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1 WEsEmbE . A5 5 Usiibsie
1.1 WFFERE

ARERE “outlier IFZMRERE" RIS ARSI 7] -

1. R E tail severity J2 @38 4E = tensorwise FP8 [ E 1R

2. B EEHmAES/IMEAS B underflow, 1] underflow 7% By H AR /NGB &7

3. TEHHKIER) weight scale, 3 clipping BY sparse residual FEETE N &= LR 217t Pareto
RaE?

4. H5 Streaming %Y outlier 27 HWALHE outlier THREMEREm M RILIRZE, PAIKIXLE outlier
channel 2% prompt fa5E?

5. WFLE block/family [ i 5 F2 B A - SIS A, & AR AT — 48 1] AR S 7

1.2 AR nfEL S AT CLEWIfT 2,

AR BB M S516 78 15 2B HAACE, R BB I8 weight-space E4M3 B RS T i
PG M ESG2174580, 1 quantization probe @H HRHE, HACH A prompt. [F]— seed.
ligk

o AJPAUEWTAS outlier FoAR-5 Jay AN B /35000 EAL R 22 1 K IR 55 5
AT PATH AL [ b S SRS AL EE MSE 5 S 7 A
ANAT DML IR 8 SR T 5 2 B A s o i T
AP sparse-residual fEIRBLE P A YA kernel HFMFPL;
AR AP calibration prompt L # ) production EAL SN .

AXABRY=2x 5 (1) EEHRE, (2) Linear fA/fiih FikixE, (3) it
. AT SEECR Y heldout B igsK, A RELRIMRRISIE S TN production

REGL.

2 KL SO Bt i £
2.1 M2k HE week2 T

RWFFTH: /workspace/week2-improved-fp8_scaled fENME— IS EZL . 81E M derived man-
ifest 2y:



Catnip FP8 Outlier G¢i1#F5% baseline27FPS / 576 Linear

Manifest experiments/split_fp8_dit_vae_profile/manifests/fp8_scaled_m

m_attnl_kv_o5_cudal. json

SHA256 c085f53dbdac584a6£53b000babefb59892d512dcd9b42a4a8£8£53eb87a
cdf9

KOSl experiments/split_fp8_dit_vae_profile/scripts/fp8_scaled_mm_
fused.py

Sz SHA 256 05£09ec23860ab448bdce88463cdfbctfbc7f£93031288c05180c081ba8d1l
7226

Jask week SCH AR RIS 9= 8O uE R IR, AN HEHARRE kernel, scale i B B T & oL 3k
IR, R, AHRAEE ] week4 observer B4 K1Y activation bundles, {Hfff FQN #i
5 week2 HJ 576-layer manifest fif{——AZ L .

2.2 Ay AKX

HEZR M H torch.float8_e4m3fn, HENAIRMEICH F = 448, XHA " 4iftdE W e RVXK:

a = max |Wjg|, (1)
7.k
a/F, a>0,
5= (2)
1, a=0,
Qs(W) = s - castgamsen (clip(W /s, —F, F)) . (3)

BT 2 —F 77 FP8 weight 55—/ MR & FP32 inverse scale. #iG AR 528 — 4k A5
BITEEIFER) tensorwise scale, P51 aten._scaled_mm, #jH BF16, 3f{fi/f] fused BF16 bias,
Bl LG IR ARG SR, A SIS 8 H Ay .

Catnip baseline tensorwise FP8 path and the tested outlier mechanism

outlier enlarges scale

BF16 weight tensor amax E4M3FN cast Fa;gr:(.?slfgl-e:_BmFTs
[N,K] scale = amax / 448 1 sign / 4 exp / 3 mant fused BF16 bias

Observable consequences: underflow of tiny values, clipping trade-off, and local output perturbation

P 1: Catnip baseline tensorwise FP8 ¥R 54 KA 1 outlier /E 4%
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2.3 HbZ2 585tk

HArEEA A 48 /> block H[lEEHY 12 28 Linear: self-attention-1 ] Q/K/V/O, self-attention-2
1 Q/K/V/O, audio-to-video attention ft] Q/O, PAM feed-forward up/down. EALEECH
576
> NeK, = 13,690,208,256.
=1

checkpoint K/]NA 37,978,195,728 bytes, HSZM SHA256 /) d09adb8c85c1ae9681958e4c45
b4f6bdcfc3e596d3782ab2f76bd9cd9824734c, 4=t FPS8 production iRZE T HiTHE G, SEA M
audit [#)3% )2 error-squared fx RAHNTZE R 2.28 x 1077, VEHSZ Il —BrER 2 .

