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F—RBISEARR time shift, 2% solver #1 CFG FZERMR K, MBALEMRLEICHR, DI RAEREBRITATFEAS, SRS R
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BRI LA B/ N A2 “checkpoint &#77, Tifg “checkpoint + VAE + conditioner + sampler + #ithJUT + &
SURE”, HMEM—I, #ARELL R — B RGN TR R S,

14. BV WNEIKY 3 Video DIT 5if XK

14.1 Video Diffusion Models: {BEULY BRI R4

FH Video Diffusion Models IERARIDAE 3D I=3ikE BT RUER, FRELECS BTN 2R BRI G, SRk
RBAE 2D A EEE SME IR RS R A :

h’ = h 4+ TempAttn(Norm(h)).

EUERATLACN T = 1 BB, MIMIEERER D S8 2B —EESFIBARS: SR EGEE SIS a0, WEEE R
UBE) S A2,

HRRFZ G R SRS MR A &, @5 RS MEE, B BIRZEM TR 2% MR~ 3,

10
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EMIMREBI T LRI

MERY BEIBESEZEE. Video DIT. BXMIESERIL

2022 2023 2025
VDM / Imagen Video VideoLDM / VideoCrafter Wan /LTX / Open-Sora
REXY AL Latent Video Diffusion Flow Matching
&= /1EES BHER S RERS BEASRGAMI

i

T J’ T J’ T

2022 2024 2026
Make-A-Video / Phenaki CogVideoX / Hunyuan Bernini
a2 3D VAE +Video DiT MLLM 35 XFE
BRI AHREIRIRIR Planner-Renderer

Bl 2: SCEAE R Tk L

14.2 Imagen Video: WZukS w0 R4 R
Imagen Video RFFEEAMIATA s A1 22228 /I TR BT B, RERIMER] S R

K
p(x"5) | y) 1:[ Uy).

R PRSI 2 RIE XANZE), SR BIRE SR, URUR S BRI, Bl SYIZAHERBERE, BahiRr REfEE
FANST - 3 NS

14.3 Make-A-Video: MEHGSIATEEITR IS
Make-A-Video HIXCHBALR: SCA-SMILK RISEAR AT B M ESCBIRIIG, S350 AT WICSOAMUAIRS. M A ek

p(appearance | text) + p(motion | frames).

image-text data unlabeled video

XA “ERSER 4 BN IIERIERUEREOVE A AR, A E R IR T R L,

14.4 Phenaki: &l token 5K HI

Phenaki {6 FHAAR tokenizer ﬁ] masked token prediction, FAVFAH—HBN R SCARZAEREKNE, ERE—1EES
D RMAIMURE T K, BREEXRRIEHITHIEE b BRES

B m MHEABENN y,,, KIS

M
pa®) |y ) = ] pa™ [ ul<m)y_,,).

m=1

B8 token BRI TKFEFIER, {H tokenizer MIFCHEANFEE B hE B4 H R,

14.5 VideoLDM: @4 MBS i8R0 33
VideoLDM $§# #Ug A% /35 VAE latent, VAR AR DAERIIZREGR LDM LTSI, A MRFERS

THW

:31i 9]

11
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T,H,W, < THW.

ZRERIE R VideoCrafter, ModelScopeT2V PARFZ IR, TR ECREFENEMA benchmark, iz “VAE
EES, ERET 7 latent 7346”7 HIREELTE,
14.6 ModelScopeT2V 5 VideoCrafter: n[EMHAHLES

ModelScopeT2V R FIFR T2V pipeline; VideoCrafter RFIRGZH: T2V 1 12V, HRREG /MITEIHREE .
BRI PR . ENERE AT LUEAR GPU Lis:

i

e temporal attention;

e motion adapter;

o prompt-to-video Xf3F;

o I2V %A,

e LoRA 5 ControlNet 27,

IR DiT s, (HiXER/N U-Net BRUIE & MRAA SRR AT R L0,

14.7 AnimateDiff: {8 “izgh” B An[dtsis
AnimateDiff fEEGY BUIFEEHHE A temporal motion modules, #EAEGMEMHERIKSEEE S, WREN

F

video

(h) = Fimage (h) + Amo‘cion(hl:T)'

BIRR T SHERBOER PR

1. SIS BETE—ERRE BRI
2. IR R, BRAA SR BRI XS, (BE AN —BIEZ R,

ZEAEEASRI M motion LoRA, temporal adapter FIR&S23 A = THIMEADTF,

14.8 DIiT 5 Flow Matching sk RBIRIF:2%
% VAE 1884i%46 79 token /%1, Transformer H&HEIFHFIBL., HATHZBESRIERES, B Video DIT HEE:

e 3D patchification;

o 3D RoPE s{RI%: S 2307 B s ;

o full Si5fER =S self-attention;

e UK cross-attention B joint attention;
o A% AdaLN/modulation;

¢ QK normalization;

o Flow Matching 8¢ Rectified Flow H#x,

DiT #ZZHH AT M EA

Croa ~ L (8Nd? + 4Nddg + 4N2d)

XE—RIEMLAN 2 FLOPs i, i=#aailatERrtEg QKV/&mt##, FFN 5 attention score/value, F3I2EK
i, N? H&HEES,
14.9 &4 VAE 5 “{d1%4% decoder”

LTX-Video ¥R patchification A VAE, &1 token B EARINZE, Hik decoder ZEREREMGBELM, %A
AR RITE:

o fmi: KGR DIT 41, AiF full attention FISEHFHER;
o XE: latent JRSAAIRER K F. HHERA = idRHRIZ50;
o fME: HR decoder. fEGRHERRAEM. BEMk VAE 54810,

ML R AGHAR TS, BoRBE “MHERIEN—R" WEHIA, miksaigE)s Transformer,

12
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B BdE, WSS

14.10 M\ prompt rewrite #] MLLM semantic planning

f£4 prompt extension EREIEMATA §:

Y =9um(y);

MLLM planner W20 HARMBEIE SRR

S~ pw(s ‘ C),

~

X~ py(x]y).

X ~ pw(x |'s,c).

MEZFET: § IZIESHEASCAR encoder (R, s ATLUZZEL, BWEOELLME embedding, BE#HAEH S, ZEMIRSE
U558, Bernini X “HEUREAERAE RIS AIK,

15. BURRERBIRINETHY A b 5 0w

15.1 —5kFJed 2R

TR ATFBARR S HIRIE; iR ST AR R 7 s R 1 1 LA

R REFE TR/ 8 FT5HEWR PS4 TEEWFFHY R
CogVideoX 2B/5B 3D causal VAE  expert expert AdaLN.  SURRIE. KM
Transformer, progressive, YIZRigHE
£/ multi-
resolution
frame packing
HunyuanVideo $>$13B 3D VAE large Video BREIRR, RE KR, UM,
DiT, flow (e cimyalll 17
HunyuanVideo 8.3B &k VAE + DiT SSTA, HBRR R, W
1.5 VSR glyph-aware BRERET
bilingual
encoder, @5
LTX-Video BHzgh  1:192, full-attention VAE decoder WEUELE, AR
8 x 32 x 32 & DiT FTERRAGRERE K
# /token
Open-Sora 2.0 11B 4 Video VAE Video DiT, FEHA, FA ] SRR
flow 1/ R5ihik FEIER
Step-Video- 30B WAl 8. =] full 3D DiT, WIE encoder, R, R is
T2V 16 x 16 flow Video-DPO, IR
204 1
Pyramid Flow ZHE ZRE latent #— DIT, P57 PRSI, WERREER, KA
pyramid pyramidal flow  KHREFE
Wan2.1/2.2 1.3B/5B/14B 4 x 8 x 8 5 full-attention F&R VAE, 3D FIEEI. WA,
4 x16 x 16 DiT, flow RoPE. WH%Ex® VAE/DIT ##5%
Bernini Planner + A14B  ViT semantic MLLM continuous Gi—E AR /i
renderer plan + VAE planning + planning, TSI
latent DiT flow SA-3D RoPE

15.2 CogVideoX: 3D VAE., expert Transformer 5 frame packing

CogVideoX HJATHREMRIA =,

%—, 3D causal VAE RIN#TIRZESE, # 10 #b. 16 fps MIAT{E latent HEE,

AR token HIARFIH—(L/JARISE, RERBBEESHE. ST

AdaLN" (h) = 4™ (¢) © LN(h) + 8™ (c),

P

H—

m € {text, video}.

expert Transformer %

%=, multi-resolution frame packing ¥ RRX~F. WEAIHEAITR, PAESE token A, & sample KA token Hy

N;, [ padding & N, HXEHR

13
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npad = BN

max

packing JEMIEZ MEFEAIE —FREME, BERESE 7,4, HFE block-diagonal attention mask, EERAEA RIE R,

CogVideoX 2 “BAILZAAN SEIRRLONIASEE RIFEG, ©19 10 POIESZESAIOR B EARAL, ok Bl
R /IEO)IZRA caption pipeline,

15.3 HunyuanVideo: #id 13B MRGHLABIRI L

HunyuanVideo KEdEIAE, 2244, progressive scaling FIIZREERIBHEIN N — NI, REBIH)SOARZ AR H A B Rk CLIP,
TS A BE SR G 5 R R R8s S IE S N 5P, DUGERK prompt. #SkIBESRIHSOE S

Has ARGy “RE T FBESRENI G, FERBES @, R BRRIEh

hl+1 — FZ(hZ’

hf)a hf+1 = th(he hé)a

ty o

ZEPHER BRI TER SR ). M cross-attention, XAV A token HIEMHW LT e, HIREEIESH
ITEAE,

it 13B 28EkE: (X BF16 SEAF 26 GB; ik AdamW 28 B, FP32 master weights 5— W EERD H
WA REIR RIS EL 14-18 bytes, Al 182-234 GB &%, BERAE activation, SLFrIIZaA#EH FSDP/ZeRO, activation
checkpointing. sequence/context parallel FIEBIFE o

15.4 HunyuanVideo 1.5: RISl

HunyuanVideo 1.5 DA 8.3B S IMH MR, ZOEIE:

o Selective and Sliding Tile Attention (SSTA): 7R tile HIHHEKREMERT1, IHIERMEIRARE tile/global %E#;
 glyph-aware bilingual text encoding: SELAHXFRF. HRRFIAIEE X ;

e progressive pre-training 5 post-training;

o Video Super-Resolution (VSR): ¥EAAERS S R4 15k E 535,

# local window & w 4> token, HENEZEH O(N2d) BEIELL
O(Nwd) + O(Ngd),

Hrr g J2/0& global/selected token, fNMEEEKRIZANMERIUAATEERZIR, FHEZH window shift sffEi 2R,

15.5 LTX-Video: 1:192 JE4;5 524 %k

LTX-Video #4510 Video VAE JE45HA 1:192, 4 latent token B4 8 x 32 x 32 BEMKE, ©I% patchification A
VAE, Jfik decoder FI7#&{H latent-to-pixel Stfa—HBEEME,

HERRGHRIRIET N
|1D(z) — x|,

LTX gyt s Haa1E decoder Sy &/ D BB latent, HEBEMNTHGE:

X = Dw (Z‘rlast ) Tlast» C)'

WXARETE H100 LA 5 #, 24 fps. 768x512 MMAAEIZ) 2 %), (HIZGRARBIEEA, Wi, FEMEHE pipeline, g
SMEZIER GPU, WFRMMEET: B VAE 5 denoiser WA EHELF, WARCUER & EAFHE T,

15.6 Open-Sora 2.0: AJFIIZRRARIIIZEIER

Open-Sora 2.0 FEZEFINZ —ZIKERFMIIETIL) 20 7 ETHIGTR, FHREEIR. 2210, BRI, BRI
RBEE:

14
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i1yE REEIR NFERA ER
256p T2V #illlgk REER PERIE L /1850 5) 2] T0M FEA, 85k steps. 224 GPU
256p T/12V MMABEBEHESS— 27 10M #£A, 13k steps. 192 GPU
768p T/12V R HERIG R 2] 5M ¥EA, 13k steps. 192 GPU

i B2 99,840 H200 GPU-hours, WAZENERELS RAIGHEMER]: BB, BUTEA, Fif TRADMEMERE
FERMA GPU kg, [EeEfRft T IAMERBERHH N,

15.7 Step-Video-T2V: 30B. #E4i5 Video-DPO

Step-Video-T2V AFF 30B &8, &K 204 Wi, Video VAE INREIESE 8. =HEL 16 x 16, HAPIE N AZLE. full 3D
attention DiT #1 Flow Matching,

EEA A token FI#, X T = 204, REREGHEITLERE EM:

2
szl-l-\‘EJ

26.
8

{8 30B full-attention DiT # d FIBEHELERR /FEN 1REHR, RAE5IN Video-DPO, DR (xt,x7) fifk:

po(x" |y) o Po(x~ |y) ]) _

L = —logo (6 [log
bPo pref(x+ | y) pref(xi | y)

P HBUSRENEH B FIS R log-likelihood, SEFRSEBUMHE 1 ZMEMULZSRL R, Fit “Video-DPO” FHL A0 AR
surrogate [,

15.8 Pyramid Flow: {5 ¥rf&7385 NRikkiz

Pyramid Flow RyIZ S MR, minE@uss iR asane, (USRERSIRIEZT, 1858 k MRELT Y
Py, WTDIE X e

2¥ = (1= Au(7) Pr(2o) + Ao (T) Py(21),

HEUEM BILSHIIRSES:, XA, 2REHTERIPERTR, SRAATHBER ST,

RS 5-10 #. 768p. 24 fps BHLEH 20.7k A100 GPU-hours, Z#75 H200. RFGAHASFIEEE BT RE B,
HBEIE “SRwmiste” A U AR RIS T A,

15.9 EENFURBHIRIRSR

MR ER PSSR B
B, LoRA. FEIR#HIF Wan2.1-1.3B BRIGEE, 8-12GB Kl
24GB s kmEpiR T2V/I2V Wan2.2-T12V-5B, Hunyuanl.5 &  ®E4R offload #4k
SR E
KSR RS CogVideoX /HunyuanVideo expert/joint multimodal
Transformer
WIR VAE 465 i LTX-Video 1:192 5 decoder final denoising
FEHRBRTR Open-Sora 2.0, Pyramid Flow ~FF GPU-hours 5REFR
XK full-attention scaling Step-Video. Wan2.2-A14B KR 5K FHI RS-
MLLM #i&5 4t— ot Bernini planner-renderer 5% R4

HI5AK

AR, SMRIT HNGEAE M, REMA “HESEH” “HiR” XA, mEME: VAE stride, token #, ET.
WEZRERR, FIHEO, BURRES RGN, Refat— DA T HERIIRSINL R,

15
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16. Wan2.1 &% : i Video DiT HIbRfEHIZEE

Wan2.1 Zi&E &S AENTHRE, FEARZRE B, MR ATREN B BoeBRoRRE, 1.38/14B ZHENE, T2V/
12V %1%, HMEWKNE 7 Python S8, MIRAKEMHXIIGSHE T,

16.1 mElmitait
T2V pipeline w1 A5 k&

Cy = Frs(y),
zo ~ N(0,1), % =vy(z,,7,c,),
% =D, (2,)
WIZR, HELMHELE VAE:
Z, = E¢(X)7

SR IE RSP 55UE 2 A INER BRI SRR 7, IR E encoder, RFFZEA encoder, DiT. ODE/g&# flow scheduler
1 VAE decoder,

Wan2.1 &7 © M prompt BI{&FA5T

UMTS5-XXL 24 + B Video VAE + Flow-Matching Video DiT

UMT5-XXL
=% 512 tok
Prompty Eﬁézkﬁﬁoc e;s crosg-atterftion )
4
Wan Video DIiT
Conv3D patch (1,2,2) Y
3D RoPE + full self-attention _
text cross-attention T~ ?éﬁ;ﬂUE}E
#1157 latent tokens QK- RMSNorm ; it
A 4 6-way time modulation
SHIIRAE 20 30/2/1.3B 3¢ 40 //14B |
FiZRPH zT
—y
- _J
ODE %®#¥
¢ 8% z_data

~—
Wan VAE Decoder

stride 4X8X8

HHAA x_hat
TXHXWX3

JILREY : x = VAE Encoder — z_data ; 3 z_tau BAEIRRE, #IEE | WA R ODE RO FIEIE latent,

B 3: Wan2.1 xA:4iget

16.2 2JFACENREThETH
7 T2V BB &

L=y Wan2.1-T2V-1.3B  Wan2.1-T2V-14B
AR R UMT5-XXL UMT5-XXL
RRCAKE 512 512
VAE stride (4,8,8) (4,8,8)
VAE latent channel 16 16
DiT patch (1,2,2) (1,2,2)
hidden d 1536 5120
FEN dg 8960 13824

16
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B BdE, WSS

Ao E

Wan2.1-T2V-1.3B

Wan2.1-T2V-14B

heads n,,

head dimension
layers L
self-attention
QK norm

S dtype
YIZRAS TR B HI
REHH fps

12
128
30
eSS
v
BF16
1000
16

40
128
40
eSS
v
BF'16
1000
16

ZF A head dimension 128, BAANFZZMEM hidden dimension 524, FFN LLEIFHIERHE 4d:

8960
1536

RIRRER “BEL 12d%" Xx—EELR RS HRESEE; NIRRT E,

16.3 Mt UMT5-XXL

13824
38 = 2.70.

UMT5-XXL 2ZIEE XA encoder, #4l prompt FEMEEAE, aifF, Bk, JElR. M. EEMXHE, 512 token LRV

KM, XK embedding £&IHE MLP ## 2

DiT hidden dimension:

&, = W, GELU(Wc, + by) + by.

