZZEHITHI paired A/B, tHi%H
PA orientation JyME—SZ30 28 B AL MR SR T, B A2 RSSO0 portrait
re-orientation preserves the established throughput regime; WLMIZE 545 W fig e

causal speedup,

FRESRRLF TR

Portrait examples A] FH{F qualitative demonstration, {HAUEF blind review,
perceptual panel B heldout acceptance, 2L, Week 8 Y 36.866330 stable-
DiT / 32.572402 generated FPS 5 Week 9 ] V-direct paired result &BJ& THii /¥
832 x 480 stack HYF S UEHE; ‘EATIAERE A |l stack >R K32 5 V-direct-BSH,
{EARERHUARE [ Portrait B V&,

16.5 AISINIHE

AEHEHIA, WA FUW  artifacts F H: catnip-portrait-baseline/
results/BASELINE_MANIFEST json. results/PERFORMANCE_SUMMARY json,
EXPERIMENT RESULT.md ;2 = results/ performance/rep*/portrait_baseline_
gatejson, ™ performance run #SHIIHNZ gate hash HE ; A &AM Fi Hi AR
HEH FRESS L, [E-PORTRAIT]
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Week 9: Profiling-guided boundary opti-
mization 54k E

£5385517: —I0 accepted engineering change, —I5ERAYILER

Week 9 1 HH Week 8 profiling A H 77 FL B34 ilm 2lim e, Mg seiE b
FLERY stationarity, DA four-shape isolated provider, Nsys launch structure
5 =%} full-model A/B ZZEKIE, M—EIIZEZ V-direct-BSH: il atten-
tion provider [ V producer E#iH % producer-side BSH storage, {HFRTZE V
layout/padding 1 5%, ‘BEAEJIHE 832 x 480 frozen K32 stack EXfF provider-
weighted +7.5686%, F1E=Xf 20 s full-model A/B [H{{% stable-DiT median
+1.289408%. generated median +1.284480%, Flife = XM IE,

[l — &%} dominant scaled-MM shape ) cuBLASLt heuristic top-k pinning .
e 1 IEffRY early stop: bitwise-correct candidate ¥ +0.058769%, T Fiid:fift
+1.0% gate, &350 TIMING_REJECTED, IX{E 4412 frozen 1 MiB workspace.
use_fast_accum=false Y algorithm pinning, & E GEMM KA Libz
578

171 IHEWNRSELDR

AREFA causal A/B HY subject /& Week 8 HYJJ1 5 832 x 480 K32 stack: 20 s request.
489 frames, 11 chunks, 55 DiT forwards. 4+6 KV #148 attn1 provider modules, #24f
RAFGHE reference 24 36.866330 stable-DiT FPS / 32.572402 generated FPS, ‘B /& Week
9 candidate HY/™#% control, /& Portrait baseline FJ44%} benchmark,

2SR headline

AEEH] 37.400230 / 33.035966 5= V-direct-BSH candidate 1£7j 5% landscape &
[l L0 A/B ¥IME; MRS engineering KPT ELEH N & 18 (1Y 37.557043 /
34.392314, Week 9 AJHERA— attention-boundary 28 8 [ Tf2UKzS, Portrait
v1 5 v2 AR S LIRS E A 2 AT SR AR KPL, =& NEES AN B— causal

claim,
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17.2 Profiling £51€ N7 pk AT 58 0] 25

Week 8 device-separated profiling #5177 Al A2 Wt 24K it . GPU1 Y K32
scaled-MM GEMM NF374S kernel sum HYJ 38.489%, — PO GEMM shape riH
87.665%; GPUO HJ VAE cuDNN BF16 convolution GEMM (i 73.257%, Attention
isolated provider FJFEJEIR 2340 x 6240 5% 82.536%, fused core 1% 54.742%
[FIs, FP32—BF16 boundary cast 5 BSH—BHSD layout 37 CUDA-event #:5£44
MFA 775.116 ms (31.495%)

e — MNP INHB GIR T, % stage 27 median 4% production call count
HIAY, components sum 4 2,628.061 ms, M independently measured provider e2e
projection J 2,461.068 ms; & NHE EWLHHUTIXAIfETE overlap, [T 31.495%
& candidate ranking evidence, A~R&n][HIIY wall-time budget.

. 17.1: )\ Week 8 profiling £l Week 9 SE5 [ 7 H L5

Profiling observation Week 9 testable hypothesis / boundary

V layout/padding AT/ HMZE V consumption: control materializes BSH—BHSD;

P54k boundary X35 candidate direct-strided BSH consumption; Q/K. fused core,
output, KV, weights, VAE % scheduler [{lE

FIEIR G provider AR/ NEAR ;2625178 %P9 production (S, Si), FFEA

projection 82.536% production call mix Y

P+ DiT/VAE C4ZIEF#  full-model £ 77[F I 5 stable-DiT 5 generated FPS; GPU1 1l
EAATSMEE N [FSF generated-FPS Mt

= scaled-MM shape &  J&f# low-cost algorithm screen; *4 dominant shape Ki% gate I

HE TZE BN early stop

17.3 %&{& measurement stationarity, Bi&Z{T candi-
date

AR attention micro A/B RIMARF A B W%, Week 9 HY stationarity diagnos-
tic ¥4 slow/reference 1 +0.183656 ms/call %54/ : host enqueue +0.182802 ms
(99.535%) 5 inter-kernel gap +0.172042 ms (93.676%) .3, MM summed kernel
duration [ fiH -0.002643 ms, {5 NG & &, NREMENN; (HEAT E PAHERRF host launch
noise 3% T kernel AYMEFE,

e 8 9 P9 JZ 4K blocked ABBA/BAAB, H 7 formal timing i
Z 3K steady precondition, baseline-versus-baseline neutrality —#x % iX %
NEUTRALITY_ESTABLISHED: 31/31 hard checks PASS, weighted candidate/con-
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trol ratio 7 1.000135913, CV 0.083171%, 90% CI 2} [0.999953358, 1.000320021], iX
A2 candidate gain, M/ /E S fERER AL AV RTHE

17.4 V-direct-BSH: M isolated evidence % 20 s A/B

Control FE{£7E attention core HI'EF K BF16 V M BSH materialize & BHSD;
padded shape It 75% V padding fill/copy, Candidate & B producer-side strided BSH
storage, HITZw1% custom CUDA op EF#£1HY, Q/K conversion, fused core, output
layout 5 HREAE A, XA launch count Y41EMERESS L, /2 [FIN Rk
BE. structure 5 full-model effect.