2.4 FEHAG O™

B B A B 20 #0i7K - person_car_seed12345 5 person_ceramics_seed12345,
A4~ Linear 7£ 11 > streaming chunks 4 J5; 4 > NFE 5 1 4~ commit, 3t 55 X forward; [t
B~ cell 576 x 55 = 31,680 records, W#&HE1T 63,360,

B call 1) amax, JTERBCFIA BLHER A B 55 50 M A absolute p50/p99.9 > HixZ% 8,192 4
i 2 PES 2 B #Y 128-bin log2 histogram; tensorwise/rowwise E4M3 probe fxZ 2 64 17;
BRI A BB S call amax SERAARTER] safetensors, Jf#& activation tensor A%+,

3 YIS itk
3.1 Outlier ks

XHALEZ € € SCMFPEAME PR

w max |Wy

() ___max|We (4)
(Q0.9999 (|We|)

Slgw) — m afj — m;;iX‘WZ,jk’- (5)

median; ayp;’
J Wy

TW) fif & tensor fr KAEAAXT AR BHP R 2 AR SO Mg B4 H @ i ] amax A9, amax 5
A %22 M1 underflow # 2 TCENRSHAE; %L, kurtosis 5 INTS control i [i&F 2% 262,144
A flatten J5EEHRG|HEAN .

%t activation call ¢ 5 3
() _ amax|X|

© Qooso(|Xe)
Bt T@ BSEAERAS cell X} 55 A call Bt p95, FRAEPTHS ) BUME . %1 SUBAR B 5 S WA )
WEHE R B9S2 BE, (AR AT BT R .

3.2 BAZ%. PSR
R L2

—

> (Wi — Wi)?

RelL2(W, W) = (| =it "0
W7
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JEFFNZ T i % HAE source nonzero JLE 4. Frf4)m MSE # G842 error-squared 5
source-squared, FFHEUIE, MM “ZIEE T RiRE" .
FpPAL T4 scale multiplier

a € {1,.875,.75,.625, .5, .375, .25, .1875, .125, .0625 },

R scale threshold MH « amax |[W |, Wfp Sz SFsL4 51k -

Dense clipping FHEAREH clip () FP8 FAY, /0K 555 3 A8 B 1K B e ;

Sparse residual upper bound X |W;| > aa WL EHFAFRGHH FP32 residual , {i% uint32 index
+ FP32 value, BIEf14 outlier %fi4h 8 bytes. & & AR RZER RW LA, ANIE row pointer,
alignment 5 kernel overhead.

73115 output-channel weight scale FJ4JCEMGHHRFE, HitHGZRE 262,144 FEAM

symmetric uniform INT8 (gmax = 127) X, HRX 77 SHEEGER 532 S K EA .

3.3 S

XA Spearman rank correlation. 95% X[A]2kH 4,000 &X#% 12 4> Linear families 432
ATl bootstrap; xR AR 48 4 block IREASREEH ., family 2258 ] Kruskal-Wallis, f
e

, H—k+1
P
n—=k
VENFEATERY B . i1 activation cells 5 median error i fEI X Wilcoxon; 5 cell HfJF i
F Spearman. LA RMEAEES [FIBRERJELG p (H, KRIE p < .05 AN TREEZME. Fripl,
weight tail 5 activation tail 4G p = .0415 ¥F Holm M IFE G AH-EE, WA NTHELER.

4 AUE Outlier: SRZLHWI FiE, HILPAMN E4AM3 iR %

4.1 Ay 4w ki

A 77 tensorwise EAM3 7E4 S 13.690B AL HE Y45 Rell2 2 2.6497%. &2 {H e AR IEL
2.64%-2.66% ., X5—NHEFA 3 PNER fraction bits FYF SA%ZNAE normal range PN IE EAH
XPRE FE AR AT (1]

K 2(a) R S HRRAMRMEIEESR: p = 0.812, family-stratified 95% CI [0.773,0.846].
B 2(b) H T S5H%} L2 i p = —0.046, 95% CI [—0.129,0.037], p = .271. WHkiEi, outlier
ST Z2/MEHF A EAM3 subnormal/zero X, HIBAT 1EX 20/ MEET LIS RERSR 3 542 L2,
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(a) Outliers strongly control underflow

i Spearman rho=0.812
95% CI [0.773, 0.846]