ERRIUSCAR encoder RN ELEE:

o WEBIFEMEIRIRIGAEIR ;
o VIR TETF embedding, SHEEMEHE;
o prompt extension MUiES TH FoRFESIMA;

o UK encoder HEN, GUHAIERGEEN DIiT %2 “ME” EE embedding,
SRR PP E A embedding, {H caption augmentation, Ffi#ll dropout 5 prompt rewrite # LAk, BNRERM H%

f2Iffi— embedding,

16.4 T2V 5 12V W&EHEOER
T2V block A cross-attention:

Attn(Q,, K, V).

12V RAREMISE encoder BUFEIE token, FHAMNIN image key/value #5¥:

himg = Attn(Qzﬁ Ki

htext = Attn(er Kyv Vy)a

h' = Wo(himg + htext)'

Vi

mg’ ¥Vimg

);

Az K/V AFEGEMCARERA RS, ERANREY, [EF 80 Har: BRAIFTER SBESER, SOk

MRS M EERS,

16.5 Jift4 1.3B RIEHIIHFR R

BIMERE 1.3B A EAFL) 8.19 GB, HAHHTEY GPU BRAl. MRS, B MES:

1. BRRSEIR AR, ATz MREHLAD T

2. LoRA rank, target modules. ##E&# loss weighting FI{RZME;

17
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3. EREHEEREA SR,
4. FDUERIENIH], FIiERE 14B f2% scaling,

FREARAA: BUNARATREMKME B Y. K prompt FISBREM 7 ENWGE. —ME 1.3B FAEMIIER, f—EfE 14B Lk
ER; Kz, 14B ) emergent ability thRGERH 1.3B S22,

16.6 Hith ) L5500 2 ) 2951

BABRNRTEREIERGEY VAE stride 5 patch size ZEREE, T Wan2.1:

H=0 (mod 16), W =0 (mod 16),

Rz token stride 28 8 x 2 = 16, MWiEUHEL

T =4k +1,
RS VAE 188 T, = k + 1. #illn T = 81:

80
T,=1+— =2L

PRz, SATRE padding, floor B AI5WHTHN, LR MIICTRIFEWIELS padding JEMiEL.

16.7 DU BAARIHE—PEN T
(AR :

Mweight =P ba

BF16 i b = 2 bytes, T72:

e 1.3B: £ 2.6 GB;
o 14B: % 28 GB.

XAE T5. VAE, CUDA kernel workspace, activation. CFG M4 3¢5k offload buffer, Fit 14B RAJEXFE “28 GB
WE” MAAETE 32 GB GPU 5%, L@ FREas . CPU offload. &fk8% GPU,

16.8 BRI “billions of images and videos” WIfifPEfE

Wan HEARREAFH 14B BRIE KRR G SMFEGE L2, HEG AR AERZEINGKIERIZRIFE S, RAEEMARE,
& token ¢ GPU-hours, [&lit:

o ATDARIAFIZRAUB R U, EG SRR S ;

o AREM—F] “billions” SAEHMEEL, MHBVNEEEL epoch;
o TRELAH — DA AR TIIIZRR L

o FAIDMERIHEMMRIZ T C RXAMGH, BL55ETTHEDIT,

MTLEMEHR “BUER” FREHEIRE URL. REMIE~, shot, clip. EX pair. caption MABRYIZREEREL, HAF
ANERIRT, Jegi— A, B2 image-video pairs 5T /NSRRI A Ei ] Eeik,

17. Wan Video VAE: Bk, KRN, Ean5EE LR

17.1 M4 VAE RFRGHE I
Video VAE [FIfHRE:

o DIiT FAIKE;
o latent channel fI# token [EE&;
o AIRE M EGHTT;

18
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o BHHIRSINELTR;
o encoder/decoder MIE(H BAFFEE;
o KAUMRERIEIY chunk streaming AbHH,

2 DiT JAGEK, AN VAE oracle, ZAHA T & IAH R Z —,

17.2 Wan2.1 VAE &ty
BT causal 3D convolution, residual blocks, =[] attention, PAKZHIEINZ down/up-sampling, FERLEN:

= (=l
base channel 96
latent channel C, 16
channel multipliers [1,2,4,4]
residual blocks/stage 2
temporal downsample PIRER, &t 4 %
spatial downsample =R, & 8
& stride (4,8,8)
convolution causal Conv3D
St XA chunk 5 feature cache

RIR GRS RI4E L AEE £ padding, X kernel size k, = 3, HithiNZl ¢ #ii
{1—2,2—1,7,},
MAREAR KM, FaZRTPA chunk streaming FHRFEHAF—FG ORI SIS T 5 F EAR

17.3 Eike kb
RS LER R _E4%
1,4,4,4, ...

M7 EEIA encoder: SB—BUAEEM, LI 4 0, FHERRFERTL. T2

T—1
T =1 — .
: ﬂ 4J

flgn:

BEME T latent Wi T,

1 1
17 5
49 13
81 21

121 31

EWRERIE 12V IRER: H—WirT WENRE R R, HERREUWERIEETN clip RSN “FHTm”, IEZREBEEY) A Rg
SIMAFATH,

17.4 latent normalization

VAE Hi@EmIESREZRE2E 0 M1 1, BEFEINS latent channel {#H

é.’;c = (Zc - :uc)/o-c'

RIGEAN HIfZ(E mean 55 1/std, ZRERIEIRIZ scaling, DIiT BRI A2 ™ R IW:
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o loss HIHHTERH

o & channel BEEA;

o scheduler B REAFILAL;
o fREGEE 53 LLERHE,

m#ESE =7 VAE i, XFFERIFR scaling convention, WiAEREHAE

17.5 RARM =R/
RC)ER
Psite = S¢SpSw = 4 X 8 X 8 = 256.

1 latent site XY 256 MEEME,

kR CE RS
WMASGER 3 M@, latent 4 site A 16 MdiH:

35485, 3 x256
Pscalar — C - 16 -

z

48.

B ROTRBELRD 48 15,

DiT token &4
DiT P patch (1,2,2) RE latent, FtEA Transformer token XfR7

4% (8% 2)x (8x2)=1024

MERMERLAER, TR, BRI 1024 MEEER—MRE, MRMSTK d 4 token,

PSAELRINIRTE DIiT FFHHEE

E— R FANSRAE R VAE stride THY token HETHEERIE
™~ -

- Bt r ™ .
Wan2.1 Wan2.1 Wan2.2 TI2V-5B LTX-Video
81f, 832 X480 81f, 1280 X720 121f,1280X704 TE 8X32X32
- ) r ™\ - ™ -
VAE 4X8X8 VAE 4X8X8 VAE 4X16X16 £
patch 1X2X2 patch 1X2X2 patch 1X2X2 iR VAE 4
- ™ ' ™~ - ™ a
21X30X52 21X45X80 31X22X40 F5IERE
N=32,760 N=75,600 N=27,280 AT decoder ¥MZ
— _J — 7/ _ _J (-

JEE | token #RH#EIR Transformer BIFFIFIAR ; VAE BRiR%Z=. latent channel SEEIEAEERER T ER .
Bl 4: Wan 5@ E4EEEH token JLAA
17.6 PRSI G] 5

81 mi. 832x480

AR T x H x W:
T, =21, H, =480/8 =60, W,==832/8=104.

z
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B BdE, WSS

patch J5:

(Tp7 Hp? Wp) = (217 307 52)7

N =21 x 30 x 52 = 32,760.

81 i, 1280720

(T,,H,,W,) = (21,90, 160),

(T,, H,, W,) = (21,45,80),

N = 75,600.

HERGEI 832 x 480 43| 1280 x 720, £y 2.31 £5%; token M 32,760 #4F| 75,600, £ 2.31 £, 1H full attention

ity N2 Ty

(75,600/32,760)2 ~ 5.33

. Et “720p tb 480p ZMFGER" TR TIERHRAE K,

17.7 chunked encode/decode 5 cache

KsE— N 3D VAE, activation B T' £k, Wan /] feature cache, fff encoder/decoder 43Hehbi, &R

W& ¢ 4 latent Wi, ZFHIL r WIRHME, NWAFEIZE

O((c+r)CHW),

HEHFIE AR, ESSILAHE :

causal padding S#EEHER—5;

17 dtype/device —;
UG SR AR AL 54
PHERMERSTIIRE ;

chunk size BEER BEBADEELER,

B

CUp W=

Achunk = ”Dfull(z) - Dchunk<z>”2'

17.8 VAE oracle iM%
RS

o PSNR / SSIM: {lSfiE @fHEiALsiiy;

o LPIPS: BHIZER;

o temporal LPIPS: HHARMURAIZE IR,
o optical-flow endpoint error s{HUTHRZ;
e OCR accuracy: MHEXTF;

o face identity similarity: B{R#;

o EEROCFESTIEG: 0Lk, Bk, K

o SIHE bucket: #A. 1Bizzh. PLEEHl,

O(TCHW)
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WESASM x. oracle X, HAMMWERZERT N

1 2. .
Etemp = T_1 Z (X1 — %) = (x40 — Xi)Hl .
i=1
Bty PSNR BTN FF RIS shIEE S,

17.9 ZEMZMM VAE
REBOUIHIASe R VAE, F5:

o EHIZRAUAL latent 704,  DiT FlIZRRE;
o TWESPIRERML, AN HTILZ;

o YnfEidess DIiT BREVIZRAR;

o NHERAZ I RIEEHE,

HEEUNMERA LSS E VAE:

o R R, HEAREES HAMIRHERK;

o oracle BIRfE T ZHE;

o THEHE N A R ERER ;

o H#rZ codec/representation W5%, ik AaliNAIERL,

—Hhz 2RSS decoder ER, {4 latent adapter:

z=A,(2),

51t encoder/decoder /04K residual block FAMEREESR, H#H latent distribution matching Bk,

18. Wan Video DiT & Flow Matching: MU

18.1 patch embedding 55k
A latent JEIRN

z. € RBXC. T, xH xW_
Conv3d(kernel=stride=patch_size) FEfX patchification:
h, = Flatten (Conv3Dp“ph7pw (ZT)) € RB*Nxd,
X Wan2.1, C, =16, patch (1,2,2), 81 patch FIMAAER 16 x 1 X 2 x 2 = 64, FLEMGE d,

18.2 3D RoPE
A~ token XRARIR (iy,1),1,). Wan # head dimension 73N E, &, BEEAHEFME, A query/key MiMNiEs:

RoPE(q; iy, iy, 1,,) = Ry (i) Ry, (4,) R, (i,,)4-

REGHILEERI D FR M %5y, N4 head dimension AHRFHEIE SN, HAOMEFUZ NBURTER (18 :

XS, 3D RoPE 2 EER BN M 4z RN R, B ERmGEIME; 16 fps 5 24 fps A AR, )
HLHRE R AR, FtE fps YIZRFZ fps conditioning BRI REE,
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18.3 QK RMSNorm
query/key 5% RMSNorm:

~ q
1= —F———0%
Vil + e

key 2, Bl attention logits RIREE, /D KERI)IZRF softmax Hi1:

ay7dl
A = softmax QL .
Vi

QK norm RHESKFIISREDHR, EHN token SRR,

18.4 —4> Wan attention block
FETEERAE:

1. time embedding /4 6 HiFHIME;
2. AdaLN-modulated self-attention;
3. XA /EI% cross-attention;
4. AdaLLN-modulated FFN,

BN RN S
(617 717 al) /82a 727 0(2) S [RGXd.

i

h=LN(h) O (1+v)+5,
h' = h + a, O SelfAttn(h),
h” =h’ + CrossAttn(Norm(h'), c),

hy =h" +a; OFFN(LN(h") © (1 475) + ) -

18.5 XA cross-attention
A token FEZ 512, cross-attention BEZEHN
O(NNtd)a

et N, < 512, 480 N = 75,600 I, XIET self-attention i1 O(N2d), (EEESHEIGT, BxA K/V SIS GG
BT,

£ CFG #, conditional 5 unconditional 73> @ BAFFRIXA embedding, FHEMFEFAZEHGEILE AIF=AREE 2
f% DiT forward,

18.6 Flow Matching Hf#
SKFMF I zg ~ N (0, 1), KBS 2, = z,, S AELHE:

z.=(1—7)zy+ 72,.

EEISESEYD)
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LRI

Lpy =L [w(T)”UG(ZTa 7,¢) — (2, — Zo)“%] .

SERAERL AT RE AR N AR AL, time shift 8RB ESEL, HEF] flow matching ZFAEAEI; SAUEN : WSITA, T
S3fi. EAREEE, loss weighting 1 scheduler st

18.7 time shift FIfEH
3 scheduler #X¥y5 BB ¢ i shift, a0

ut

f= —
14+ (p—1)t

Hrp p > 1 SEEZPHEEE—ERAEXKIR, FRSSEATTRLER MR, KA E R shift R,
W5 2] -

B3 io: Ak =B —Hil,

AP B EEPESRE IR, R RRE R e,

18.8 CFG fEHE5 LA
A ST PR

Ve = U@(ZraTa C)a Uy = UG(ZT,T,(Z)).

FrifE guidance:

Ucfg = Uy + S(Uc - Uu)'

s =1 ZM&EHESZ, s> 1 3Bk, EK guidance ATHEFE:
o IBZNENE;
o JHFN, WBiL;
o MNIREEMIFRIR,

% LIRBE R — i AR

e temporal flicker,

PR Z RN PG SO L SGANBNES, ZEIE T AFENTE prompt &ILAIE— s,

18.9 Hulh k5 F¥4Hk
B head th3ZifA] embedding W, H¥ d 4 token #5¥

PePrPwC
4, Wi EZF PG EEMSEEIEZEEY, ERIZRRIFaREHI AR B BAERE, 22 AdaLN-Zero FYEMET7ZHT DiT,
18.10 #¥E¥p FLOPs #S

BRI

« Q. K. V. O d— d &2 8Nd? FLOPs;
e« Wi FEN &R 4Nddyg;
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e QK" 5 AV: 4N?d,
T

Ciea ~ L(8Nd? + 4Nddy; + 4N?d).

* Wan2.1-14B. 81 fifi 480p:

N = 32,760, d = 5120, dg = 13824, L = 40,

52127 1.5 PFLOP /forward M#&ES, 720p B£y 6.2 PFLOP, %X A& cross-attention. norm. #i&EHE. VAE. &
encoder, padding., &M kernel inefficiency, FtE C FFRAMit,

18.11 —Bth/MlgRa Y

for batch in loader:
video = batch["video"].to(device) # [B, 3, T, H, W]
text = batch["caption"]

with torch.no_grad():
z_data = vae.encode(video) # latent normalization included
text_ctx = text_encoder (text)

z_noise = torch.randn_Llike(z_data)

tau = sample_training_time(z_data.shape[0], device=device)
tau_view = tau.view(-1, 1, 1, 1, 1)

z_tau = (1.0 - tau_view) * z_noise + tau_view *
target_v = z_data - z_noise

z_data

# classifier-free conditioning dropout
text_ctx = maybe_drop_condition(text_ctx, p=cfg_dropout)
pred_v = dit(z_tau, tau, context=text_ctx)

loss = weighted_mse(pred_v, target_v, tau)
loss.backward()

optimizer.step()
optimizer.zero_grad(set_to_none=True)

ALY LA : variable length/size packing, loss mask., FSDP. mixed precision, gradient clipping. EMA,
checkpoint recovery, data corruption 5 all-reduce NaN,

19. Wan [8da. wiilgs, HEEEASE €%

19.1 —A- PRI IR
REFEBNER recipe RATTF, F5EBORIRE AP AU I ZREE 0 LR RIR:

FEGEERl: MR, S08, NRFES T

FEAR R EABF S A — 8
KRR KRS ST

EHG#IHES: 12V, EREM. SEEK;

HERSTOR: JEY. mask, B, Pul;

BRGNS : £, Wi prompt following, KMFEARBE,

TRERAEF] G R

S Ok =

qn~ ﬂ-k(q)a

Heh g 2% /RSF /it bucket, k RUIGMEL, m, BEIGOEEND, MEETRAE,
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B BdE, WSS

19.2 FEG T2 R i B 2
BRI ESBE, HES:

o BEK;

o EISTHER LA,

o caption JEH 5 UEHE;

o BENFHEENIEEE;

o fRRDAAK,

ATV B S SR ESIN, REHR T, = 1, EEEGLHE S, ML ARSI SCARNFFRER S, motion

magnitude MK, FEFEL motion-aware sampling, 4 loss WEFAFIAH.

19.3 caption pipeline

PITT alt-text FIARENER JiRE8, TEEsIE, M0 caption MR EERE:

y = {subject, attributes, action, scene, relation, camera, lighting, style, temporal order}.

