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1.5 Transformer

16

Transformer J&—JFHE ML, ROIVERIBES LI (NLP) Mgt [16], HEoOLelFeBERD
L, FERTLREGEAN T A F I AT TR Z AR R, UG, X 2R RCON T8 2 B RS i e A A LA
e N NV ETIYYSE 2 P



FEHNERNHRG, BANETZRNSMER, MWRABRATER=1EF: &8 (Q). # K) S5E
(V)o ERNDEFET75H R

QKT

Attention(Q, K, V) = softmax( N
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FLUX.1 58 (WL 95 3) EXERES BRIt ELE (SoTA) MItERE, itk HEilrE X
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S —RINER N RBOE AR, 2 PRBATRARR RS DHBE D BILE T 2.2 X FLUX HRAE
TKEMEZME, REHPRCHEN B S I I ZRarf; BT T 2.3 IR Transformer 2444,
XA I B2 D B S B 45 H AR R,

2.2 FLUX.1 RHEifikek

AT FLUX.1 BRAERUK S, NI, TR S ERAES R  8 MEA DL SRR I N 5%
(328

5 LDM [6] 28f8l, FLUX TEIB/EZSMHIBTT, mANEBER s EG R RERE RGB Bf%. H
i LDM YRR, FFAERMTIERMNTING T — NEH B, [EEBERRMN (LDM 1)) 4 J@EY
KFE| 16 J@IHE,
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FRERKEEE =N (1) w5 MAE, (2) 2RESE, 3) FRE, XESBIMEL & 5,
HAid S A diffusers [19] 1 FLUX.1 MUKERE 7 SLEIATHRNIC S, N EERETKLR 74 L 5
WBIE, %R S5 8 AL B EM Y EEARTT R E, FLUX Transformer JB{ERTTER % RAF 5[ L,
BAE T 2.3 TS,

2.2.1 L RS TS

TEMERBT B, AEUALER A PR LRI N, SN FE Transformer RURSIER BRI R, U BRI — NS HELLAF
XA, TEUCE AP A HESORG1SF, FLUX.1 RPN ISR e :
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CLIP XA%MSA. CLIP (KHIES-EIG#IIZE, Contrastive Language-Image Pretraining) [9] /& OpenAl
FFRI— MR BEFTIEA 518 S 1M, CLIP BYSCARYRID 2 3 R IE S T i & o 28 51 sk
PR AR, XA RTE A ZREES E S BGR N B R, CLIP ARSI E SO |
WZR, #E TEBMEUSE, HRBIREE RO ORI IR 5 HE M R AN 75, R SCAE B S
Iz fE
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T5 XA, T5 CCARF|IXAITFE Transformer, Text-To-Text Transfer Transformer) [20] & Google
TFRI—MEAES B, LA NLP 155 (RE. %, A1) @RI SOREISCRR R, HoAR
Gk R BT Transformer M5, FEMFRIE SR LIS, L ASCREARNH £ RSCWHA, CLIP
RISOR it s 5 B G amidas e S I ZE, DU ESMRRHEXT5. A TXEEZSIRA; T5 WIANE, B4
FEXAEAE LR, iESERS AR, XERS T5 BYEmN TR EAMSCATE R, HAERLFHIE
HEEM. token KIIE XFRIR,

N, BAFIHFTELTRREA, FRsEAaEE e, SRRk,

TR ERFITHR A A\ B4 -

o text: AR
H, 51 SEGAERGERE DURIIS & I RHIES® B

e guidance_ scale: P S 5ER

e num__inference__steps: TEPITZDMIER

¢ resolution: fEE A R ER =

HPER (5%,

— H DX Sk N SE TG, e BT R 77 sCR i
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K 5:

Flux.1 RFERIKER, S BRER—F, WEZ G, g
AR 2, (ICN hidden_state;) TEIBFEZSRIFHOEINEE, REMEBEEIN 20 (=hidden_statesy) LTI
21 VAE f@rS28fnS N RGB Ef&.

