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SR TRAREARERM, FIFENNMAVEER MRBF XA K IRTTE"
—MRRBUEENZ: MREE—KTRNER, REMEIRAEME, FRESHTBSIIGSHXMEBREIETIS.
PLE D RXAHHAY:

xy = oyxy 1 + Prey, € ~N(0,1) (1)

XEMz, REREWRTENE, 2 RFEx,  FZINEREHER. o SRR,
Zfa, BIBPRMEERGAN T,  #ikiE, MOLSRAREERNTRERIREIRER:

xy = o1 + Bieg
= ap(p124-2 + Br-1€4-1) + Brer

=... (2)
=(a¢...o0)zo+ (... a)pre1 + (... a3)Baea + - -+ + aufr_1€1-1 + Brer
LA AL I IE A 7 2 A
XFHIGDARKRNIE, RANEMEINDLIER:
al+pi=1 (3)

XARFALE, EH e BEIMSAUIEA0. FEHMIGaussian, TRESIAIGaussianalil, EE—HRFMER TIEH0, FER
1—(at...a1) WObRfSET

(o 02)’ B+ (@ a)By -+ iy + B = 1= (o o) (4)
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= (- -a1)zo+ /1 — (s -a1)’e, & ~N(0,I) (5)
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o B BT I#H9E T
—MEERIEER, S/IMTRUER 1 (2:)FIGT(Ground True)BlHz; 1 FIERECIEES

Loss = [x;-1 — p(x1)|| (6)
B IR
1
m(x:) = a—(xt — Breg(xt, 1)) (7)
t
A LossERERTLASE!:
_ 2 /8? 2
Loss = ||x;-1 — p(xe)[|” = gllet — €g(x, 1)l (8)

n
XEAzAJLGH—SE:
X = X1 + Breg

= oy (1% + Br1€:-1) + Bres (9)
= ayXg + By 1611 + Pres

R

INCIEIEES
Loss = ||e; — eg(ayxo + ayfs_ 1€ 1 + ﬁtet,t)||2 (10)
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T, B ERREANCEERFXNER, JLFFRIEET. B ERNISEI, XM LossEEHE
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4. €

PINBEALEL, IERERSIFERRE, FARREH BN, BEETEICHENZEH—SRD.

BORHRNMERB, 181, e)BIF—AERR,

X, Eq. (10)2H9 aiBi 1€ 1 + Bre; AIUBRIDIN AR AENA RIS, XN ANEREER:
V= (atBtflaﬁt) (11)

GaussianfIZMEEE X —REBE T, RSERHN—FRATILAXEERIZENLRAB, TilviEgTrE:
IVl = y/aiBt, + 8t = A (12)
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itclaudeBIROREE, ABUER

BACEEETRE, BNTENTNIRT, SEFRNITLUSEIXEFICEER:
2

e Pt eyamo+ Bre,t) (13)

¢
ok, FhXEHIE, HMHMEREMERIIIMS A, IBDDPM (Denoising Diffusion Probabilistic Models) HIiI4EfMESHET, %
HHTH R AL ERERIReferenceEB3 5% DDPMIREX 1)

Loss =

2. DDPM(BEERHESHRE)
FEERIERIRAS, BAVSEIT DOPM MIEIR. X—7, RIVGRANROESENRESR—BEE——FENTES, TR
EESEEREBIHEES) DOPM BRMBSARANE. ERRLER, MM TR DDIM BHIHRS,

A BRI ERFFIRAYE (1)

T = oy + Prer, € ~ N(0,1) (1)
Hi—RBEE, o ERa A, B2 AAENGuassian
p(xelxi 1) = N (x5 %1, B71) (14)
FIEE, Eq. (QtIAILURIFEE]:
p(xi|x0) = N (x4; @sxo, B71) (15)

BEALAHIRFEIRR: p(Xi1]x:). HAIEATTLAERIFRRMHERRE:

p(xt|xt71)p(xt71)
p(Xt)

P(thﬂxt) =

XEFEICHN, LEEFRMA
BRERBEE—/IE, AILUBEIEARAITE KR AT (x; 1), EER1TTLIK AR (x; 1]%0):
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32 = 2
P(Xt|Xt—1,X0)P(Xt—1|X0 afBi a-1P
p(xi-1|xt,%0) = (-1 Xo)p(xi1x0) =N | x1; _; X+ = L xq, P (17)
p(xt[x0) Bs Bi Pi
ll'q(XNXO) Jg(t)