10*3 4

10*4 4

10—5 4

Nonzero -> zero fraction (+1e-7)

107° 4 T
10t
Output-channel amax max / median
e S1-Q S1-v
S1-K S1-0

2: B outlier WPAEA. 20 fiHhiliE amax [R5

e S2-Q
o S2K

Production FP8 relative L2 (%)
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(b) ...but barely move energy-weighted L2

Spearman rho=-0.046

4 95%Cl [-0b129, 0.037]

gl

A

10t
Tensor amax / sampled |w| p99.99
FF-Up
© FF-Down

A2V-Q
A2V-0

5  nonzero-to-zero; £ : tensor amax/p99.99

JLT R REMEREA: 7= FPS AA% L2, #sSifa )y 12 4~ Linear families.

4 J5 element-weighted nonzero-to-zero rate 34 9.601 x 1072, EJ#4 0.00960% . HitHEn W,

HEERARAG: X2 TR Ml

4.2 INT8 %}H:

[IFI=W =N

HE B

o SRR 51 A

PUR" 45 AR S5 AR IE

[f—20 T™) %} symmetric uniform INTS8 control [fJ sampled relative L2 & p = 0.817, 95%
CI [0.784,0.847]; % E4M3 N{5)& —0.046, INT8 production-scale sampled relative L2 {5k
4.849%, HPrf 576 2L E grid HERIERE o < 1, best clipped INTS f{ sampled relative L2 H

A%k 2.104% , MSE H{7 3% 75.87%.

The same max-based scale is much more outlier-sensitive under uniform INT8

(a) Tensorwise E4M3

(b) Uniform INT8 control

earnfan rho=-0.046 801 Spearman rho=0.817 oo

2.660 5% ClI [-0.128, g.940] 95% Cl[0.784, 0.847] (]
3 o 8° ° 3701
R 26551 %0 & o000 ° e 0o
N 3’ PP % ° © 8 60 A
o 26501 y e & " ° S
2 N % ®eo o £ 50
© 2.6451 7 & o &d;.;n ° ° o 2 ° °
[ p € o & e o ° L ad ; 40 ®
526401 09 T, o o o 8 .| 3 %
© § ooeg ® ° g- 30 4
2,635 . o £ &
s . o 201 . .
S 2.630 A B ° e o
« ° Z 10 - @ °© (] Lo

2.625 1 >

[ ] 4
2.620 . 0 .
10! 10!

Tensor amax / sampled |w| p99.99

Tensor amax / sampled |w| p99.99

3: #H[6 max-based tensor scale £ EAM3 5 uniform INT8 [ outlier G584 AR E . INTS (U NifiE

PEFEBLAIS IR, A& production fEik.
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#é 1: EAM3 5 INTS 42505 . EAM3 error HeyoFAEHI(H; INT8 ShiE 2% 262,144 AUH AR E HEREA

Format Median rel. L2 (percent) Tail tho CIlow CI high
E4M3 (exact all weights) 2.6483 -0.0459 -0.1281 0.0400
Uniform INTS8 (sampled control) 4.8489 0.8173 0.7843  0.8468

HLEI#ERER . uniform INTS 2B K A = a/127 SN RMELMNOR, FHOm =R —H
EAK EAM3 TE scale G EATEEIRYS, ANRIZES S BIA L RAHXRPREEE, P max scale Xif
normal-range & AR2Z 5152 . EAM3 FHIEX] outlier 4 : BHACM L 2 ZhASTEFEEHE,
ZEPHH £ subnormal 5 zero,

4.3 family 4 block £5#y

#E channel skew [# Kruskal -Wallis H = 201.67. €2 = 0.338; underflow [J H = 280.28,
€2 = 0477, HER family BEEEHAE, S2-0 1 p95 underflow K 0.132%, it T REH
family; HHZHGETER 4 FE 5 il .

(a) Output-channel tail heterogeneity (b) Benefit of output-channel scales

:

-
w
L

Iy
<)
!

10! A

amax max / median

MSE reduction vs tensorwise (%)

1T}
1]
s

©
<)

!
I

LIl LTS

r r
IS , STy N N B Ny 4 A
¥ o 9 g & 9 & & g 4 & & ¥ 9 & & 4

e 4: 2 12 A4 family 4325 18 tail heterogeneity 5 output-channel scale MSE Ig#d. $54k B A2
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Transformer block

Production tensorwise FP8 underflow map (log10 fraction + 1e-7)

Linear family

F—2.0

r—2.5

log10 nonzero-to-zero fraction

Kl 5: 48 blocks x 12 families 47" tensorwise FP8 underflow heatmap. it} log;,(fraction +1077),

F# 2: Family 1%, Weight underflow p95 528 MSE gain (Y EA7 A H 705 Activation tail 2k amax/p99.9.