—/NH pipeline:

ASR #2BUEH;

OCR RFIEHE L FHARIDIKED;

s, SSEEMANAE clip A VLM/MLLM;

AR dense caption 545HARS;

5 RGO — Bk

&€ hallucination., FAEEHIRFIN RENAFHIR;

7. fR1EHE caption. ¥ caption 5&5i#7E, MIERF—BESIA,

IR BENLIERE caption KA mE

S Ov o=

y~ Trsyshort + 7lelong + Troyoriginal'

19.4 B R E St
WBEESE FTREZ YT, R, 2, BHRSEH, RS

e perceptual hash;

o 141 embedding JT4%;
o M fingerprint;

o OCR/ASR ¢&;

o [N RIERPLAL,

PR VBench prompt SUATFIUSRIMIRBONG AR =, (% URL RHEIZEAW, ZEE shot embedding )

ANN K2R, HATEZIEL,

19.5 RAFFINZRRA T A T
Y% FLOPs "5 %

S
Ftrain = Z Bk (wad k + wad k) ’
k=1
Hrh R AEFELOIERN 2 SEGEE, AT
Ctrain,step ~ 3wadB'
GPU-hours:
F .
GPUh — train
3600U°
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U 2% GPU Wy%brfsk FLOP /s, MidkigfE, =M G ¥t GPU, St :

GPUh

hours,,,; = —a

Wan RIWFTERBH S, By, Ny, U, FILARERRIE—ESR, FEMERARK:

B34 e 1!
FIJEREA token 16k 50k
AREN/GPU 200 TFLOP/s 500 TFLOP/s
B 55 100k 500k
global batch 64 512

NG RARMTEE, HUMXE “BIEBRIEI, TRBEITIIZIKE,

19.6 HEBLKA R
SRR DAL

Liotal = Lrext T K Mpranch IDIT T tVAE—decode T tI/O‘

Wi CEG B npanen = 25 FEESTIER 23X batch, —iX kernel 528U FLOPs {mal#ifts, sa¥% T DIT 5%%; &
[E45 /DRI VAE decoder SEUEIES Lhfl< B,
HERR & N A

e cold start 5 warm run;

o BAERE TH MNER/9iG;

o ZEHE VAE decode 1 mp4 5#%;

« NFE 5 CFG %#%;

o offload/&fk;

« GPU &5, &, HE;

o 1% VRAM 5 CPU RAM;

o fHiscBRmEL. fps. RSt

19.7 BT CERME

Wan E7 €EHIERE R E

MEBBITEEE scheduler, DIT# VAE, EUHHIBHIMIE

size / pr¢mpt NFE %t forwafd
generate.py text2video.py modules/model.py/

- ' ( Flashattedftion e output.mps
configs/*.py Al moduleg$/vae.py 7]
_J ~ ~
N _—y

f . 7
/ schedulers/ (/ )

modules/attention.py

— 7

BFRENL © &M /BREME model.py ; BUELE/73IRE vae.py ; BERIES CFG & text2video.py / scheduler,

I 5: Wan B 77 @B A
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BURIIR SR :

o generate.py: fE#T task. size. prompt. seed. offload;

o wan/configs/*.py: FHILERE, VAE stride, RAEBAIAE;

o wan/text2video.py: MELM. XA, #id scheduler, TEMRFE;
 wan/modules/model.py: Video DiT block. RoPE. cross-attention. unpatchify;
e wan/modules/vae.py: causal VAE 5 chunk cache;

e wan/modules/attention.py: FlashAttention fi%;

e wan/schedulers/*: time grid 5 solver,

WIRBEAR —TFHAELEL generate.py HIFRESEL, MWiRSEH tk B4 SRR,

19.8 JEIX hook

from __future__ import annotations
from collections import defaultdict
import torch

shapes: dict[str, Llist[tuple[int, ...]]] = defaultdict(list)

def hook(name: str):
def _fn(module, inputs, output):
def record(x):
if isinstance(x, torch.Tensor):
shapes[name] . append(tuple(x.shape))
if isinstance(output, (tuple, Llist)):
for item in output:
record(item)
else:
record(output)
return _fn

handles = []
for name, module in model.named_modules():
if name.endswith(("patch_embedding", "self_attn", "cross_attn", "head")):
handles.append(module.register_forward_hook(hook(name)))

# run one very small inference step here
# ...
for h in handles:

h.remove()

for name, value in shapes.items():
print(name, value[:3])

1t FSDP = compiled graph T hook rIaEfEmAM:RE, RATH/MEAK, ~HATEX benchmark,

19.9 SBHIER/NYBRE:

1. #H[F seed. prompt. negative prompt. shape. scheduler;
2. checkpoint 5 VAE M —%;

3. latent normalization f1 dtype —%;

4. HHMRE RE raw frames —%,

mp4 FlGaR TR AEGRES, Bk OB HIN SR TEimiEl tensor,

20. Wan2.2: BR%E%R, @k4 VAE 54— TI2V

20.1 PIFAFIIRCR R
Wan2.2 $2HA9RL AT 53

o Al14B tk: HmMESE RS LRI AR BL T
« TI2V-5B #k: HEsS VAE E4f#0 DIT BIUFHISSE0RAE, Hg— T2V /I2V,

ZENRF MBI A MRA, FEERI% 5B 5 148 e

28



AR (FRiH BAL HE, IZR5 S0

20.2 A14B 1 timestep-specialized experts
A14B BEMNMMIER:

 high-noise expert: BEmERARE. MREXR, #Hizsh;
o low-noise expert: H{miaZk. SOH. HHEHIR A,

ENRESNERTN:
T {1
hidden d 5120
FFEN dy 13824
heads 40
layers 40
patch (1,2,2)
high/low checkpoints WE
N NFE 40
boundary 0.875
guidance low-noise 3.0, high-noise 4.0

HITi 2R R PR :

e(r) = high, 7€ ]high,
low, 7€ Jipy-

Wan2.2 A14B : %1% 5 B ER )% pYB e & 3%

X2 token-level Top-k MoET ety N RIEFSIEE— TR DITER

IRF — HUE
High-noise expert Low-noise expert
ARERTE. EFKE. HTH ARGEE, AR, RESREAT
H37 14B B JB3T 14B B
L — < >
=1 boundary =0
RIRE 0.875 {EIRES

STHZRAE-TER, ELESERSHN 148 ; HE/AEFFENRETINE.

6: Wan2.2 WAE%

XA token-level Top-k MoE, S/ RS AN token AR —MEER; KHIL#D active parameters £ 14B, {HAXE
FEIENE 14B. BHNEALRE, AENEDIHE ofload — N ER. MES—1, RiiE PCle/NVLink £,

20.3 Mt 23w € R S8
RIS RE RS, R EIUE R, REE IS BIRRTY, BA RS ST, AR ERRR:

E ” illowfrcq _ leowfrcq ” 2

B

e
T

BB, T

[Enilllighfreq o Zilighfreq ”2
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FESZARMRFE [ B, L= AU Rl — S B A TR St T RAA DB DB R,
BTEIL S A XU :

o BT RS

o MERMMREARFFBORBIRRE;
o YIZRREATE X [H) 20 A T4

o TAEATIMEARAET AR

AR5 soft blending:

(7)) = MT)pign (T) + [1 = A7) 010w (T),

HRIELERBRAMNBITNER, i FLOPs,

20.4 HEREGBIRY TR
BB Wan2.1, Wan2.2 51129 65.6% 41 83.2% WU, 3| NERIAIREIRE, AR RATMIIK, TaElES4H

FEL

HRSLMAIRTN
po(x|y,a),

Hrf a ATEAERGE, G, @, WEMBRESR, & a mEIBIM g, RGBS ATRELLER R XUEHER; RN PP S SRS

R, BNHKEZE “low-key lighting” Wi{fFHNAEARZE,

20.5 TI2V-5B A FFACE
Pic B I Wan2.2-T12V-5B
XA UMT5-XXL
VAE stride (4,16,16)
VAE latent channel 48
DiT patch (1,2,2)
hidden d 3072
FFEN dy 14336
heads 24
layers 30
ERIAMITEL 121
fps 24
sample shift 5.0
A NFE 50
guidance 5.0
RERF 1280x 704
B RAREAZ R 24 GB (offload %H/5)

gi— T2V/I2V A EGEMA L & 1

po(x |y, 1), I =0 FHEfl T2V.

Ykt B30 condition dropout, B LEAER A4

T = {@, r < pdropv

I, otherwise.
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20.6 Wan2.2 VAE 1y 16 xX16 %%

RIBETRH VAE 1£ encoder RiffiZS[A patchify=2, MIZEFNEBEL 8 525 R NRAE, & stride 2y 16; decoder kA unpatchify,
latent channel % 48,

JUAAT 4 :
4 x 16 x 16 = 1024.
FRETCRESE:
3 x4x16x 16
pscalar = T = 64

L Wan2.1 1 48, fREEgEHE—PHM, B2 channel ATAMEEAD site T KRS HTERE,

20.7 121 i 1280x 704 1) token #

H,=704/16 =44, W, = 1280/16 = 80.

patch f5:

(T, H,,W,) = (31,22,40),

N =31 x 22 x 40 = 27,280.

TR 121 M, token HEMET Wan2.1 81 i 480p #Y 32,760, MM_L#:/N hidden dimension, #:5 DiT {4y 0.48 PFLOP,
M Wan2.1-14B 720p £ 6.2 PFLOP,

FIKEEIENIREES

- IR NI 6.17

. ARE/mE s FFN

LR DIT forward (PFLOP, Ef)
w

Wan2.114B Wan2.114B Wan2.2 58
81f 480p 81f 720p 121 704p

RRAFEE Transformer T ; REXALREG. VAE. cross-attention. @fE5MILFIAE,
B 7: =f Wan BLEARIIC AP IHE

EEAER 24GB BTRRHEZ —, EFERIL OCR, B, L&k, FEMEENMAR VAE oracle,

20.8 S2V 5 Animate: #fFi %57
Speech-to-Video TEREMIHE a,,p KFFIUR latent 2,7 o FTLUHIEE{ESL cross-attention:
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Ta |t<a) _ t(z) |2
a; = ijiai, wj; X exp (—%) )
< 20
Animate RIS HBEMASE G 5EEFT, FHERRR “2—1 encoder”, TEERMAR, 2=ELIRME CFG 5XM5E—,

20.9 Wan2.1 5 Wan2.2 aizfk

ELA AR JR A

W%, B+ LoRA. & block Wan2.1-1.3B SEMYfET R, IR
KHEFIR T2V #572 Wan2.1/2.2-14B RS R

24GB ##F 720p T2V/12V Wan2.2-TI2V-5B mESE VAE, gi—11%
timestep specialization Wan2.2-A14B TG R TR

VAE [E4i% ] Wan2.1 vs TI2V-5B  8x8 5 16x16 KALLH
RERE AT Rt Wan2.1 B EEE, X ER 2

Wan2.2 fBERAZR—M 5 A14B AN AL NS AR RS ERAR; TI2V-5B HE&ES VAE, /) DIiT
1 offload FEARIZITHA, XL AIRIARE “BREEZRNL” T “ForEms,

21. Wan Wi, iy S5 ie R =

21.1 S % Hbs
HUERAT 5 R

W /ISR AP0, T, ZANUE:
WIBGERL: D, JBEE. TAb. k. S0
IEEAL: FEEIED. B,
SRR S, R BUK. L R
GRS R, IRITRS. IR
BB . MBS, BIL. VAE E4,

AEERN M AFE trainable modules, AR—1 LoRA recipe ABTAEFEE 2R,

S Ovl o=

21.2 LoRA ¥#55%E
HEHER W € Rlowdin LoRA

W =w + 2BA,
T

E

A € R*din B € Rout*T,

HESHC

PLORA = 7ﬂ(din + dout)'

EXHBE d x d 1 Q/K/V/O &5k rank-r:

P

attn,layer

=4-2rd = 8rd.

14B Bl&E d = 5120,r = 16, L = 40, ¥ self-attention P44

32



AR (FRiH

B BdE, WSS

8 x 16 x 5120 x 40 ~ 26.2M

28, HEM FFN fil cross-attention, £ ZE8N,

21.3 target modules ik

EiR L waw e iR

KU /5L cross-attn Q/K/V. FFN, #4 BUER SCAR B L AR RS0
self-attn

WERE G cross-attn, image-condition TAELEATGEE RS S £y
projection. RHE self-attn

BhiE /128 self-attn Q/K/V/O. Kl IBEMRIAII token 2 H.
modulation

IRt e ¥ encoder + zero-init injection, &  JERPREE, EESIE&ERED
ZiDEFEF LoRA

FumerE FEN. #HHNER, BEN VAE EINIS latent fERSE S
adapter

SRAFZRIH FFiZEHE student BFr#Ey SHrNR, JFE LoRA 7]

e 2

Xt cross-attention it LoRA FIREHEFA prompt 5%, HJLFPARLIEsSN1%. RN self-attention it LoRA FIRE#L3)

8, (BSURARTELERS,

21.4 BAFHR

esEEE, RIZk LoRA B, HEENENFTEE ofload, HARIFHEEE /optimizer state, KE:

M ~ Mbase + Mact + MLoRAfgradJropt + Mtemp'

LoRA 2%1) AdamW K& A BF16 28/#& 5 FP32 moments, K£1ES%5 12-16 bytes; {H activation @# 2T

o W BAFRIMIER:

1. BEIR N: ¥R, W%, VAE/patch;

activation checkpointing;
sequence/context parallel;
FlashAttention;

gradient accumulation;
CPU optimizer/offload;
8-bit optimizer;

8. BEfbiresEEE (QLoRA ),

NSOk N

A DIT fXREE LLM B EEEIDNMUEIRERS, RERESZY ODE hEM, SIS R NFE MR FBS

W Bxo

21.5 Bimr5 Nk

& LoRA AT LT LEBRE R clip &4, S8/ S1HEREE 28T 21877 clip, BIEEENZ2HRES:

o WifA. TR, MK
o ENEBE ST,
o FIRRE;

o BikiZsl;

o prompt FIKZEL;
o TBISIEEREE,

/NEEET{# A prior preservation:

L=L

target + )‘prior’cbasefdomaina
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B EITATE prompt #VAERE AR K /RS,

21.6 whSEIgE S 128 H ML
EGEE S RIS clip, MSE 2MRiFiash, &R

1
m(x) = T_1 Z i1 — iy
i

A% bucket BTRFEEINFL:

Wy = Chp (WL(X)>7 Winins wmax) .

median(m

BBEELATENIZIFIANRRER L S, ERMERYZE optical flow. #iZs VLM motion label,

21.7 LI zero-init TEA
XA IR encoder G, (r), 1 ( BIEA:

hj =h, + Z,(G,(r)),

He Z, WERHERE/ERE, BN RASNEERE, FEEZREE G, BRI,
SR E %

K
h)=h, + Zgék<7—7c)Z€k(Gk(rk>)'
k=1
e R T BT NSEAR R /0, MR Y BONSEIA L / B

21.8 —AnIFTIIYIERRT B
Mg A: 32 FEAWRE
HFR Rz, TR

o HUEFI caption X5F;

¢ VAE latent £t NaN;
o loss AJK%;

o LoRA EIEHAHE;
o checkpoint AJKE;

o RFEBSIIZRTTH—EK,

Firgt B: MUz

Mgk 1k-10k clips, [EE 480p. 49/81 Mi; & 500-1000 steps fR7FEIE prompt x seed Rifg, Mifs:

 validation flow loss;

o CLIP/VLM alignment;
e motion magnitude;

e identity;

o temporal flicker;

e base prompt regression,

B C: Wiy e
WP, WK, £555 caption K&, SFORABE—NEE, #RFTTEIAH,

34



AR (FRiH BAL HE, IZR5 S0

21.9 g5 skeleton W25 R4

# pseudocode: distributed LoRA fine-tuning
model.requires_grad_(False)

insert_lora(model, targets=target_modules, rank=rank, alpha=alpha)
mark_only_Llora_trainable(model)

vae.eval().requires_grad_(False)
text_encoder.eval().requires_grad_(False)

for batch in loader:
with torch.no_grad(), torch.autocast("cuda", dtype=torch.bfloat16):
z_data = encode_and_scale(vae, batch.video)
cond = encode_text(text_encoder, batch.caption)

tau = sample_tau(batch_size=z_data.size(0), scheme=time_scheme)
noise = torch.randn_Llike(z_data)
z_tau, target = construct_flow_pair(noise, z_data, tau)

cond = cfg_dropout(cond, p=0.1)

with torch.autocast("cuda", dtype=torch.bfloatl6):
pred = model(z_tau, tau, cond, attention_mask=batch.token_mask)
loss = masked_weighted_mse(pred, target, batch.latent_mask, tau)
loss = loss / grad_accum_steps

scaler_or_plain_backward(loss)

if is_update_step:
clip_grad_norm_(trainable_params, 1.0)
optimizer.step()
scheduler.step()
optimizer.zero_grad(set_to_none=True)

WJF latent mask; variable-size padding Xi#E A MSE, SlIZEEIIIE TR XNZE padding,

21.10 CHIFRIRERE
BOZIEH “MRER B HIEN motion LoRA”, ME/ME:

¥ e

base 1.3B 5&D—ERIRE

LoRA target cross-only / self-only / both

rank 4/16 /64

time gate none / hard / learned soft

data [F—illgk clips 53REEREL

inference M NFE/CFG/time shift

seeds =/ 3, EHES CI

metrics XA, BiE. S WAL B, AT

cost train GPUh, peak VRAM. inference latency

MO RAERD prompt B seed AT, AR RS IS,

21.11 HBKiEs
G —RER R A AT )

o LO: REEBFFIFE hash;

o L1: VAE shape/oracle report;

o L2: EEHHELEFIF] tensor checksum;

o L3: /NEHE loss HHZRAN overfit video;

o L4: LoRA checkpoint 5 config;

e L5: & prompt &R, KMrRS5EFXA;

o L6: SEEEHAL. AAR-FiE Pareto FIESREERIE,
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M“Eﬂt%’ﬁl (‘% r]”Bl‘leﬁ*%

JFUreAT —

RO B,

L6 1 3CHRR
TE, KA-FE Pareto. FEIREIIGIE

L5 23T \
VBench/ A /% 43/ BE K

L4 B 50 \
oRA/adapter, ZFH prompt 5

L3 /) \

A 32-256 MER. loss/grad sanity
L2 #EIE B \
sped. scheduler. CFG. NFE. 73%#
L1 FiZiR 5 VAE \
erlcode/decode. token #. Z= oragle

LO FFES N E \
BIGHRA. M7, BRI

B 8: MiafT2lIEXHEH

21.12 Wan WIS b

VAE- a3t afaids 16 x 16 Easimi- R e fmidiash?

MEEER: ML, RIE, RERE/>ESEWAER?

HBAEN NFE: &% prompt FRIZSIEAETEEE/DSH?

FAFORR: SO, HIL BB BH &AM R guidance?

KRG : AfaI% 77 I3 L A R ES 188 s B G B8 ?

