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Stability A

Achievement unlocked:
Diffusion models can spell now!
=

N
o

Budddio & Life

B 1. High-resolution samples from our 8B rectified flow model, showcasing its capabilities in typography, precise prompt
following and spatial reasoning, attention to fine details, and high image quality across a wide variety of styles.
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fﬁ% technique for high-dimensional, perceptual data

such as images and videos. Rectified flow is a re-

Diffusion models create data from noise by invert- cent generative model formulation that connects
ing the forward paths of data towards noise and data and noise in a straight line. Despite its bet-
have emerged as a powerful generative modeling ter theoretical properties and conceptual simplic-

*Equal contribution . <first.last>@stability.ai. ity, it is not yet decisively established as standard

practice. In this work, we improve existing noise

sampling techniques for training rectified flow

AN AL SHBIENERR AR, (UER2ESIRRM; 51 HIEASE models by biasing them towards perceptually rel-
ESCONHE: arXiv:2403.03206, evant scales. Through a large-scale study, we
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FEds, M Z AT AR RAE S VERE A Frstt, (i) &
IR T — Nl R AT SOR B B G5 e,
XAFIE token FLEM SRS AL H, FRATTUE
BA T MHELBA BE T M4 (W UVIT (Hoogeboom 5,
2023) 1 DiT (Peebles & Xie, 2023)) K, &5,
FAlT (iii) ABRLHAT T 4505, FHRR T EEIER]
WM ERE S, FATRE, BRI IERR 5 @i
T2I-CompBench (Huang %%, 2023), GenEval (Ghosh
T, 2023) FHEPRAZEIF 0 WAL RIBOERT SR 2 & B
PERER VIR,

BAVATFRAGEER, IRESASAL L,
2. B ENNER

A B R KRR AT py PRIFER 24

WL BN BHE 7311 po FHIFEAR 2o, HE 727712 (ODE)
TR,

dy: = ve (y, t) dt (1)

Chen % (2018

HAHE o HMZEMZEINE 0 28k, ZHfi Chen
E (2018) WY TAFEBUEBIS AITH 7> ODE Kfges E#EK
fi# Equation (1), XM BEIHEBARS, Rl
N FSEUL vo (yi, t) FIREIMEEZRM, BEAMIIER
NI FRZEZERAREY v, HEAER po M py ZH
IR PR 12,

N T HPEIZAERT wp, BAVECRIFISRE, XRT
po M1 p1 = N(0,1) ZIRIFIMEREELE p,, WH

2t = azro + be  where e ~ N(0,1) . (2)

T ag=1,bp =0,a; =0 Fl by =1, H%010,

pi(2t) = Econro,nype(2t€) (3)

5 BRI AR 3 A — 2

HTRIE 2,20 M e ZIAMIRR, BAIEIN ¢ F1
Ye(-l€) : o > arwo + bre (4)
u(2]€) = (v (2le)le) ()

HT 2z ATPAE K ODE 2z, = uy(2|e) HIfE, #IGA
{HHN 20 = o, wi(-l€) AR pi(-le)o

Lipman 5§, 2023 B.1

A DARIFH SRR wi(ce) WIEAZ M EY u,,
THERBIOGHEREE p; (Lipman 58, 2023) (L B.1):

uw0=&mmwwﬁwi$? N

BERMA A E i BAREREMH v, T Equation 6 A7
HB S mMEDASKAR, B 4R &k (. B.1)

Lorm = Et,pt(z\e),p(e)””@(zv t) - ut(2’|€)‘|§ ) (7)

ERZEIFEIRT u(2]e) 1RAE T HFMERRERTH
o

5
N T MK BN BRER, BATE ¢ (xole) =
ajzo + bje Fl ;! (z]e) = =2 RN (5)
ay a, b

Z; = ut(zt\e) = ;:Zt — Ebt(;t - b7t) . (8)



Title Suppressed Due to Excessive Size

8

BUEHSIE 157856 A, o= log %o AU A, = 2(% —
Z—i), AR LK Equation (8) EH

!/
G — %/\Qe (9)

u(ze|€) = "
t

9
7

TR, FAMEH Equation (9) ¥ Equation (7)
HHT SRR T E A

a’ bt

»CCFM = Et,pt(z\e),p(e)nv@('z»t) - CTZZ + 5)‘26”3 (10)

b 2
=Et p,(zle).p(e) (-;M) lleo (2, 1) — €l (11)

HABRIELT €0 = 72 (ve — %2),

Kingma & Gao (2023
IR, FRBEFRARIELES AR R SEH L
MRS, K, BICASH&MIBERIREE, 7
Fi RS 5, [ERTRE ML, N T 5
— AR (RIEEIY BAT, AT
DUFEREHENR (8 Kingma & Gao (2023)):

1
Lw(x0) = —§Et~u(t),e~/\f(o,1) [weAi]leo (ze,t) — €]

,E\:':F' Wy = —%)\;b% Xﬁ)ﬁ? ECFMO

3. fikiz

AT e, BA1HEE EREXBAFZRE, &
THHIRAN R

Liu 5%, 2022
Albergo & Vanden-Eijnden, 2022; Lipman 5§, 2023

BIER BIER (Rectified Flow, RF) (Liu 5§, 2022;
Albergo & Vanden-Eijnden, 2022; Lipman 5, 2023)
TE SR A1 AR A B 79 AR AR e LE S 70 A 2 TR ) B 2k
P12, B

2zt = (1 —t)xg + te, (12)

EH Lopy, MNT wit = o Mkt
ZHAHE voo

Karras 5F. 2022

EDM (Karras %%, 2022) ff FH40 R XA 1A

&
2 = xg + bie (13)
Hr (Kingma & Gao, 2023) b, = exp Fy/' (t|P., P2?)

Fyt BYER P T770 P2 BIEASH AL
HeRE, ERRXMERSE

At ~ N(=2P,,, (2P,)?) fort ~1(0,1) (14)
Kingma & Gao. 2023: Karras 5, 2022
MgiEd F HilS8t (Kingma & Gao, 2023;
Karras 5, 2022), #i2n] PAE K L Eom, Hrp
wEPM = N (\| = 2P, (2P)%) (e™™ +0.5%)  (15)

Nichol & Dhariwal, 2021

AR5%  (Nichol & Dhariwal, 2021) $2H 40 R HI
CIpOEE

2 = cos(gt)mo + sin(gt)e . (16)



Title Suppressed Due to Excessive Size

Kingma & Gao, 2023

Zie e ZEMNME, XXM TN w, =
sech(\;/2)o M5 v WAL (Kingma & Gao, 2023)
LG, A w, = e~ M/2 Z5HH,

Rombach %% 2022
Ho %, 2020

(LDM-) £k LDM (Rombach %, 2022) f#
DDPM JEEREI (Ho 5, 2020), MEHE T ZRH
MR, B b, = /1 — oF, FFAY EEREL 8, 0 BSEUN A
Bt=0,..., T-1EL ar, WK a; = ([T'_o(1-55))70

MNFLEERILFE 5o f1 71, DDPM i 8, =
Bo + 75 (Br—1 — Bo)

LDM f#H 5, = (\/FO+ == (v/Br—1 — \/BT)))
3.1. 4 RF BALEHIY SNR RIS

2
o

RF #51E [0, 1] FFRIFTA RS RID _EE 5l 2Rk
¥ veo (EAGEIRREERIN HIR € — o XF [0,1] FRRIY
t RULERNE: T ¢ =0, BLHME py BIIE, Xt
Tt =1, RMHNE po HIIIME, —HBORYL, +F ¢ 1Y
I3 N RS A0 U(t) BCENEREN ©(t) K73
M TIRERK Loy, HAF

Wi = ——n(t) (17)

(R, FRATTHY AR 2 8 3 5 50 2 1 SR A v ] B ()
DREGENTEZHIPE, ZTR, BAHEEHRINZ

PRI [P 2 7 (t)o
Atchison & Shen, 1980

Logit IEARME —DNETUZ logit IEAS7 N (Atchi-
son & Shen, 1980), ‘ETEH A L EHE 2 NE, H

1 1 (7 (logit(t) —m)? )’