& 17.2: V-direct-BSH i 2K 1iE
45

B iR IRl
Four-shape provider 1560 x 1560 provider boundary FA I EWEE; ARE
ee +9.8102%; RPN L
1560 x 3120 +7.8235%;
2340 x 5460
+12.4382%;
2340 x 6240
+6.8667%; weighted
+7.5686%
Nsys structure aligned 10—9 HHH layout/padding work 7% i81d
launches/call; hidden generic copy BT HIIH

padded 14—11; 160
calls &t launches
960—800
20 s paired full model  stable DiT Frozen K32 stack -y
36.923232—37.400230; engineering-performance improvement

generated
32.624456—33.035966
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V-direct-BSH isolated four-shape A/B

832x480: three paired full-model runs

Scaled-MM heuristic pinning

1.2-

37.4002
1.0-
g0~8 TIMING
" 2 REJECTE!
+1.284% w
.
L
0.2
I

0.0 -

' ' ' g g
4 6 8 10 12 stable DIT promotion gate

Provider e2e speedup (%)

o -

2 generated candidate

Production-weighted provider result is not a full-model prediction Engineerin g-performance PASS; quality acceptance

17.1: /2: V-direct-BSH 1EP4“ M7~ shape 55 production-weighted provider e2e F¥SNIEH: [
1 832 x 480 stack k- =Xf full-model A /B HJ3{E 5 paired median gain; %L 5 EId engineering-
performance gate, 45: dominant scaled-MM heuristic pinning & bitwise correct, {H +0.058769%
ARIEZ| +1.0% promotion gate, HIEMIZ 1L,

remains unclaimed. Frozen 1 MiB workspace; only algorithm pinning is closed.

R 17.3: JJi landscape &5[F LAY V-direct-BSH full-model performance gate

Metric Control mean  Candidate mean Paired median gain
Stable-DiT FPS 36.923232 37.400230 +1.289408%
Generated FPS 32.624456 33.035966 +1.284480%
Positive pairs 3/3 3/3 worst stable pair
+1.198660%
Stable CV 0.066586% 0.021267% ratio CV 0.076200%
Peak allocated delta — GPUO00B; GPU1 within gate
-18,190,848 B /
pair
Execution / K32 gates 6/6 6/6 77/77 candidate

checks in each

candidate lane

V-direct B9 claim boundary

full-model performance gate HJ blocking checks 4 #RiEd, {H legacy raw
prompt contract 5 —{> terminal LF, production normalizer fEffH 755% lane
H—ZHIFEFR T 1% LF, versioned adjudicator IEPBH runtime prompt bytes #H
[F], # paired_performance_evidence_valid=true; [FIIN{R ¥ original_contract_
exact_compliance=false, HEZ[J/Z, candidate_quality_accepted=false 5
production_acceptance_decided=false, AR T AR IZ LG RKIA Y quality accep-
tance BY, final production promotions
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17.5 B5eRRMIfHLEE: cuBLASLL heuristic pinning

Phase 3 1E production-equivalent K32 W8 A8.BF16 bias/output.FP32 accumulate,
frozen 1 MiB workspace 5 use_fast_accum=false ¥, X 2340 x 4096 x 4096 dominant
shape #1T correctness-filtered top-64 heuristic screen, JRPIPYIT{E R distinct
fingerprints; ME— candidate {£ normal, sparse 55 HDR cases #B5 production output
bitwise equal, {H control/candidate block median {4 0.139531201 / 0.139427197 ms.

WiEA primary gate 24 paired median speedup > 1.0%; SEill +0.058769%, HT
three-shape stage /& conjunction, dominant shape CRMBIAAIREEARIELE, Bk f
UL T 55 SNPIS FEN shape, complete Linear, Nsys 8¢ 20 s video, iXJ& protocol-
compliant early stopping, M2k L,

17.6 T=¥F NCU counter-free evidence S5i&&EEFh

2026-07-27 &I ncu--setnone BETETZ A PerfWorks counters HJTE L T H launch
configuration.occupancy limiting factor 55 wave quantization; tensor-pipe utilization,
warp stalls, achieved occupancy 5 NCU duration /)R MARRHMT, ZHTIERESE /N T
=
HIX:

e compute_attn_ws FEIK grid 2H 170 CTA, FFF 170 SM, 154 1.00 wave; 47
1t tail wave, 168 registers/thread 5 84.992 KiB dynamic shared memory [F]Hf
binding, P& occupancy 25%, IXAGE AT R 75% headroom; ZEiAE| 2
CTA/SM FHE L FEE kernel,

e PO scaled-MM 2340 x 4096 x 4096 24 608 CTA / 3.58 waves, wave efficiency N
89.4%, 1156 10.6% tail, [Hf stream-K BY persistent scheduling /& F] faJufiris;
K tile B¢ pipeline stage NI# register/shared-memory R & IFHAARILIEI,

Dual-GPU pipeline is already near balance Counter-free NCU closes two routing questions

| 100.0%
DiT CUDA event - 1362 ms / chunk 89.4%
£ s0-
e -_ T

0 il il il il T T T g g
0 200 400 600 800 1000 1200 1400 attn core PO scaled-mm
Historical Week 8 CUDA-event time per steady chunk

Wave efficiency (%

Historical profiling direction only; current benchmark is Portrait. Theoretical 25% is not achieved occupancy or unused headroom

17.2: /5: JJi52 Week 8 steady chunk CUDA-event 7 DiT 5 VAE CH4ZIEFA, Wi Rk
GPU1 Z1RtR3Z VAE wall fRHill, % : counter-free NCU [ wave facts; B 25% occupancy 5§
T achieved occupancy, AN RN A] B EIWAIPERE S A,
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® 17.4: 15 B TR CHE

Priority Action Evidence-based admission rule
PO GPUO VAE: channels_last, 5 GPU1 }#{7#1T; 0 generated FPS K{£E%) 34

dual-track cuDNN autotune,
torch.compile, decode tile

A/B
PO Q/K cast fusion B¢
boundary producer direct-layout

PO GEMM  Epilogue fusion of
next-layer K32 quant/scale
pack; B
stream-K/persistent
scheduling

P1 precision- attn2 video-to-text [ BF16
preserving  provider replacement

attention

P1 quality ~ blind review — freeze —
validation — heldout-v2

P2 user NVENC / streaming mux

waiting

b5 %l pipeline balance FRHl

BIRAMB— AT four-shape CUDA-event A/B
Ja FEHE 20 s paired full-model gate

heuristic pinning T.2%; MFHEHEAZERIMES|
workspace, CUTLASS &{ epilogue fusion

Nt provider, NREIRKEE; % family /25 R HU%
X

TREAHABFTERNIER quality baseline

U request-to-final-MP4 wall; NEA
generated-FPS 73 £}

17.7 HEEL

AR5 58 PHASE02_V_DIRECT BSH_FULL_MODEL_V2_RESULT.md
5H FINAL_VALIDATION.json, PHASE03_SCALED_MM_TOPK_RESULT.md 5
FINAL_STATUS.json, PAK NCU_COUNTERFREE_FINDINGS_20260727.md, -
V1 harness failure. V2 extreme-BF16 finite-gate rejection 5 full-model attempt01/02

BBy I R B IO SR, ABETEN V-direct candidate efficacy FYIEHE, [E-wo)
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2026-07-28: Portrait v2 EEZH

HanRRAEL

catnip-k32-vdirect-single-tile-compile-portrait-480x832-v2 E.#% FH F IR R &
21 engineering baseline, FHEUN E—FICxAY v1, FREEAY 20 FHETE. K32
Linear, V-direct-BSH attention, 4+6 KV 5X{F placement ¥JRiZZE; ARH
BN AN 5 S BN LR HY VAE I3 TIN S, ASCAEE X VAE iy
FISEEG I 2, [E-PORTRAIT-VZ]

18.1 EHARZE5S X5 KPI

&R 18.1: Portrait v2 HHIIRAS

el A RTE S IEEIL S
Release identity catnip-k32-vdirect-single-tile-compile-portrait-480x832-v2;