XTEXNEMNMECHNEET. MIER—FEE, ECAAFAMURIESREE EA]T
BRAAR (17) AHTRE=NERS T, EEKBTHEENEATHN X0, RIVELERSNELRINNERIIE x, SKFTU_E—ZIFK

B X1,
IR ER HIRFER
. p ?
xl] xll
- NG | FeEME GRal)
hng K
X ,' Xe | X, 'J' Xe
a3 | wEEm EBm %5 | EsEs (B
e l 2 F '|’
: p(x._, | %, x,) .' P(x_, | X, X,)
| BEp. AECGHEH ' x, ik, HELETE
L v EEEiHA y X TEER

BERAZE. FITREEMEE 0(x, t) M x, it x,,
BREITEANGRDHNEELRT

FMEALE, BIIESRERSHESN S EEIBER, Diffusion ModeldAy" Model""RZ&IETER, mXE, BRI/
ERIT ERERNT
Bi(z:) FihEr), WRBIEREEREEMN ORI ERE

[lid:pEIEES

22 — 2 22 2
Plxe-tlxe) ~ Bkt X0 = filxe)) = N <xt1; POy B, ul) (18)
Bt ﬂt Bt

HANEEALIZEq.(18)3iEH TS T, FEBESHMNERTUREMARINER, FUA—RESBETE/LS:

FRERTENESHUAR Eq. (1), BMITLURELRREGREIEREA:

X = d—t(xt - ,Bte) (19)

XX REREATEN xo BFRNELANES € BTN, Bt RATZINBENLE €g(x¢, t) KERTTHMESLIES €, N xo
pfSEIHES S N:

B(x¢) = _L(Xt — Breg(x,t)) (20)

Qi

$8EqQ. (20 NEq. (18), LiE1EE:

2 22 2
P(xe1|%¢) = p(Xi-1]Xe, X0 = [1(%4)) = N (th; ait (Xt - %@(&J))» ﬂtglft I) (21)
t t

XEE, HIIMAB—RIEBHESE TODPM, AT T—MNETNEDDIME T M.
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3. DDIM: EF =AY DDPM ZE(H
DDPMEAZE T RIFINEERE, (BLirFRRREE/NaE, thalk:

(J Important

HEIERORHR, KIRRISHLATLIGEHRRIZIRCHER, Faebs

HIUX M AR ERA T NS SIRARE N ——, {82 DDPM KSR p(z:1|z:) 2EETMHEATIM p(2:|2: 1) #EHKN, X
MRARBEERBI—L, IRIEEED.

[E3LE DDPM HIHES:, BAEMBEEXND/RAARIZD?
FREHSERRETHA:
o p(a¢|zo) = N(xy; ayzo, BH) — AT
o p(zi1lwo) = N(zio1; 1o, Bi 1) — BT
o p(ze|zi 1) — REATESUHIAREELER, FEREIEREHREARE

EEER, p(zize 1) B—MPEIR, FA2EMN. BERERTEMERS p(2 1|2, zo) KA, MREEEAITHSIHRERMNI
/\ﬁ

By

BRLLERAIEIFIE. (15), BE:
o L8F p(at|wo) Fp(zi_1|xo), BLER p(xr 1|2, o) BEZHI?
MEBBRARRAFS:

/p(mt—ﬂwt,mo)P(«Tt|mo)d9«‘t = p(x-1|z0) (22)

Eq. (18), FAWES (2 1]2e, z0) HERAGaussianDh, HIIAHESRFERBRISIRRE]. (22)

p(zi-1|zo) = N (w415 G120, B, T)
wt\mo N (z¢; asg, B21) (23)
p(zi-1]me, ©0) = N (24-1; Kewy + Ao, 07 1)

F—IME _IMEZEFELRIZT T, Eq. 23)RESINT Kk, ¢, 0 X=NMEFERE
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EEAEEq. (22)F0Eq. (23)BX&KAR, ATLUSE!:
Q1 = KO + A
_ - (24)
Bi1 =\ KB + o}

BFRMNDTp(ze|z:1)OLQR, FLRMAFEHUKDDPM— BB HIXBIEERE, BITRBA: KRRk FN
B?—l —a}
22 2

B _ t—-1 Ot
At =01 — Q¢

Bt

HESH

/72 2 /72 2
Bi1—o; B B Bi1—o;
— Tttt |1

2
l?(),O'tI (26)
: Bt

P(mt71|$t, $0) =N | zq;

ok, MEIXAMNNTF, PUENIBETHIEq. (17)—HAIERE: SEIRTFHIEMERA T xo. BROMEEREDR: BL()RMEEr. B
ZRIAPEEHIRIRHITT .