ANBIRIZEIR: WAMRSF motion diversity, MidEHRZRIBA— teacher trajectory?
PEMRNZWPE: afa VAE, planner. DiT 5 solver 5512557

NSOt W

HIH5AK

TEFTHT Y wan_shape_cost_calculator.py Hi#i A 81 i 480p. 81 i 720p 5 121 i 704p —ZHAELE, X token #(AIH
it FLOPs, REHWsEE, SRR IERE 1/V2, M5 N 5 N? HEE 1L,

22. Bernini 2809 SN ORGSR I 1Y

Bernini M0 KRN MLLM 5 R B Z6e 117> 1

o MLLM #EKHEMLESMA. XA, FERLSSEEME;
o DIiT KA EMERNELL, SIREMMNIGE;
o HEE HARIE AR ER:, MiA2RE MLLM #HSE K prompt.

22.1 ERE WG — R F o
RGN

c= {Y7 Il:m’ Xsres I‘},

AIEEAR, 2E5-IE. FFMmETES. Bernini 5/ latent semantic plan s:

p(xeg, | €) = / Py (X | 8 Ciow)Po(s | €) ds

Clow TONATSS T RESEE, HRAZIE VAE L. Planner 13 p,,, Renderer f5t p,.
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Bernini : MLLM i&X#1%3E + DT (RFEF2:

BN EORIES VIiT embedding, pAZBAIES storyboard Ifai S

MLLM Planner - yir.ow defoder  EIARIENIHEN s

Qwen2.5-VL-TB S v K
masked iterative planning ﬁ’é\slgg;n;:fgﬁdésgs

A& chain-of-thought
ESi#

SRS

BA
XA [ B AR
YREEIED

=1
=5 i=lE)

s ™~

DiT Renderer
Wan2.2-A14B EE _,
R A ; ELail

SEASTMER VAE 431E T5 text + semantic plan KRR ) iR

(RENRDAT) " SA-3D RoPE
VAE latent flow matching
N 7

£ : Planner RE“RZZHIMT 2. WFZEAL” ; Renderer JRE“ EIFGREHER.
FENIS D IRNRE. TRIRERAE. RS SREREK, URSM segment HTERH,

9: Bernini Planner-Renderer 244

22.2 It 4¥iE prompt rewrite i

Prompt rewrite M O2BHRIES:

~

y:g(c)7 Xpr(X|Ftext(S’>)'

BEE= I

1. BSHEDLE NRIERMAIE, B4, WRAMLIR E IR,
2. renderer XA encoder AJREESGEZIE KR
3. WEEHEAE R FES “BNRRIES” ERIRING, ERE RIS,

Bernini B#Wl ViT embedding ZSRIFHEIRE X, & BERAEMK encoder 5%

s, = Fyip(Xegt) € RNsxds.

Planner 23]

Po(s. | ©),

T A BRI TR S R B A 7 51

22.3 #48: ViT embedding MI4E&ENED
ViT representation i FGES5ES ZH:
o %2 /VAE latent Hi%R, #/) renderer RifERZEH T Ui
o WARIBETWER, FIRABIR ZRER. FARSMEAERIE;
e 5 MLLM W#u token JFRAFRA;
o FIDIHESIEMIAIRE, THEALE storyboard;
o FHTER. 12V, V2V 52%4EBN%—HiR.
(EZESEAT 4 A SR ) R -
o #EEE, planner it~ Z2EIMEIA next-token prediction;
o embedding HYA]ARBEIEELS;
o ViT RRAREA SNBSS BIEEmZE ;
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o plan [MEFE/segment HEFILAEAHE;
o renderer FIRERME plan, B AFEIE T 484K,
22.4 MLLM Planner [iR&iH% M
NHFEBLL Qwen2.5-VL-7B 2 planner )i, EFF|HrIENEE:

o NAHING XA token;
o JREG /ARG token;

o FREWLMAY EARIE X segment;
o {E554H token 5 masks

XA token KR next-token prediction:
’CNTP = Z logpw(wj | w<j7 C)'
J

%52 ViT token THEA softmax AR, KELHFSMY flow decoder M MLLM hidden state 42/,

22.5 ViT-flow decoder
1 MLLM £ HFRiE B P LR h, H92HF VIT embedding % s,, B s, ~ N(0,1). 433

s, = (1 —7)sy + T8y,

H bridE

u, =8; —S.

1E X flow decoder #3J

Lyir—rpm = E [||U£JS)(STaTv h) — us”%] .

XEIFE planner AHZE—/MEAEMM: BHXFMHEA autoregressive objective, ELMHIE XA Flow Matching,

22.6 masked iterative planning

Bernini A—E—EREHERIE X, Wif#EH masked iterative modeling: #J46 HAROL BB/ 82 mask, HEIESERN
BT ETE / ERE

% mask m®) € {0, 1}V, % k #OHIECH

~

mask*

Planner fill# mask (&, HEHFERFE;, N mask, MRHEE:

initialize all target semantic positions as MASK
for k = 1,...,K_plan:

run MLLM on input + current semantic plan

select masked positions according to schedule/confidence

sample continuous ViT embeddings with semantic flow decoder

write predictions back; optionally remask low-confidence positions
return semantic plan s

HHEL™H% left-to-right, EWHATHMZ MIE, HAWESERIE2R T ERMTRER token,

22.7 mask ratio ) Beta 7315
WX ARENES A Beta 24i5%FE mask ratio:

r ~ Beta(a,,b,),
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q BESEA, AITREPERSHEE:

(2% (a,,b,) M
T2I (5,1.1) % mask, FEMIEZ LR EFREL
T2V (8,1.05) @5 mask, FFRGBULI
121 (8,1.05)  SHEGHHUENE L
2V (10,1)  SEVRHLESH A (Gt b L

)

V2V/IV2V  (12,0.9) KIBIEFRARAL, FRRBIETSES

FX a K. biE 1, fifmilE mask ratio, MZREERITE D BRI W EHAME R R, BEAEBUERE T LM recipe, FRMBRIESSIR
HINLIERE,

22.8 chain-of-thought Kfi/H 545

Planner RIJefECOARMER, HA RIS

p(r,s|c)=p(r|c)p(s|r,c).

r ATDARA: BRI TR, ORI EIE. SRR, BEkinsah, SR EgaE h e, M2

e 3K reasoning RIREZ)H;

o FERJFHIMGIERIIER ;

o rationale FIRES FEIERZNAH A FRBURSR—3

o JIIZR oracle reasoning S5 generated reasoning f##£ exposure gap.

IERTHAN RS JE reasoning, AT./#Uii reasoning, BHIHAK reasoning, IAEE plan SHELMM, MARBEXARELIAHE,

22.9 Segment-Aware 3D RoPE

ZANE R AT RES B RERAERR (0,0,0) JF4E. il 3D RoPE XRERH segment., {HAFAEFRIN token ZAMHFA BN, &
RSFEE. FEFF ERHRRE.

¥ segment id 24 g, RN (44,14, 4,). SA-3D RoPE 1l segment phase:
RSA3D<ga itv ihv Zu)) = Rg(Q)Rt(Zt)Rh(zh)Rw@w)

TRHEA token AITEII AU

(Ag, Ay, Niy,, Ady,),

MAUZ 3D AR AR, AT R, BIEHSN—4E RoPE, SUEFERFMIA segment-specific offset.

SA-3D RoPE WHRAZMEH “M segment embedding”, WiffE query/key hekan 2 BN X MHRIF, IESHMER
THEFEK reference leakage, BIZHENAHIREHIR B E,

22.10 Renderer %S

PNIFBIPL Wan2.2-A14B 5 renderer £JK, HAEBEE® T5 A%, MLLM #5552 hidden state £&EFHHL—2
MLP ##/5, 5 T5 &#dHz/fG:

c = Concat [CT5, Zp(hMLLM)] )

render

Hrn Z, it 0o AT renderer ST Wan 1720, BEEZE#IAIM semantic plan,
GRS IEMA TR VAE KZ2RHE:

Clow = G<E¢o(xsrc))'

PR ESCHRIEE “Bft 247, RRTREHERIE DR B ARG ZAR
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22.11 20 GRS T2 AR 2553 1
# H A semantic plan:

o HRSUE. A\YIS NI TRESR R
o HBEERGERAR, MR,

A H TR ERHE:

o IR 5 S ITRAI ;
o RIUEIE EEME AT
o TN RIS EIPIRFAE

IS AN B SE S B4 TT 1)

v =1y + 55(v5 —vg) + 5,(v, — vp),

Hrp s, BIEX guidance, s; ZIRERFF guidance, —FHTREILES T,

22.12 Planner-Renderer [{i%%5) i@
¥ oracle plan A s,, il plan 24 8, EIREATHE& R

gtotal = grenderer<s*) + Aplan + Ainterface
—_— N g —_—
SERTITERI  wiRE R esisnR2%  renderer ZBEERELIFR
AR = R -

1. No-plan: X T5/FJKEE;
2. Predicted-plan: 52 R%;
3. Oracle-plan: BESXH#HMHA ViT embedding %,

# oracle-plan R, predicted-plan 5§, M7 planner; # _E&#(5, FFLE renderer /interface; # predicted 5 no-plan
ik, AIREZE condition collapse,

22.13 5144t storyboard planner [ybb#%

£z | AT e FEWH  WERIE gt FETEX
5 prompt = ik A& /LLM B XK encoder
el i

=\
i
I Hf

ghittfe. JSON/ LLM/AT/# WEERRIRE
storyboard oy FR

=
1
H

i J& /ot = e R /R ER o ERIRGH SR
HXiEX
#4: ViT plan % & BARIUE R oS R
e %
VAE latent/ ik RE  GEWHR f planner ffEEE
keyframes WA A B

Bernini #%#%%82 VIiT plan, 2fEE L 5% EZ BEET 5, ARMZAMEHZ BN 185 storyboard + layout/trajectory
+ ViT embeddings,

MLLM Planner 2 “FHAIESHANIE prompt”, Bernini (2T : Planner B HAMIETE X 2 HHE
gi7%r; Renderer AR RARBERRHE NS MESER VAE latent flow, HAFFRRBURBEHE OS5IRES T, mAUEHY
=N R SCAAREY,,
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23. Bernini BEIE. =BrBillgs. RIS IR

23.1 BRdlR: B Bdstbpal T2V HXH
INTPRSCREE T 22885,

M pair
2y 20M S pair, SREERH T2V W, REFEGEREE:

e pair HEUEZ) 0.65-0.95;

o HHH 2-10 #;

o AZ/IEARENRL 1:1, H Qwen3-VL-30B-A3B EBHEIARHE;
o AR ZAIEL 100 X ;

o YR /XA prompt HEKR Qwen3-VL-235B-A22B HHRIAE K,

PR S X BREE: SRR AT S 9, e tUERGEE R, pair RFEEFRRILIRES BArHLZEONE, FINEIEHER
AIIRAR 1L,

B4 pair

%] 30M E% pair, #BsrkE#EE 300k LAEMM, RFMELUEL 0.75-0.95, FAEMMKAEE R —NRIERERG. RRHNES
MARNEG, EE¥ESIREIR,

interleaved understanding data

%] 10M 3k H OmniCorpus FESCREHHE, AL 2M BIER e A, AT 4R MLLM B, ZEECRMFYIHERE
jjO

self-text reasoning data

2] 1M BAEBCCAHERREAR, FATik planner 784 B H-RIFTE R AES 70 R,

KT A ek, EARRIIGNGEPeE N —R, RAENE, BEERE. REEINCRIFEMTF AT EEN#RX 7,

23.2 =KiBIgR R

Bernini B9=PFERilll 4k

Fei®3F Planner 5 Renderer WEEEEES], BHITREHEXFT

1B X ZE[8] &=l EOXTT
. ~ f ~ s ~
Stagel Stage ll Stage lll
&k Planner & Renderer BENEIE
— _J — _J — _J
' 5 N )
256p, 2 fps 480p, 16 fps {RIGIEMR HEIB R
ElR— 1A~ B Xt /48 T2V/12V/V2V/IV2V RAEXED
1BE NTP + ViT-flow VAE-latent flow matching BY planner-renderer gap
EMA0.999 B BB E HPE B RAEEE S
— _/ — _/ | . 7

WEZRNRFF AT BRI " BRI © REAEEENREBMES MLLM SRR, FEMAEREEOSES HiE,

¥l 10: Bernini =Bl

Stage I: Planner
REME: 256p. 2 fps, ¥3% 1075, EMA 0.999, &M T21 Jr4s, mE T2V, EiG /350 pair MERRITS,
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HR:

’Cplanner = Atext’CNTP + /\vit’CViT—FM + )‘aux’cunderstanding'

KPR, K fps BKER VIT FHIRMEERMBILRA, Planner EE¥IEN, REEMN—IFHLE 480p/16fps 2417,

Stage II: Renderer

RFBCE: 480p. 16 fps. A T2V, 12V, V2V, IV2V %{£5)I%k VAE latent flow, pair data FUREMNESEZ S &ER
WA 0, FETREYSSMEN, JEHIRE & PR B RIS,

HFr:

zrenderer = [Eq~7r(q)7‘r~pq(‘r) [wq(T)HUw<ZT7 7,Cr55 S, clow) - uqu] .

Stage III: ZREBEIILE

BAHH planner-interface-renderer MIEF s 225, A4S/ predicted-plan 5 renderer IIZrgkZ A gap, FFHEA
understanding/reasoning ##Ep; - MLLM R,

23.3 Mt 2 g G

HEMEMKIIZRZ A

e MLLM #1 14B renderer R 5 HEKEAE;

o PRINITIIZREE /) S BAATL 42 I B E AR ;

o planner fHPIEZERE, renderer I AFE;
o HEDUSWIIERER B TE—,

A BREN T

. .
w* = arg muin ﬁplanner,

itk
w* = arg Inwin ”Crenderer (W*)7
RIGTEAIBANEL G (w, ). IXZ—Fh block coordinate optimization, iffFIE EM—UE 2B, KRBk EE M,

23.4 55N IR ) 534
WSO EG ST S AR time sampling; X3 time shift f45:

1E55 ft% shift
TaI 3
121 4
T2V 3
12V/V2V/IV2V 5

GRS HEEAEREIRGE RS AR 2 A, 8K shift FHEIZREEBRTEE SRR, BT scheduler M 77 AISEHLAT RE
AR, SINMEHKER p, (1), AR

23.5 ZPHE guidance
Bernini #FEATRERIN A JFASN, RER, SCAR semantic plan, MHRAES

@O C@l C"'C@M,
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AIFER & guidance:

M
Uguided = U(C)O) + Z Sm {D(C)m) - U(em—l)} .

m=1

BRI source video, reference image, text. semantic plan, &F—ZELU%EERLERAE, AR A HSIET “/R
B” “SORgRER” “THRIBITY; BAUR S SCETREEE] M + 1, EEERCR B0,

Adaptive Projected Guidance (APG) ZK75iknli§id58 guidance 3N 557 AT /IER 5y, BRAITELR, i

Av=v,—v,, Ay = ch,
C

BT BB, BRI ARSI,

23.6 NkRGE: MoK 2EHSE FSDP
1SRRG

o FSDP Z%(/#8R /optimizer 43 )7;

e direct index scatter 5 buffer, & GPU WEMNY 72 GB #2127 40 GB, }iHEKRY 17 GB HEskE;
 activation offload, fErIZEHFFIMNL 100K token $#EFH-F12) 440K token;

o FlashAttention 4, FlexAttention, %# QKV. TND layout. &l RMSNorm;

e Ulysses sequence parallel;

« sample packing 5 EIHi;

o BURMBMBEES,

IR RIS SR IR RIR S, RAERMEFAIARIE,

23.7 direct index scatter BINTEE

variable-size packed sample FFetFiE KA KER copy FlRZ buffer:

M, eak — Mfinal + M;

P intermediate

+ M,

orkspace*

EHEHERA sample (IEHR offset, FEELHE scatter BIFARRFS, AIZM M, . o X3 “BREGEGR" 0L,
400K token [FHIA]RELLIE/ D — AN/ MR BE B EE,
23.8 Ulysses sequence parallel

¥ sequence #EYJF] p A~ GPU: §R#HE4 N/p token, attention it all-to-all EHisr 1 heads, HEFIT+EIR
attention heads HJ5E# 75, FHRZHEK,

FRAE activation PITEM

O(Nd)

O(Nd/p),

EBEREM O(Nd), FHit#kdim® NVLink/InfiniBand, K555 52 M4 TR0, SRS communication overlap 5
B tokens /s,

23.9 packing 57
% GPU 72218 token HERK, FHNZGHEE rank RE, EX

N,

_ *Vmax
Pimbalance = N
min
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SR E G R/ e/ workload HUNF#Y 1.01, HHR) 156% B, XERCRARENEEHE, M2: bucket Hi%
IIPERIEN, WEZEME, SCAKE, £557XME&F token,

23.10 uusmd st

WIREIRGAET AT 4.5 1%, £ GPU #E@ET 7.2 &%, TREEIZERVINTFE— FlashAttention; BREE, BiEfA
f&. ##17. offload I kernel FIE G452,

T ARG RS AR AN -

1. baseline FSDP;
packing;

sequence parallel;
memory layout/scatter;
fused kernels;

6. overlap/offload;

iRk B tokens/s, WETTE, B LRI SFFRK token,

Otk Lo

23.11 CFG distillation 5 ReFlow
Bernini %#&8% 5% CFG, Hi# ReFlow//M52M8, {# student 49 4 NFE #f teacher 80 NFE (&SXREH#MHF ).

CFG distillation
teacher guided field:

vCng = v} + s(vg — vl).
student E#[ET:
1
'CCFG—distill = ||US(ZT7 T, C) - U%g (Z'ra T, C)”2'

TXAEHER LT 553 3
ReFlow/trajectory straightening
Al teacher ODE A4 s -BAEEX (2,2, ), P student EHERKR:

Zr = (1 - T>ZO + TEl?