ACTIVE, adopted 2026-07-28
Accepted runtime changes &> Catnip latent window [ single tile; (V%1%

video_vae_decoder.forward, mode 4 default

Authoritative warm KPI —*} Phase 3 candidate mean: 34.392314 generated FPS,
37.557043 stable-DiT FPS; generated-FPS population CV
0.085863%

Paired compile effect FHXT single-tile eager, generated-FPS paired median gain
+1.837371%; A5 H1— kI BOE AR

Resource gate =X IERIZf T/ GPUO headroom 7 4.923584 GiB

Promotion smoke & Te4+H r03 PASS: 34.408774 generated FPS, 37.566968
stable-DiT FPS. GPUO headroom 4.728271 GiB

Media gate H.264 480 x 832, 489 frames. 25FPS. 19.56s; AAC 48 kHz
stereo
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18.2 BAITIEASFHRHAF

%% 103 smoke fR¥ 1" 576 /> K32 Linear, 48 > V-direct-BSH attn1, 55 {X DiT
forward.first4 LF + latest 6 LFKV 5 depth-3 decode; 16 {X compiled decoder forward
HA = oiaE, (EXEFIA A #TY unique graph, fallback 55 weight upcast
MEENF, BANANEIN:

/workspace/LTX/.venv/bin/python \
/workspace/catnip-portrait-baseline/run baseline.py

[3%% warm-throughput, A ERELL

ARG F BB M RE 112 /2 warm steady state, fresh-process wall ¥ paired
median M 10.802722%, At AMSERR cold-start speedup, EF VAE 1
T (A real-latent comparison A — frozen prompt, % ground truth B¢
IEX blind panel, HARE#Z K compiled variant; KA &S5~ formal
ground-truth quality acceptance, MIXFFEZ/EN S, HAEZA1E VAE decode i
'] OOM smoke EF1H invalid, T2 5MREsiE LSS L,

18.3 HEAO

=4 | #6 . v2  manifest. PTEREIC B H I & 5 & & smoke gate
7 9 A F /workspace/catnip-portrait-baseline/results/CURRENT\
_BASELINE.json, results/v2/BASELINE\ MANIFEST\ V2.json,
results/PERFORMANCE\ SUMMARY\ V2.json. BASELINE\ V2\ RESULT.md
5 results/v2/smoke\ 20260728\ r03/portrait\ baseline\ gate.json, VAE
FIEARIETE, TS0 RE FERN AT L 524k 22 ABRA Week 10 55 comparison i £ i, A&
NAE i, [E-PORTRAIT-VZ]
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=80 Portrait £~ 5 3. A5 profiling 1153}
5F7—%

Current engineering state

=TI~ A Portrait catnip-k32-vdirect-single-tile-
compile-portrait-480x832-v2, MIFAZE 5L 5 HAJIIE 832 x 480 K32
profiling subject B CAXEH Portrait vl, ‘BPA 576 K32 MXFPS8 Linears, 48
V-direct-BSH attnl, GPU1 DiT / GPUO text+VAE placement 5 depth-3 de-
code, TE=XFIER candidate runs HJXZ 37.557043 stable-DiT FPS / 34.392314
generated FPS, HZILEF 103 smoke B RERISITIN 5 EIAR1EE; X ERELS
WHE & warm steady state, formal ground-truth quality acceptance /3R %2
o

ARFEH] kernel taxonomy. VAE crossover 5 NCU 75172k H JJi 5 landscape pro-
filing, MMM T priority ordering, Week 9 Ef# V-direct-BSH HY historical
engineering A/B J@1d, FH counter-free NCU 3&[H T wave/tile PN AIE; X
LEE TSR L profiling FY4E%T FPS 78 % 2| Portrait.
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19.1 HFRIH

conditioning / noise

e \/Nr N
GPUO: Conditioning 5 Decode GPU1: 58% Catnip DiT
Gemma INT8 text encoder 576 native W8A8 FP8 Linears
Embeddings processor Remaining BF16 modules
BF16 video/audio VAE Bounded first-4 + latest-6 KV
BF16 vocoder Shared positional embedding
Copy stream + VAE worker stream Independently compiled 48 blocks

\ J \ J

‘\_/

per-chunk latent

19.1: HZ X RTX 5090 placement, REEEK{E EAFRIS 24/24 block boundary FJ5E%€ Trans-

former state,
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& 19.1: i HARCE 5 S AT SORS

TitH RGN E

Quantization 576 selected Linear #B4 native K32 MXFP8: E4M3 qdata, #f GEMM
1) K 458 32 DEE—> UESMO scale (activation &7, weight &7
HHA); BF16 output + fused BF16 bias; %1k split-K. fake quant, &
B BF16 #XE. fallback 5 upcast

Attention 48 /> video-self attn1 f#i i B iff SM120 MXFP8 kernel (signed H128 —
E4M3/UE8MO K32 — block-scaled QK — online softmax + online P K32
quant — block-scaled PV — BF16) ; H128 producer 15 core @&

GEMM Native aten._scaled_mm; use_ fast accum=False;
fallback/upcast/retained BF16 converted weight = 0

Streaming Portrait 480 x 832, 20 s, 489 frames, 11 chunks, 55 forwards, first4 +
latest 6 LF KV; #%F LF 390 spatial tokens

Scheduling GPU1 DiT 5 GPUO & chunk VAE overlap; depth-3 video decode
pipeline, video drain 5 —{X audio decode; iHf v2 & latent window
&5 single tile

Compilation 48 DiT blocks independently compile; v2 5 4i%
video_vae_decoder.forward, "B warm-throughput

Provider V-direct-BSH 48/48 attn1 strict fail-closed; 15 16 MiB cuBLASLLt

Current Portrait

baseline

Historical paired

controls

Historical

delivery
Release identity

Quality policy

workspace PRISFIREGEFMFE AT —HE 7>

Phase 3 candidate mean 34.392314 generated FPS; mean 37.557043
stable-DiT FPS; generated CV 0.085863%; 25 playback FPS
tensorwise/K32 5 control/V-direct /4% landscape A/B 735l RN
RILEUEE, AR Portrait KPI

O7 mean wall 18,041.006 ms; mean 27.104924 generated FPS (Week 2 &
i, RENFIESH)
catnip-k32-vdirect-single-tile-compile-portrait-480x832-v2; ACTIVE
engineering baseline, warm-throughput only

Portrait runtime/media contracts PASS, {HAF:5K ground-truth
perceptual quality EU3EIL; 2K % rowwise. channelwise, SmoothQuant

AR P~ 5

19.2 BL5RHRIS AR

1. 1EHARY 20 #) Streaming ABI 5 4+6 KV 1B ¥,

2. 5E%% mixed DiT ¥ placement 5 TE/VAE JIHEHR 77

3. 576-module native scaled-MM 5 0 fallback/upcast [ 12%; &S H tensor-
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10.

11.