o text: SEAFR R TR FH PR ATl
SRR IR A TS

- T5: $ZEHERY (F token)
A, 184 encoder hidden states
CLIP: Rt A (&R — DA, KL CLS #ikA) , 12 pooled
projection

e num__inference__steps:

T6 8 HEBE I SRAE D B9 S8 B RR Y BUX (A
te0:T] GaEK t =1000) H#E—PED 75, EIXETEE RN R IR, BIE X 7RI,

¢ resolution:

SBR[ PR ERE T H146
(BTE) MEFEFEAR 20 ~ N(0,1) RUSAIZEE, BEXEHATEN img ids— & token HIFEREF, FElA]
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token 7E 4% LRI RIN B, AEBBRZREPINERSYER (H W), SNEBELEE (hw) it
BN (h=H//VAEsae) 5 (w=W//VAEsqe), HH VAE;q. =8, B4 token MIA&HE—H %
BRI (h//2,w//2) BIRSE, B4 token HET— DA (¢, h,w) MIME—IRRRF, HEF he(0:h 1],
W € [0,w— 1], F/RIZ token £ _HEZSRIMAE LIIAIE, text_ids RHS img_ids HEIRIEHEFIAL,
{HFTE token M t = h = w = 0, FER E, text_ids = n-(0,0,0), HF n & T5 FAIRK token £
(=512),

2.2.2 A S e

% ® = [encoder_hidden__states, pooled_projection, guidance, img_ids, text ids] FIIM/KEREAE TG
HIIAE G, ST R —FE, HERDREEN [2,, ¢, @] POEAMIEA Transformer, #15:

Vt € timesteps :  ziyar = Samp(vg(ze, ¢, D)) (4)
14

15
2.3

Hrb g BAETHEEMEMAIINZGMZE (W 1.4), Samp(-) FETRICHEEH B AL (Flow-Matching Euler
Discrete) RAESR [15], HHBXHENICS 5T B AR AL timesteps BUETE 0 | 1 Z[A], 2
RTEMWIEG, 20 BALEMTEEAE, FATRAE 77 2.3 HIRN vy HIZRA,

ERFEEZ G, BRENTEEBELZE » 40 VAE HRRL, S2IERKZEG 1.
2.3 Transformer

1.4 8

2.3.2 2.3.3

2.3.1 2.3.2 2.3.3

FLUX.1 &KL LA A ZEETNES v, ELIMUETHRIEPIS EREZRE (W 17 1.4),
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Hidden states
(1, hxw,64)

Latent
(1, hxw,3072)

Latent
|_ 1 (1, RXW+n,3072)
|| timesteps : _____ 1
Int.

| - | | . temb : Hidd;ler; state
| guidance (1, Rx®, 64)
| scale I | | —________:I

I
I [ I-'—_—_—_—_—_5| Pos |

Pooled
I pro?:c:‘ion | I Pos I embeds |
[ | embeds [ ~ o~ Fm—
L= !
|_ 1
| Text_ids I
| Zeros(n,3) |
I'[ imgias : U
| hx.3 |
bee——— ad x38
6: Flux Transformer: &=/EMES

5 SD3 [8] 2Kfl, FLUX.1 H7E2 5T Transformer FYBHEUR TESHI U-Net 2844, Transformer £
SRAED BRI ENEYE UL 6, HAPEIESRA diffusers [19] B /7 SLBIHE XML S, BRIENRF, WAKLEm
b, XA —H Transformer ¥, Transformer HUEMFZEA: (1) ®A (Double-Stream, UL 77 2.3.2),
(2) #A& (Single-Stream, UL ¥ 2.3.3), WFIERERRA $ &2 & —FBEBIEENIE, EH T
BNBREPAEIEPHEZE ISR token 5EIR token, MIMSEHINAIARE, MMEE S ER, WX A5E
GR M ECSRIEBEAERE, FHERMZBS IHREOERTAE (77 2.3.1), IRAR (7 2.3.2) MIEA
(5 2.3.3) EEIIH,