RERITEEETLISE:

p(xi1|ze) = p(@i1|ze, zo = B(xe))
=N <$t1; ait (fUt - (,Bt ALY, B?,l - U?) fe(mt, t)) s U?I) (27)

BFEq. CNIERET, ST NTLUETHESH o, HERXMSH, BRTHRIEXNMNEEFIAIREIAOBEEERIRRT :
BATARIRINER L M FRAIEE:

_ BB
1.0¢ = 7,

XABUEFAEq. Q7)ITE—T, FJLMEEFIEq. 21)RE—HAER, FRLUEDDPMERLDDIMA—FFHItEARERT
2.0y = 0

Loy = 0 R9BMR, Eq. QORIBEMEROT, HHMBRCEM T — MEEMERE. IRTLUHRIBRZIL G, RONSHHE
’Yy.

4. Score-Based Model: NNES&ZEELE
MBI EEESNREMES——T SN, ¢ X8, SHEANETFH. EELHNBIREFSE $145. 828" XENZIEL
7. BARER—MNESTHANTTE.

MRFANWELH T HRFESS, ILB—LRER), BEAID/REREME T —FRELATIE, FTLARSDERER. X MIAIIFLTRR
2"BfifE'——Tit DDPM, DDIM LIREZ ARG — T E— N SENARSEIEE, AR SHESH TEREMISEIR.

HAIAGIERIITRE (ETREFTINE) FHTNTEE:

dz = fi(z)dt + gidw (28)
W
Trine — oy = fo(z) At + gV Ate, €~ N(0,1) (29)
® Note

XEEEZ EARTEAL, TLISEWiener Processes — Econ 236 2016.03.28 documentation

BEq. Q9)SRfEZ, BMALIEE!:

P(Xeiaelxe) = N (xera % + £ (x0) At, g7 AtT)

|xerae — % — Fi(xe) At|? (30)
oxexp | — 207D
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RERBE AN AESHRT AT, HEDDPMEERIESIRAMAVEE—+, FERRITHR:

P(Xtyat|Xe)p(xt) _

P(X¢|Xpyat) = ——F———= = p(X¢sae|x¢) exp(log p(x;) — log p(Xi4at))
p(xt+At) (31)
x exp < ||Xt+At — Xt — ft(xt)At||2 N logp(Xt) B logp(Xt At))
2g2 At -
FHMRAHANEAE:
—x; — |f — g2V, 1 Atl?
p(xt‘xt+At) o exp ( th-‘rAt Xt [ t(Xt) - gt t ng(xt)] H + O(At)) (32)
2g; At
B At — 05, O(At) — 0 Fi/EA, HEit:
[%epa0 — %¢ — [fi(x¢) — 97V, log p(x¢ )| At|?
p(xt|xtrat) o exp | — B
2g; At (33)
% — x¢rae + [frrae(Xerat) — g?+Atht+At logp(xt+At)]At||2
~exp | —
29?+AtAt
BD p(3¢e 0 ) I —MIEA X ar — [Frrae(Xera0) — 97 aVioa 108D (X1 a0)| AL, HSER g2, 5 AT ESHT. B
At — 0 B9#RFR, BBAXIMTF SDE:
dx = [fi(x) — g} Vxlogpi(x)]dt + g;dw (34)
XA SDEFENEFE HEETRT$E R (Fmdi2) k.
T, EEIBNRR, BICHAIA—ESFREE)I14R, MR VEESENXEp, (x)#Iscore function, BITTREEEITEFREHAITEY, X2
eESE. R, XEBNELER:
IHEBIEE—ANsg (24, t) = V,, log pe(zy)
BRIRRRER SR
L0ss = Ex, x,wp(x, xo)ixo) [186(%1,t) — Vx, log p(x[x0) 7] (35)

Eith, FINBERT—MRfancylIERIEESESIIRE, Bt TRIRERIRNBE:
1.DDPM RES a7 + 7 = 1 Bi—M50l, XBENFIsHRRLSERE. FEENE, T EHHrBEBSH.

2. DDPMFIDDIMAIMLEF S BintlRELE R z) (&) , mScore-Based ModelllZscore function, BIZHRIERAREITHER
EBHSE, XE—EBER/VISNHNE. XABHEIINE. &5 RRRokiE.



Aft4i¥m SDE £ E score function
ZEE -pix) EESEE, DORESES

HREEASRRITTE

& E#EE

- tdw ¥ log p-t(x_t)
(FEHERS) (score function)

TRBEAR
f_t(x) — g* t Viog p_t(x)

aiE: B+ RS, x t ENAEIES
i¥FE: F score function {21IE:E# AR, 31F x_t B SHEERE

Q Tip
AR ORI AR AIEX N sdef2 BRI B R DDIM— A — M RILIAT Yo,
]| Scientific SpacesiIXMEREBLEH THRIERAITIC, RIBREIFSAEAT .