Family Weight skew median

Weight underflow p95 Channel MSE gain

Activation tail p95 Rowwise MSE gain

Topl Jaccard

S1-Q 4.585
S1-K 4.739
S1-V 3.121
S1-O 3.999
S2-Q 8.575
S2-K 6.580
S2-V 4.447
S2-O0 7.325
A2V-Q 3.588
A2V-0O 2.495
FF-Up 5.834
FF-Down 4.655

0.011
0.010
0.005
0.005
0.015
0.007
0.008
0.132
0.012
0.001
0.017
0.026

0.493
0.788
0.510
0.496
0.619
0.417
0.518
0.780
0.550
0.534
0.620
0.244

4.151
4.151
4.151
3.350
11.947
4.320
4.320
22.821
7.960
8.286
4.103
6.218

6.491
6.491
6.491
1.216
49.129
6.965
6.965
9.011
31.978
5.720
2.299
1.261

0.547
0.547
0.547
0.180
0.783
0.673
0.673
0.180
0.708
0.183
0.426
0.176

4.4 Output-channel weight scale [FJELLEHEE

bytes/weight , #EGEFM BF16 11 2.0000x 254 1.9983 % .
XK ULH]: channelwise scale RAEKABI 7+ 4 2 456 B P12, Al H BERS 28 g

output-channel scale ¥4 G E Rell2 M 2.6497% 3 2.6434%, MSE Huks 0.476%; {H
underflow M 9.601 x 107> F&Z| 5.869 x 1076, Jgi/b> 93.89%. %% scale storage 524 1.000833

10

1=}

EEN

AL i
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2, channel skew 5 channelwise MSE gain {4 5644 B 9%k p = 0.200 (95% CT [0.122,0.280]), T
TEERAIIRN

5 Clipping 5 Sparse Residual: %7545 30 B2 CHr
5.1 Dense clipping AHeffEYL YA E4AM3 [i]d

TE+ A o grid 1, &FZBURAL dense clip &—~ R oracle; B4, 42J5 MSE H [
0.1479%, H 57.47% E%#E o = 1., T™ 5 dense-clipping gain § p = —0.0647, 95% CI
[—0.144,0.0128] .24 o = .25,.125,.0625 [}, dense MSE 43 #1145 44 7= MSE [1] 3.71x, 34.88%,175.25% .

Wb scale A REFR TN WEAE BT F 1Y outlier energy .

5.2 Sparse residual fig#iR2%E, HARLTTE

RS clip ITE ] exact FP32 residual k&, o = .25 AR 2.99% 1945 MSE, [&]mt
{1545 1.958x BF16 JE45%; o = .125 A[P#E 21.49% MSE, {HE4 %S 1.605%; a = .0625 AJ[%&
ik 58.62% MSE, #1752 2.141 bytes/weight, EHHZHAL 0.934x, B4 H BF16 H k.

Outlier-scale counterfactual across 13.69B selected weights

== Dense clipped FP8
== FP8 + exact FP32 sparse residual
102 { --- Production tensorwise MSE

—&— Sparse compression vs BF16

r2.0

= =
o ©
)

(=]
S
Sparse compression vs BF16 (x

101 ]

=
N

100 i

Global MSE / production tensorwise MSE (log scale)
=
o

T T T T T 0.8

Scale multiplier a (more aggressive clipping —)

6: 4 13.69B R scale [ 35L. ZEfl XS AE 7= MSE [FXT8C: AR AR outlier f#i ] uint32
index + FP32 residual W& SELE %

11
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F* 3 ERIEEXTEH . MSE change JNAHX 427 tensorwise WA E 4>t ; sparse residual 2Bk 3.