”CReFlow = ||US(ZT7 T) - (21 - ZO)Hz'

DRI trajectory curvature B, TiARRZE#—NEH solver,

23.12 AJFLeEs S ama s
AE VBench IRERFEME:

FEAY Total Quality Semantic Dynamics
Bernini 84.64 85.18 82.49 81.11
Wan2.2-A14B  84.79 85.33 82.61 69.72

XIS HE, PIEEE] Bernini £505 Wan2.2 #if, H dynamics TWER; X%#; planner /VIZRSE A0 RelE,
THERMIERHRIR, Koy FREdE, prompt processing, RFEEAGIIZHAFE,

BXEE OpenVE 45 Bernini overall 27 4.04, xR VINO £ 3.18, A[A benchmark 9 judge 1 prompt 27~
[, ARAELERT R R A,
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23.13 BE R
Bernini K& %/DRH:

EG 2]

Z#+ planner K252 2 renderer/data
prompt rewrite FfX continuous plan  JESANIE R R HE

oracle ViT plan planner JFHZ K IR 2R
28 source low-level features AR AR B IRE &M
i@ 3D RoPE &KX SA-3D RoPE segment leakage JE75MHE
7 CoT / teacher CoT / self CoT reasoning ZHHEIEARK
B vs IS B ZR2 & ORI RE

# CFG vs incremental guidance ZEMEHGE 555 NFE

teacher 80 NFE vs student 4 NFE FEIR S - AN Hh 2k

23.14 5 Wan, CogVideoX AR LEE

Eidi Wan2.2-A14B CogVideoX Bernini

[1=E s T5 A/ EGF XA expert fusion T5 + MLLM continuous
semantic plan

ERET ME%E%R Video DiT expert Transformer Wan2.2-A14B renderer

GlE THESSIERD e F £k A BR/ GiEGE — B bR

EZU Ik 1PN IACS prifE 3D/ &Rz FEURRE SA-3D RoPE 5
segment

WekH T A PRI R AR planner, renderer, Bt&=
[51¥2s

FERA X DiT. £% A DiT. 2% MLLM + £%M#53% +
renderer

FERS R TRCAE R R BRESCRREE 5 KA BRAERE TR EIRIK / Gleet

FER: ESHRIER RS ZHEA AR RGiE %%, plan MESH, FER

=]

=)

23.15 JRIRRS I8

4L plan BRTEREMERI I I3 9mBA NE5H (. storyboard;
planner H&£4£)%, HARSW renderer HOK;
2448 CFG HERHK;

MLLM 5 14B renderer M &R L /HRE 1M
complex editing {5&#t prompt rewrite FMEIEE;
oS ARG AL o7 B PT REATY B i 5

B, BdE 5 72 B SRR T O B e s SRR,

NSOt W=

%35 B

WH— Bernini IRZ2Wse8: 1% 200 %44 prompt, £/7F no-plan, predicted-plan. oracle-plan =##itt; 53l
F VLM judge. SHHELE. S optical flow (REFFIA TIméFiEl, MRIE=2H2E, HRBARE planner., interface
=X renderer,

24. PUGERRBUR TR WATTFBRE R A ISR

BRANWEA GRS, BURAREERAR, MOUBER, B TREED SIETEM:

o REMRAIREE ¥ I EITIZE), MARHSEGIRE;
o UUE caption 2EE S ENEMEHEIGE;

o HUEANY. Wik, BELERUSHIKEE R,

o REVILGEMREHMEF 1/0 MRil;

o JUEVEMME, RRAL. BRRARIZ 2 RUK,
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NSRRI R E R

DT

IRSAFIBIANST [ B [ B
URL. 87, 185, KRTA. TR

RIRRRD 5 5 Sk A
W, ERKHKE. shotboundary. BI{/FPS

MBRE S EHALIE
TERTRE. B, XTF/KED. WALl . EHRE

BY 5 caption FE
ASR/OCR/MLLM caption. Z2f&/zhiE/$ik. BHiEIRE

£E. BR5RLm%T
KHPAZ. embedding. %8, PIl. NSFW. ARARER

¥
RIS
E55/53 3R /BT /R /R NIAR R

B 11: ARIEREER Y PR iR

24.1 BaRRBIS hph
IRl — el 7T DA AR 7] B oo

<4 =2 & A E A [A]

JRGEIATEL Nogset  REZRMEZK
JSYIRS Hiqoo BIANTRIERZZD
shot/clip # Najip ArligiERf 20
S R Npame  DACERFZRERA

VAE/DiT token Nioxen SRRVIZRI R

T clip WK d #b. RAE fps 9 f, NIMEEOE 1L

Nframe = Nclipdf~

# VAE/patch EEML n, ™2 token, Ml

df —1
Ntoken ~ clip (1 + s ) Ng.
t

PWAFEDY 10M clips B8RS, H—12 2 # 8 fps, BZ—12 10 # 24 fps, HHEMETEERHE,

24.2 RERIEATTBIRE
WebVid-2M / WebVid-10M

WebVid-2M B Frozen in Time 21, f&@d 2M DISbREMTAN; JERESHHELER WebVid-10M &Lk, A2ES
M, B HURE caption M, MITIMEA K, ahfEfiidss, B NEATHRSBER RIZEML,

& R T2V WIZR. RRWYIZA pipeline 0iF, & & BRI & & 2 2480 7E IR,

HowTol1l00M

HowTol00M %%y 1.22M narrated instructional videos, 136M clips, #8id 23k 155, XAFEHRKH ASR narration,
AT RER AP SR 5 T TE A7 TE N TR RS
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P N-URE, RIELEMKNFEE, KEK:

o IEETTREIRN 2/ ARKANIE;

o HEATE. TR, VIBMIHEE;
o FEBIRENLE;

o ASR XARHENTHMU caption,

EAEMFE—ZHEME Bernini 2K701/5K3 pair, (HZUALR — B,

HD-VILA-100M

NIREREZ 371.5k /M 720p #4, BE 15 1 YouTube 285, ENWMEESSHRMZHME, H “100M” 2MEGHR, SN
HEYEEREERK clips $.

Panda-70M

Panda-70M M%7 3.8M A& 5 PR MY 4318 L —5 clips, FFH 2 MESBARNE K /E# caption, HEEKL 7T0M
video-text pairs,

HAFHECMBELET: caption NEH— VLM BRRAERK, mERHEGFR. . RIECARMZA teacher, FH retrieval BAER,
AARIZR, caption selection 5 caption generation [FIFFEEZL,

InternVid

InternVid RE®T TM FEMIA. 29 760k /N, 234M clips 1 4.1B words, #HZRERR, ©iESEES SRS,
HRUEE KRS N8, AE. WAIRER caption BARE.

OpenVid-1M / OpenVidHD-0.4M

OpenVid-1M ##t#d 1M ®mfiE text-video pairs, FFMA#IEL) 433k 4 1080p Wi F5H OpenVidHD-0.4M, EiE&H
I PRSI = M= R T SRSV, (B FRAZRT ELAR AT R85 P F 5 FH 2% K0

MiraData

MiraData 3RJHE KK, BEIBHIEML caption, caption MER, 5. B3h. BLEZ2MIALER, HhE MiraBench,
TIEABIFKAMSA, motion strength 5 dense caption, {B/AFFRRAFISZERA] B %87 5 LA H IR

HOIGen-1M

HOIGen-1M %£E human-object interaction, #)—HHEREMM, H&E MLLM Baffig5 N TiER. SR “L IR
£7 Rk NRIERETHoN, MREATF-YREIX—HRARGE

24.3 FiRSE B HigHDy R

— SRR

_ resolution aesthetic motion caption
Q;, = w,q; + w,q; + w,,q; + w,.q; +

safety duplicate
a ; .

Wsq; Wq4q;

WIZRO EIE R 5
V(D) # ) Qi

K24 100 75 55iE B m RS E 5 ANV, 3%, PIEE, Bk, AR BRI AR, W R K E K facility-location

objective:

R R X E S IR AR TE S
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24.4 PERSMRAYNHTE
JF4A manifest E/0EE:

{

"sample_id": "source_video__shot_003__clip_001",
"source_dataset": "...",

"source_uri_hash": "...",

"license_tag": "...",

"start_sec": 12.4,

"end_sec": 18.0,

"container": "mp4",

"codec": "h264",
"width": 1280,
"height": 720,

"fps_num": 30000,

"fps_den": 1001,

"num_frames": 168,

"decode_ok": true,

"sha256": "...",

"parent_sha256": "
}

FERIFEA fps. 30000/1001 ~ 29.97 H#E L 30, KA FESZERE, variable frame rate SWIEERIFZEN PTS 5
TEFALHEN BN constant frame rate,

24.5 shot boundary 5 clip V4
— MR clip MR RS B—ELEL, NIRRT RETRET) 2R IAB##5, shot boundary AIZ55:

o HSV/embedding miz%;
e histogram distance;

e learned shot detector;
o fade/dissolve Hll;

o OCR/ i/ RSk,

#HIR shot KER D, JIG@EO d, stride s, &%

D—dJ.

Nwin:1+{
S

/N stride XHBERRILEEL clip, SBEIERETHE S, NMIRTF parent_shot_id, 7 train/val split K4% parent 734, M&FE—
ek kIR

24.6 Wik
Gi—FkE fps f,: ERRMEZ)

t; =to +i/fs
MRS LR RIE PTS sififE. K fps FRSAR, HInTgE alias PUBIzs); & fps WIFESRITR. HERM 2-8 fps HREEEX,
HHE 16-24 fps 22 VFigiash,
HIRTE:

o JFtE fps;
o KFE fps;
o speed factor;
o SR
o ESMHK,

MRS 8 fps HEF 24 fps MIHLE “12183)7,
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24.7 ¥R aspect-ratio buckets
[E7E resize EEATESHMAYFIMENIES), & X bucket £

B = {<Hb, vaTb)}l?:l'
HFREAE PR EE BT R B /N bucket:

aw
H,W,

b* = argmin H/W
Hy /W,

1
b [08

+A ‘log

RIGHIIA resize + center/random crop, WZRHER % bucket IREEMA loss, MG F LM K 58 Lb K HAKIIZR,

24.8 MBI IE
WHES:

« Laplacian/learned blur score;

« compression/block artifact;

e exposure, saturation;
 aesthetic score;

o JKEN/FR&M;

o face/hand/object completeness;
o JRI. PHE. BRRSRA;

o ERANE/HENEDE;

o NSFW. &JIHEERA,

EEREAZRERE, FREZ MR SREEANER, [RREEMRATERE DR,

T X eXp(AQi)/nZIuster(i)'

24.9 hBwRE “Dhigsh”
BE AT optical flow:

Melow = mediani,p ”fz (p)||2

B flow AIRENRH:
o BESLHUEED;
o 17
o [EHINKE;
o FHRIED;
o JREESRA,
NG 2RENEES H,, % flow SIS REN %1250

£,(p) = 22 (p) + £777°° (p).

grERFFRINERS: BSBEkPXgIEs, Aigs, —EFHE, DREIEHSE,

24.10 dense caption &5#
WA A JSON:
{

"short": "A cyclist turns left at an intersection.",
"subjects": ["adult cyclist", "red bicycle"],
"scene": "urban intersection in daylight",
"actions": [
{"time": "0-2s", "event": "approaches the intersection"},
{"time": "2-5s", "event": "leans and turns left"}
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"camera": "stationary medium-wide shot",
"lighting": "natural daylight",

"style": "realistic documentary",
"uncertainty": ["cyclist gender uncertain"]

}
R ARIEELESRST hallucinate B4f, MLLM caption M#ETF2ii/clip, miEHEEb,

24.11 caption ik
Hzh caption ME WEIR:

o TIREE;

o fik /WG

o JEMNLBENY X 585,

o EREYNTEEF;

o AREE K TR E A TEE B
o RBSHNEZAL,

A ST verifier:

1 K
Salign = ? kz: VQA<X7 Qk<Y>)
=1

24.12 RENZHBERES
S
SHA256 25e4E4.

ik
XS4 perceptual hash, IRFIEHLHRD /4K

clip embedding
A ViCLIP/VideoMAE/H li8 encoder /58] e;, ANN #&:

sim(e;, e;) > 6.

I [l R R UL
KA A B sliding embedding sequence + dynamic time warping, IRBIERZY, ZEHMEIA,

XA /A
ASR n-gram. ##f fingerprint 1 OCR wI4HBIAINGHTEMEZ, BB EMAEEL,
EEA-ERRE—%; "IRERSARMRAE, HRE duplicate group PA#AT split.

24.13 BIRZ SV AIEHRME
YIZR manifest SE&RIR, VFANE/ERMKIE, F/ SRR, 2ESTRBINAL MIREREST, 2038

o 1% source MERATEIRAE clips;

o #% person/asset hash #1t;

e JBEE caption 5 embedding MIIRAXR;
o Ml memorization A H;

o 12 H3/ N TIERRA,

BURIGHE S MBES AT, RED R ERBRRER [T F B i,
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24.14 BIREAAN=MIZHK

=254 T Jim 1 5
JEAL JE45 mp4 RIHEHRAE fps/crop fErdtE, BENLYT 2
WiRAEm/ clip JPEG/WebDataset/ W ZRiE R iR, EaEthiE

Arrow
VAE latent + text tensor /shard KIE D TELE 5 & VAE/crop/caption,
embedding G R

# VAE %45 iR, latent cache REME, &5 latent K/hg

M, =2C,T,H W, bytes (BFI6).

Bilgn Wan2.1 81f 832x480:

M, =2 x16 x 21 x 60 x 104 &~ 4.2 MB/sample.

TFHREARZ) 42 TB, hF0EFHENEL, %17 patch f& token, MR patch embedding JEik&EA,

24.15 ZAL55 KA
WL% q € {T2I, T2V, 12V, V2V, ..}, AR BCRIESIR KEIRIFEZIIZ5, %/ temperature sampling:

na
4 0<a<l.

™) = 5

)

a =1 18dER, o= 0 #EHS, B token WABILE:

B b RABUE S B Et GPU I,

24.16 BilEmA S nJEE N
ORI R

o manifest hash;

o JRUAKITRARA

o TEHEBIIE;

o shot/clip $F1E/N;

o ¥R /fps/MHEKETE;

o filter HifEEGE;

o duplicate group #4;

o caption #%5 prompt hA;
o safety/UrAIGEH;

o train/val/test parent-level split;
o VAE latent cache MiA,

1A checkpoint #4id% dataset manifest hash, EN| “F—EEEM” BEE L,

24.17 —OrIgRni R it

TR TR AREER G

AT BEHL 10k £EA 100% ATk, JCI B EIR
TR it bucket /2 VAE/patch Bk
pubS clip WICHELTE R
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i TS AR

caption  ATHEER/FN1E/ Bkt

s [ZONPSE SNl el dy B
P train-val JEEHEL parent/clip

TE XA I i 5 e 5%

&t loader fRERiEAELE, A~ GPU idle
cache latent #JH VAE version/hash &
pilles BEM source id MIBR2EIREF=Y)

R EAIEYE R “ FEUEM—X caption”s BR—IMAIBRAMKKIGIFERE: RGP~ 2l g, skiln, JURRITE, i
B/EASIIE, caption, $iE., X&E, AMREAEEREE, REA BRI,

25. MBUEIIZRRSE: AE, IR, A5 RA R

AR RGEEH N EIE S BIglY5, X full-attention Video DIiT, HiEEEAIVIZRAAH token JLfAl, activation. J@EZHI
BRI FEE,

g LR BT e g E R 2

SE—_EATETAER AT, T IFsiAS T I AU
[ BEBMR | Flow/Diffusion 2%k, loss weighting. CFG dropout j

[ IEAVLER) | VAE [E48. DIT. attention pattern. conditional interface J

[ F1THREE | FSDP/ZeRO. tensor/sequence/context/pipeline parallel j

[ PI7E5E8E @ activation checkpoint/offload. latent cache. optimizer sharding ]

[ B F558(5 | FlashAttention. fused norm/MLP. all-to-all. overlap ]

[ RS | MR, bucket. packing. FAEX. MEIRE ]

[ BEF S0 - GPU/HBM/NVLIink/IB. MFU. tokens/s. OOM/NaN telemetry ]

RALIRRF @ FoR token / NFE [ 249337, BEE kernel 5317 ; FEARGMMILBEEERBERRRE,
B 12: HUAIgR R gk

25.1 BAFRISEREIKA
IR (B 5 17 T4

M, eak — M, + Mgrad + Mopt + Mact + Mcomm + Mworkspace + Mfragment'

p param

X FhrifE mixed-precision AdamW, F45 Hi# WESHET:

T bytes/param (fL#{E)
BF16 2%t 2
BF16/FP16 #E 2
FP32 master weight 4
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T bytes/param (f8&{H)
FP32 first moment 4
FP32 second moment 4
&it 16

FLESINRA FP32 master 8l 8-bit optimizer, WHEREZEZ) 10-12 bytes, 14B SEUUEALIRSRIATZ)
14 x 10% x 16 ~ 224 GB.
activation Hif, FIHHITF .

25.2 activation Rtz #EHE
BEEVREFEET B x N x d k&, fHi%:

M, < BLNdb,,

b, RELRFTHRERT. X N = 75,600,d = 5120, L = 40, BIff batch 1, #1 N x d BF16 k&t

75,600 x 5120 x 2 ~ 774 MB.