12.

wise JEHiH N K32 MXFPS,

. Bounded KV. shared PE. fused bias 53& chunk VAE scheduler,

48-block compile, duplicate V2A fold 4 #1. shape warmup,

07 =HFEM 27.104924 generated FPS 2 {FIEHE, DANEELH 16 MiB
cuBLASLt workspace,

B SM120 MXFPS attention kernel: CUTLASS 4.5.2 blockscaled 4§t + FA3 Ifl
4t persistent core + F5 producer, fail-closed & 48 /™ attn1,

Reference-free fRRSA R BIAINR : S0 iE AMRE, LA BF16 54577 FPS i H A
Z H— 1k

A FHER ] LRk S HETRIE harness: =X F. 37 cache root,
HNT 56 UIE 2% B

576 |2 outlier Ziit5 INT8 ML R, BAHA T ACEE M5 H7E M EY et 0 A1

Week 8 1%#5 731 profiling: 45 72HT#I 1. 12 stage gate. 3 attention count gate,
5 sequence-pair gate 4= PASS,

Portrait v2 & FEANCIHN IR 5 Y single-tile 55 video VAE decoder compile; =
X candidate mean 34.392314 generated FPS, final r03 smoke PASS,

112



Catnip FP8 Scaled-MM Technical Report 55 19 & X&) PORTRAIT £ AZ. [H¥ PROFILING MR 5F—%

19.3 F—IHEIHEHIF, MARMERHIFEREE

+ 19.2: T #2445 admission gate

gk

EEt

It BRAERY

Admission

PO

counters

=3
il

it

P1

P1

P2

P2

FIE5ER NCU counter

permission

PN E T

Epilogue fusion &
scaled-MM scheduling

Compile cache 5T

compute_attn_ws FJ¥

R

Attention provider J 5t

Native SDPA fJ H128
video-to-text

Media write 5 mux

ncu--setnone 1% launch/occupancy-limit/wave, {H tensor-pipe. stalls, achieved

occupancy 5

EE freeze, validation 5 heldout-v2 FIME—FHZE; 20615 M R RGUE 25 CU k2

= PO shapes (724 scaled-mm 87.665%; heuristic pinning £ A +0.058769% 1EAfi{E 4

v2 ff] warm throughput 427, {H fresh-process wall paired median /il 10.802722%;

e IRNACL

HiBE S provider #45% 54.742%, FIEAKL 82.536%; grid=170 CTA CC tail wave

V-direct-BSH CL2FASGIE; Q/K cast 5 direct-layout {/52h BLA & 1%

589.289 ms,

7,424.061 ms H.JG CUDA kernel, £+ I{RSMBLEH PSR4

duration AR L

cold-start speedup

i native core 76.943%

15 EAUFELR profiling
restriction, EUZAAFENS
CAP_SYS_ADMIN; A+
134E theoretical
occupancy 24 SRR
PORSZE RGN
quality_calibration.
\protect\penalty\z@
freeze.json

7 hypothesis JH37
pre-register;

stream-K /persistent AJ
W, tile/stage # 3k ELb&
%X

[E7E cache A fEHA, #F
o graph build / compile
/ first execution; A5
warm KPI #5518 K &5
E=6

HET3% tensor/stall
evidence A HEA core
rewrite; 4 25%
theoretical occupancy 2§
{¥ free headroom
FHRABR—NIE5;
four-shape CUDA event
J& FBIIE T 20 # paired
request

Hik provider RREAHE ;
EF IR outlier GiHHi
INBIBURIX

g
request-to-final-MP4
wall; AU R AD BT
R R RE

19.4 {ik5ER, BFREERSEPRETTH

o [A] commit, [F&[A. [A timer B BF16 5 FP8 IEX 14 GE A/B. K32 5 tensorwise
Z RIEA T FEECON X RE, {H BF16 5 FP8 Z BRI E, Wt ARENEHE T
BF16—FP8 speedup {544,

o M AJSNZEIE, calibration freeze marker. validation i 4 {Xiz1T5 heldout-v2; %4
APIRAMIX A PENDING, BLOCKED, LOCKED (0/4) 5 EMBARGOED,

o 5EE NCU HY tensor-pipe, warp stall. achieved occupancy 5 duration counters;
ncu--setnone B3 2] launch. i occupancy BRFIE T 5 wave £dE, (HAZFK L

IR counters,
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o HHf SM120 attention 4 kernel HY 7T 4% EI T UESE, #AERHT A3 4 fixed_p256_
two_pass, M4 " kernel {# /] online_dynamic_one_pass, WM& &R —EH
&, it A3 RS EE4LREGESME, WARERAS™ kernel IYIEILIE,

o AV-sync gate: FIEFEARRE R (400 ms EHIEIRARKH), CREHN diagnostic,
51 A SyncNet 277 %,

o AR |dev| BUEMARZE NI, HARAREEIEA “VRZIR7, NREUERH “ZB4F”,

N

el ]
TRBZIEGUNEEIRE: BRREMZE O7 #Y tensorwise W8AS
scaled-MM (27.104924 generated FPS) ; i K32 engineering ev-

idence flffi 832 x 480 M K32 paired A/B. Week 9 V-direct-BSH
+1.289408% stable-DiT gain 5 Portrait v1; Y4af LI E Portrait
catnip-k32-vdirect-single-tile-compile-portrait-480x832-v2, 37.557043 stable-
DiT / 34.392314 generated FPS; AR5EMRIAZ cold-start, blind review, freeze,
validation 5 heldout-v2, 3% r03 smoke CLifijd, {H formal ground-truth
quality acceptance MR 7

RS2 ASET K B~ AR, E—RdERERE Dy “AfalfE provider
A FRH scale 2 AR B K32 JR kit ”, THX M REEAZAE — N E AR R A
b HIERIISUR B TTIRE | SelE B HAE A ARSI, 75 855 Al bRE HY AR hd
URTEIAR, RS R B BT B R A | H A S F A it —KB32 IR /21X A REJECTH]
B TREELRNY, JREEMEIRET NI SEm “HEAR S RES I HHE A", iR X4
fBide /2 A B4

JisE profiling EUERIM R if/KEGLIIH, FHEIHAMED) 7 AR GPUO B2,
v2 MTEH current warm KPI $2%] 34.392314 generated FPS, {Hi% & AR T
[ device-separated profiling: J5%e4 B EFTHIWHREN, 7E v2 EEFIE,
HEARSAE T B 5-9% crossover B, 99.640% busy 4 5% 4 ARG i bk, GPU1 1Y
scaled-mm/attention &% 5 GPUO W54 T/EERAAH v2 paired full-model
gate Kl
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JRITCIEMKA: RTh. KKS

RERE GRS T, BRI A LHEANT 57, SR BT ORS00
YIRS, Reject ERIHHAL candidate [RE AR, Blocked HROHH
3 gate 255, {H phase BURSTEEEMBIE; Invalid TR MR & R,
FEEF=ERIEE5E: Not run R RERRA, FRMER,

A B R

20.1 WRESREANXES

| 20.1: RN EER S PREAPE

Bz 2R ARG R B RS
Week 2 480-module ik chunk 0 J8Jd, %% KV/PE R IEHE
memory-first FP8 lifetime; {ENAEEIZHTIHRIZ
Week 2 Bounded KV + shared 11 chunks 5%, reserved [ f{&E4
PE + fused bias F| memory gate M
Week 2 Host worker async VAE % same-thread false TREH
overlap; A O0 19.080 FPS
02 48-block independent ~ O1—02 observed wall RE
compile -2,892.619 ms
04 Fold duplicate V2A observed wall -2,380.908 ms; {RE
R cache BIfEH]S residual
itz
05 576-module coverage wall -824.946 ms, coverage  {RE
72.138575%
06 PE metadata key + 27.059941 FPS, formal graph {RE
5-shape warmup delta 7%
o7 Strict entry + serial —#%27.104924 FPS, CV A

warmup 0.046536%
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$£20F JRISEIMKA: BTN RIS FEETRE