2.3.1 RRIEAR AR

HRAERNIE, Transformer #ZU0AM, BARIEIEHH—IR, FRIARE B ERAE—HEREH
28

. 51928
timestep, MBUCTHRLFHT, BUENT 1 2 0 ZBEFIFRHZ DB,

. 19
z ({E diffusers [19] ‘B 77 SEMHFEY hidden_ state) RIETEFRR, B (EAH) MNEHESEEBENE
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Hidden states
(1, Axw,64)

Hidden states

(1, Ax®,3072)

: - I I
: tlme]stteps e : 0
nt. EEL‘ I
| ; | P [ |:| Flux positional embedder H
i o I uiding embeds I
| guslgzrece " U ! (tegmb) I - Plus gate ::
l = I (.07 L [ concatenation |
| Pooled [
|| projection |
= — |
— T T = a
| Text_ids | [
Zeros(n,3)
| Pos embeds
| . . (hxW+n,128)
img_ids N
| (hx#,3)
| ———————

Kl 7:

M1, I SRA I T S5

2.2.1

Flux Transformer: SRIEIEH A TANEH

XSG RUKETA R (7 2.2.1) BN “B&” @A FEARREERBEEEFAD) L&
Transformer FENERI% B 7 A Him N TikbE, B E, BITPA R

ER AL R, IEBERA S RERIARA (T5)

BRI B4 B token 3072 ML,

7) MRS §REERIEI M B g AT ER (R

timestep), FLUX.1 NWIRFE: EFEIA timestep MR RIARKA CEE CLIP) fEA5ISHRA, H
S FIHEGEC S temb, CHITERIEE (A [4] FHIO RHN timestep 45 guidance (4 HUE, FEAHED

EMMETTHLERER, el

22| 3072 FIERHZLERE, R)E, X 3 MR,

PR AR temb (F£ & 7 A DAZLEUERRH)

2.2
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img_ids 5 text_ids (ML 77 2.2) #ePfEEiER, HTIREUZ token HINL
BiRAe NWM=4E token K3l (t,h,w) BB EA, STHBEMETE. HER 6 FREZFR,
B EOTIE SR AN B R IS BIRR- A B RANARIZ S E5X, FH R HHESI s Eh &,
BE 51 A S BRSSPk, SRIRAMMEIRA, BN —XKE CRiZ5I1ER), AIHE
TR B (2 RTE B 7 RO . ERRX IR timestep %M, WA
hidden_states %M, At pos_embeds TEAFISRAED 2 AR,

pos_embeds 5 temb ZEHTEG— P SBERZ NN, M hidden states 5 encoder hidden states N
e —H h LSR5 E,

2.3.2 Wi Transformer Ht

8b

T2 f5, SFEM—B3 19 MR Transformer B, JXEEHX B token 5 A token K4S HIH
NI, ZEASMERI PRSI token EHUTIERE RSB (W B 8b),
21
9 8a 22,23

24

9

i (BERSIERIAR) MERNEENMEN A (AdaLN) [21] EREA—LS5EH L& 95
8a)o AdaLN Z—HH T T Transformer FUREY [22, 23] HIZRAEANLEI, BARIEIMNBEA (ANSCARBE
BHRN) SRUARIRIES, HEEME [24] IREAEENEHIT M (AdaIN) Bl bR — N TE E
RIS P 2EL, AdaLN NWIARFE: EERESEEEE SOV AR (I & 9), XibHEHEES
— BRI A TERIA G | S5 SR A 51T,
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Scale Shift gate
mlp mlp mlp

X aa t+ latent
vom -0+ -0-0- I

(a) Double-Stream Attention Block: latent and prompt embeddings are processed separately, in a standard
multi-modal attention scheme. MIMFEREIE: BEBRANSIERIARA S HICIE, RAMENZSESER
PAVIE %

attn*

Linear +
H 0 cort g
cat bl ! Attn output
| |_E }:I operation

(b) The attention operation is applied over the concatenation of the tokens. EREN BRI TP G
token