—/~ block H#H £ Q/K/V. attention output, FEN HE#l residual, FlashAttention FRXLEFE N x N attention
matrix, {HZ&M activation hE K,

25.3 activation checkpointing
H{#fFE4H block A, RENEENE forward, %8 ¢ B—1 checkpoint, fFERELIEN
0 (%Nd + cNd) ,

HHEEME 20%-40%, BEARBGRTEREE, MHAEEE, #ish FLOPs @#® Lk OOM HEnl#%,
ROBESRAT A encoder, &5 VAE th7c25 checkpoint; WRESERT] no_grad, LFHMRAERME,

25.4 ZeRO/FSDP
ZeRO-1

4 optimizer states:

M, /G-

ZeRO-2
4 A gradients:

(Mopt + Mgrad)/G'

ZeRO-3 / FSDP full shard
SEWI

(Mparam + Mgrad + Mopt)/G7

B2 forward 7175 all-gather 2%, KI5 reduce-scatter ¥/¥, JEES MBERIEIUESM:,
X A14B WNRER, AU all-gather MaiE5R; #m/MEREBM B, BECN—FRIF overlap fEHimT BERALFIN,
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25.5 Data Parallel Ffi#tifEA activation
#H— 720p sample AHTCEMARE A+, g DP GPU &H, FNERNERIZEEBERHFAMTEE sample, FHE:
o FSDP REMALRZ;
« sequence/context parallel ¥] token;
o tensor parallel ] hidden/head;
e pipeline parallel ¥ layers;
o activation offload/checkpoint.

25.6 Tensor Parallel
H 2 hidden dimension 40A. BA QKV HJfi:

— @) (p)

Wo=[Wq', ... W5,
HRIUEHS heads, LR 2E FSEM activation channel #/); BRGREHFE all-reduce/all-gather, HAKFHIIBIEK
%j{o
Video DiT # head dimension @# [EE 128, [HIt tensor parallel & & 472k heads, Wanl4B A 40 heads, # W
p €1{2,4,5,8,10}; KRIESZHFHI,
25.7 Sequence/Context Parallel
¥ N token 578 p, £, % MLP/LayerNorm fRE#; self-attention FFZEE+F#H K/V 5 heads,

Ulysses
@I all-to-all #£ sequence 735 head 7y Z i E, &S head BUEB . EEIRTR,

Ring Attention
BHRFFE—B query, K/V block HIpMER, fFL&EM softmax, EERILLS attention HH overlap, E&EWREFA,

Context Parallel in framework

IRAEZEATRERR 5 — API, HAMBIE padding mask, 3D RoPE 4:kRrf1 packed sample boundaries f£453F & Efio

25.8 Pipeline Parallel
¥ L B3| p, 1 stage. # microbatch #C4 m, #3 pipeline bubble Al

pp—1

ﬁbubble ~ Wp_l .

MAFIZR global batch #%Z token AR, microbatch R/, pipeline bubble Al&ER, 7[5 sequence parallel/FSDP 4
A, HREEHETE LA,

25.9 2D /3D Fi7Ik
— R R B -

G =Dpg X Py X Py X Py,

2814 data, tensor, sequence, pipeline parallel, JEFEERM]:

o JEIMEM sample/model AT

o [AY R NVLink PAEATOE S HEE ;

o YRR data parallel {4 pipeline;
o {#IF heads, layers. sequence AJ%EER;

o JHSEITAREEIC H FEIRE
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25.10 FlashAttention 53&)1M1E

FrifE attention &3 materialize

A = softmax(QK ") € RNV,

M1E O(N?), FlashAttention 3 BELIHH softmax, PIfFIERL O(Nd), {2 FLOPs {58 O(N2%d),

HIERIR “BR T attention matrix”, R 720p full attention HIIHHENE, EEK FLOPs, %% window/sparse
attention. HEEMHIHD> NFE,

25.11 Variable-size packing
BEZ R token HFAX

H = Concat(H4,...,Hp),

F#A block-diagonal mask:

M;; =0 {34 token 4, j5REH[F— sample.

RARFL Pk :

e 3D RoPE élé*ﬂt\;

* time/noise embedding;

o text context offset;

e latent loss mask;

o task id;

o source/target segment id,

— offset HIRFTREILRFAMARI AR attention, loss i& REEERAI2E S5,

25.12 Data loader #Ht:
GPU %is%:

t

compute

Tigle = 1 —
step

A loader mI#E A NIRABR I :

L8 A RERERLIE ;

o H.264/H.265 CPU decode;
e clip seek;

o resize/crop;

o caption JSON f##r;

o VAE 1££k4td,

# ik WebDataset /tar shard. JiiFFiE., GPU decode. prefetch. 24 cache. offline latent, E@E bucket batch %
HARROT, EANRPOT L rank R, FN distributed deadlock,

25.13 RAFE
BF16 #5405 FP32 4, #te FP16 K. M

o Z¥f/activation BF16;

o LayerNorm/RMSNorm. time embedding. loss accumulation FP32;
e optimizer moments FP32 5 8-bit;

 attention softmax W& FP32 accumulation;

o VAE decoder ¥:445{E /ERURR FP32,

FP8 Al T4&MZ, HEEHERR 7 WREZRK, #E per-tensor/per-channel scaling FIREH B B AL HE, REERE—D
prompt MR,
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25.14 BffaE iz
step Z/Pidt:

e loss 5#% 7 bucket loss;

e gradient norm;

o parameter/update norm;
 pred/target velocity RMS;

o latent mean/std;

o attention logit/entropy fHFE;
o skipped step/overflow;

o % bucket tokens/s;

e max GPU memory;

o all-reduce/all-to-all KA,

120t A bucket:
L, =E[L|T €.
A loss IEHERMER X ERLE, PTRETIR IR BRI,

25.15 BTSSR
£F norm clipping:

g < g mi (1 = )
-min | 1, .
lglls + €

£ FSDP T4UTHE2RENFHE norm, WMHEFRMET, KERESFHR global token batch 1A%, (HIHHY sample
token ZRXK, HEHIIFE update KEARL token:

Btoken = Z Ni'
¥ sample kM scaling FTRETE R HRRM R RAITA R batch HOREULE,

25.16 EMA
EMA 3

Oema < BOpma + (1 —5)0.
B = 0.999 AR update SR N B HEAR, ARE DL

1
—— = 1000 updates.

1-p

# gradient accumulation 3¢ global batch %28, Fi#% seen tokens TiiE steps HfE EMA,

25.17 Checkpoint 5%
KEWI%k checkpoint NS :

o model/EMA;

o optimizer/scheduler;

o scaler;

o global step 5 seen tokens;

o RNG states (Python/NumPy/PyTorch/CUDA);
« dataloader shard cursor;

o dataset manifest hash;

e parallel topology;
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o code commit/config;
e loss-sampling state.

R ENEEEFITHEIRFM LR, S ARG, RIFHREAES SITH S5 AL R,

25.18 #it FLOPs 53 MFU
B FLOPs FIH=:

Fmodel /tstep

MFU =
G-F,

eak

MR . qe fEiHA R padding, recompute, CFG-like training branches 8 VAE, % —A % i[#/Efatr2 6
token throughput:

ZiNi
t

throughput =

Q.

step

FRE —#: MFU @ FHEARCEE, tokens/s ET LIFRILK,

25.19 GPU-hours 5%tA
GPUh = G Xty -

%ﬁi'ﬁl\ CGPUR-

C

compute

= GPUh X cgpyp-

HERATE A

Ctotal = Ccompute + Cstorage + Cegress + C’caLption + Clabor + Cfailed'

e R E B EINZH GPU-hours, SRREMABENMAMA 1.3-3 FHRR /KR,

25.20 —AiEHH AR
%A 5B Video DiT:

e i sample 8 forward 0.48 PFLOP;
 batch/global 128;

o Ik forward+backward B 3 £%;

e 100k updates;

. GPU #H# 300 TFLOP/s,

X FLOPs:
F =0.48 x 1015 x 128 x 3 x 10° ~ 1.84 x 1022,
GPU-hours:

1.84 x 1022
300 x 1012 x 3600

~ 17,067 GPUh.

# 128 GPU, FAREGHMZ) 5.6 K, ISP ER padding, &g, EH. #E idle 1 checkpoint SHEIE, %HIRERATE, R
# Wan E 774,
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25.21 ffeficek
I B AR R HE T -

RIS token NV ;

B NFE /IG5

A1 attention pattern;

packing FTAEH;

FSDP + sequence/context parallel;
activation checkpoint/offload;
FlashAttention/fused kernels;

/N Python 5 I/0 #fft.

e NI R e

FlashAttention ik N? attention HINTEEI#E, (HARSH N2 FLOPs iktt, # 720p FFIHBIS L A D&
&, e kernel REEPISFEEUS; VAE K45, FEER S BAERA n] gEc SR 2L,

26. HEBRGHE: RIES. CFG. &M, RIEMIRS RS

WZSRIRE —MIREEY) [ KL% BIE ™ MIEREHRAEPUE, M3, VAE @14, offload. FHTHIMERIGILFDUE,

26.1 —/ il Flow HEBLOSIA
L5 TE I (] A%

1:7—0>7—1>"'>TK:0

TFEHZERIMEIE), Euler BT

Zy 1 = Zp + (Tp1 — T3)Ve(Zg, Tgs ©)-

Heun —K77iksemi:

Zy1 = 2z T ATV,

FRRIE:

ATk ~
Zpy =2+ N [V + Vg(Zg 1, Thy1,©)] -

T EEEERERIR NFE; i “20 steps” Wil NFE, mARRE solver steps.

26.2 IEPiEE solver 4 F5H R
JHFNREBR T YRR, AIHRED L BIEMN

€ = |\U(5k+177'k+1) —v(zg, 1),

Y ey, RINEUINAC, ITOEEIE 5 6 B2 5 B OMEH AL B, (B prompt-adaptive NFE Z2H1ET7 .,
W D2

* Ty

o ATy;

o % velocity RMS;

e £ conditional-unconditional Z;

o Hi[H latent fRADEIEIE,
XEEENATRIEM— AL, AT L, W—BREEZ NFE,
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26.3 CFG it Y batch 5B
bt CFG BETLAIFS R IFMREIM. FTLWE batch:

Z=zz], C=[bc],

—UATERSR] [v,;v.]o XFEHD Python/kernel launch, fH activation batch #if%, EZE L, KEEBATNFH
TP, R NREER,

CFG rescale RJZ&fiid ofn:

~

Uctg = Uy + S(Uc - Uu)?

;L std(,)
A Std(Tegy)

+ (1= A) Vg

S(T) = Smin T (Smax - smin).g(T)‘

A SR SORRTBUETE X, A IR guidance ATEREH B ARGITTAIZEN,

26.4 2% guidance WA GBI
AXA, B, . RS planner I, FANERSFE SEHAEE 2M 4%, LIRRA:
o HURMILEKM + 2515

e incremental guidance;

o KEE SRS IR — encoder;

o JIZH S guided student;

o XL CFG, HxtAft CFG,

AR 2520 branch-equivalent NFE:

ch =K x Mpranch-

— 20-step. 4 PRGN ETHHEEIL 80 #93X NFE,

26.5 Prompt extension 5 negative prompt
Prompt extension AIPURhFE: ZHERTER. Bk, SERR. MEARIRUE, (HERTRERERFEE, &FR7E:

e Ji prompt;

e rewrite prompt;
o rewrite BAIGHA;
o temperature/seed;
e negative prompt,

Wan BEAEEGEERKEN negative prompt, WAIEE, &S, B, 7R, (RAEMARRY, i —4EHEIAN negative
prompt. H—HAH, AN FEH,

26.6 VAE decode Mi#ffi'5 tile/chunk
R decoder activation AIREREE DIiT #25, =5 tiling ¥ latent 72K ES tile, MRADGHIFES

< Y w()x P (p)
P = = )

FE overlap DAEEE receptive field, BfE] chunk X causal VAE f#[ cache; JEREIR VAE XA overlap, tile K/hex
HBIHEE, Bt RIS %S,
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26.7 CPU offload

offload 7] 4% :
o model-level: T5. DiT. VAE #i%% GPU;
e block-level: ZEMIZ;
o expert-level: Wan2.2 & /{RERUIL;

e activation offload: Ak EF CPU;
o sequential offload: & Z17H PCle HiziK,

R B 5

ttransfer > .
BPCIe

28 GB BF16 #&EESkR 25 GB/s PCle L=/ 2y 1.1 %, HEPMiamrn#%, MibiEEZ NFE IR, =iz
LRIBIRIR—K,

26.8 £ GPU #is

Tensor parallel

FHRIER, BREEFERE,

Sequence/context parallel

M PERKFSIERL; attention all-to-all s B,

Pipeline parallel
B latency %% stage HTIRH], EAZIEREM,

Request parallel
GPU HO4 AR F seed/prompt, ZEREANEYE; REAKAIEREF.
fR5RIX 43 latency target 5 throughput target. #tiEEZetEmnl A batch; 22 H ™ B SEAN M /o 71 B s (AT BRI 1 3Rk

ok
AE/Jo

26.9 KV cache REEHTY# DIT

LLM BEFFFE token 2, Ktk K/V w2, Wy #E ™ NFE FTE latent token #3421k, self-attention K/V J&
HEs S ERE R, PIRFNE

o XK cross-attention K/V;

o HSER/2EEXT K/V;
AR R /RS DE IR 17 5
o CFG &M SUARRHE;

¢ RoOPE frequencies,

IEML feature cache RJTMESHEAE I RIRE, @A P2 BZEMK, REFATREEIEAET, BMHKBRTE,

26.10 RFEIH
ERRERD K 8538

Teacher trajectory regression
(T) I 2

L= ”f&s(z'ravaTbvc) — Zr,

student 223 #Z 1 teacher steps,
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Consistency /trajectory consistency

EI EITIZE solver W3 Al — gt i :

fG(zTavaa) ~ fG(z'rb?Tb)’

Adversarial /perceptual distillation
b MSE &5, FIMIA VAE decode JERIEHL. HIRIBSEMMMEHERL, HBRAMRE RS,
RIS diversity, student #FHREI teacher FIFEIJHIE, BFEAR TR S BRIV T 280 TR,

Z

26.11 ®ik
LG4
INTS8/FP8/INT4 /M & & 17:

W =8 Clip(I‘OU.Dd(W/S), mins qmax)‘

per-channel scale LT per-tensor, BUREMHE:
o HIN/Hith projection;

¢ time modulation;

o Q/K projection;

e VAE decoder &5 E;

e planner-renderer interface,

Activation &8fk

BERNE, FAARFE 7. PR prompt ATEEIAEML, MR bucket & scale:

s, = Quantile (la| | 7 € 1})/Gmax-

AR R
REBEZE BF16, HA& FP8/INTS, M4 noise stage MiRZzhLk:

€p = [ETEIb ”Uquant - Ubf16”2'

26.12 Hid5 W%

torch.compile, CUDA graph #1 fused kernels AJ{#/> launch overhead, {E#MfifIRZEN 2, &fih% graph recompile, ARSS
AIEEH R bucket:

(T,H,W)e B

serve’

HEA bucket FigwEt, AR KER pad ZIEE 512; packed batch 5% 4 X FEMIL graph,
CUDA graph ZsRitibfesE, REHSE latent, text buffer fl scheduler tensor, 5 CPU offload IR EE %%,

26.13 MR55REE
VSRR A N
C = aN +bN? + cK, + dMeeoqe-

VRSB FRATIAEVRAC batch, %1 720p KRGS MEIRK, ARA:

o A shape/NFE 434f;
e deadline-aware batching;
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o preview (K7 PERIEIRE];
o #1 NFE;

o EMT/HUH;

e VAE decode HzfAF;
o WHEHRRYL,

26.14 #EBRR AR

B | EBERA BT
FEMNE /cold start 27 mmap/offload
prompt rewrite A/ APT
text/MLLM planner plan iterations
DiT sampling NFE. branches. 317
VAE decode tile/chunk
postprocess/encode fps. codec
end-to-end warm/cold. batch
) P4 7 A AT D 55 -
t
RTF = il
T/fout

RTF < 1 #% faster-than-real-time, REHE 5 FOMURAISALRALIN A5 (2 4R /5 AL A3 0 I R — %

26.15 FiR-HA Pareto

MEITH,

&

p= (Qsemantim Qvisuab Qmotion? ta M’ E)7

WERE, EE. BFMGERE, R o HERERATS, BRENMIEZED—TUEMR, NEA b, i Pareto frontier, MM
ARk “RE” RE,

26.16 HEPEE P

o [E5E checkpoint/commit/hash;

o [EE VAE, text encoder. planner;

e [E%E prompt rewrite 5 negative prompt;
e [EE seed 5§ RNG device;

e [EE scheduler, time shift, NFE, solver;
o [EE CFG 5Z%&M459 307,

o [EE latent shape. fps. decode tile;

o HAHi quantization/offload/compile;

e warm-up JFiit;

o {R1F raw frame tensor 5% mp4,

MUSTHERRR “BB ARRRA AL, HIEATHRIRET NFE, &89 %%, token . VAE decode FIRFHIE, 20 %
P53 X FTRELL 50 S S; 4 SEAMBEIIHATRER K planner #1 decoder £XEumF vt

27. NEFRNWIFE: PINERS RS PR R

ARELLH— AT DAERRHITRIZE S TR, BARRZE—RIIZR 148, M2 7E AR T (EREFF AR,
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27.1 95 0: RMOBIRS A T
Hibn: TBfTeBEm, SCRRMILEHSITAEKE,
IR

B Wan2.1 1.3B/14B #1 Wan2.2 5B config;
wmA (T,H,W);

(T H,, W)

5 patch grid 5§ N;

ftiit BF16 f&E, latent cache, % FLOPs;
%1 N, N2 BEDPER /Wisihsk;

7. BWIUFSERR hook #ith,

Rt #He5HAD shape EE—8; RELIUFER padding SR E M,

S Ovl o=

27.2 28 1: VAE oracle benchmark
MRS Wan2.1 8x8 5 Wan2.2 16x16 VAE fEMEEANE iR AR?
g 200-1000 B4, 320

.« AR

. Tk

. F#F/OCR;
NP NS
S STARTS

. AIHLHEEE;

. HmLR,

x(m) — D<m>(E<m>(x)).
#ik# LPIPS, PSNR. temporal residual, OCR. identity. flow error, AL, FHMRLER DIT 817, KA VAE
latent ZXEAM; %L RS representation upper bound,
ARG : N EIERES,. motion-aware VAE loss, OCR-aware decoder, 1E#& stride,

27.3 925 2: Wanl.3B i) motion LoRA
M8 self-attention LoRA 2% cross-attention LoRA ERES SIHENE?
SREGAH -

1. cross-attention only;
self-attention only;
self + cross;

FFN only;

full LoRA target,

W&t B, rank. & trainable parameters (REILAL). steps. LR. NFE. CFG,

AU

ANl ol

« action recognition/VLM action QA;
e optical-flow magnitude;

 identity consistency;

o prompt alignment;

e base prompt regression;

o NI EIEIE,
BOOARIE R AL SR IR GF, TR AR RE ) KRB
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27.4 9% 3: WEHEEIEN 4%/ adapter
M Wan2.2 REEZRFGRE, B 1.3B EIRMRARIE, %HD LoRA:

AW(T) = A7) AWigy + [1 = A7) AWy,

beiz: = LoRA, WA, sigmoid soft gate, learned gate, 43#f:

o high-noise adapter E&EFIAR /501
« low-noise adapter JE&E IS / &7 ;
e boundary sensitivity;

o M adapter H#E cosine similarity:

-
In 91

cos(gy,9;) = .