5. Flow Matching: MEEEELEE
BIJLHEAIN DDPM ik, RH T "B — 5 — SDE"XK, S—S#miERE AR —4E:
o HA IR ERIETE.

BANRBHEE, T EUEESR T — M E——BSEX T — ISR, BAXMNIEERMEHEMRIE. Score-Based RIEAZ A 1iE
A9, /2 SDE kAR~ M.

XANGRER VB EBRHAUN, (BRI 1B A R

1L B (JLPAIRRS) |, REESEF—MNIFATRIERES (N —KBENAEFERNS KRR RS
E)  (EXEROXBEAIRERREA.

2. fEEDHER latent £, BIMNNERAY"BERL SNREARR ¢ LRBEREE. 39—k 1024 x 1024 fENNRELLEIAIERRS, 3t
256 x 256 E"RIMEERE", EASMEESES.

ABRERRETIRASRXANE? BRAR VEERIRE NIRFEIEIE 1—RIRE, BEARERT SDE, EIRTRMIXRIRE?

[EZ] Score-Based £&5HAHEZR 7 ODE:
92
dz = | fi(z) — éVIogpt(:c) dt (36)
EERFEN]: REE7T score function, FIRJLUEITIX ODE 1BIRFEZTMEIE. Score-Based FUMLRS S score, BLEIX/ ODE, {B
ODE ABMIF A B JHSIHAEF — BN ON R 2 THEMIYEE: 1B py (1BF) EHbk p1 (BUE) .
FRUA—EEZENEER: BhdT SDE X—EHE4Es, EiERiH=EeE p INNNRER. FXL, B3R o wE:

dei(z)
dt

= v(gu(@), ), o(a) =2 (37)

RE ¢ 888 po HERL p1, ERESHTTRT .
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P B —RBEBE p, (t € [0,1]) , HEIHEHAES v Sy
o F"'- £ - @ | ™ )
{ %‘@’ B | " EER ) ‘@ 4
@ -»> | i —> ® @ — p _— <)
-l = L
!, E_?E e 8 \‘
SR d i iz HERE - e
anm | o —up(h@), ) dole) =z | o REROSE R b
AUSE A E SRR B RIS
ARSI SHEE S BT R w7 RS SIEEIRERas
L =E xt,pi(x)|ve(z,t) — us(z)? (38)

FEHEATER DG MR (7) , EEHRITENEREENUEST ¢, XD costBTTARESZ.

A NE2IEFEDDPM MZHESIRAAIRIS: FEHE.
XHESCA AR —ME ARG
* RBE—/ EBMBBRMRL—E, SHTFERERSBHRESERL—S
Bifkiit, AEEEAIMERER, MEREE NEFEARE MIEHIER o "RHHRE
pi(z]z1) ZN(w;ut(wl),Ut(wl)QI) (39)
HEEAZOKE, AESOKKMER, SINERMEERAIERIILER.

IELLRA T CRHES Loss, BEIABERNE 7 HRMHIEEEq. (39), FTANLUSERIFRIERERIEIRTE :

Yi(xolzr) = ov(z1)zo + (1) (40)
Hehzy ~ N (0, I 2iRtEIRS.
BRAREFHEITE]Q. (40)RNS:
weler) = 22D 0 @) + (e (41)
oi(zy)

EE—IN#EREEE Y. EX Conditional Flow Matching (CFM) Loss:
Lerm(0) = Eo,1)01~aen) (o) [V8(2t, 1) — we(ze|z1) |2 (42)
BIBRIAL 1y, 0 BRIRITEHE,

MRS pi(z1) = @141, 0 = B1-y, RN EQ. (41) HESHFRAILEEFD Score-Based #E=Eik ODE 22— ——FfLiScore-Based & FM
BO—AMSEY, IXFERIE FM HEZ2 T3)II45EL Score Matching BBia%E, ENEFFT score £ ¢ — 0 BRI EIRVERYRIRR,

EEREREEMHAIOT BiE——IDETEMEMRN:

pe(z1) =t -z, or=1-1t (43)
IR R e R AT HEE
’l,/)t(iL‘o|$1) = (1 — t).’L‘() + t:El (44)
N Eq. (41) (fE, REREHTH:
ui(z|zy) = e (45)