B 2K SRS IRRE B R
Week 3 16 MiB provider wall -0.865511%, FPS UL
workspace +0.873067%; C.[EI{Li Week
8 UREEIHBNINE, 61X
performance 5 8 {X
calibration IZ/THARK
Week 6 Exact-FP32 K32 Local +22.910%, PY%% video WFFIREE
simulator block-probe lanes J&#id; 24t
MU UESE
Attention V2 25-shape complete-op 2 > 20 s, production ik
timing layout, AJEH; X Headline
NVML/V1, ZMEXNZRH
2026-07-20 4= PyTorch
Flash SDPA RS
Outlier 4ttt 576 EREINE + 63,360 INT8 M HHIUER outlier B A WFFRIRE
activation records REFS I E] EAM3; AEITCA,
RIS
Week 7 H #ff SM120 MXFP8 48 P attnl Bffe; r04 AL A7 ERIA
attention 28.084266773 generated FPS;
FETARFRE 1.44236 %
Week 8 FREEDIFEE AP cell 7FEBISE, 2R Jrik
FTAERRLL; SRR
AEFERR
Week 8 Reference-free fFRGIEIA  THREIEANRE : flicker 25.68 % HrHu AL
THi AR click 8.51x. sharpness 1.78x.
blockiness 1.13x
Week 8 Native K32 MXFP8 =X AEELN stable-DiT PROMOTE
baseline V2 median gain 14.103774%. #%
/INECXT 13.995281%; M lane
IR AUTO_PASS
Week 8 Attention stage 4 A7 shape. 20 warmup  Historical
benchmark + 100 formal, 12/12 3t profiling
s evidence
Week 9 V-direct-BSH attention 775 832 x 480 K32 stack FJ= Engineering
boundary Xf full-model A/B: promote
stable-DiT median only

+1.289408%, generated
+1.284480%, 6/6 execution
gates PASS; quality

acceptance ENELE!
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$208 JRITSLWIKA

© . KW SFEERRE

A A8 AL S VR
B 2 SRS IRRE B R
v N
Week 9 Counter-free NCU 3K1% launch, wave 5 TR R
--setnone theoretical occupancy facts;
attention JC tail wave, PO
GEMM 89.4% wave efficiency
Portrait v1 K32/V-direct Portrait =X fresh-cache mean ik e %57
baseline 37.486982 stable-DiT /
33.070761 generated FPS;
runtime contracts PASS,
quality acceptance=false
Portrait v2 Single-tile + compiled =~ =X} candidate mean EEE-59
video VAE decoder 37.557043 stable-DiT /
34.392314 generated FPS;
final r03 smoke PASS; H A
warm-throughput
EE, BRigwiEds
S
20.2 ﬁw*—ﬂ, =] E112 =
& 20.2: BI2E AR rejected attempts
B {1 A work HYEH K] RIE
03 Selective cuDNN SDPA 1 shape TR 19.7%, 588K ANE 220.053 ms; shape REJECT
mix/workspace/scheduling fiH
Week 3 External M padding Square/FFN up/down 73 5I1{ REJECT
0.991985 % /0.994219 % /0.984182 x ; IR +52.517
ms, A1t pad/crop
Week 3 Shape-specific fast-accum Square micro 1.0237 X, full median JZifi!% 2.402 ms / REJECT
0.013329%
Week 3 Shared activation quant Physical quant calls -25%, {H full wall {X -0.166418%, REJECT
8T 0.25%, AHussE
Week 3 Text K/V cache 48 layers X5 states 7 3,840 MiB, E#% OOM; 9 layers REJECT
720 MiB 1 128 MiB gate
Week 3 Simple QKV/KV concat Kit split/norm/RoPE/layout AR request ceiling REJECT
X 0.173474%
Week 3 Shared quant + provider It provider-only X% 9.716 ms / 0.054386%, fi+ REJECT
incremental gate H. seam ® 7
Week 4 Rowact/tensorweight 1 cell aggregate Lt tensorwise B 7 REJECT
Week 4 K/V BF16 rescues K-only, V-only, PANJEEERIINI K+V BIARME REJECT
rowwise aggregate
Week 4 Hybrid-K Overall worst -20.320%, audio median JB{t. REJECT
Week 4 Tensor act + channel W Overall worst -22.632%, stable speed worst -2.323% REJECT
Week 4 Full rowwise Overall worst -7.563%; audio worst -61.777% / REJECT
-65.655%
Week 4 SmoothQuant Calibration median +22.782%, heldout median REJECT
-2.991%. worst -18.750%
Week 5 A-row/W-channel A2V Calibration NIE, tailor validation -12.150% / REJECT
-10.925%; audio tail E#
Week 5 Sensitive top-48 Drummer overall 1, {H audio -2.299% / -2.456% REJECT
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F20F JHIITIOMKZS:

BRI, RIS FEETRE

B T A work HYELFEJR BRIE

Week 5 Top-96/top-192 T calibration cell 7351 -10.586% / -6.134% REJECT

Week 5 Video FFN row/channel Chef -21.386% / -26.148% REJECT

Week 5 K32 Week 5 WIIHEIRFE (chef +0.827%, drummer AlEiEE Sy O]
-7.064%) ; HLARALRIE T 2026-07-22 HEIEDA, IR
2026-07-22/23 FERIIHECR S5 stable-DiT median PROMOTE
gain 14.103774%, fRFSUGEATEIFR AUTO_PASS

Week 5 Logical K64 Chef +17.009%, drummer -9.357%; & compact REJECT
native K64

Week 6 K32 pow2/native ESM0O Local mean rel-L2 L tensorwise % 1.056%; scale REJECT
encoding #f# exact-K32 {i#4

Week 6 A2V hybrid rescue HURIF q/out /579 4/8; audio error 2Rk H ¥/ graph REJECT

Week 6 Attention tensorwise + FEN  /\"I> block/modality gates £ #8520, 0/8 REJECT

K32

20.3 B Gate, 1B Phase =[G4 CE i HER

2R 20.3: Blocked 5 candidate reject /224 X ]

1§23 AR gate Z55R N LB RH WO

Week 5 CUDA overhead 175 branch FUFFHEMMRTEE 5 1 temporal

temporal 10.19%-20.98% It full videos

Week 6 Phase 8 /> video metric Audio metric A[Hf5, video Production

3 blockers registry [JC production {(RIREEAE  registry.
final-heldout

Week 6 Phase  P4%% video block Exact K32 AHLHIESE, H Phase 5.