"I Dgalllal

f cosine SCHFITEBIMPRIRIE,

27.5 9% 4: & semantic planner
FE#ZE 5 Bernini, nl5eEss#k planner:

{
"entities": [...],
"timeline": [
{"t": 0.0, "state": ...},
{"t": 0.5, "state": ...},
{"t": 1.0, "state": ...}

1,
"camera": [...],
"constraints": [...]

}

WEHIRENFIN text /learned tokens, A Wan cross-attention, L& prompt. rewrite, structured plan, oracle human
plan,

W AIg5—/ VIT semantic plan adapter: ESZHFLRSS VIT 155 s,, A/ Transformer/flow decoder illll,
&M DIT, iXFERT3IE Bernini B0 O, mEEFERNIZ 7B MLLM + 14B renderer,

27.6 NI
% 1A orEmR

o S35 LMt Video VAE, DiT. Flow Matching;

o JRARITHERR;

o 52 VAE oracle;

o Fi VideoLDM., CogVideoX. Wan VAE i,

2 A B

e [ET Wan2.1-1.3B ¥},

o I 480p /IMEEH;

o Il NFE/CFG /time shift;

o {77 raw tensors 5 latency 2.

% 3 J: MEURINZE

o 32 MK overfit;

o SZHl LoRA target ablation;

o HV[HTE prompt x seed FfE;

o i3t shape. loss bucket. VRAM. tokens/s,
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54 B BURSTE

#iE 1k-10k clips;

1217 shot/caption/dedup audit;
A VBench-like 4B ATER;
it bootstrap Cl,

%5 A REERR

e activation checkpoint;
FSDP /sequence parallel;
packing;

profiler 73 attention/FFN/communication/VAE,

%6 JA: PR

M EE adapter 38 semantic planner;
FER TS, JHREL A-Pareto;
5 4 71 workshop-style report,

27.7 WCBHIAR
AR AU

1. EESSmEUT A7

2. R: VAE/tokenizer stride. channel, oracle 4{a?
3. B: ET. attention. MEHmG. SKE?

4. O: ¥E. WNEFR. NERFE, loss weighting?

5. C: %fF encoder STEANNIE?

6. K. ¥dE. WE. EFRAE. Fl%?

7. 8: 3T, W BfF. NFE, ER?

8. RXHHRZGIRE T ER?

9. WL A/B/C/ND?

10. EWE/NARRI4?

27.8 WRETKBNESCIUERR#E
— ARG R

Hypothesis — Mechanism — Controlled Experiment — Diagnostic Metric — Ablation — Cross-base Validation.

fAlun “ErEE R E R ESR attention”:

o (R 1R HISHITE RS BT ;
ML -
Pl AHF 25/ B /NFE;

Ll MRRR. PUB, 47, 1ER;

MR RAELE. 42 fulll 4 window. boundary;
BKE: 1.3B 5 5B,

27.9 H WK PRIEE b

g full attention, {KM:E window attention;

i/l ot

AT R/l VAE scaling, %3, decoder dtype
loss IEH{HRAEEFE SRS, target velocity, scheduler
FARERE L P-# 11 B4 LR, motion distribution, CFG id5&
BEK(H S ONER VAE/attention, E{§&FRE, KE—HM

prompt 2N
12V HE e
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b ek ds

LoRA H#I&FE prompt prior preservation, caption Z##, rank/steps
ZRERE BRAE RoPE/packing mask. collective i, Btk
SR token/NFE K25, {5 /85 00

FaFRIHE A PRRE judge bias, ##/FE trade-off. PRWIH R

27.10 HhMSO= P H %

project/
configs/
model.yaml
train.yaml
inference.yaml
manifests/
train. jsonl
val.jsonl
DATA_CARD.md
scripts/
audit_shapes.py
train.py
samp le.py
evaluate.py
checkpoints/
samples/
fixed_prompt_seed_grid/
metrics/
per_prompt.csv
bootstrap_ci.json
profiles/
memory_trace. json
nsys_report/
reports/
ablation.md
fai lure_taxonomy.md
reproducibility_card.md
environment. lock
git_commit.txt

HIER “ EF7 FRABNER B, TMRERESDIKE, SPRATIEMER, fELS — MR BEEECRLE N 2R
Z55%; AEFTTH AT ER VT R ZI AL

b A JBIR. BAASHHRES
A.1 HE VAE 5 DiT token
mA (T,H,W), VAE stride (s, s, 8,,), patch (p;,pp, Do)

s [T w2 w2
St Sh Sw

T H w
el me ] e ]
Pt DPh Pw

N =T,H,W,.

FNESREERR, MAEHEASRAIET assert, MidEERER floor,
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A.2 Wan KFEBIR

latent shape

R [ C,xT,x H,xW, patch grid N
Wan2.1, 81f, 832x480 16 x 21 x 60 x 104 21 x 30 x 52 32,760
Wan2.1, 81f, 1280x 720 16 x 21 x 90 x 160 21 x 45 x 80 75,600
Wan2.2-5B, 121f, 48 x 31 x 44 x 80 31 x 22 x 40 27,280
1280704

A.3 PES RS

X P2 ST b,

eight — Pbp

A

% BF16 weights

8-bit weights

4-bit weights (FEARHYHA)

1.3B 2.6 GB

5B 10 GB
14B 28 GB
30B 60 GB

1.3 GB

5 GB
14 GB
30 GB

SRR kit scale. zero point, padding, AKEfLZEF runtime buffer,

AdamW K43 R3R1E:

M,

state

A .4 Transformer 418

Crea ~ L (8Nd? + ANddy + 4N2d) .

#{HH window attention, & token H3&HE w 4™ token:

#hnil CFG:

C,

sample

A.5 latent cache
BF16 latent:

M, =2C,T,H,WW, bytes/sample.

M

Fingex 3% metadata, shard ZHRAICHRGIFR, HI 5%-20% (HHIE.

~ Knbranchcfwd7

cache —

~ P(24+2+4+4+4)=16P bytes.

4N?%d — 4Nwd.

amplest(l + rindex)7
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B, NS EH

A.6 GPU-hours
HHAEA forward y Oy, global batch B, WEZ&H 1y, steps S, A& U:

C.Brs;5
ST
GPUh = 3600U
Kt
~ GPUh
wall — G .

XA Cp 2EHEE padding. cross-attention. VAE 1 recompute.

sk B: fREBAHIF
B.1 Wan2.1

e B3X: Wan: Open and Advanced Large-Scale Video Generative Models, 2025,

o HifE: 1.3B. 14B.

e FF: Video DiT, full spatiotemporal self-attention, Flow Matching,

o VAE: causal 3D, stride (4,8,8), 16 latent channels,

o Fff: UMTS-XXL; 12V A5,

o NiEYHS: 3D RoPE,

o EARCEHIN: 1.3B £ 8.19 GB VRAM; X% 480p 5 #7£ RTX 4090 9858k, BMKIZITIRE,
o HdE: TZFEBEWH KNS GPU-hours ARH#EE,

o JEG: WA, £, VAE/DIT 7347, W3R,

B.2 Wan2.2

o Al4B: &/RMFERENALYER, SFHIE—EY 148,

o TI2V-5B: 4i— T2V/I2V; VAE stride (4,16, 16), 48 channels; 121 i, 24 fps K& HE,
HEiEx Wan2.1 #iK: B4 65.6%. WML 83.2% (FHAHMHE),

o JEA: MERER. |/ES VAE, 24GB offload #:#,

B.3 CogVideoX

o B3 2024,

o HHEHR: 10 #). 16 fps. 768x1360 (RERE),

o #5#: 3D causal VAE, expert Transformer, expert adaptive LayerNorms,
e lIZk: progressive. multi-resolution frame packing, %[ caption pipeline,
o HEE: SUKR-MSIRRLE. KMINS packing,

B.4 HunyuanVideo

o B2 2024,

o B Wi 13B,

o 4y KM Video DIiT. 58XA encoder, progressive training MHRFiMAL,
o JEG: KEADHT. WIE/K prompt. FFRKE scaling,

B.5 HunyuanVideo 1.5

o B3 2025,

o Z¥f: 8.3B,

o #5#y: SSTA, glyph-aware bilingual encoding. progressive pre/post-training, VSR,
o JEA: MEERS. HRIIEIES 74,

B.6 LTX-Video

. B3 2024/2025,
o VAE: 1:192 FRiFE4E, REJLM 8 x 32 x 32 {83 /token,
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o 45K full-attention Transformer; decoder &IHR& MG M,
o JHEHIS: WSURE H100 Lk 5 #), 24 fps. T68x512 £ 2 b,
o JEE: WBEUEGE. VAE/denoiser WA, SRR

B.7 Open-Sora 2.0

o 3 2025,

o MiK: 49 11B %4,

o ATFIIZRMKEA: £ 99,840 H200 GPU-hours. £ 20 73T ISRmE,
o MEH: WMAEHH., BESRAEMU,

B.8 Step-Video-T2V

o B 2025,

o Z¥ 30B; &K 204 i,

o VAE: WA 8, =2 16 x 16 FE4H,

o EF: full 3D attention DiT. Flow Matching; MIEXA encoder,
o JElZ: Video-DPO,

o J&AH: @K Video DIT. {miFihfb5 KM,

B.9 Pyramid Flow

o B 2024,

o Jiik: 1 DIT. 5396 /INASFE E#%— Flow Matching,
o NFFRUA: 29 20.7k A100 GPU-hours,

o JEE: BURARERE DARRIIZRAA,

B.10 Bernini

e i3X: 2026, Latent Semantic Planning for Video Diffusion,

e Planner: Qwen2.5-VL-7B #£JiK, masked iterative planning, %%t ViT-flow decoder, & CoT,

e Renderer: Wan2.2-A14B £JX, T5 + semantic plan + J& VAE K25,

o NiEYHS: SA-3D RoPE,

o HRE: £y 20M video pairs, i 30M image pairs, £J 10M interleaved + 2M #HIREEREAR, £) 1M reasoning,
o #%i: FSDP. Ulysses, packing, offload. FlashAttention/FlexAttention, 7Efil kernel,

o 7. CFG distillation + ReFlow, it 4 NFE student #if 80 NFE teacher,

o J&&: MLLM planner. SGi—4:m/ i, SIRSAHRNE O,

fist C: AR5 AL EBR
C.1 B%IRE YAML

model:
family: wan2.1
task: t2v

checkpoint: /path/to/checkpoint
checkpoint_sha256: null
dtype: bfloatl6
vae:
stride: [4, 8, 8]
latent_channels: 16
causal: true
scaling: official
dit:
patch: [1, 2, 2]
hidden_dim: 1536

ffn_dim: 8960
heads: 12
layers: 30

attention: full _3d
text_encoder:
name: umt5-xxLl
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max_Llength: 512

sample:

C.2 gk

{

C.3 IFidx CSV

model,commit,prompt_id,prompt,seed, frames, fps,height,width,
steps,branch_equiv_nfe,cfg,shift, latency_sec,peak_vram_gb,
clip_alignment,motion_score,temporal_score,aesthetic,identity,human_pref

frames: 81

fps: 16

height: 480

width: 832

solver: flow_euler
steps: 50

shift: 5.0

cfg: 5.0

seed: 42
negative_prompt: null
offload: false

"step": 1000,
"seen_samples": 128000,

"seen_video_tokens": 4193280000,

"loss": 0.123,
"loss_tau_0_025": 0.104,

"loss_tau_025_050": 0.118,
"loss_tau_050_075": 0.132,
"loss_tau_075_100": 0.141,

"grad_norm": 0.87,
"Lr": 0.00001,

"tokens_per_gpu_second": 18200,

"step_time_sec": 4.7,
"data_time_sec": 0.21,
"peak_vram_gbh": 77.4,

"parallel": {"dp": 8, "sp": 8, "tp": 1,
"dataset_manifest": "sha256:..."

& JSONL

"pp": 1},

FERAUTOR BB EEARTERR, TRERRE AL,

i3 D: Reproducibility Card

D.1 #x

oooOoogo

D.2 ¥

O RIES VAT

manifest hash;

shot/clip 147

oOoooOoo

JEGEAT /7N / clip /token;

fps. ¥, MK bucket;
caption #% /prompt /version;

HRAER (F55hRA, commit. checkpoint hash;
VAE 2874, stride. channel, scaling, chunk/tile;
SO /% /MLLM encoder 5k KE;
DiT patch. d. dg. heads. layers. attention;
trainable/frozen modules;

LoRA target/rank/alpha/dropout;
SHEA trainable Z¥&,
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O quality/motion/safety filters;

[J duplicate groups;

O parent-level train/val/test split;
O BRI

D.3 gk

objective, ¥isi7ilAl, BHEIRFE, loss weighting;
optimizer, LR. warmup. weight decay. clip;
batch samples 5 batch tokens;

steps. seen tokens, EMA;

precision 5 scaler;

DP/TP/SP/PP/FSDP;

checkpoint /restart;

GPU #5., #a&., GPU-hours, KBS 1E;
tokens/s. MFU. peak VRAM,

Ooooooooon

D.4 #:#

J& prompt 5 rewrite;

negative prompt;

solver, time grid. shift, NFE;
CFG 5 branch-equivalent NFE;
seed/RNG;

frames/fps/size;
offload/quantization/compile;
cold/warm latency;

VAE decode Hi#mtd 241,

ODOoooooogoo

D.5 M
O prompt &ERIRA;
O & prompt £ seed;
O 1\, mE. 33, WE. S5 PEHEs;
O APPSRmE. BEVLL, BEFITaEE
O bootstrap CI;
O KMo

0 VAE oracle;

O HdEitkesR;

O Fi#-pA Pareto,

Wi E: Rig#

Rif

FRSCARRE

branch-equivalent NFE
causal Video VAE
condition collapse
context/sequence parallel
continuous semantic plan
data curriculum

expert AdaLN

Flow Matching

full 3D attention
guidance distillation
latent cache

latent semantic planning
mask ratio schedule
NFE

71

¥ CFG/ 25 MF5 XN G R T RiAIREL

IR RIS AR 25, Al BumaNamag / i
renderer ZMEHTIG M, B ARIGAIREITA

15 token FHI4E5 it

LN RAIEZS R R BARIE XX, 40 ViT embeddings
REI SR Bl A oy e, I, (RS R E AR

RIARGA /T R AR RIH— LRI S5

E IR RIS R B AR 1R R E

FrEI2S token HATERE, S49% O(N2%d)

¥z CFG ZUMZRENH 3 student

FScAE RS VAE i, BUDIELRmEG

SeAE R EWIIE S FAR, FEHY BUERE R

masked planning HE4 /SESFRBERR token AILLHI
Number of Function Evaluations, 3T M&ITAHIREL
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K&

FROCfiRRE

oracle plan

oracle reconstruction
packing

prompt extension
Rectified Flow / ReFlow
reference leakage

SA-3D RoPE

sample shift / time shift
scalar compression ratio

SSTA

timestep expert
token geometry
Ulysses

VAE scaling
Video-DPO

MESE HARIUHERTIE SR, AT renderer HfR
D(E(z)), AT VAE # ER

BARERKEREARPAILE token buffer, FHFE mask

F LLM/#N% prompt 05 R EEEH AR

BN ERNFFNGECRPUEE ., ET/05 R

SEE /PN THEIRE R B, MEE 2%

A YRES segment 5 K28 AAFRITBER: A B YRS

JELe M WL SRAE /YIZRASR], O X () 5

FEH A /latent channel JGITEEER RS

selective and sliding tile attention, /A& tile IMEFMEE2F
T

T I I X AR R SE R B R

HMmiEL, 729, VAE stride f patch JSER token R
W@ all-to-all £ sequence 5 head 73 R AR EF5IFF1T
Xt latent HOEEIE /77 2IH—1k, AR AVLEIZR D1
FARRAT s *3 A3 BRI B AR T I b

SH S BT 5k

PUR PGS/ BRI &S N, FHR G TRNCE S KM, FEO0H A FFhRAS

=W N =

2023.

. Ho et al. Video Diffusion Models. NeurIPS, 2022.

. Ho et al. Imagen Video: High Definition Video Generation with Diffusion Models. 2022.

. Singer et al. Make-A-Video: Text-to-Video Generation without Text-Video Data. ICLR, 2023.

. Villegas et al. Phenaki: Variable Length Video Generation from Open Domain Textual Descriptions. ICLR,

5. Blattmann et al. Align Your Latents: High-Resolution Video Synthesis with Latent Diffusion Models. CVPR,

2023.

6. Wang et al. ModelScope Text-to-Video Technical Report. 2023.
7. Chen et al. VideoCrafteri: Open Diffusion Models for High-Quality Video Generation. 2023.
8. Chen et al. VideoCrafter2: Overcoming Data Limitations for High-Quality Video Diffusion Models. CVPR,

2024.