T (t;m, s) = Wt =1 exp 952

(18)

11

Hrp logit(t) = log 1, BAMEZSE m MIRE
S so MBS EETRATRENS K ZRIN A 25 1wt B 5 2L
5 po (TAHY m) B py (IERY m) . W Figure 11
FIR,  REES il oA B 56

FESLERH, BATMIERSID A u ~ N (u;m,s) HR
R R u, FREIIAREE R

Logit IEAEEEmA 0 f 1 ALERHK AT
WX E A R AR, BATHREERTE [0,1] &
HA TR IEE RN A2 RAE . N TRESE s,
PliTE X

fmode(u;s) =1—u—s- (cosz(gu) — 1+ u) (19)



Title Suppressed Due to Excessive Size

HF 1< s < -2, ERAREURRIEN, AT
Al DU B R MBS B mmoae(tss) = |2 ol (0)]
SR, 11

Liu 5. 2022
Ma & 2024

4N Figure 11 iR, RESEHEHITEREI R
ROUER o) 8dis (AR s) BRI, XA
IEEHE BISIM mmoac(t; 5 = 0) = U(t) (s =0 H),
FEZ BIR TR A TAER I 2 (Liu 5%, 2022;
Ma 3, 2024),

Nichol & Dhariwal. 2021 3
FRoEWG &5, BAMHEAE RF ZEHFEE Section 3

FR 4328 (Nichol & Dhariwal, 2021), FefllHl, &
ISR 2w f(u) =t, uel0,1], &5 log-snr
ERRIARICHL: 2log Sode) = 2log 1100, ki f,
NF u~U(u) FIEE

; (20)

MAREAT G2

0| = g

T — 2wt + 2mt2’

(21)

T CosMap (t) -

dt

4. ORI EGAH

2

X ERESCOR AR, BT R EHE
SORFIERIZ AR, BRATE ] WU R R RIS

BIENRTR, RIGHRBANY 8E TMEIZEN, X
—MERTE Figure 2 4 H,
Rombach 5. 2022

Saharia . 2022b; Balaji 5. 2022

B.2

AR AR B IEHE LDM (Rombach %, 2022)
TEFIZR B gmidas 7EE 23 R FR Il RS 2 B B A5,
KT EGRBER TG, RAOEIEZ 81875
% (Saharia %, 2022b; Balaji %, 2022), i FIZk
I VREE SCARBIGRAS SLAR & co TEUL Appendix B.2,

ZEEY BE T Mg
Peebles & Xie, 2023

Podell %, 2023

BATIZAFET DIT (Peebles & Xie, 2023), DiT
X R SF G AE AR, o A VA ALK i 2% % Ak
MY HOS RIS A FOARSE, SO0, FRATI {6 A I
[F2 ¢ F cyee BIERALERTARINLHIFIRIA . (Hi2, H
T AL A SCAR R IR AR B O T SOA B A\ BRRL S £ R
(Podell %, 2023), MM ER HFHIRR cepxe M
BE

HJ/tho

BATTAL S R SCAHT ] 1B A B RN AH R 471



Title Suppressed Due to Excessive Size

Caption

T

(_cupG/i4a ) cupL/i4 | T5XXL )

77+ 77 tokens Noised Latent
3
o 4096
channel

(___ wmrp ) (_ Linear )

1

Pooled

?

( MM-DiT-Block 1 )
| |
( MM-DiT-Block 2 )
( MM-DiT-Block d )
Modulation
(a)
AT B A AHIHE Y.

A 2

SiLU
Lo )

EE

o [ op
| R]
I

.....

pt. \ Opt. ] o) ]
Ms- ! RMS- | Y 1
i i Norm ) | No 1
% RO

‘ Q

Attention

060 ¢
©9® ¢

—A MM-DiT 3t

PARIBRRA, A © FoR ) TERTIE e F0Rs AT Q A K I RMS-Norm RAEE VIS T, BEFBNGER.

EARH, AT BRI BB ERR ¢
RM*wxe [] 2 x 2 patch BFEAKERN L -1 w il
patch FaBFH, TERIXA patch GRESFISCARGRY ceoxt
MAZNEHAEE G, BRATEZENNTH, REH1E
i DIT, MAH—ZRFERERSIF MLP,

2b

TSR E G IR AE S EERRR, AT
PRSP I D EZ AR E S, 4 Figure 2b AR,
XEN T HEMESE R NN Transformer, {HTE
R ErPIE WA SR R, S MARRA]
DMESS B2 B TR, RINEES —

N FRATFER RS, BATHBERAIRE ¢ (RN
EENIEE) SEUCEBIR RN, 8RR
/INEED 64 -d (FE MLP SHYRE] 4. 64 - d JHIE),
FRER SRR E N d,

5. LI
5.1. BOHBIER



Title Suppressed Due to Excessive Size

rank averaged over ImageNet CC12M
variant all 5 steps 50 steps variant CLIP FID CLIP FID
rf/lognorm(0.00, 1.00) ~ 1.54  1.25 1.50 of 0.247 4970 0217 94.90
rf/lognorm(1.00, 0.60)  2.08  3.50 2.00 edm(-1.20, 1.20) 0236 6312 0200 116.60
rf/lognorm(0.50, 0.60) 2.7 8.50 1.00 eps/lincar 0.245 4842 0222 90.34
rf/mode(1.29) 275 3.25 3.00 v/cos 0244 5074 0209  97.87
rf/lognorm(0.50, 1.00)  2.83  1.50 2.50 v/linear 0.246  51.68 0217  100.76
eps/linear 288 425 2.75 rf/lognorm(0.50, 0.60)  0.256  80.41  0.233  120.84
rf/mode(1.75) 333 275 2.75 rf/mode(1.75) 0.253  44.39 0218  94.06
rf/cosmap 413 375 4.00 rf/lognorm(1.00, 0.60)  0.254 11426 0.234  147.69
edm(0.00, 0.60) 5.63  13.25 3.25 rf/lognorm(-0.50, 1.00) ~ 0.248  45.64 0.219  89.70
of 567 6.50 5.75
edm(0.60, 1.20) 9.00  13.00 9.00 %9
v/cos 9.17 1225 8.75
edm/cos 11.04  14.25 11.25
SFEE bR, SRA 25 DN RAESIRFEIZRR FID A1
edm/rf 13.04  15.25 13.25 Al%E HVho A ~ b
CLIP 778, BANRHER N Bt S I R s S
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% 1
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Hessel &, 2021 Heusel 3. 2017
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AN, ARTTERIRK RS T B R, R —E
SR TRERMER, KRR EREE 77 IR T
FLERHI PR 4E R,

FATTE ImageNet (Russakovsky &, 2014) #1
CC12M (Changpinyo 5%, 2021) g, FHAEYIZR
SR IRIEIRSS, CLIP 434 (Radford %, 2021;
Hessel %, 2021) #1 FID (Heusel 5§, 2017) A& lIZRA
H EMA £, FNBERRFREREE (RRN
5| F AR EERTRAED B0, Tl 4% (Saver 55, 2021) HYT7 1%
5 CLIP £+t LR FID, FrAfafRr#lTE COCO-2014
RUESE (Lin 5, 2014) B#EATIRE, YIZRATERAEES
RS B UL Appendix B.3o

5.1.1. &55¢
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o e M v WK, RHEAZM (eps/linear,
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o RF MK EL mmode(t; s) (rf/mode(s)) , HH
s B 7 METE -1 B 1.75 Z S5, K
s=1.0 M s =0 BTEN, JE& RIS EE R
¥ (rf/mode),

o RF #ARIBHEC m,(t;m, s) (rf/lognorm(m, s)),
MtEHHE 30 1 (m,s) H, HFmE -181 2
135515346, s 18 0.2 El| 2.2 Z [R5 50

o RF HURFBEC moosmap(t) (rf/cosmap)s



Title Suppressed Due to Excessive Size

« EDM (edn(P,,,P,)), P, M 15 ™MEFE —1.2 |
1.2 Z[E¥y51 040, P, £ 0.6 3] 1.8 Z A5
fio B Pn, Py = (—1.2,1.2) XM (Karras 5,
2022) HIISEL,

o EDM #EBCfEE VAL rf Y log-SNR AL EE IV IE &£
(edm/rf) FIPEEC v/cos B log-SNR A EE IR &
(edm/cos)o