Strategy Rel. L2 (percent) MSE change (percent) Bytes/weight Compression
Production tensorwise FP8 2.6497 0.0000 1.0000 2.0000
Output-channel FP8 2.6434 0.4764 1.0008 1.9983
Per-layer best dense clip 2.6478 0.1479 1.0000 2.0000
FP8 + exact FP32 sparse residual (alpha=0.5) 2.6479 0.1347 1.0003 1.9994
FP8 + exact FP32 sparse residual (alpha=0.25) 2.6097 2.9948 1.0214 1.9581
FP8 + exact FP32 sparse residual (alpha=0.125) 2.3477 21.4945 1.2463 1.6048
FP8 + exact FP32 sparse residual (alpha=0.0625) 1.7045 58.6185 2.1408 0.9342

K 7 E—2 B layer-level {35407 : output-channel scale 42 ) 1Z{HAR /NI ELEE; best dense
grid REAFESFME; o = .25 sparse residual 72502 A 1R, (HHSEPRAME AT T B CH G

kernel, ‘&5|fiJa5 end-to-end JiiE.

How often do outlier-aware counterfactuals help?

1.0 A

~

0.8 1

Empirical CDF
o
()]

o
S
L

0.2 1

0.0 1

== Qutput-channel scales
Best dense alpha grid

= Exact sparse residual, alpha=0.25

1

}

0 10 20
Per-layer MSE reduction vs production (%)

30 40

50

Pl 7: —ff outlier-aware X 55122 MSE BEREAR M. TN FIRHMEAEIRL)Z SN B 22

6 I3 Streaming Jifi: Outlier 15)a)ifiR %% & Wik

6.1 IS

B 8 LB cells, HEH{ERA NFE/chunk BH {741, activation tail fif NFE 5] 22
K nfe0 fx K, commit fx/)N; T tensorwise EAM3 X L2 {34EHEZ) 2.64%2.65% IZETLE . %
YiHH tail severity ME R L, Aex—H—Be ] SAMXT L2, (BRI )45 47 7E nT Rl i) B

12
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(a) Median activation amax / sampled p99.9

nfe0 4.0
nfel 3.8
nfe2 3.6
nfe3 34
3.2

commit

(b) Median tensorwise activation FP8 relative L2 (%)

nfe0
2.648
nfel
nfe2 2.646
nfe3 2.644
commit
2.642
0 1 2 3 4 5 6 7 8 9 10

Streaming chunk

tail ratio

Pl 8: HE5C Streaming Wi RIS RS54 . A48 MBS WA prompts 5 4 fAH KABTRAY call P AIEG LELZ
activation amax/p99.9, T2 sampled tensorwise E4AM3 relative L2,

6.2 Tail severity. HfbiR7:Y5 rowwise (35

TR e cell BE. F-AEIFWI )T, activation tail p95 5 tensorwise relative-L2 p95
H p = 0.3798, 95% CI [0.3165,0.4463]; 5 rowwise MSE gain median ] p = 0.4417, 95% CI
[0.3808, 0.4934] . SXPHARY BT weight tail X weight L2 FRLN .

family 2535k : activation tail [#) Kruskal-Wallis H = 382.01. ¢ = 0.658; rowwise gain [1}
H = 398.48. ¢ = 0.687. S2-Q [fj rowwise MSE gain {42y 49.13%, A2V-Q % 31.98%; S2-O
tail VR R, S 22.82, X EU{H 2 JEHP sampled reconstruction 3545, A2 A AT .

(a) Activation tail severity (b) Rowwise activation scale benefit
60 -

80 1

S

o
f=)]
o

N
o

amax / sampled p99.9
w
o

N
o
L

Rowwise MSE reduction (%)

N
o
L

g SY, & [FE3. #3824,

Pl 9: 3 family B ESE activation tail 5 rowwise scale J&#E MSE Ug#s. family 2% XU 1) B 3L 4544 25 &

13
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6.3 ¥ prompt faetk

WA cells 27 [a], FpFEs AEiE log-amax rank Spearman 4k 0.913, 15 HA [E]—4Ek
B v XU 1 18 KA H] #5425 top-1% channel set 1 Jaccard Wk 0.547, exact argmax channel
FHIE AR 1 62.5% . PRIILEE channel treatment A —@E i HKHE, (HIFJEELRE.

H—J7 1, 576 ML) median tensorwise error FE WK ] A BAANL B WS (paired Wilcoxon
p = .T41), {ERHRXEEHEFES cell Spearman HA 0.436. XPINEEEH AL : SERESH
DR DARHRL, [y WM R G 2 prompt 24k,

(a) Module maxima across prompts 10 (b) Stability of outlier channel identity

10 - >

o &

101 4

-
.
100 4 ° // °

L °
o -
. ] /6, :
&
¢ 4
1071 4 e : T T
L
e
e
T

1071 10° 10! 10? [ R N -~ S e S IR TN
Cell A per-channel amax maximum o o 9 & & & o & g & & P

o
N

Cell B per-channel amax maximum
e
°
[ ]
o,
O
°
[)
e
[ ]
°
@ e
Top-1% channel Jaccard
o o ks
I o
L L L
—
k |
11 '
|
{ T1 '
|