1-—-1¢



H—SIEXMEERER = (1 — t)zo + to; EKE:
u(ze|zr) = 21 — 20 (46)
FTLAEREE CFM I BiR SR E S :
Lorm(60) = Er gz, |[vo(2e, t) — (21 — o) (47)

REQAESMU—NEEEE, Nz 8z, NRE, XEER ERRSE

FEIBN—RE: M EUARTKRBIER ODE, BEMNI——E—MER z¢ —BEME— 71,

XERFE MR, ESPRAHRIR, ATLUE ODE Fk[E] SDE:

dz = vg(z, t)dt + ordw (48)
FIRFPRE MR ODE, MIEFEEHSE SDE 1228,
1. Score-Based (SDE) tEZ2 2. Flow Matching (FM) #E22
P SDE PRV ARE (Zih) WEHEMNEERT (HEZ)
X Xy Xy Xy Xy Xy
e
“.--. p-.,'
IR DT BB
(HSEENR) (F=HA) (E3LHUR)
HRBHA? IR R RRISH4? BRULE I
- score function (KfEH) | « HEE SDERE (VPIVE H) REH (REER) |- BEARMGT (0T 55%)
/ < = il Lo BB EHEY / _day L MBRES
. =8P 1L mmRS) ODE (SRR SDE) =) =5 - ROEE (BREBE)
- EEEESEE L BEBRERZSE (LH-NEH) - HRERBGEAR | - ARERMIS (4-20%)
30 VP-SDE BIAFRMIE (£ x, ): N OT BERE (FH4 2 )
x = \@Ilﬁ» 1-a;e, e ~N(0,I) zy = (1-t)xg + tz
HEWSE + AEZL - NBEH WERE + AEEM - WEEZ
o ﬁﬂ‘?‘ifﬁi?tb
| HE Score-Based (SDE) \ Flow Matching (FM)
‘ FHHR score (#E) s;(x) = Viogps(x) EE v(x) = d;—;
E@ﬁ?ﬁ Zdy ([ SDE BEURE) B 7(3J$i£i§il m OI’,
: IE =Ky —(x—p)/o 2 Uht lBEX, ISHTEE) ! _,xo,(ﬁﬁﬁtﬂ’i ﬂl@%ﬁt s
FEEME ﬁﬁ‘:%ﬁﬂﬂ, %rﬁﬁﬁﬂiﬁi‘gj B2 BiZEY, BECERIR], 3
B {E09RIR) SDE (3 WFHT, BEZH) Ty RIERS T, . BRTNES

—Flow matching AR L,

EtY, BRAIEEKERIM DDPM ST FM, &k, XEKRE: BEHD/RTUKE — RHEREISIRE (DDPM) — XiED/RAIKES
(DDIM) — J&E&E SDE + score @&l (Score-Based) — EHIFigIHHIEIRE + RHMELW (Flow Matching) . —SEERIAENR
#, ™ FM BRISXKE RIS, TR FREENES.

LS s MRy IERR -
1. MR —KtextiZHRIE A

BRI —EEBEFEER", EXREENR E—RERIK ERE XSRS,

[RIB ERIMERE—4: IBRILEM vo(zy, ) B vo (24, ¢, ), Eh c BXAEME (—HEM CLIP/TS Z5)I145 encoder BIHSRAY token
embedding) . JlIZB#RF0 Eq. (47) JLF—HF:

L =By mr.0qllvo(@s, b, ¢) — (21— 20)|” (49)
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(BREIFER)IGH, XASEHENZ—TANER, SEERFENRIHE NS IREHE, XEMER N Britext featureiE AR
B

Cross-Attention
BNGENEERRE, Rt/ REEKNEEIER, LTHRENANEHEH?
BREYG AR EANRERETRRMIBER, XARIEA"IMNBMEEIR"HIE cross-attention B:

Attn(Q, K, V) = softmax (QKT )V (50)
T Vdy,
XENQREEIER, KVRBXA
@ ) Latent Space | (Conditioning
iffusi ] Femantﬁ
@_E Diffusion Process —)l e
z “’ Denoising U-Net €g 7 Text
Repres
entations
il
. . To
LD[:]_‘ & A ""r

denoising step crossattention  switch  skip connection concat =/
ALSEXKIDMINE R, &ABHEXRENISG.
RN TEE M,

—EXNFFEEEREMEBEEEN: CLIP/TS R5e2/E, XA embedding 7E24 UNet EfiBEEAE T, REGWEGREER, F2ET
LRz, EAREC. SD3 IEMIEXR—REENERRHMNY Bt —BGIUENE, EXFERZEGRIRE.