XTERIZIT, TATEFEH EMA BEITFAGN K
UK AR/ NP IR, SRR 6 MRFRERIESR I E
(BMI%H EMA &) K156 CLIP 22 4A1 FID,

T RAERRILE, EMA NEMEHEEIERNTE
24 MG, BAUEAIEE SHF EIEN AR AT
He#, FEWR: REIRGIFE CLIP f1 FID 734 Bk
F| Pareto IfLAVZE(R, AHPECYEIEARS], MER
ZAEK, dREANIRFIRR, BEERTHS T &
JEAE 24 FRHILE _EFX s,
1

BAHER 1 PEIRGER, HPXTHARBESK
PPASHIARA, BATH R R R AR DR, 31T
SRR TRRFIAE 5 5F0 50 2 RAF AR E LA
Fio

10

Rombach %, 2022

BATIELE] rf/lognorm(0.00, 1.00) IRZIRE
BAFEG, e T BRSSP RAERB ERA
X (rf), ML 7R E] I A2 B B IRIZ, 1R
AR, A A BN A R B E R AR
BT Z /i A9 LDM-Linear (Rombach &, 2022)
"I (eps/linear),

PAT G2 2 B 2o AR (R A FELE I B N R R 4F,
MM E R ZE, B, rf/lognorm(0.50,
0.60) 1 50 MRAEDE N BRI IFHIEMR, HIE 5
NRESENRINEZRZ CFHE% 85), fER 2
IR EFR R ER AT ZIRMAT N, F—HERR
TR EERNEIEE LR 25 N RFEDEN
fetR, F—HE/RIEZ R AE CLIP f1 FID 23 5UHAE A,
F% rf/mode (1.75) Ak, IXLEAR{RIEH E— Matr L&
ARG, (B1ES —DNMER RN % ZE, Mtz
T, FATERWELE] rf/lognorm(0.00, 1.00) £%%
FEFRAIBE S A ES RAFaRE, HA R E MRk
PIGE = RAEDE, — UG AR,
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140 ¢
—— edm(-1.20, 1.20)

—— eps/linear
—— rf/lognorm(0.00, 1.00)
== rf

120

100 —— v/cos

—e*= v/linear

FID

80

60

20 30 40 50

number of sampling steps

BE R B RAERCR, 18 IE AR RAE 5 /D45 8 L H
ARUMEL, T 25 ZRPAE, RE rf/lognorm(0.00,
1.00) X eps/linear fR¥FFFS 1],

B, BAME Figure 3 B T AR ATEEN:
1108, HPBAT AR AXAEHARIBE (edn,
rf, eps Ml v)o BIERMAREME ERIEL, S5HAM
NEAEEL, D RAE BN EERE NI AU

5.2. BOHBLSRE SRR

Rombach . 2022 Karras 3. 2022

5.3

TERTE R E T, AT T ==X, #EIE
MBI RN EES LDM-Linear (Rombach 5§, 2022) =
EDM (Karras 5§, 2022) ST AR TS, &
FEiraeER el ], MAETM TR AR H T &0 PR
XARFNEGRE K. AN, BATE IR RAMERE Y
BURT IR AT, R Tl s 2% 19 2 80k DA
NBAE AR EGFI AT R B R, LR &I,
FAHEIRTE Section 5.3 WA 77 1% Z A4 i

11

Ei=Lnn 4chn 8chn 16 chn

FID (}) 241 156  1.06

Perceptual Similarity (J) 0.85 0.68 0.45

SSIM (1) 0.75 079  0.86

PSNR (1) 2512 26.40 28.62
& 3.

ORI E b as.  ANFIEIE R TR R MRS, P
R NREER TN f =8,

IXEERT A H AR,
5.2.1. B0 B YmEd s

Rombach %, 2022

Dai 5% (2023

10

TEAE Y B E I 18 )1 25 9 S A B PO VB /E 22 R
HFIZITREIMFE R (Rombach %, 2022), % H 4
B E RGB E8 X e RFXWx3 b 5| 4k 23 ]
r = B(X) € Rh>*wxd, % B Ymil s i 2R 8 N TE
VRO ErTIREIMEGFRERE B, 5 Dai %
(2023) 2L, FATELBIGINTSEIEIELL d BE BT
HEMERE (UL Table 3), AN d FEEFERRAIIEH
PRk, A R RARIRE AR B8 S d NaREE
1, mEIRBHEENEGTE, BAE Figure 10 15
WETIX—RIE, d=16 BIRBEHRTEAEAR FID FREIMH
R, R TIXEER, BIMEESRF
XH d =16,
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Betker £ (2023



Title Suppressed Due to Excessive Size

a space A cheeseburger with a hole in the floor of a small office made This dreamlike human life depicted an origami pig
elevator, juicy beef patties and my bathroom with out of car parts digital art captures a entirely out of on fire in the
cinematic scifi melted cheese sits on small gremlins living vibrant, fractals middle of a
art top of a toilet that in it kaleidoscopic bird in dark room with
looks like a throne a lush rainforest. a pentagram on
and stands in the the floor

middle of the royal

chamber.

an old rusted robot wearing pants and a jacket riding skis in a smiling cartoon dog sits at a table, coffee mug on hand, as a room goes up

supermarket. in flames. “This is fine,” the dog assures himself.

A whimsical and creative image depicting a hybrid creature that is a mix of a waffle and a hippopotamus. This imaginative creature features the

distinctive, bulky body of a hippo, but with a texture and appearance resembling a golden-brown, crispy waffle. The creature might have elements like
waffle squares across its skin and a syrup-like sheen. It’s set in a surreal &2ironment that playfully combines a natural water habitat of a hippo with
elements of a breakfast table setting, possibly including oversized utensils or plates in the background. The image should evoke a sense of playful

absurdity and culinary fantasy.
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Betker %%, 2023

Wang 5§, 2023

Betker 5§ (2023) UEBA & BRIR XA RE B & 0K
RS S EUGARRY, X 2R KRS E G E R &
N THER A E S TR, dEERGEE, &
IR 5/ R R R X FENE (Betker 5,
2023), FATHEAILTITE, (8 REHAIINETE 58
CogVLM (Wang 2§, 2023) Jy KR EHE & 4= i & Ak
IR AR, ARG A ST ES VLM F1iR
FEANIME S, TR 50% JR4AR 50% & IR
Ao

Ghosh %, 2023 4

T VEAS FH AR SRR S AT ZRRI AR, &
IR T d = 15 MM-DiT #73: 250k 25, —
MY R ERIR A, 5 —"DH 50/50 G, Tl
£ Table 4 H{#H GenEval Z#fE (Ghosh 5%, 2023) I
ISR AR, S5 R RPAME A & B iR SCAR#EA T
SRARRYBA AR T F R G R IR SOAR R AEERY, (Al
EARTAEMHRE S TBATRA 50/50 & 8%/ R G R
XARRE

5.2.3. BOHSOREE B T M4

13

JFRAGHIR A 50/50 IRE
RINZ (%) RINZE (%)
Color Attribution 11.75 24.75
Colors 71.54 68.09
Position 6.50 18.00
Counting 33.44 41.56
Single Object 95.00 93.75
Two Objects 41.41 52.53
Overall score 43.27 49.78
& 4.
Wang %, 2023

Ghosh % 2023
PO R A, AW GBI CogVLM (Wang %,
2023)) FIFIEHHA AR 50/50 TR A ELBIRGH T2 A2 E
G 1EfE, JEid GenEval (Ghosh %, 2023) JEMEHHTIEAL,

4
5.1
Chen %, 2023
Radford
%2021 Raffel . 2019 4
4

Hoogeboom

22023

AT Transformer ¥ 8UE T5BATHRH
FIZ 8 Transformer ¥ #UH T MM-DiT (UL Sec-
tion 4) HIMERE. MM-DiT NEBREL, RAD B
SEEAHEAFRTUR CORFIEIR token) o