Pl 10: 5 prompt faEM:. A BiHE K activation amax; f5: &I top-1% input channels [ Jaccard,
¥ family 732,
6.4 5Bk Dy i A8 SRR

HiEk A weekd HYWEAT bin S b4 R w] IL: full rowwise activation BIEILHEE], {EEE/SHEEE
K/ A AE I B IR LR, s AWifE4; SmoothQuant t7F calibration | Pi3E(f] heldout 2
W EHARBIFATIE, RIMBEH] R quantization MSE BAR” AR PAGRIEIELME ., SRS, 5
chunk RGEE. I, AL/ EMSRIIEH, A KRy E T E M 4R rowwise 8 uniform

smoothing,

7 BRI KU E DL
TR R, TN TIE S RAEAER BT R4, AT E RN rank score:
Ry = i rankpct(Té(w)) + rankpct (U, e(w)) + rankpct(Te(x)) + rankpct(Géw)) ,

Hrp U™ 27 underflow, G®) 2 rowwise sampled MSE gain, 45— rank #7E 576 AMEHL i &
WITHE . R AU THEE TS weight/activation WASTEIRISLEGIZE , ASREARRE R W .
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Joint descriptive outlier-risk percentile (weight + activation)
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§ 24 §
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F 28 04 %
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©
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32 £
36
0.2
40
44

0.0

Linear family

11: BRAA X rank, B2 S2-0 5 S2-Q JE R AR E i AU IR I«

f i KU AR R DA block 35-45 f{) attn2.to_out.0 A, tHAIEIE attn2.to_q. FliN block
36 S2-O 1] R = 97.96 percentile, weight amax/p99.99 /4 56.62. underflow 4 0.112%. activation
tail p95 >k 110.12. rowwise local MSE gain & 40.63%.
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FQN

Risk pct. W amax/p99.99 W underflow (%) Act tail p95 Act row gain (%)

transformer__blocks.36.attn2.to_ out.0
transformer blocks.41.attn2.to_out.0
transformer blocks.38.attn2.to out.0
transformer__blocks.37.attn2.to__out.0
transformer blocks.40.attn2.to_out.0
transformer__blocks.35.attn2.to_ out.0
transformer_blocks.32.attn2.to_ q
transformer_blocks.47.attn2.to_ q
transformer__blocks.42.attn2.to__out.0
transformer blocks.45.attn2.to_out.0
transformer__blocks.34.attn2.to_ q
transformer blocks.44.attn2.to_out.0
transformer__blocks.35.attn2.to_ q
transformer__blocks.39.attn2.to_ q

transformer_blocks.38.attn2.to_ q

97.960
96.007
95.009
94.922
94.314
93.750
93.576
92.882
92.795
92.448
92.057
92.014
91.927
91.862
91.363

56.616
52.090
60.587
58.820
64.000
45.395
7.141
4.500
52.222
39.169
4.768
52.400
5.093
4.842
4.954

0.112
0.079
0.104
0.143
0.113
0.087
0.012
0.013
0.101
0.079
0.016
0.081
0.016
0.016
0.014

110.121
47.686
31.104
45.961
57.443
72.914
16.674
49.718
19.665
13.760
17.321
16.639
15.946
17.102
15.815

40.628
34.038
27.916
21.517
13.688
13.302
67.103
78.517
14.491
28.919
69.636
18.461
65.442
66.189
62.421

A 1Y eI 84 druge)

1ROUIT 9)G / SdALTOulPseq



Catnip FP8 Outlier G¢i1#F5% baseline27FPS / 576 Linear

8  GEihKr A SRt R

# 5: £% Spearman . family-stratified bootstrap 95% CI 554G p {E.

Relationship n rho CIlow CI high p
Weight channel skew vs underflow 576 0.8123 0.7733 0.8461 1.62e-136
Weight amax/p99.99 vs relative L2 576 -0.04594 -0.1294 0.03746 0.271
Weight channel skew vs channelwise MSE gain 576 0.2 0.1224 0.2797  1.304e-06
Weight amax/p99.99 vs dense clipping gain 576 -0.06469 -0.1444 0.01279 0.1209
Activation tail vs tensorwise relative L2 576 0.3798 0.3165 0.4463  3.289%e-21
Activation tail vs rowwise MSE gain 576 0.4417 0.3898 0.4934 6.666e-29
Weight tail vs activation tail 576  0.08497 0.01357  0.1592 0.04151