&l 8: Double-Stream Block. KB,

scalemiﬂ

shiftynsg

[Input tensor }—{ Linear | 4%ensq | [ LN -] Norm tensor

ShiftmlE
scalemy
gatemi,

output tensor

9: AdaLN layer, where MSA (Multi-head Self Attention) and MLP (Multi-Layer Processor) modulation parameters
are computed based on the input tensor. In Single-Stream block (see ¥ 2.3.3), MLP modulation is not computed.
AdaLN 2, Hrf MSA (Z3LHEIEE S, Multi-head Self Attention) 5 MLP (2 EALH S, Multi-Layer
Processor) HJUEHISEIRIEM A KRR, AR (W 2.3.3) AR MLP
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B—ERKER TN MIGER K. Q. V MR, MERENPHEUMIESERY ), PHEEH K. Q
FERE S T R A el o, B ARSI THER, . TR AL E WIS (RoPE) [25] /2 —#[A] Transformer BAIEA
MEFERNTE: EEZLBERENT, K5 token (2 EXE WA RS B EHMINIER. £F5HIEXA 2
SILEIRAZMEE A token LAY, RoPE WIAE: CAEE Vil EHEIN—U0iess, ML A GR B AR AL
BXR, R—IRIEEARE Ear iz (L BRI AR, FHRn@ IR BdEE BRI IME, RoPE TEi
HARIRR L - T 5 R R EAE Y T T — I LR R PR token ZAIFYZSRIRREREE, STHZESCRM
BT EGE B,

8a

TEERJEH) K. Q AR ETERIHE, Hatigdr o m& B/, A AdaLN EHEEH gatemsa
SEGRERM A alpha {RE. FHSLERELE— LayerNorm (LN) EH—fk, HAFRMH AdaLN Ef2
By scalemp 5 shiftmip SHEORS], REEARRE. &5, B AdaLN 2R gatemp ZHERA—1L
A AR alpha TR G, DR H 8a FiR,

2.3.3 Hiifi Transformer Bt

10

10a

FENZERX — BT 2 J5, ACHERTEAE A S IR AR A RGEER, R — B, X2
RN S IEE R AT AR, B ER I A [R)— A R AL TR T R N S SO AP T A 5K &
(DL & 10), WA, SRR XER DR EERE NP Z G i —1 MLP (QIRTEUR), Sl
TP Z . RS MLP ME—BARRTHE (A B 10a) XS ZEEER YIRS —
JEEENHR T R E S AE], HREENSZEXER PG TR,
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Attn

» attn*

output

Concatenated
embeds.

AdaLN

» linear

linear

embeds.

BIRERAIS: BERASIRIARA L, RAFRNETHERNITTR.

Eny

(11

Rotary pos

attn*

Attn.
operation

embeds

Attn output

Linear +
dropout

—

atent gy

I:II;II:I

(b)

FEFE B MDHE R ORI EAG .

10:

WA S BT AR FEE AT 3% 1:

BRI,

JEYE Property

Wit Double-Stream

MY Single-Stream

TN, T3 B S BT 5R 2 )
AO

P EEENESHIBRES, XA | EEENBESEIRED, Mk
token FIBTE token fHH&HIYL | token S5IETE token i F =AY
AR EE, H,

HH7TA FEENESHIE (MLP) BF | EENBSHIREIFTHE, =&

AR 4 Ao

= 1:
kt

BT S, MRS BN D EZEIE AR SR token STEFE token Z AIAIINEILE (3L
= ovs. A=) DURHETTR (T vs. 317) . FLUX.1 FFRFE IEEFX — R & 2 IshilF Lid &,
NHEIXE R M b, R EATRERILEUR, BOFRENTE FLUX.1 S R A\ AR R 1 B

R — LR,
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B (G vs. £

WEHZIEHR A token STETE token B EMEMAMHFINER N SRS, ERARSD, HENEIE
SRR ERR, FEEBESHERRNRME, XA feaiTRAUEEZA, ERMEREE TR R
BEME token FIRERABIRNRINIRE, BRI, ML, WHikEGE 7R ELE, ik
RRRBGE D AN XA token SIEFE token R BRI R, SRR X A X EEN, IXMRrLRETR T4
RE, S IBRIURE 5 T RIT 8, FLUX.1 [RIIN AN PIRRERIES, TR T 1ERCR S R Z R ROR B -1,
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Appendices