HARM, BATRA Section 5.1 HLIILHE, 1F
CC12M _EE# DIT, CrossDiT (R XJFEE XA token
MAEPHE (Chen %5, 2023)) FFATH) MM-DiT o X}
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0.88 validation loss (average over levels 1-7)

= CrossDiT

— DIiT

= MMDIT (2 sets)
MMDIT (3 sets)
Vit

— MMDIT (2 sets) [0-22
MMDIT (3 sets)
uviT

validation loss
FID score
-
5
8
CLIP score

2070 100k 200k 300k 400k S0k 18
train step

0 100k 200k 300k 400k 500!
train step

BORINgEsh&s, W DiT. CrossDiT. UViT Fl MM-
DiT £ CC12M LMk AT, EASGERIEIL, CLIP
SEH FID, TRAZHEH MM-DiT TEFRGEfehn LRI B
ﬂo

MM-DiT , BATIMAPEINE (=28 token) FI=2H
WE (G35l CLIP (Radford %, 2021), T5 (Raffel
& 2019) FIES token, UL Section 4) WA,
EARE DIT AT MM-DiT W (AT RS =
—HME), A, BATEEEE UVIT (Hoogeboom 5,
2023)— "M T UNet Fl Transformer [B]HTEAZE
¥,

FAE Figure 4 o HTIX B2 IEAT R &
8 DIT RIIAU UVIT, ZXFEE DIT ZE{K CrossDiT
ROET UVIT, RE UVIT #IH2E S R E P, 3K
10 MM-DiT ZERRZ T A B AR, 3K
T2 F =S8 AE N QBB ISR/ NI L
W (BRI ESEEER VRAM R, Hit
TEAR TAEHARER 73 R AR

5.3. KRUBLIZR

14

RN ZRRT, BAVERATEAREIL 98 5 7 g i DA
PRUEZ 2@ ZRe RS, FRATTR AT O T8
AR ARTIREC BRI AT A 290 5 5 I TR 4
T, RZIIZEZE 8B 2.

5.3.1. HUEFAL L

PNZRRBSRME  IZRER A A AR R R RE T H R
s, PRI, Eid IERE A RHZ R RAES (Nichol,
2022), TERMBRYIZRRAT, BT LAUR B TERES
UE: () MENA: FATMEA NSFW kel aYd 8 EE & A
Bo (i) 5 FAMBRBAIATIE > RGN 7 B
HIEIMR, (i) WAES: AR TRENERETTTE
MINEREHRHEREIANTE X ES ; W Appendix E.2,

E1

PR EGASORIRA - BATRIBRL ] 2 il 2k
HITRESE ML B e A (B SRbS s TEE RIS
A RRR) o BT IX S BN TR H L,
BATNENBHRENIH R R, FAE Appendix E.1
FRTR A T BA TR TR I8,

5.3.2. B HERGE

hghani 5 (2023

Dehghani % (2023
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* NaN
= 10°
=S - by ;
k] 54 75
g E W/ QK-norm
S w/o QK-norm
$ 102 = w/ QK-norm _5 425
g w/o QK-norm 2
9

x
8 2375 x NaN

10

0Ok 2k 4k 6k 8k 10k Ok 2k 4k 6k 8k 10k
Training Steps Training Steps

B 5

Dehghani 5. 2023; Wortsman %, 2023

QK H—LRIRR, TEIHEEESERRTN Q F1 K R
L] AR IR logit K ARREN (L), %A
ENSSRERENMER (&) FAEEHSIE ViT et
FRIRIEIT (Dehghani %, 2023; Wortsman %, 2023), 5iX
DA LA, TAEMZE A& )G Transformer HREATL
FENXFAFRENE, BAKEREN logit AFENMETRN 2B
(d=24) BRERE 5 MEFEEE,

Zhang
& Sennrich, 2019
2
5
Dehghani & (2023 Wortsman &
2023 Chen
% 2019

Loshchilov & Hutter. 2017

QK H—fk &, JIHERDN 2567 BERAVIKIPE
RE B EFIZATERA, Bk, BIMERARATE
e EER R R B (R — B . TATTAL,
LB ERmDPERN, REFEEINKATRERE T, 1
KK, 1XA] DO U E 2k I ZRk g —EA0
LR SR ENSZ SHL ~ 2x BITERE N, £ A

15

M) VIiT kAR 7 &K % Dehghani
F (2023) MR RBIM B Transformer B2 [l £
REL, FNEEEAA R, xR i,
Dehghani % (2023) 2 AR R ITIRERTN Q 1 K i
TIH—1k, FATRAMITIE, 12 MMDIT ZEARTH
T HON AR LA AT S 4T RMSNorm: (Zhang
& Sennrich, 2019) (UL Figure 2) . U Figure 5 fI7R,
AN — (BT IEER DT logit K AfREM:, KIE
7 Dehghani % (2023) 1 Wortsman %5 (2023) &
B, HES AdamW (Loshchilov & Hutter, 2017)
AT € = 10715 5EIEERESEI bf16-1RE (Chen
%, 2019) KEEERYEROINER, BT R A T
ZRIIEIARGE A gk VA — LAY PRI SRR REAY PR
MERAMAIA— Bt ERERIIILGR, &E, TS
H, RE RIS ERER IR E KR 2, H
EANRIEHNTTR, rIREFRZAARE BARR I ZRi% Btk
1TA%E,

Dosovitskiy 2§, 2020

TEMEE 256 x 256 ¥ LG, BAIWEFRE
() &P, () BRARERE SR, BT8R
TMEA 2D A7 BRI, HRGE S PR EA ],
25 HLER, @1 (Dosovitskiy %, 2020) I E
HRAHENSEMRMIO K, Mk, TOMEHRYT R
FHEEA E ISR S, RIEHFITRIR A

NovelAI 2022: Podell 2. 2023
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Preferenc

e across shifted sampling

22

5.3.2
PR RIS, % L AT Bquation (22) 1
AN AR RT3, KAT: A /m/n=1.0 (1) I
Vm/n = 3.0(F) YIZHIRAER 5122 754, UL Section 5.3.2,

T EHAR R 52 538, BAME M CRAE (Nov-
el Al 2022; Podell &, 2023), 1SS MURESFEER
SPHxW FEIG, b W~ 82 W TR AR
ok E bk, XA T KB R TE R KB Winax MR E
BARME Hpaxo % hmax = Hinax /161 Wimax = Winax/16
s =5/16 NELEZEE (FF 8) HHNR RS, 7E
P15y (AF 2) Zig. BETiXEE, BiTE—1 8E
DB, A ((p— Lug=t) . 206)hmet | KA
BRHMNERL, REBNTMNERINE 2D Pk 0O
SIS FIHETHR A

16

SYUERHBI L VAR AT M3 i, BT E
B RR A FLGE, ROTTREH WS KR
MIEE. BRRIERSE n = H. W GRS HE
FTAE, BUEBE—A W0 g, S MEEGE
{8 ¢ PG, BOISAZE 2 = (1—t)cl +te, HFf 1
flee R A 2 BETHEVZE Y = (1 —t)c+1tny
(9 n AL, HFR e Wln e R, H g IRABRIEIE S
fio WL E(Y)=(1—-t)c H o(Y) = t. FATAT AR
= [LEY) WE ¢, c SHEEAM ¢ = 4 50 20,
2 FRTRHEIRERN o(t.n) = 14\ /2 (B Y BT
SIEREIRIEN L), IR EEAEE G 2 (E3
GREFRHI, ot,n) REXT 20 BARHE R,
0, AT BV S5 BRI IS & ST (4452
%1 0 < t < 1 RTIEIEIRE, (H2, FfTEn b,
A5 IR AR ¢, WOHEIS R m AbAOR A
b, BT 0(t,,n) = 0t m) BEERIRH
EMARRE, KNE 1, 1551
Vitn

T4+ (VE =Dty

(22)
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Hl Visual Aesthetics
mmm Prompt Following

Typography

100 1
. 80
xR
o 60
©
c 40+
=
20 |
0 B ot . o i
s PR A e} e 32 X
T O 0° (205 22 N Lo
B 7
Yu 2. 2022