“RXFHMEISRHESEAIF: SCAMEE CLIP/TS ARENESE, EREE VAE BIMRE=SE), cross-attention § Wk, Wy BXXA4RE]
EG=EEEH, BXRENMEMHRS, MIFREME.

PR E— BRI ESATIEGAHINTTE, AMEANBRIZRAANFT .
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MMDIT

( siLu ) ( SIiLU )
( Linear ) i Linear )
— oE——
( Layernorm ) ( Layernorm )
:(Mod:a{--+ﬂc) (Mod:az-o+ﬁz)::
& .<~
. ( | Linlear ) ( | Linllear )
Mo, | Noam, h”?lm_h ‘J“%"n -
: o
‘ 0 K |4
Attention
I
Lmear Lmear
( Layernorm ) ( Layernorm
ZKMod.éc e+ e, (Mod& -+e$
@ —— @
-© :(i 5 %: ©-

MMDITRIH A R E R :

(b) One MM-DiT block
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o BEFAtransformerfEZAESHANFMAAAIFH, KA GECCSBEIERER
Bk, #EIEIA token FEHE token $1EIE— sequence B2, 7 self-attention,

1 # i

2 # x_img: K% token, shape [B, N_img, D]

3 # x_txt: XA token, shape [B, N_txt, D]

4 # vy %fFE (timestep + pooled text), shape [B, D]

5

6 def MMDiT_Block(x_img, x_txt, y):

7 # SN y #HACHK—%E modulation &%

8 o_img, B_img, y_img, «'_img, B'_img, y'_img = MLP_img(y)
9 o_txt, B_txt, y_txt, o«'_txt, B'_txt, y'_txt = MLP_txt(y)
10

11 # ---- Joint Attention ----

12 # A% E O LayerNorm + modulation

13 h_img = (1 + a_img) * LN(x_img) + P_img

14 h_txt = (1 + o_txt) * LN(x_txt) + B_txt

15

16 # BESEECH Qkv BEHRE (RS F)

17 q_img, k_img, v_img = QKvV_img(h_img)

18 g_txt, k_txt, v_txt = QKV_txt(h_txt)

19

20 # 1f sequence 4% Lytitisk, fi—IkEtA self-attention

21 Q = concat([g_img, g_txt], dim=seq)

22 K = concat([k_img, k_txt], dim=seq)

23 V = concat([v_img, v_txt], dim=seq)

24 attn = softmax(Q @ K.T / sqrt(d)) @ v # « MMDIT MRZC>
25

26 # RIEIH

27 attn_img, attn_txt = split(attn, [N_img, N_txt])

28

29 # BZ + #%HM output projection (gated)

30 x_img = x_img + y_img * Proj_img(attn_img)

31 X_txt = Xx_txt + y_txt * Proj_txt(attn_txt)

32

33 # ---- FFN (LR &H—8) ----

34 x_img = x_img + y'_img * FFN_img((1l + «'_img) * LN(x_img) + B'_img)
35 X_txt = x_txt + y'_txt * FFEN_txt((l + o'_txt) * LN(x_txt) + B'_txt)
36

37 return x_img, Xx_txt

AILABIXA MG

ALUX AR S AT RHIEERE = BRTtransformer block, REHattentionEARET™MER, Xf#icross atteniondIFINAJ :
1. XFFMEEREMERERBEE: Ml AHHIESME EERIINRARE
2. XFFHEIGENSFIEZERIST: (FAEX MEREL N ATEGAMTENEN, XREEMNERS, BAIESENTHMET T

2. cfgBfta

E#sectioniHE TUMTNZEM EINANAIES:, (BELER Eq. (49) JIESRAVEELESEIE S folowBEIEAREYF . 1EFITEH O FAR:

Eq. (35) LHERFAIR KM score V, log p(z|c) (XEZsdefIH—E2M, MAFME—HERY, BAURIATLL) |, BRI
FENXFFMG, BRRIRIERN, BRENEFIREEP—RIXAF4E?