9. Guo et al. AnimateDiff: Animate Your Personalized Text-to-Image Diffusion Models without Specific Tuning.

ICLR, 2024.

10. Peebles and Xie. Scalable Diffusion Models with Transformers. ICCV, 2023.

11. Lipman et al. Flow Matching for Generative Modeling. ICLR, 2023.

12. Liu et al. Flow Straight and Fast: Learning to Generate and Transfer Data with Rectified Flow. ICLR, 2023.
13. Yang et al. CogVideoX: Text-to-Video Diffusion Models with An Expert Transformer. 2024. arXiv:2408.06072.

14. Kong et al. HunyuanVideo:

arXiv:2412.03603.

A Systematic Framework for Large Video Generative Models. 2024.

15. Wu et al. HunyuanVideo 1.5 Technical Report. 2025. arXiv:2511.18870.
16. HaCohen et al. LTX-Video: Realtime Video Latent Diffusion. 2024/2025. arXiv:2501.00103.
17. Peng et al. Open-Sora 2.0: Training a Commercial-Level Video Generation Model in $200k. 2025.

arXiv:2503.09642.

18. Ma et al. Step-Video-T2V Technical Report: The Practice, Challenges, and Future of Video Foundation Model.

2025. arXiv:2502.10248.

19. Huang et al. Step-Video-TI2V Technical Report. 2025. arXiv:2503.11251.

20. Jin et al. Pyramidal Flow Matching for Efficient Video Generative Modeling. 2024. arXiv:2410.05954.

21. Lin et al. STIV: Scalable Text and Image Conditioned Video Generation. 2024. arXiv:2412.07730.

22. Wan Team. Wan: Open and Advanced Large-Scale Video Generative Models. 2025. arXiv:2503.20314.

23. Wan-Video. Wan2.1 Official Repository and Configuration Files. GitHub, accessed 2026-07.

24. Wan-Video. Wan2.2 Official Repository and Configuration Files. GitHub, accessed 2026-07.

25. Liu et al. Bernini: Latent Semantic Planning for Video Diffusion. 2026. arXiv:2605.22344.

26. Bain et al. Frozen in Time: A Joint Video and Image Encoder for End-to-End Retrieval. ICCV, 2021.

27. Miech et al. HowTo100M: Learning a Text-Video Embedding by Watching Hundred Million Narrated Video

Clips. ICCV, 2019.

28. Xue et al. Advancing High-Resolution Video-Language Representation with Large-Scale Video Transcriptions.
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CVPR, 2022.

29. Wang et al. InternVid: A Large-Scale Video-Text Dataset for Multimodal Understanding and Generation.
ICLR, 2024.

30. Chen et al. Panda-70M: Captioning 70M Videos with Multiple Cross-Modality Teachers. CVPR, 2024.

31. Nan et al. OpenVid-1M: A Large-Scale High-Quality Dataset for Text-to-Video Generation. 2024.
arXiv:2407.02371.

32. Ju et al. MiraData: A Large-Scale Video Dataset with Long Durations and Structured Captions. 2024.
arXiv:2407.06358.

33. Liu et al. HOIGen-1M: A Large-scale Dataset for Human-Object Interaction Video Generation. 2025.
arXiv:2503.23715.

34. Unterthiner et al. Towards Accurate Generative Models of Video: A New Metric and Challenges. 2018. (FVD)

35. Salimans et al. Improved Techniques for Training GANs. NeurIPS, 2016. (Inception Score)

36. Heusel et al. GANs Trained by a Two Time-Scale Update Rule Converge to a Local Nash Equilibrium. NeurIPS,
2017. (FID)

37. Radford et al. Learning Transferable Visual Models From Natural Language Supervision. ICML, 2021. (CLIP)

38. Huang et al. VBench: Comprehensive Benchmark Suite for Video Generative Models. CVPR, 2024.

39. Huang et al. VBench++: Comprehensive and Versatile Benchmark Suite for Video Generative Models. 2024.

40. Liu et al. FvalCrafter: Benchmarking and FEvaluating Large Video Generation Models. CVPR, 2024.

41. Lin et al. Video-LLaVA / Video Understanding Models for Evaluation, related technical literature.

42. Dao et al. FlashAttention: Fast and Memory-Efficient Exact Attention with 10-Awareness. NeurIPS, 2022.

43. Dao. FlashAttention-2: Faster Attention with Better Parallelism and Work Partitioning. ICLR, 2024.

44. Zhao et al. Ring Attention with Blockwise Transformers for Near-Infinite Context. 2023.

45. Jacobs et al. / DeepSpeed Team. ZeRO and memory-optimization literature.

46. Zhao et al. PyTorch FSDP: Experiences on Scaling Fully Sharded Data Parallel. VLDB, 2023.

47. Hu et al. LoRA: Low-Rank Adaptation of Large Language Models. ICLR, 2022.

48. Dettmers et al. QLoRA: Efficient Finetuning of Quantized LLMs. NeurIPS, 2023.

49. Song et al. Consistency Models. ICML, 2023.

50. Sauer et al. Adversarial Diffusion Distillation. ECCV, 2024.

51. Wallace et al. Diffusion Model Alignment Using Direct Preference Optimization. CVPR, 2024.

52. Esser et al. Scaling Rectified Flow Transformers for High-Resolution Image Synthesis. ICML, 2024.

53. Qwen Team. Quwen2.5-VL Technical Report. 2025.

54. Qwen Team. Qwend Technical Report and Model Cards. 2025-2026.

55. Li et al. Multimodal Foundation Models: From Specialists to General-Purpose Assistants. 2023.

Gith: JCPUVE BRI O R B R SE

IASAEANSTRIAZ — S BRI 45, T2

Data Compiler+Video Representation+Conditional Generator+Planner/Controller+Numerical Solver+Distributed System+

Wan JB/R THH Video DIiT i MER VAE, 3D RoPE. Flow Matching fIZ {5 NELRBIN ML RS & ES TI2V;
Bernini iR T MLLM H#RE S A0ANE I E S0 8 SO RIEAAE R S 9. —EHFEER— NS T-RESGNEP TS
FORAZHER, MRAZGR, MR, ahhie, BiRMRSEZ W E SRR,

B, REZENRENTRE IR MG Z /D28, R TR RER A :

RS T4, ERTHA?

I L=, AR ESI K2
ZUFEIEHANTHLR, REGHRRE?

WIREAE AN, IR R R E X?

FERAZ token., 28 NFE. 2%, &2 VAE?
ISR S R 5 R B A B RS 7

WL R AR, Wit LR S

XA AR AT E HEA TR S, AR BE A R AR TR AL

NSOt W=

73



	中册前言：从“理解公式”走向“读懂系统并完成复现”
	本册学习目标
	统一符号
	证据等级与成本披露规则

	13. 用统一六维坐标系阅读视频生成模型
	13.1 为什么“模型名称比较”不够
	13.2 模型族的三种主要生成分解
	自回归视觉 token
	扩散/流式连续 latent
	分层 Planner-Renderer

	13.3 评价架构时的四个边界
	VAE 上限
	条件上限
	求解器上限
	评测上限

	13.4 版本与任务的三层命名
	13.5 一个标准模型卡应记录什么

	14. 模型谱系：从级联扩散到 Video DiT 与语义规划
	14.1 Video Diffusion Models：把图像扩散扩展到时间轴
	14.2 Imagen Video：时空级联与高分辨率生成
	14.3 Make-A-Video：从图像文本先验迁移到视频
	14.4 Phenaki：离散 token 与长叙事视频
	14.5 VideoLDM：潜空间视频扩散成为主流
	14.6 ModelScopeT2V 与 VideoCrafter：可复现开源生态
	14.7 AnimateDiff：把“运动”封装为可插拔模块
	14.8 DiT 与 Flow Matching 成为大模型主线
	14.9 高压缩 VAE 与“把细节交给 decoder”
	14.10 从 prompt rewrite 到 MLLM semantic planning

	15. 现代代表模型的结构坐标与取舍
	15.1 一张表先建立全局地图
	15.2 CogVideoX：3D VAE、expert Transformer 与 frame packing
	15.3 HunyuanVideo：超过 13B 的系统化大模型路线
	15.4 HunyuanVideo 1.5：用结构效率代替纯规模
	15.5 LTX-Video：1:192 压缩与实时生成
	15.6 Open-Sora 2.0：公开训练成本的研究范式
	15.7 Step-Video-T2V：30B、深压缩与 Video-DPO
	15.8 Pyramid Flow：把分辨率金字塔写入流路径
	15.9 选择研究底座的决策表

	16. Wan2.1 总览：开放 Video DiT 的标准解剖案例
	16.1 端到端概率结构
	16.2 公开配置的精确结构
	16.3 为什么使用 UMT5-XXL
	16.4 T2V 与 I2V 的条件接口差异
	16.5 为什么 1.3B 是优秀的研究起点
	16.6 输出几何必须满足的约束
	16.7 权重显存的第一性估计
	16.8 模型报告中的“billions of images and videos”如何理解

	17. Wan Video VAE：形状、因果性、压缩与重建上限
	17.1 为什么 VAE 是系统的第一瓶颈
	17.2 Wan2.1 VAE 的结构
	17.3 首帧特殊处理
	17.4 latent normalization
	17.5 压缩率的三种口径
	几何压缩
	标量元素压缩
	DiT token 压缩

	17.6 两个精确形状例子
	81 帧、832×480
	81 帧、1280×720

	17.7 chunked encode/decode 与 cache
	17.8 VAE oracle 评测协议
	17.9 是否应该微调 VAE

	18. Wan Video DiT 与 Flow Matching：从代码块到公式
	18.1 patch embedding 与序列化
	18.2 3D RoPE
	18.3 QK RMSNorm
	18.4 一个 Wan attention block
	18.5 文本 cross-attention
	18.6 Flow Matching 目标
	18.7 time shift 的作用
	18.8 CFG 在速度场中的形式
	18.9 输出头与零初始化
	18.10 主要单步 FLOPs 推导
	18.11 一段最小训练伪代码

	19. Wan 的数据、预训练、推理成本与官方仓库
	19.1 一个可扩展的预训练课程
	19.2 图像为何仍是视频模型的重要数据
	19.3 caption pipeline
	19.4 数据去重与泄漏
	19.5 未公开训练成本的诚实估计
	19.6 推理成本分解
	19.7 官方仓库调用图
	19.8 形状 hook
	19.9 复现的最小四项校验

	20. Wan2.2：时间专家、高压缩 VAE 与统一 TI2V
	20.1 两条不同的效率路线
	20.2 A14B 的 timestep-specialized experts
	20.3 为什么按时间分专家合理
	20.4 审美标签与数据扩展
	20.5 TI2V-5B 的公开配置
	20.6 Wan2.2 VAE 的 16×16 空间压缩
	20.7 121 帧 1280×704 的 token 数
	20.8 S2V 与 Animate：条件时间轴对齐
	20.9 Wan2.1 与 Wan2.2 如何选择

	21. Wan 的微调、控制扩展与论文级复现
	21.1 先确定微调目标
	21.2 LoRA 数学与参数量
	21.3 target modules 的选择
	21.4 显存预算
	21.5 数据量与正则化
	21.6 静态塌缩与运动重加权
	21.7 条件控制的 zero-init 注入
	21.8 一个可执行的训练阶段
	阶段 A：32 样本过拟合
	阶段 B：小规模泛化
	阶段 C：课程扩展

	21.9 训练 skeleton 中容易漏的细节
	21.10 论文级消融矩阵
	21.11 复现阶梯
	21.12 Wan 研究的高价值问题

	22. Bernini 架构：连续视觉语义规划如何连接视频扩散
	22.1 生成与编辑的统一条件分布
	22.2 为什么普通 prompt rewrite 不够
	22.3 连续 ViT embedding 为什么适合作为接口
	22.4 MLLM Planner 的混合输出空间
	22.5 ViT-flow decoder
	22.6 masked iterative planning
	22.7 mask ratio 的 Beta 分布
	22.8 chain-of-thought 的作用与边界
	22.9 Segment-Aware 3D RoPE
	22.10 Renderer 的条件融合
	22.11 为什么语义计划与源低层特征必须分开
	22.12 Planner-Renderer 的误差分解
	22.13 与传统 storyboard planner 的比较

	23. Bernini 的数据、三阶段训练、系统优化与实验解读
	23.1 数据组成：配对编辑数据比单纯 T2V 更关键
	视频 pair
	图像 pair
	interleaved understanding data
	self-text reasoning data

	23.2 三阶段训练总览
	Stage I：Planner
	Stage II：Renderer
	Stage III：轻量联合训练

	23.3 为什么先分开训练再联合
	23.4 任务相关的噪声时间分布
	23.5 多源增量 guidance
	23.6 训练系统：为什么长视频不是只靠 FSDP
	23.7 direct index scatter 的内存直觉
	23.8 Ulysses sequence parallel
	23.9 packing 与负载均衡
	23.10 端到端吞吐收益如何归因
	23.11 CFG distillation 与 ReFlow
	CFG distillation
	ReFlow/trajectory straightening

	23.12 公开实验结果如何读
	23.13 必要消融
	23.14 与 Wan、CogVideoX 的本质比较
	23.15 局限与开放问题

	24. 视频生成数据工程：从公开数据集到可训练课程
	24.1 数据规模的五种单位
	24.2 代表性公开数据集
	WebVid-2M / WebVid-10M
	HowTo100M
	HD-VILA-100M
	Panda-70M
	InternVid
	OpenVid-1M / OpenVidHD-0.4M
	MiraData
	HOIGen-1M

	24.3 数据集规模不可直接排序质量
	24.4 下载与解码审计
	24.5 shot boundary 与 clip 切分
	24.6 帧率规范化
	24.7 分辨率与 aspect-ratio buckets
	24.8 视觉质量过滤
	24.9 动态质量与“伪运动”
	24.10 dense caption 的结构
	24.11 caption 验证
	24.12 去重的多阶段策略
	文件级
	帧级
	clip embedding
	时间局部匹配
	文本/音频

	24.13 数据安全与许可不是附录问题
	24.14 数据缓存的三种层级
	24.15 多任务采样
	24.16 数据版本与可重复性
	24.17 一份训练前数据审计表

	25. 规模化训练系统：显存、并行、吞吐与成本模型
	25.1 显存的完整账本
	25.2 activation 为什么更难
	25.3 activation checkpointing
	25.4 ZeRO/FSDP 分片
	ZeRO-1
	ZeRO-2
	ZeRO-3 / FSDP full shard

	25.5 Data Parallel 不解决单样本 activation
	25.6 Tensor Parallel
	25.7 Sequence/Context Parallel
	Ulysses
	Ring Attention
	Context Parallel in framework

	25.8 Pipeline Parallel
	25.9 2D/3D 并行网格
	25.10 FlashAttention 与注意力内存
	25.11 Variable-size packing
	25.12 Data loader 吞吐
	25.13 混合精度
	25.14 数值稳定监控
	25.15 梯度裁剪与学习率
	25.16 EMA
	25.17 Checkpoint 与容错
	25.18 理论 FLOPs 与实测 MFU
	25.19 GPU-hours 与美元成本
	25.20 一个透明成本示例
	25.21 优化优先级

	26. 推理与部署：采样器、CFG、蒸馏、量化和服务系统
	26.1 一个标准 Flow 推理循环
	26.2 时间网格比 solver 名称更重要
	26.3 CFG 的计算与 batch 实现
	26.4 多条件 guidance 的组合爆炸
	26.5 Prompt extension 与 negative prompt
	26.6 VAE decode 的峰值与 tile/chunk
	26.7 CPU offload
	26.8 多 GPU 推理
	Tensor parallel
	Sequence/context parallel
	Pipeline parallel
	Request parallel

	26.9 KV cache 是否适用于扩散 DiT
	26.10 采样蒸馏
	Teacher trajectory regression
	Consistency/trajectory consistency
	Adversarial/perceptual distillation

	26.11 量化
	权重量化
	Activation 量化
	混合精度量化

	26.12 编译与内核
	26.13 服务级调度
	26.14 延迟报告模板
	26.15 质量-成本 Pareto
	26.16 推理复现检查

	27. 从零到研究：四个递进实验与论文阅读路线
	27.1 实验 0：只做形状与成本审计
	27.2 实验 1：VAE oracle benchmark
	27.3 实验 2：Wan1.3B 的 motion LoRA
	27.4 实验 3：噪声阶段自适应专家/adapter
	27.5 实验 4：轻量 semantic planner
	27.6 六周学习路线
	第 1 周：表示与形状
	第 2 周：官方推理复现
	第 3 周：小数据训练
	第 4 周：数据与评测
	第 5 周：系统与效率
	第 6 周：研究原型

	27.7 论文阅读模板
	27.8 从想法到论文的证据链
	27.9 常见失败与快速定位
	27.10 最小研究产物目录

	附录 A：形状、显存与计算速查
	A.1 因果 VAE 与 DiT token
	A.2 Wan 代表形状
	A.3 权重与训练状态
	A.4 Transformer 单步计算
	A.5 latent cache
	A.6 GPU-hours

	附录 B：代表模型事实卡
	B.1 Wan2.1
	B.2 Wan2.2
	B.3 CogVideoX
	B.4 HunyuanVideo
	B.5 HunyuanVideo 1.5
	B.6 LTX-Video
	B.7 Open-Sora 2.0
	B.8 Step-Video-T2V
	B.9 Pyramid Flow
	B.10 Bernini

	附录 C：代码与配置模板
	C.1 模型配置 YAML
	C.2 训练日志 JSONL
	C.3 评测记录 CSV

	附录 D：Reproducibility Card
	D.1 模型
	D.2 数据
	D.3 训练
	D.4 推理
	D.5 评测

	附录 E：术语表
	参考文献与官方资料
	结语：把视频生成模型看成可测量的复合系统