N M EiIFIRAAJE SOTA Bk BHGBAL N 20w 4F P
i FATIHY 8B AL 5 i i Je it A SOA B R G AU AT B
%, f£ parti-prompts (Yu 5, 2022) LTS, s A
TR E, RFEB L FHeRR A RTER,

22
Hoogeboom %, 2023

FATLE Figure 6 AL DAL L, TR
WEIRE R A YILPR, N 7 AEHE N E R AL
H o= /2 HWRIE, FATRENHTE? PR
1024 x 1024 AYIZRAIBRIRRAE D B, FHEAT N2 W
IR, Figure 6 G R B RNBAEKRT 1.5 BIFE
AERBAIREF, (HERESEAEZ HZF AL,
TERAMJEEEsLT, FRAET PR 1024 x 1024 &
HIVIZEFTRAE IR AE o = 3.0, 8k DMIIZRH
UG BRA IXFFE A IREAR B P ELE L Figure 6o
/G, FE Equation 22 Z &R IT (Hoogeboom =%,
2023) [ log-SNR #1i7 log 2 :

1-1,
)\tm = 210g \/Wt (23)
=X, —2loga =X\, —log m. (24)
n

TEHER 1024 x 1024 MBS Z G, BAUE
F Appendix C HH#iIAMERE It (DPO) kXt
TR,

5.3.3. 45

E.1
Peebles & Xie, 2023
Lin 5, 2014

£ Figure 8 H1, FRATGI KA GRBATN MM-
DiT WIRR N TEUG, BATHEAT RKIUSEAE A, 18
2562 RS PE LA mHmEEHE (U Appendix E.1)
WA FSEEENEREE 500k 22, #K/NA 4096,
FAE 2 x 2 patch EYIZR (Peebles & Xie, 2023),
50k H7E CoCo BB (Lin %, 2014) HR&EIIUEHR
Xo FiB, AT R RIERKAEE RIS, A
RAETE ¢ € (0,1) HEENIIORT, HaHIRE K
FUHERIERK, REBINEREE—T t=1) Z
SN K SRR,

Blattmann 5§ (2023b

Carreira &
Zisserman, 2018

Ko, BATSAHVEST T MM-DiT BIHI G
W5t IR TIIZRE B EAETT 4G, 55 5ME ]
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Ghosh %, 2023

Huang 5§, 2023

AR E R, FM 0T 7R NSRRI R, fERE NS R AR — SIS . TRIER 38 MBISMENR, 16
3 x 10° WACHHT 1722 AR DART (&8, (00D TG (G5 11 2 51) FIsssy (55 3 #0431, SRiFHikpEg 15
BRI G2 BB AN AR R, URRER) BOIEMCE B A b ae 69 3 TN B, BIEHUE S B EHGIE b TEhR 2 Al 7
fEREM N, 45 GenEval (Ghosh %5, 2023). 58 1 %I, AZKfm&F. 58 2 FIF1 T2I-CompBench (Huang 5, 2023). 2 3
Hllo TSR, BATMEBNRAERIG AN mwar (5 4 5)) ZEr2EHEset, .

2x I TH] patch, FATTIEIE Blattmann 5% (2023b), J@E
IS [E) 7 B 2 $E b >k D9 Wl SR Al A BHiE ., T
FEENBES, BATEFHAIM M RPRR, HED
FEE SR Z G, RAHTBE Z BTN Fr A N 23
token AYSERETER ). BATHIMBERIAE G 16 Wi,
2562 G R EIIZR 140k 2, HERANN 512, K
115 5k P 1E Kinetics BHEE (Carreira & Zisserman,
2018) kiR & HEfik, HEIRMNTE Figure 8 sy
ARSI 2R FLOPs R MLk, A5 B
WIZRI FLOPs,

Huang 5%, 2023 Ghosh %5

2023

TE B BRI TR, AT TSR AR

ANFIINER 0 B 36 UE 32K AR R R FRAT T A IS Tk
PR 2HE MR (CompBench (Huang 5, 2023).
GenEval (Ghosh 5, 2023)) fIARImiF S EHRK, X
Lo SR SRR B TE AR I AR O A 1 R Y 1 B0 FH
BATHILE RN T B G RIAESLER A TR A,
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5.3.2

Betker 5. 2023

Figure 12 i 1 |5 B AR B KN (R 4 ] 52
WAEA R, R 5 BEBR T GenEval RIS R, WM
H Section 5.3.2 FR{R H AT IEFF AN ZRE G 0 PR
I, AR ARRIRAE R 2 HER A h RN, 72
K535 EBIY DALLE 3 (Betker %%, 2023), RI#E/R#
ey T AT e 7T T

FAIHY d = 38 HAILE Parti-prompts FE (Yu
%, 2022) AR IS, ERAT£F, RTE
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All text-encoders

w/o T5 (Raffel %, 2019)

LUAEN it

“A burger patty, with the bottom bun and lettuce and tomatoes.

»COFFEE” w86k lon it in mustard”

B

0.23
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0.48
0.50

e gt 8 gr

0.12
0.35
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BA WA
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0.35
0.45

“A monkey holding a sign reading ”Scaling transformer models isawesomet

Qurs (depth=18) 5122 0.58 0.97 0.72 0.52 0.78 0.16 0.34

“A mischievous ferret with a playful grin squeezes itself into blargﬁdepth 38)

0.62
0.64
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0.80
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Burs (depth=38), 5122 w/DPO  0.71
10242 w/DPO 0.74

glass jar, surrounded by colorful candy. The jar sits on a woodentah

in a cozy kitchen, and warm sunlight filters through a nearby window”
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AN AR R EKRH, 8IS T YATEH (Betker 55,
2023; ide, 2024) FIFFJE (Sauer 5F, 2023; pla, 2024;
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E
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Betker &, 2023 Ghosh %%, 2023
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Balaji 5%, 2022

B.3

Raffel % 2019
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relative CLIP score decrease [%)]

5/50 steps  10/50 steps 20/50 steps FEIREE
depth=15 4.30 0.86 0.21 191.13
depth=30 3.59 0.70 0.24 187.96
depth=38 2.71 0.14 0.08 185.96
£ 6.
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detailed pen and ink drawing of a massive complex alien space ship above photo of a bear wearing a suit and tophat in a river in the middle of a

a farm in the middle of nowhere. forest holding a sign that says ”I cant bear it”.

tilt shift aerial photo of a cute city made of sushi on a wooden table in the dark high contrast render of a psychedelic tree of life illuminating dust in

evening. a mystical cave.

an anthropomorphic fractal person behind the counter at a fractal themed beautiful oil painting of a steamboat in a river in the afternoon. On the

restaurant. side of the river is a large brick building with a sign on top that says SD3:

an anthopomorphic pink donut with a mustache and cowboy hat standing fox sitting in front of a computer in a messy room at night. On the screen

by a log cabin in a forest with an old 1970s orange truck in the driveway is a 3d modeling program with a line render of a zebra.
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BIERBR  (Liu 5%, 2022; Albergo & Vanden-Eijnden, 2022; Lipman %, 2023) JEII A1 716 2 18] 18 4
53 7 REAL I SR A T AR A, IX AT TE S IESUH— iR (Chen 5%, 2018) FI¥ BUEARVE DI, 5iESUH—
feimAELL, B ERMBENIRER IR RN B TR E M 7. S BUERAELL, BT DUE R
S iRE, HBRURE LY SO AR S IR IR My 712 (Song 5, 2020) B, HENTR=ARMNIERE, £
TR TAES AR T — 25 R HUT R (Lee %5, 2023; Tong %, 2023; Pooladian 5%, 2023), (Dao %, 2023; Ma %,
2024) WERH T B IERARELR ARG S PRI T, (Fischer %, 2023) RIS A H] L RFEFIIATITHE, (Liu
%, 2023) A (Liu 5%, 2022) BYE RIS R AR IO ZRA SCR S BB (Rombach 58, 2022), BATFEBIER
VER/D35 RAFESOR BN UG & B Bl FATD A E A FAHRABGHAT 72X b, 20 T8O BRI 2R RE
FRHT IS TR U
Vaswani &, 2017
Kaplan %, 2020 Dosovitskiy 5, 2020; Zhai %, 2022