4 probes JEIS, U propagation admission AR [#1& validation,

audio p95 KI; & heldout

gate 4/8

20.4 TEIZFLEiEH Invalid / Infrastructure Failures

| 20.4: IR EAS 2 pURIERCR I RIY

B KIK N2 TeRESS R ) aefBIE

Capacity 240-module ={X chunk-0 % +KV/PE NF#EF; A MERES
OOM JRES51E, ¥ coverage [FE/H

Capacity 480-module chunk-1 Append-before-evict lifetime peak; &
OOM ¥ bounded KV J5E /5

Scheduler Same-thread VAE false A[H] CUDA stream 1542 1.25 s

overlap

Python launch FHZE; £ A host worker
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$£20F JRISEIMKA: BTN RIS FEETRE

BB KIE ML TERFEE R Al iE
Conditioning  Structured prompt r01 M prompt F{F audio
conditioning; FHAFE
02 Compile warmup r01 Allocator reserved-but-unallocated £
OOM 2 GiB; {% cache + expandable
segments
06 Four-shape warmup r01 ~ Formal chunk 4 #%ii% 6 graphs, wall
68.435s; M 7L shape
o7 First cold warmup OOM  RoPE buffer I reserved 32.913 GB; &
serial warmup/allocator cleanup
Week 2 profile P“f> compiled profiler —/Mit PYTHONPATH, — package
runs invocation fH1%; AN
Week 2 Nsys  NVTX-triggered capture  filt/2 55F551%; 2 delay/duration
s e capture
Week 4 BF16 oracle 101 VAE chunk 6 OOM; r02 %%, 1X 102
{F oracle
Week 4 K+V BF16 rescue r01/r02 H{X GPU1 OOM; XM run %6
candidate RUREEIE, JGLLHI retry A
H#E Reject
Week 4 Observer FP32 index fgit 224 1Y FP32 linspace §3( CUDA
assert; B INT64
Week 5 First candidate Tensor identity F—5; 8558 invalid,
conditioning 1B )i B
Week 5 K32/K64 first runner it weight_inverse_scale #%1; BE)5
AT retry
Week 6 Phase  First finalizer ambiguous ~ Evidence IC3k 728, A& provider
0 fail; #M4 contract J5 B
Week 6 Phase _CUuuid serialization 12 partial tensors ZIEEH; & JSON
1 metadata 5 BT publication
Week 6 Phase Venv symlink fi#t 2| system Python, torch import
2 fail; 0 GPU requests
Week 6 Phase Capture attempt 01 TEKJG MK tensor torch.quantile 28
4 W RA&AG, HAGHEEHH
Week 6 /usr/bin/time exit 127 A28 LZ binary; 7E Python/CUDA Hif
launcher B HI%A artifact, &
provider/GPU failure
Week 6 paired Modality order mismatch V1 schema /5 H~—%, ik
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1§24 KK ML TEREELE R ) aE IR

Week 6 hybrid 11-field vs 19-field schema Attempt 01 {21k, NN gate, FHEK
schema J5E

NCU PRIR Bt host capability /driver policy; /&

ERR_NVGPUCTRPERM  kernel fail, #i%H counter £z

Attention 100% busy Layout ~IEAC HAEAR AR busy; V2

NVML complete-op HUfX

Attention Kernel-self / 301% ISR AT REE,; SR

V1/V2 Kineto provider/name

Portrait v2 H & Week 10 KV study i HMBEIRIFZ; %A candidate FPS B¢
smoke r01/r02 F} GPU, VAE decode Hii VAE &5, 1&¥/5 r03 7@t
OOM

20.5 PN IEMPAETEY Not-Run Iii

& 20.5: Not run RZF TR K

=] FMt &G 1817
Phase I FP8 KV FH P B SRR
storage POC

Week 3 padding/text ~Micro/feasibility ceiling EX T gate SNAE AT
cache/simple fusion

full videos

Week 5 Ai{> temporal CUDA overhead 10%-21%, #}3Hi & RH KT

videos

Week 5 combination ~ Survivor set %, HEWARES™IEANZT

runs

Week 5 final-heldout ~ Calibration + validation % survivor

Week 6 Phase 5 / Paired propagation A 4/8, Hi& gate A
validation / heldout

Decoded perceptual /  HIFCIRIZEIFIETTIAN

AV-sync / blind

review

20.6 2026-07-21 ZEmiEMEE
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$£20F JRISEIMKA: BTN RIS FEETRE

R 20.6: Week 7-8 Y rejected., invalid 5 blocked 4% H

B fpeid | S HERA RIE
Week 7 A3 signed H128 ie#s 4> pooled 24HII#FEkE (overall 2.1063%. audio REJECT
It 8.8755%), HBEMH THE
overall/input/latent > 5%, video velocity
> 10%; selEEEAREEmAEm I
Week 7 A7 % K32 AEZRIEM 20.0809% Bl 0.9589% (-95.2250%), REJECT
{H full-vs-production defect {{i{# 0.0267%,
T#3K exact-P ceiling [ 0.1700%; 25 I gate H1 11
TR
Week 7 P1d learned rotation odd-chunk screen | =fZE{k mean 1¥ REJECT
+0.246%~+0.623%, [ > 5%; fitloss %
7.255% J& B2 R i oL &
Week 7 Fused cooperative 5 shape J& bit —%{. . cooperative launch JAJ, REJECT
H128 {HPY4ME 7 shape median 4[5
+1.512%~+7.440%
Week 7 FA3 K/V warp-release 71 shape bitwise —Z{{H 2218 REJECT
+0.79%~+2.83%; Nsys B +2.38%/+2.44%
Week 8 25 Q/K X%/ shape TR 17.117%; 20 FHIIALIE 0.934%, REJECT
single-launch EIRIE 1.731%
Week 9 cuBLASLt heuristic dominant 2340 x 4096 x 4096 bitwise correct, REJECT
top-k pinning {H paired median +0.058769% < +1.0% gate; %
conjunction FN early stop
Week 8 BRI rowwise [Hifi worst dev 1.709, seam spike 6.5 Af LEHELR REJECT
(ROW192) 3.1, NAREREAES
Week 7 MXFP8 r01 / r02 AMEBPENL S H GPU,  7E provider hook 45 formal Invalid
timer Z i EFNELL; JC FPS
Week 7 MXFP8 r03 provider dtype gate 1™, %% warmup BBtk Invalid
;7 FPS
Week 8 BF15 E{X drummer i&  ZRiE AR BAARIEE P, JC runjson, & Invalid
17 probe, JEXTEL; CEEIFARE
Week 8 Anatomy capture FiX G —IZ{THY teardown 7552 GPUO OOM; Invalid
ZI TS B
Week 8 [ av-sync gate TEA 400 ms HHUER AP, RBHFEIRIRE K =4
J11e diagnostic
Week 8 SRR R B 2R i 7 )i final-heldout Fif, ARGHHR; V2 HrYL I IFHEIE
#5320 calibration H 5514 heldout-v2
Week 8 (PN VA= RS AFFS IR RAERS ke, FEMN AN PENDING
Week 8 Calibration freeze marker status/quality_calibration.freeze json = BLOCKED
f#1E
Week 8 Validation 4 runs T freeze marker fRl; BEL5ERK 0/4 LOCKED
Week 8 Heldout-v2 #if % hash-bound i HifiE 8t EMBARGOED
NCU 58— ERR_ 18 FH1 RmProfilingAdminOnly=1, 2 effective 1TBHZE
NVGPUCTRPERM 5 bounding set #3Jiit CAP_SYS_ADMIN;

CAP_PERFMON FEFEMEF{L

e e fsE RN

AEIER PN, AT

TR BIEEO, AN, external M padding. simple QKV/KV concat,
text K/V cache (48 2 x 5 states 7 3,840 MiB) . Ji{ dynamic torch.cond % H.
27 Q/K single-launch, H128 producer i fused core. 2ZJ% rowwise, X
LA BRI RS UE, AN AR,