%5 =4l

R H RS UM weight channel skew — underflow; activation tail — local error/rowwise

gain, [X[AJE G2 HALNY B HEIR,

- BEVHEEH TR R R/ s weight channel skew — channelwise MSE gain, p = .200; 45 gain

A 0.476%,

A ER g2k % . weight tail — FPS relative L2, weight tail — dense clip gain ¥4 7#F;

weight tail <+ activation tail ff] p = .085 2/ HZ B IE G AT

9 R4

WHIAEI . 45 dense clipping; {U[H weight outlier =5 i output-channel scales; 1Bk
sparse residual X4 A HE % BARIEM S prompt B S H 45 rowwise activation.,

9.1 X “outlier My K" M HMI%

1.

F# underflow: jgWik. channel skew 5 underflow ) p = .812; output-channel scale AJ
/1> 93.89% underflow,

CBUERERE A ZE: B/, tensor tail 5 E4M3 relative L2 ) p = —.046; 47745 Rell2 %

2.6497% HiZZEEEY .

. ¥4l weight scale: Wg35/lv. output-channel scales 4= J5) MSE 3% 0.476%, AHX L2 {UM

2.6497% %] 2.6434%.,

. Dense clipping: fiifi. Hf{C[EE grid oracle {U 3% 0.148% 4= J5) MSE; i clip 26 MSE

i3 O D e s M

. Sparse outlier rescue: WK Pareto ri, {HACHIEWi . o = .25 A EE 2.995% MSE., {4

Fr 1.958x B HABGHREEFEEYE3, I runtime UEHE.

C TRIR IR b H 1S FSE . tail 5 tensorwise error [ p = .380, 45 rowwise gain

B p = .442; family {WVE%) .66-.69,

17
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7. ¥ prompt Faetk: Mg, Bgrhs . 1E rank p FEL 913, top-1% Jaccard .547;
{EAE I error HEZIE cell HAE 436,
9.2 BLHTHIHT

PR AT A DA T Bl s EAM3 (485U 20k T max outlier X = A(EAXPRG Ry, =
SLREOE ) 2« AE E A8 A 225 il scale 7548 820 UG H)/IMUEHE ] zero, {HiX
HILERPCE T REEA/D, TEFE S L2, activation f43fE NFE, family., prompt Bz, HA
[d] row [¥) amax Z=5EfAEME rowwise scale BH3EF|H, DA activation tail X} R BiR 2= E A R .

10 F—4egcin il AN IE PR o Az 1) PR G5 IE
10.1 /b, W[IHPH lane BEit

Al %€ block 35-45 ) S2-0O/S2-Q F XS, FHHRE family/block PUREL KR control
layers. HHK HMZE—AHE:

Lane Bk H

B 576 JZ production ten- %} REZk
sorwise

W15 U top-15 JZ output- [KE weight underflow rescue, #EH[E] L activation
channel weight scale

Al5 ¥ top-15 JZ dynamic SR activation tail L]
rowwise activation

BF15 ¢ top-15 |2 BF16 Lin- 45 HixX 282 n] P& 1) i L BR
ear oracle

R15 15 4> family /block PLEE  HEFg “HZMBEMERE 15 27 RN
RV XU S22 A [ e Ak 2

#7 A15 it heldout, F4-l4E%] S2-Q 5 S2-O, #BH MLHIAF R family 455E. sparse
residual WV7E bk PRUREE AT 5 P kernel prototype; HEMEHLARE o = .25, PSR R
{152 1.958 %, H. outlier fraction HAF 0.267%.

10.2  BllidiFE g B!

BN EDEH 6 NN prompts x 3 > seeds, 3L 18 IS cells; calibration H %2 H1
[E5E policy, FZA45EHE RS 5i%£M heldout cells, A lanes L =4]14 noise. prompt. seed.
scheduler 5 chunk geometry . 2! i iFAdk [F] R 4L -

o ZJZ output probe [{] relative L2/cosine 5K BE 4 XN HE
o video/audio latent 5 velocity BJBECX}RZE;
o RS JE AR/ E A B R AR M 2 cells

18
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o DIiT FPS. A7, fallback/upcast. scale bytes;
o HF cell §Y paired delta, [iAE HIRE cell ~“FH{H.
it E DA cell hr B RFEEIC, module call AWM ; 7] {# ] mixed-effects Bf cluster
bootstrap, AL BI4N

local error ~ log T™®) + family + NFE + chunk + (1/module) + (1|cell).

production gate W UYCURE i 2E cell KL i EHAR SH TR, BERAEE RIS G PEs.