Ronneberger %, 2015 Ho %, 2020: Rombach %, 2022: Balaji %, 2022
Peebles & Xie, 2023; Chen . 2023; Ma % 2024

GHIRY BUBR!  Transformer 844 (Vaswani 4, 2017) FHTE BRGS0 (Kaplan 5%, 2020) FH BN E
%5 (Dosovitskiy &, 2020; Zhai 5, 2022) HHAIZECRFETARFTE A, AT BB, U-Net 2244 (Ronneberger
% 2015) —HBEMIER (Ho 5, 2020; Rombach %, 2022; Balaji &, 2022), BRARBILM—L TERRY #L
Transformer 5 T W% (Peebles & Xie, 2023; Chen %, 2023; Ma %, 2024), {H A Z| G BB 48 i
TIARBARR
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B. X T hiPUAL
B.1. Rl B INLRIIL i

Lipman 5§, 2023
Villani, 2008

N8 (Lipman 5, 2023), JBH u,(2) £ pr, BAEERNESMETREH T —DRESM (Villani, 2008):

P (@) + V- p(@)en(@)] = 0 & vy ARBRERILE pr. (25)
PRI S FRIERA -
T[] = =7 - B4 2 )] (20
=Eeono,r) — V - [us(zle)ps(2]e)] (27)
d d
=Ecn(o,n) %pt(zle) = ﬁpt(z), (28)
25 27 28
6 26

Hr, 7 Equation (27) #| Equation (28) —17, FATX w(zle) A TIELME TR Equation (25) (EH
ug(z|e) AR pi(z]e)); TE Equation (26) —fT{HH T Equation (6) FIE X
Lipman . 2023

HAR Lry = Lory BEME (Lipman 25, 2023) 7TH R0 :

Ly (©) = Eyp,(»llve(z,t) — u(2)|[5 (29)
=Eip,(o)|[ve(2,1)[3 = 21 p, 2) (e (2, 1) [ue(2)) + ¢ (30)
=Eip(o)|[ve (2, 0)]13 = 24 p, (210) p(e) (Vo (2, 1) [ur(2]€)) + ¢ (31)
=Etp,zlowio v (2, ) —us(zle)|[3 + ¢ = Lepm(0) + ¢ (32)

30 31

Hrp e, NMEHT ©, MM Equation (30) £ Equation (31) —{TH F152I:

By et (062 8) [ wa(ale)) = [ dz [ depi(alelpe)(ve(z.0)[ur(ale) (33)
= z Z){U z Ept Z1€ E)Url Z|€
—/dpt @,t|/dpt(2)p()(|)> (34)
= [ o) o) [1(2)) = By, oo 2:0) () (35)
34 6 34

35

Hr, £ Equation (34) —1TFA13ELA pfgig ATV R, IF7E Equation (34) #| Equation (35) —fTfH T
Equation (6) FJZE X
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85
—— SDXL VAE [ch=4]

—— VAE [ch=8]
VAE [ch=16]

\'\n—*

12 16 20 22
model depth

FID score
[=)] ~ ~ [
w o w o

[=)]
o

5.2.1

FEARFR DT GEd HRE S fEAF A HRmEsrEET R (4 NBEEE, 8 MEEM 16 MEE) LilgREn
FID 734, 40 Section 5.2.1 FATIIEH). GNTiH, 1£ 16 JEIE H gwbidas 2 A)_b I ZRA T 35 2 SR AR A B A REIA 22K
RARIPERE. FEIRE d = 22 I, 8 JEIEM 16 JEIEZ AR ZEEA] DURIE AT, FATES: 16 @ERA, KVBRIMIRZLHRZ
AR SRR N

B.2. B XARF RN
Rombach %, 2022

5.2.1

Rombach % (2022

B BGFR FATTEANE LDM (Rombach 5§, 2022), {HHTIZR B HmIGER1EBESRHFRR RGB Big, =
[N SRAEE T 8, Bt h =2 F1 w =, FAITE Section 5.2 1HN AR d [EHEAT T 5L56, IRETERTES
[F] R FH AT A 2 Equation 2; SRMEFRIR o GBI EISEs D MESEEERZ M X = D(z), Ff1H%Rombach 5
(2022) B771%, HIIZREER 7 £ 2R AN SENREZIT— LB TE, Figure 10 shows how generative model

training for different d evolves as a function of model capacity, as discussed in Section 5.2.1.

Saharia %, 2022b; Balaji 5, 2022
Radford &, 2021
Radford % (2021

Cherti %% (2023

Raffel 5. 2019

4

NAFOR BT EGREENEAERT, BITRHAZATRTTE (Saharia %, 2022b; Balaji %, 2022), H#I
DRI REE SUR BRI IR S5 o TEFRESER A, FBATIEE AR CLIP (Radford 5§, 2021) BBUAIYR 5 8- fh
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PR, BRHL, BATTH CLIP L/14 #8! Radford % (2021) f1 OpenCLIP bigG /14 %! Cherti 5§ (2023)
FISCARGIEEEN o it EEREME L RN R0y 768 F11280), 1HFIAIRIRMTF cvee € R2048, [FIINHZ
B 7T ARG —BREFRREE] CLIP LRSS GLP e RT72018 SRJEH ¢ 9w T5-v1.1-XXL
B (Raffel 5§, 2019) Jrfd eIV BRABRIERR L3, € RT7*4096 IRJ5 IMEEHNE GUP TS 4096 4k AVCAD
T5 R, BT X5, B4, FRIRE LT XERIR cox € RIS, TAMEIRSCATIR cvec T copxt 1%
Section 4 TIASRFHPIAAE 77 2o

B.3. X} Section 5.1 H1925 HH0 75 HITH

Russakovsky . 2014

Changpinyo %, 2021

B B T o DR UER) SOAR S EUGEHE, BA MER P DN EEEEE, B, AT ImageNet £HESE (Russakovsky
% 2014) BOEN XA T EGEIESE, NEG I a photo of a (class name)” HEINAYMIAIAR, HH (class
name) MIZEUGRIRENAFRHRENLIERE, HAh, BATEMEH CC12M BHEE (Changpinyo 5§, 2021) fENHEIE
A AT E G EHREIHTTIIZR,

Loshchilov & Hutter, 2017

Ho & Salimans, 2022

RALFEZLE R, BAVEH AdamW 4L 3% (Loshchilov & Hutter, 2017) Zrr A, 2K/ N
1024, 3% 1071, LMW ECY 1000, BATRABREREINLE, HERFR—MERNERA, ZEIAS 100
MNZRIL X HIEERE 30y (EMA) B —IR, ZREFHN 0.99, A TH7EEBT1F (Ho & Salimans, 2022),
FA LR =D SR Gmtd Zs i A%, RN 46.4

5.1
Lin 5§, 2014

P& Section 5.1FTIR, FAFE COCO-2014 FIESE b (Lin 5, 2014) EHAMFEH CLIP 74(. FID FIKIEHR
RV,

FR AR TR0 AR AR/ 22 22 5 ARKR, - SATHERS TRTRIBR [0, 1) )\ 51 o i HafE_E A 27T
PR,

Radford %%, 2021
Euler. 1768 1
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35

Mmode(t; s = —0.54) ‘ ‘ Tin(t;m=0.0,5=0.5)
it Mmode(t; s = 0.0) | M(t; m=0.0,5=1.0)
35 | Timode(t; s = 0.81) 30 “‘h\ “‘ Tn(t;m = 0.5, 5 = 1.0)

| P Mpoge(t; s =1.29 B mp(t;m= —-0.5,5s=1.0)

Bl 11. The mode (left) and logit-normal (right) distributions that we explore for biasing the sampling of training timesteps.