S8 HMERRL, BARE, FITA DAR N trajectory rel-L2 {F4 accept/reject
AR 1E—ELHE Week 4 5 Week 5 B2 EFFSE reject, Week 6 [ propagation
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4/8 RHMT—EREVAE— DN EPIEANERE L, BT EIIER “HIELA177, 1M
ENFIRAGEIRS, T2 NS AIARERTH A, K32 2 — M ETIXS
12 OB TREFELR I,

BRI B S AT A TS B fG ¥ run ID B/E; T 1ZEFHKTHY heldout 154
T ORNFERAET WA, E&K AT —IR heldout R (Week 8 55— RIHiAR) ,
HARM R AIRIFAE N M —— IR AR 5 e 7 e 6 T (5 1R
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HMESEMA

A1 EEERS PDF

WEEELEM data/report metrics.json £, RN Markdown k&, 14
SR AR SEIZ1T Matplotlib, FH XeLaTeX Wiils PA_ Lt Hk. EIRASIH:

cd /workspace/catnip-technical-report-latex
./build.sh

FHHIRIT a4
MPLBACKEND=Agg PYTHONDONTWRITEBYTECODE=1 \

/workspace/LTX/.venv/bin/python scripts/generate figures.py

LC ALL=C.UTF-8 TZ=UTC SOURCE DATE EPOCH=1784592000 \
latexmk -xelatex -interaction=nonstopmode -halt-on-error \
-file-line-error -outdir=build main.tex

FiEAEH -shell-escape, URHERAMKHE minted, £%#¢ PDF. %ii¥ log. file list
5 SHA256 {RETEAR S H R build/,

A.2 Ypi—§EHIRE: Portrait v2

L HTERIAN CHEMT results/CURRENT\ BASELINE.json F:[E &% v2 runner/con-
fig; BAINGRIE 480 x 832, 20 #b. 489 Mii%5 first 4 + latest 6 LF KV:

/workspace/LTX/.venv/bin/python \
/workspace/catnip-portrait-baseline/run baseline.py

FRAACN 15 FRES B B 23 38 /workspace/catnip-portrait-baseline/run\
_portrait\ baseline\ v2.py 5 configs/portrait\ baseline\ v2.json, i
FEEFFN v2 manifest 67 H SHA256; 455 H%H runner PA create-only 15 A&, 1%
AOEE EH3ZH single-tile latent-window decode 5 compiled video VAE decoder,

7 BH warm steady-state performance,
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A.3 [SP—§EHIE: Week 8 K32 B4

Week 8 [ H 15 runtime R 777 52 832 x 480 K32 B I ., BEAM Week 2/5/7
[F5256 H 5% import SCHF; BRI E S Python SMEIITE /workspace/LTX, = MyTBEtE
HFFE—" result H3%, H result BIZKANEE:

cd /workspace/week8-k32-baseline
RESULT="results/$(date -u +%Y%m%d %H%M%S) 832x480 20s k32"

CUDA VISIBLE DEVICES=0,1 /workspace/LTX/.venv/bin/python scripts/run_k32.py \
--preflight-only --prompt-file configs/default experiment prompt.txt \
--result-dir "$RESULT"

CUDA VISIBLE DEVICES=0,1 /workspace/LTX/.venv/bin/python scripts/run _k32.py \
--dry-run --prompt-file configs/default experiment prompt.txt \
--result-dir "$RESULT"

CUDA VISIBLE DEVICES=0,1 /workspace/LTX/.venv/bin/python scripts/run k32.py \
--prompt-file configs/default experiment prompt.txt --result-dir "$RESULT"

/workspace/LTX/.venv/bin/python scripts/validate k32.py --result-dir "$RESULT"
/workspace/LTX/.venv/bin/python scripts/validate baseline reference.py \
bind-result --result-dir "$RESULT"

preflight 5 dry-run #2F&BT B AEFTESAIME prompt, 23K result/staging/out-
put B2 AR 5 FH H ]S /5% cache policy, 2 &M M checkpoint 5 16 1 Gemma
runtime X (3£ 24,414,137,010 F717), MFIRESH runtime artifacts, FE7ERRE T
FEH I Torch/CUDA, WE&BAE Torch import #4 launcher, IR,
# result 8¢ cache,

CUBLASLT_WORKSPACE_SIZE=16384 C.[E L% runtime Y7455 303
B, THEZEEHAEF T SMH, --cache-policywarm J& &M HLLIFE H O IFE=Y;
--cache-policyfresh %K cache root NELE, M TME RS IFE (attempt06 [ fresh
compile warmup 4 305.712944 ), cache M 0 R K] 1,756 1 Inductor I,
599,228,407 FT9).

BRI EMEMARY, PAN“FERIE result I baseline reference:

CUDA VISIBLE DEVICES=0,1 /workspace/LTX/.venv/bin/python \
scripts/validate baseline reference.py validate-release

CUDA VISIBLE DEVICES=0,1 /workspace/LTX/.venv/bin/python \
scripts/validate baseline reference.py validate-reference --result-dir "$RESULT"

G ABEIEA N FRHI S 1% release, MM #HF scripts/run_paired candidate.py
G FEIMY K32 release 1ENTaHlI4H, $% control/candidate. candidate/control. con-
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trol/candidate 74T =X F@ & 1Y 20 #1217, HJ5H scripts/validate paired
candidate.py M EHPOTELE S, WiF. 5. cache B artifact 5%,

A.4 [A5E O7 XFEEIWAO

Week 2 f—FEN IR 9T B EIBE1R, HEERX M 27.104924 generated
FPS, AMURHHTEL:

cd /workspace/week2-improved-fp8 scaled

export CATNIP CHECKPOINT=/workspace/LTX/models/ltx rll6/merged sst1500 rll1l6.safetensors
export LTX BASE CHECKPOINT=/workspace/LTX/models/LTX-2.3/1tx-2.3-22b-dev.safetensors
export GEMMA TEXT ENCODER=/workspace/LTX/models/gemma-3-12b-it-qat-q4 0-unquantized
export CUBLASLT WORKSPACE SIZE=16384

./run_inference.sh \
--prompt-file "$PWD/experiments/split fp8 dit vae profile/configs/prompt person car 20s.txt

fE1% 3 52 A\ 1 H1, CUBLASLT_WORKSPACE_SIZE 1754 75 1 Il Fl # 7£ & X
CUDA 146 AT E, --dry-run 228 canonical contract, prompt. frozen noise.
FP8 manifest. 4+6 KV, geometry SR, (HASMEREAIT ™

A.5 Week 3 Profiling B4 EH

cd /workspace/week3-fp8-gemm-optimization
/workspace/LTX/.venv/bin/python scripts/analyze final nsys.py \
--json-out /workspace/technical-report-evidence/week3-reanalysis/nsys analysis.json \
--markdown-out /workspace/technical-report-evidence/week3-reanalysis/nsys analysis.md
/workspace/LTX/.venv/bin/python scripts/analyze final kineto.py \

--json-output /workspace/technical-report-evidence/week3-reanalysis/kineto analysis.json \
--markdown-output /workspace/technical-report-evidence/week3-reanalysis/kineto analysis.md