FRICRAHERIFTT

log p(x|c) = log p(x) + log p(c|x) — logp(c)

BE—REH, RXSZFTE:

Vi logp(x|c) = Vxlogp(x) + Vxlogp(c|x)

%1 score T4t score 43%#: 31 (Guidance)

WMEABNNRS KBMES, BEREREEEog p(c|x)BEMMNAT 1 HREHF T :
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Vxlogpu(x|c) = Vi logp(x) + (1 + w)Vx log p(c|x) (53)

EMNBERDTRE
pu(x|c) o p(x) - p(efx) (54)
NIXEMog p(c|x)iFBEELSHEFITEAN, HELEq. (52) B4 HTENNRIRERN:
Vxlogp(c|x) = Vxlogp(x|c) — Vi logp(x) (55)
Gy REBRIE (731 7) 4 %1 score oAt score

AURTERRY BUEEE SR ——RIER TR HNNE, EERAFHREHIMNLE,
BHAEQ. (53)

Dg(x4,t,¢) = (1 4+ w) - va(xy, t, ) — w - vg(xy, T, 0) (56)
FTLASAEHERAORHR, REER—BHRGNNG, BRE—IBAHRNNEHNokT , TEARE)IEMEEHEEEEIEFATinstruction

followingggA.,

Figure 2: The effect of guidance on a mixture of three Gaussians, each mixture component represent-
ing data conditioned on a class. The leftmost plot is the non-guided marginal density. Left to right
are densities of mixtures of normalized guided conditionals with increasing guidance strength.

Guidence MR Z SBRIEERES Th

HLfgRXBIRRER: eBMNEm, FRinferencefIFMZERERMIE, XtfcostoBE, FRLIIEREinference costRBURAIE,
MNEEFTLUI— M ERBIBNRERR v, ITEEEEH CFG ZEHNER:

vzt t,¢) &~ Vg, t,¢) = (1 + w) - vg(@y, ¢, ¢) — w - vg(e, t,0) (57)
XHE) || H SRAEEL T BB wiBRIDH TIE, BiE:
vp(Tt, t, e, w) & Tg(xe, t,¢) = (14 w) - vo(@y, ty¢) — w - vg(zy, t, 0) (58)

BwHp— MBS, XEREISRINEES w il FA9RET, RN w BRSO REERS.

3. At Zinference IS EFNIGEA—E
NSRS — M Chapter EEAEAIERS T, KEKCA—T:
Bk, AHASEXANEGE, EHRIMESFAESDODPMARHE (BERIRA) |, EET U, XA HRERLEHH,

TIfEDDIMERHR IS 7 B/RATKRIR, B NIRRT MNARD T p(2|zo) F p(2i—1]z0). EQ. (27) BEY 0y = 0 BB MEHIRIMAIFHE
TREMEDERIE,

ESDE/FMEEHLZ 5, BERBSHIXMITT, REEEHIRFIEE. R4t R ODE/SDE solver fUiEE, ETANARSS
gD SR, —RIAAERNRE:

1. HEEERER
2. HEELZ (KRE

ETEACHEELSHEN L HEFERE. EE1 8, BEE—HE—NEEN" PTERSINE".
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HRHE

BIER N chapterfiIBAEpRELAIBKES, THEBXS /L MEXAILLR AR BRI AL E S
EASNHENGERSZ, RERRE, XERRLEERRENITENE—T

1. DEERESNE

Consistency Models
WMRFAEEEAllow matchinglB—EMOLEERLER, SBTAERE?
EF8—T FM RO IRENERELD vo(z/, ). ERRIERH— ODE (Eq. 37):

BINFAMBERIALE, EO->1HIREBERRENR, RIESRREELSH—IE, N X, SEEGHE, BRREN/\, ERE
.

Ty, = Ty, + (tp_1 — tg) - va(Ts,, tr) (57)
BRANSREAVE N Bi/E (N =1) B2
zo =7 — T - vg(zr,T) (58)
B 7 /IR TR ENRIERE, EESXANARFLVSINK T SUBA, BETRIRESR ODE 2—KREL%, YUARSINRE,
® caution

XETTRERERD, RIIZRIEESFMAEE, FAELBIAODEMsdefi—EMt, E—RRIRINEL TS, EESIOT BRE AR
EHRS HRASEIFIT 28R, FJLsE:

[2209.03003] Flow Straight and Fast: Learning to Generate and Transfer Data with Rectified Flow

BRANERFEANLMEBEEZLBERR? Bk, MICTHUIEZERE", MEICEESFMRRESEIE"
flze, t) — g (59)
XiEg—EEBconsistentAE— M BIFi—REZNE R 5o,

—— True ODE trajectory - ® - Multi-step (Euler) - - - 1-step approximation

Uﬁ'(sz T)

SERIEARERES, it fo(x:,t) BRESLM X0, LossHAERIZERT :
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ECD = Et,wg,z1||f0($t,t) - m()”z (60)

IXEHE—NERATEFlow matching SectionMEiSHYIEIER:

o HEXRIRMRH, o NFRNIFS, BER— x;, WEH xo BELAMTLE

XA I R A RIRHRSERTTHAT,  FtkAConsistency ModelsHIfiE R B4R E 3 BARE RS EERTLIR:

o ERFE—K ODE U LRIIBSMTR, B fH ZERHEFIR—MER.