11 JayPrft:

1. }{HE amax. channel amax. %2, clip fraction 5 underflow N4 ICZEHKGHA{E; weight quan-
tiles/kurtosis “h4E)Z % 262,144 W E M SEAEAS .

2. BLIE amax 5% call ¥, {H p50/p99.9 5 quantization error probe J& 8 FHEA; ANEE
ST B TC AR ARG B 7 L Ao B 1 22

3. T activation prompts {§i [l # 7] seed, ToyEM S/ AT prompt. seed 5HAZH ; Bk n = 576
ANEE[ET 576 AL A LS.

4. family-stratified bootstrap ¥ T 12 24, (HAR FEEEBAFHAE block Bf =k A7 >k 1FH 5
PR PUCKE TR ZHOCHE, AT RE i,

5. weight-space L2 X task 1mportance —ARIE . HEEELRE E A E ] EE AL S IE activation BT
K; AWQ. GPTQ % T/EIE 2 activation i K5 L 5B AL 2 Ti [2 3o

6. sparse residual % 7 “fRE/DE outlier” 1— BB [4, 5], [HAR A 5L SCgmid . GEMM
kernel B 2 S A0S BEAL o

7. INTS control ZHLHIXTHE, R sampled uniform symmetric quantizer; A1 5 production FP8
FRAR ff 22 B 4 R4 X P REHEAS

12 HHJES &
12.1 &%

PA A M I H R HR1247; Python 354 /workspace/LTX/.venv/bin/python. 5f—H2
JZEHL checkpoint, Jf#E GPU b3 AT WA AU E i 55

cd /workspace/catnip-fp8-outlier-statistics

/workspace/LTX/.venv/bin/python scripts/analyze_weight_outliers.py \
—--config config/experiment.json \
--output-jsonl data/raw/weight_outlier_records.jsonl \
—-run-summary data/raw/weight_outlier_run.json \

--device cuda:0 --resume

/workspace/LTX/.venv/bin/python scripts/analyze_and_visualize.py \
--config config/experiment.json \
--weight-jsonl data/raw/weight_outlier_records.jsonl \

--processed-dir data/processed \
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--figures-dir figures \
--tables-dir tables \

--latex-macros report/generated_metrics.tex

/workspace/LTX/.venv/bin/python scripts/refine_report_figures.py
/workspace/LTX/.venv/bin/python scripts/int8_control_analysis.py

cd report && latexmk -xelatex -interaction=nonstopmode main.tex

12.2 LA nl ™)

)20k data/raw/weight_outlier_records. jsonl; 576 records; SHA256 9346a7013b56ba49
724e1b7372756057ccdeedf£8£8ae7£225903a2bebaladdb,

%% data/processed/analysis_summary.json,

INT8 X% data/processed/int8_control_summary.json,

BIZREH data/processed/weight_metrics.csv,

% call 4 data/processed/activation_call_metrics.csv,

BB A S5t data/processed/activation_module_metrics.csv.activation_stability.c
SV,

KA S data/processed/joint_module_metrics.csv,

Kl figures/ H 11 4] PDF/PNG.

12.3 IS

KRBT A “outlier AR5 FP8” MiZAb Bt G il Catnip HH{L451E: weight outlier
W E5 0 AT, A XA tensorwise E4M3 [fli#i L2; activation outlier X})&
MR R, MHREL) heldout AHLIZPIR lane A ik fb>h production Yed. T2
REHR TREEE XTI Z S2-0/52-Q it W15/A15/BF15/R15 BLXfsLmy, A4 a4
scale FIJE .
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pudi, Stuart Oberman, Mohammad Shoeybi, Michael Siu, and Hao Wu. Fp8 formats for deep
learning. arXiv preprint arXiv:2209.05433, 2022.

Ji Lin, Jiaming Tang, Haotian Tang, Shang Yang, Wei-Ming Chen, Wei-Chen Wang, Guangxuan
Xiao, Xingyu Dang, Chuang Gan, and Song Han. Awq: Activation-aware weight quantization

for llm compression and acceleration. arXiv preprint arXiv:2306.00978, 2023.

Elias Frantar, Saleh Ashkboos, Torsten Hoefler, and Dan Alistarh. Gptq: Accurate post-training
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