BATHIR A BRI R RAER AR KL (F2) F logit IS (F) 70,

i smiling siot

leather jacket, a cowboy hat, a kilt

ﬁ ‘
/
“A raccoon wearing iorma cioties

wearing a tophat and holding a

is wearing a

“Two cups of coffee, one with latte

“A bowl of soup that looks like a

cane. The raccoon is holding a monster made out of plasticine” art of a heart. The other has latte .4 5 powtie. The sloth is holding

5
garbage bag. Oil painting in the art of stars. a quarterstaff and a big book. The

style of abstract cubism.” sloth is standing on grass a few

. . . feet in front of a shiny VW van
B 12. Qualitative effects of scaling. Displayed are examples demonstrating the impact of sgaling, frapingsians ( (left

to right: 50k, 200k, 350k, 500k) and model sizes (top to bottom: depth=15, 30, 38) on PartiRsouaptsechigblighiing the
influence of training duration and model complexity.

e MEROR, BoRIIREIER T o8 (MWAERIFS: 50k, 200k, 350k, 500k) AL A/N (M _EZR: depth=15,
30. 38) A PartiPrompts FYRZMA, SRV T I SRFFEEIN [ARIBEEY G Z R0,

different settings: 50 steps with classifier-free-guidance scales 1.0, 2.5, 5.0, and 5, 10, 25 steps with classifier-free-guidance

scale 5.0.

N T IARIIEEARIRFEERIZE FHIRIM, AT RIESER 1000 MEAR, XSRS
JEFIRAES B LG ARR, FAEH CLIP L/14 (Radford %, 2021) Fl CLIP /3 E0FEIXEEREA, FHitHiXLL
FEAR CLIP L/14 BGFHE S BIEE AP RG22 AR FID, AL, FRATALKMEH Equation 1/ Euler BHUfL
(Euler, 1768) FMI/NMIARIEE : 50 # HIL/r K9S58 EN 1.0. 2.5, 5.0 AIRE, P& 5. 10, 25 HHILI
KERGIFIEN 5.0 BIKE,

B.4. YOS IE R EMR LRSS

4 Section 2ATIR, FATHH FIIGRE E MBI B2 51N 7 H I E R 7(t). Figure 11 AJH LT

Section 3.1/ 4EH logit IEARAEMSAIMREBCRIESR I 731, EHSERNEZ, WIRNTE Section 5. 1R, logit

IEARPEBHEEZ MY BERAR (Lin %, 2022) LEREANY #HELZ (W EDM (Karras %, 2022) Fl
LDM-Linear (Rombach 5§, 2022)) HJZRIIEL,
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C. EiEmir it

“a peaceful lakeside landscape with “a book with the words ‘Don’t Panic;j,
migrating herd of sauropods” written on it”

Ll L )

aonTP'A'l{

2B base

2B w/ DPO

8b base

8b w/ DPO

B 13. Comparison between base models and DPO-finetuned models. DPO-finetuning generally results in more aestheti-

cally pleasing samples with better spelling.

SERIBVIAN DPO BUBRVH MLER:, DPO BIRIEA A A 5 LIS 0 ERRREA,

Direct Preference Optimization (DPO) (Rafailov %, 2023) is a technique to finetune LLMs with preference data.
Recently, this method has been adapted to preference finetuning of text-to-image diffusion models (Wallace 3§, 2023). In
this section, we verify that our model is also amenable to preference optimization. In particular, we apply the method
introduced in Wallace % (2023) to our 2B and 8B parameter base model. Rather than finetuning the entire model, we
introduce learnable Low-Rank Adaptation (LoRA) matrices (of rank 128) for all linear layers as is common practice. We
finetune these new parameters for 4k and 2k iteration for the 2B and 8B base model, respectively. We then evaluate
the resulting model in a human preference study using a subset of 128 captions from the Partiprompts set (Yu &, 2022)
(roughly three voter per prompt and comparison). Figure 14 shows that our base models can be effectively tuned for

human preference. Figure 13 shows samples of the respective base models and DPO-finetuned models.

H#Zfmar e (DPO)  (Rafailov 5%, 2023) J2&— R Fl fmr B HIA R IE S HREIR, %77 R miL EW
WS BISOR BB G RO BRI R G0 (Wallace 58, 2023), TEATIHY, FRATIGE 1 BAT TR HIE F T mr (
fto EARH, FRATR Wallace 55 (2023) FAZERITTIEN HTIRAIN 2B F1 8B SEEEI, FATATIHE M
B TR NFERERET I T RS RRRIER. (LoRA) FEFE (R 128), IX2H MR, A5 2B
1 8B HBMIFNXEH SEHGHT T 4k M 2k DOEREIBIE, Fifs, FAMEM Partiprompts 5 (Yu 5%, 2022)
1 128 MEIR AR F& (B MERXARLE =DIHEE) EANFWEFITF RIS T AR, Figure 14
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depth=24 (2B) depth=38 (8B)
base base
w/ DPO 1 w/ DPO

N W B U (o)}
o O o o o

Human Preference [ %

=
o

o

Profnpt Quélity Prdmpt Quélity

B 14.

EEIAN DPO SRR MBI A mLF (G, AEPFAEF SR AN B AR SR 75 T # 4 DPO AR,

R T BATAEAAY AT DU Rt 0 N ImEF AT IR, Figure 13 B/R T8 M EARIUA] DPO FIARBRIHIFEA,

D. TR K EG iR R E

Brooks ¥, 2023; Sheynin %, 2023; Saharia &, 2022a:c

Brooks . 2023

Sheynin . 2023; Saharia %, 2022a
15

Podell %, 2023

YNERFETH52 1 B (5 4w 8 A0 F G BRGSO R LT IR R AR M N IE N U-Net 7, IHEIELEEE
NG ETBE ST B E AR IR R ERE LR (Brooks %%, 2023; Sheynin %, 2023; Saharia 5%, 2022a;c), &
TERAMEFRI %, V)7 amEE SR AR BbR, FHER TR 7 RS TR, BATIE
B E RGBS IRET S W EEEE LR 2B SEEER, IXEEGRET S5 0 2B LT InstructPix2Pix iE%E
(Brooks &, 2023), PANIEE. /r#E], Hfa, EBHIF] ControlNet {155, T Emu Edit 1 Palette (Sheynin
S, 2023; Saharia 5§, 2022a), WE15AR, BATREEENAE KL 2B driEisia B £ 45 7€ BGOSR T RE
RENGESR A QS SORM TS, EFEAMEREBIRIZGET SDXL (Podell 5, 2023) HI4mEHAIN, &
TITCTEE BRI EE R,

E. KRB 2RSSR Es sk 2
E.1. FRHRESHSIAIRA
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Input Output 1 Output 2

Write ”go small
go home”

instead

GO BIG OR GO UNET
is written on
the blackboard

change the
word to
UNOT

make the
sign say
MMDIT rules

B 15. Zero Shot Text manipulation and insertion with the 2B Edit model

A 2B Edit BRI TEREASORRENTA

This comes with two main advantages: (i) The encoders do not need to be available on the GPU during training,
owering the required memory. (ii) The forward encoding pass is skipped during training, saving time and total needec
1 g tl I ] y. (ii) The f 1 ling ! 1 during t g g t 1 total led

compute after the first epoch, see Tab. 7.

TATRIREARUE A 2 D FOIZRAREE I AT E N (B gt S TEHERDSOR S 8 4R) o T IX R IR
NERARIAZE, BATVEBDNEIRETITE R, WRMAIE, H—, FWiEaILHEE GPU LT, BERNT L
Mo HZ, IZRARBOIATARIEERE, 8B epoch JFr] AN AR HEE, W Tab. 7,

This approach has two disadvantages: First, random augmentation for each sample every epoch is not possible and
we use square-center cropping during precomputation of image latents. For finetuning our model at higher resolutions,
we specify a number of aspect ratio buckets, and resize and crop to the closest bucket first and then precompute in that
aspect ratio. Second, the dense output of the text encoders is particularly large, creating additional storage cost and
longer loading times during training (c.f. Tab. 7). We save the embeddings of the language models in half precision, as

we do not observe a deterioration in performance in practice.
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15y NTF [GB]  HiMfERE [ms] T70% kB] & [%)
VAE (Enc) 0.14 2.45 65.5 13.8
CLIP-L 0.49 0.45 121.3 2.6
CLIP-G 2.78 2.77 202.2 15.6
T5 19.05 17.46 630.7 98.3