A € PEVF I

ATigH FLUX.1 5 Stable Diffusion (SD) 2.1 YEREFIEMERT L, fEEEMER S TS IR K
T H B 2. AN FLUX.1/dev] SR 50 NREED. 515 RE 2.5; A SD 2.1 RA 50 1-R
M. SIS RE 7.5, FrEXNEITTE 512 x 512 73R N, X2 SD 2.1 IS PR, BATEH MM
IRV ATERRA, RIEAIERSMAE

BATMEUR LA, EEB N MREUAE T R 37 3 S B AR R B RN :

. 1) BAEGRE (31D

. 2) XA-EBX5T (H 2)

. 3) XRBTERIA R
XH5F e RN MRT B BE 72 SR SCATR, (& 3)

. 4) FIMESH G (B 1)

. 5) MESZ IR TRNE

APERIAREDE, (& 5)

FERTERBIH, BIEARREBIII, RRPUR R SR A s B AR AT BT IC SR AR A R, SD 2.1 X
DAERFHEE BIA, FLUX.1 MIFEAREESS IR BT A,

BTANERT FLUX.1 2 PR S5 & M REIRIIES (B 6),
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Cars driving down the
street on a clear day, taken
from a vehicle's front
dashcam. natural, realistic

Cars driving down the
street on a clear night,
taken from a vehicle's front
dashcam. natural, realistic

Cars driving down the
street on a foggy day, taken
from a vehicle's front
dashcam. natural, realistic

Stable Diffusion 2.1

: Overall image quality comparison. F X.1 generates high quality automotive scenes with different attributes
B 1: « 11 jual I FLUX high qual h diff I
(here: weather and lighting) without additional optimization. BIRKEGFREX L, FLUX.1 EFEGMIMLLETA]
AREAERREN (SN RIER) NERERE R,

FLUX.1

Stable Diffusion 2.1 g

“... aslightly snowy day...” “..a heavily snowy day..” “..sunny day after a snowy period...”

-
AN

2: FLUX.1 is sensitive to subtle differences in textual guidance- for example, distinguishing between light and

heavy snow. It also handles complex attributes, such as in the prompt: “A sunny day after a snowy period”. FLUX.1

XA T | T R Al 22 AR SRR

»
o

VESRE, e EENE, iR e
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FLUX.1 Stable Diffusion 2.1

A car is driving down the road
in an adverse weather, in
extremely difficult viewing
conditions. taken from a
vehicle's front dashcam

A car is driving down the road
in low light with difficult
viewing conditions. taken from
a vehicle's front dashcam

A car is driving down the road
in low light, blurry, difficult
viewing conditions. taken from
a vehicle's front dashcam

3:
FLUX.1 REfSFR R Ak
T ENXARG S, W SEHRR” “FREMEFEMA”, R B X EREE SRR U,

“.an upside-down crashed car..”. “..a boat trailer..”

FLUX.1 I !a i !! !
Stable Diffusion 2.1 g “ X

FLUX.1 FERAICS 20 mIZR, EEREmOs “HEiEE" “RyIRm

& 4:

BT FR IR,
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FLUX.1 Stable Diffusion 2.1

“Cars driving down a crossroad on an overcast day.
an old man on a wheelcahir and a toddler are
crossing the road.”

“Cars driving down a street crowded with people
on a clear day, taken from a vehicle's front

dashcam.”

“An automotive scene taken from a cars
front dashcam. A red motorcycle is speeding
up the road, chased by 2 police car.”

5:
T5 ARG a = AERFRSERIARRA, #f FLUX.1 REEIE RS 2 N ERNE

ZEN AL

1024x1024 s 512x1600

1080x600

MAEET U-Net B HBUSRE # 32 [R
TRAMEREENPERES, FLUX.1 WRELES 1201 5 5% & LU E N A,
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