Mg RS THFIAF trace, A H GPU; fthiIN RIBLRT e ML, ZOEUES

checksum 4 —%K,

A.6 Attention V2 R EEH

cd /workspace/technical-report-evidence/attention-fa-util-20260720
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python3 analyze fa full mix.py \
--summary results/run 20260720 fa full mix r@l/summary.json \
--telemetry results/run 20260720 fa full mix r@l/telemetry.csv \
--inventory production nsys inventory.json \
--output /tmp/catnip fa full mix recomputed.json

cmp /tmp/catnip fa full mix recomputed.json \
results/run 20260720 fa full mix r0l/analysis.json

sha256sum -c SHA256SUMS

Byte-identical JSON & &.{ F§ workspace system Python 3.12.3; “f~[F] Python mi-

>,

nor version A] B RIEF s — M HIF Yt 2R, EHRZNIER GPU 5B
F#HMHE— run ID:

bash run full mix formal.sh NEW UNIQUE RUN ID

% launcher fE487 35 [HE5 R, 98 shape 1817 20 ),
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B.1 HEBIEHEIRET

R B.1: 1E3¢ Evidence ID Xf I A ECSC AR EL H 5%

Evidence ID Grade %1% / WiHH

E-MASTER A/B  /workspace/CATNIP TECHNICAL REPORT.md; [RZE&
Markdown % &

E-W1- B /workspace/week2-improved- fp8 scaled/docs/runbooks/

RUNBOOK catnip quantization execution runbook.md

E-W2- B /workspace/week2-improved- fp8 scaled/docs/runbooks/

RUNBOOK catnip bfl6 vs fp8 scaled mm runbook.md

E-W2-HOW B /workspace/week2-improved- fp8 scaled/HOW WE REACHED
27FPS.md

E-W2-RUN A /workspace/week2-improved- fp8 scaled/results/fp8

scaled/run 20260715T123627Z 1720695

E-W3-FINAL A /workspace/week3-fp8-gemm-optimization/docs/FINAL
TECHNICAL REPORT.md

E-W3-NSYS A /workspace/technical-report-evidence/
week3-reanalysis/nsys _analysis.json 5J& trace

E-W3-KINETO A /workspace/technical- report-evidence/
week3-reanalysis/kineto _analysis.json

E-W4-FINAL A /workspace/week4- fp8-accuracy/FINAL FP8 ACCURACY
REPORT . md
E-W4-GATES A /workspace/week4-fp8-accuracy/results/gate d/

accuracy matrix_summary.json;

gate e/gate e results summary.json;

gate f rowwise/gate f rowwise results summary.json;
smoothquant heldout gate/gate report.json

E-W5-FINAL A /workspace/week5-fp8-scale-allocation/FINAL SCALE
ALLOCATION REPORT.md
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Evidence ID Grade %1% / WiBH

E-W5- A /workspace/week5-fp8-scale-allocation/results/
SUMMARY preselection final summary.json 5
dynamic_cond cuda gate.json

E-W6-LOCAL A /workspace/week6-streaming-av-quant-research/PHASE4
LOCAL FACTOR RESULTS.md; results/phase4
factorization/grid/local factor summaries.json

E-W6-PAIRED A /workspace/week6-streaming-av-quant-research/PHASE4
PAIRED PROPAGATION RESULTS.md;
paired block/paired block summaries.json

E-W6-AUDIO A /workspace/week6-streaming-av-quant-research/PHASE4
AUDIO TAIL RETROSPECTIVE RESULTS.md

E-W6-RESCUE A /workspace/week6-streaming-av-quant- research/PHASE4
HYBRID A2V RESCUE RESULTS.md 5
PHASE4 QUICK ATTENTION FFN K32 RESULTS.md

E-BF16-FRESH A/C  /workspace/week6-streaming-av-quant-research/
results/phase2 reference

E-ATTN-NCU A /workspace/technical- report-evidence/
attention-ncu-20260720

E-ATTN-V2 A /workspace/technical- report-evidence/
attention-fa-util-20260720; & pre-run/post-run

manifests, raw. analysis 5 SQLite extractor

E-FPSOUT A /workspace/catnip-fp8-outlier-statistics;
report/main.pdf, data/processed/analysis summary.json.
int8 control summary.json. 11 3KE5 5 5Kk#%

E-W7-5M120 A /workspace/week7-blackwell-fp8-attention;
sml20 fp8 attention/FULL 20S FPS REPORT.md.
FUSED_H128 COOPERATIVE REPORT.md.
P1B_MODEL LOOP REPORT.md.
P1C_A7 PROBABILITY K32 REPORT.md.
P1D LEARNED ORTHOGONAL ROTATION REPORT.md

E-W8-PANEL A /workspace/week8-bfl5-causal- lanes;
PO REPORT 20260722.md. configs/layer sets.json.
results/panel/adjudication.json,
results/anatomy/*/anatomy analysis.json
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Evidence ID Grade %1% / WiBH

E-W8-K32 A /workspace/week8-k32-baseline;
performance/summary.json, status/stage status.json,
status/baselines/k32 reusable experiment vl.json,
scores/calibration current/.
references/calibration band v2.json,
reports/K32 V2 EXPERIMENT LOG.md

E-W8-PROF A /workspace/week8-k32-profiling;
DETAILED PROFILING REPORT.md,
ATTENTION KERNEL SOURCE AUDIT.md.
GPU1 KERNEL SHAPE AUDIT.md., SCALED MM NCU HARNESS.md.
results/ncu permission/

E-W9 A /workspace/week9-attention-boundary-engineering;
V-direct full-model A/B. scaled-MM rejection 5 counter-free
NCU findings

E-PORTRAIT A /workspace/catnip-portrait-baseline/results/BASELINE

MANIFEST.json, PERFORMANCE SUMMARY.json 5=/ vl
performance gates; 75 v1 IEHE

E-PORTRAIT- A /workspace/catnip-portrait-baseline/results/CURRENT

V2 BASELINE.json, v2/BASELINE MANIFEST V2.json,
PERFORMANCE SUMMARY V2.json, /workspace/
catnip-portrait-baseline/BASELINE V2 RESULT.md 5 final

r03 smoke gates

B.2 JMBEAEE
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[1]

Jay Shah, Ganesh Bikshandi, Ying Zhang, Vijay Thakkar, Pradeep Ramani, and
Tri Dao. FlashAttention-3: Fast and Accurate Attention with Asynchrony and Low-
precision. arXiv:2407.08608, 2024. https://arxiv.org/abs/2407.08608.

Ted Zadouri, Markus Hoehnerbach, Jay Shah, Timmy Liu, Vijay Thakkar, and Tri
Dao. FlashAttention-4: Algorithm and Kernel Pipelining Co-Design for Asymmetric
Hardware Scaling. arXiv:2603.05451, 2026. https://arxiv.org/abs/2603.05451.

NVIDIA. NVIDIA RTX Blackwell GPU Architecture. https://images.nvidia.com/
aem-dam/Solutions/geforce/blackwell/nvidia-rtx-blackwell-gpu-architecture.
pdf.

PyTorch. torch.nn.functional.scaled_dot_product_attention. https://docs.pytorch.

org/docs/main/generated/torch.nn.functional.scaled_dot_product_attention.
html.

NVIDIA. ERR_NVGPUCTRPERM: Permission issue with Performance Counters.
https://developer.nvidia.com/ERR_NVGPUCTRPERM.

B.3 iREMRH

. Week 1 5 Week 2 O0-O7 B9 raw ELGHE, 15 waterfall Jg T4 B; ETE

F2¥% factorial A/B,

Week 3 profiling, Week 4-6 gates 55 Attention V2 H R4 /45141t evidence; {H
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