PRGBS RGPS BERE . NP2 TE GPU BB BRI, AiFIEREN A [ms] RRAHLEA/ NN 32 KD
FEATGAZIBRIN H, IR IR R DMEARRIR DN, W& (%] ZEINE] 2B MMDIT 7% (568ms/it) fEFRH—DIZRAP R
1A TR B )

ZITEAWAEUR: EOE, FREXNEED epoch FRRYRMEAEITRENLIE SR, AR EGEAERTITHEI
FERFIT RGBT, O THEE @ R MRABATRER, B taE 2 Db, SeAER/ N TSI 2 Rk
M, REERTES EE RHET I, HR, SORGRidas R AR, 1SRRI MO 17 (8 AT ZRI TR 3 K
RTINS T (O Tab. 7)o TR EERIFIE S BBIAIIRA, BFINESKERERA A MBI PERER AL,

E.2. BiikE&iciZfe

AR E GBS T, IGEARNIRIZTRESEIFZ A (Somepalli 5%, 2023a; Carlini 5%, 2023;
Somepalli 5, 2023b). N T EERIRATIIZRAUERARIA RE G RZRZEH], FAUFAEM)ISGEIREELEREERN
FEARF R EBR,

Carlini & (2023 Somepalli ¥ (2023a
Pizzi &, 2022

Nichol (2022

ZEMANY %08 Carlini 55 (2023) A1 Somepalli %5 (2023a) FEHITTE, FRA1ERE SSCD (Pizzi %, 2022) 1
HNEBELERE T, SSCD BIAREAMHKE I CES BIGHNERCHER, RS RENEGIRA, FTHTER
R HA FIFESS . FRATHIRE EAE Nichol (2022) SKRIAERIE N, EBAISLEH, |AMEH N = 16,000,

autofaiss (2023 autofaiss (2023
1

BAIFA autofaiss (2023) HATHRI, autofaiss (2023) B—E, RIL T Faiss (Facebook AT FHLIE
HER) HITRKHIBREESERE, B, FRATHIA FAISS &5 T 2REIIZRE A FUE BULEIN B E L&
Flo ZITIEAEXN SAEEEE (WG T SROEHAERE,

1
16b 16a

"https://github. com/facebookresearch/faiss/wiki/The-index-factory
*nttps://github.com/facebookresearch/faiss/wiki/The-index-factory
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Algorithm 1A T RN RETTiE, BATREAT 7LRAEFNF SSCD BEMPRITESEE, W Fig-
ure 16bfiR, £ TIXELER, FATNRZIBITIES T NEME Figure 16a,

E.3. GBATRH TAERRCR

Carlini 5§ (2023) &1 7 — BT EAV BRI B, EPRUETTTEZE B, FFARICAREE I F L pl
HEBPP PR UERY B, Carlini 57 (2023) R THERIRA T EERZGEAR, KOTXEREARHORES AL
A PT REME RE LB, (Somepalli 5, 2023a;a; Lee 5, 2021),

Carlini & (2023

Carlini 2% (2023

Pizzi 5. 2022

T IHEERATET SSCD IETRERMM, FRATENECarlini 5 (2023) MWD B A ZRA0/ NSRRI
BOCAZREAR, H IR B ERTEIEER, FIRIEAWND FEDREOES: 1) (R B DR 77 A 2
TERERIFZAEAR, 2) PUTRC R DURAS R R 8 A i S IR AL BT ZRFEAR 73 B, Algorithm 2257 Carlini 5§
(2023) /R T ERICICAMERKID I, HE, TATSIT TSR, —XHT SD-2.1 A DRI ER
FRIERFEL, —IXHATEA SD2.1 Z2MEFEME SSCD (Pizzi 55, 2022) BEREHHES AL IES FillZrAsia,

Pizzi %, 2022

MM EEAEEFEET SSCD (Pizzi &%, 2022) (H{E 0.5) ) 350,000 NMREENEAR, FMERE
% 500 Mk % PAYE hnid iz A Z BRI R, X T9 BUER, SRR THRAARERENLIA T ri. ro ERIIEEAR
Gen(p;r1) ~q Gen(p;re) 1L, HIZMIUMEEEEEE d T, WAHEREATRERIIGHEARNER], F
TTHHESUE IR ER 1o B AR R R, EEM [, BEEEEABEN AENREER) . MR
X—[A, BATEFIEEIZ K 16 DPRESH 128x128 FH, BUEETHGHE 1, BEE & REE N RGBS,
17
Carlini 2 (2023

Figure 17f&/R T EAEHBIE 0.5 B9 SSCD B PRI MUEEFEARE IR BRI LI, Carlini 5
(2023) RHIR/NA 10 WHIEBIRIC ISR, BAHEEIRR T ARIKIBIR N X TRrAERBIE, SSCD
HRE T W IR E AR R, AR, HHETRVINN 10 I, fEBMEDY 0.5 #Y SSCD AL#EMTHI X EIZRIEA b
IZREY SD BELEIR T IEEICIZALBIFHY 5 (5D,
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Bik1
EREH P EE I

Require: vecs — HNEIBEHIAESR, items —5 vecs MM H ID FIFE, index —H THEEAHE
I RR FAISS &5l, thresh — I EHEEHEHI(E
Hith: dups —HEEZKH ID NES
1: dups < new set()
2: for i < 0 to length(vecs) — 1 do
3:  gs + vecs[i] {HHEIME}

4:  qid ¢ items[i] {HAiZH ID}

5:  lims, D, <+ index.range_search(qs,thresh)
6: if qid € dups then

T continue

8: end if

9:

start + 1lims|0]

10:  end + lims[l]

11:  duplicate indices « I[start : end]
12:  duplicate_ids < new list()

13:  for j in duplicate_indices do

14: if items[j] # qid then

15: duplicate_ids.append(items]j])
16: end if

17:  end for

18:  dups.update(duplicate_ids)
19: end for
20: 18] dups {IRAMEE ID £H
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sor Percentage of Data Removed by Similarity Threshold

< 40 SSCD: Analysis of % removed images 1000 radomly selected clusters
=~
[}
3
c% 30 401
8
v 201 E
g 2
c = 20
g ®
[
a 10 L
10 1
. L . . 0-
0 SSCD_85 SSCD_75 SSCD_65 SSCD_50 098 095 09 085 g 075 07 085 0.5
Similarity Threshold Similarity threshold
(a) (b)
SSCD RE{ERENEURSE EAIRAZLR SSCD KEAE 1000 MHEALE LA FPE{ESS R
A 16.

BATNEIRRAIRELER, WAL IEEIE,

Rk 2

KA s E B A AT IC 2K

Require: fERES P. 8N RAAEREE N, HLWEBE ¢ = 0.15. ICICLBHE T
Ensure: R4 SFEARPHILIZAIEIG

1 ¥ D VIRV EE R SRR S
2: for #MER pe P do
3: fori=1%|N do
4: FRENLRRF 7, ZEREIB Gen(p; ;)
5. end for
6: end for
7. for B—XWAKER 2,2, do
8 if BEES d(x,7;) < € then
9: EE G HiERE «; 1 T
10:  end if
11: end for
12: for G FHIENTT A do
13 SR AR KHE
14:  if HHK/N > T then
15: BRI EIGFRIC IEEC 2 L
16:  end if
17: end for
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8000 —e— Baseline

-#-- SSCD50
7000
6000
5000

4000

3000

Number of cliques

2000

1000 Baseline: 540

0 h ¥ il ek R T Y S,
SSCD50: 95
2 4 6 8 10 12 14
Clique size

Carlini % (2023

35T SSCD MIERFEPG LI, o9 TIFEEATEET SSCD RE LAERCERAM, FRATME Tt B RIIIZRAY MBI i EL
IR, FEHRREHAERIZ R, Bl AH TICICAREARER AL, X T #ABIED 0.5 ) SSCD APRILEHESEHA
ATERIIEDL, Carlini 5§ (2023) ¥HIK/N R 10 FEIBARICICICAFEAR, BATHIRER TAFEREIR AN X TRrAER/NR
{H, SSCD REWSZEF D ICICAEARRTE R, AR, HHEIR/IN 10 B, £ SSCD= 0.5 AUIHIEI R EIIZRHEA _EREA
BRI EICIZAORBIEIR D 5%,
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