TRIEEQ. (58), FATAILAB AN TRISEMENILIZRLoss:

['CD =K Ly — tk+1 : U9($tk>1,tk+1) - (jtk - tk * Vg- (:L'tmtk)) (61)

M try1 TNE o E—HIE, Mty TN o

Hert  f9HESIRMEQ. (57)
Q Tip

FElossEBHIT — MR vy, SEE—rick, ATIIGNEENE. vy FESHEER, KUSBIEMARTAMEPT—
NHpolicy, BEFATA:

0" —po + (1 —p)d (62)

o0k, BeAIHGntsk— P MENE EER—RERET xoAIMES, HERRRHRRFEME]. (S8)mAe—S15RIER

CMigXHF—E 4 E I case

MeanFlow

RECMEDEER EBEITRM, Eilg g E— MBS loss BY target SRE vg-, M1 0~ AEXE 0 B EMA (RLEEE—
HECHTELRNBR) . ETRNMBIXEMeanFlowNMVESIE Birfitk, 8Y)II64RA T — A8 ground-truth R9IIZR B,

ERAIEIERIEG. (47), WBEREMLSHYD, MEFL (L1 — tp)VEX, ERRURINNENER, —EREMUENERE v, XHS
TR —EECEREREITHT, R EER TR AR S L RAN AR,
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/

t=20.5 t=0.7 t=1.0

Figure 3: The field of average velocity u(z,r,t). Leftmost: While the instantaneous velocity
v determines the tangent direction of the path, the average velocity u(z,r,t), defined in Eq. (3),
is generally not aligned with v. The average velocity is aligned with the displacement, which is
(t — r)u(z,r,t). Right three subplots: The field u(z,r,t) is conditioned on both 7 and ¢, and is
shown here for t = 0.5, 0.7, and 1.0.

B _EFEfRTEvelocity field_FBRRTFITEIRX B
B, MNER EH, EEEXMESBERNEFYEE, BiTHMX M motivationtik, EilEE—MUSEIBIFHFIEEEMIER

MEq. (ANHER, HIRFRFER— U0 TODE:

d
% = vg(z4, t) (63)
EIRATRETRFIOEE, ELREEEMOER M R :
t 1 t
Ty — Ty = / vg(x,, T)dT = (t — 1) X P / vg(z,, 7)dT (64)
BUET, DOmEmEIrfIHIEET
1 t
ug(zy, 7, t) = P / vg(x,, T)dT (65)

NEEMAIEEEICARERE T, EATERRIHRARET, FIXvd T, RERNBv BuH{TEIR, BABMEHTHIE
HEERRART.

BERGNILE, #BEq. (65)HiEZ/E15E!:

d
vo(x, t) = ug(xy, 7, t) + (£ — r)ﬁue(mt, 7, t)

d(Et 0
dt &ct

(66)

= ug(xs,r,t) + (t—1) [ ug(xy,r,t) + %ue(act, T, t)}

MR FHA, ?*zﬂl RET™— dft' THVET , (ESFISARIGX NSRS T ZIRBRAT R, Rt Rt R R R EE ue (24, ¢, 1)
. HAEq. (47)81%5:

ot

0 0
Er ¢ a0z, [ ug(xy,r,t) + (t—7) [u(;(:ct,t, t) - 8—%11,9(:13“7', t) + —up(xy, 7, t)] —(®1 — =)

2] (67)

I HEHOERA R AISX AR B e (X1, 1, 1) — (21 — o0 AR, XERAFENEDEOKERATNBER T, REBERTIEN
NGEIERFIFXMER, AL RER I LB T FEE, SEhr EFBERE A EEXE,

ISR, H5TERLAREq. (67)RIIGMEE,, NIFR EATHMIGZNEER, SEFE TEXMIEGER, S0—Rforwardhy
cost (/DE—RuU)

2

] (68)

Ef,t@o,ml U

0 0
ug(zs,7,t) + (t — 7)sg |(x1 — =) - 87”9(51575’7'7 t) + aua(mtﬂ", t)] — (=1 — @)
t



Figure 5: 1-NFE Generation Results. We show curated examples of class-conditional generation on
ImageNet 256 x256 using our 1-NFE model (MeanFlow-XL/2, 3.43 FID).
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® Note
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fbIEIA AT LRI AT :

max By pyr[r(2,y)] — BD Ll (y|2)||mres (y|2)] (69)

BBIRTTREL (9520l HTRLR T fE A AR AL 3 A — 3

o EFEE: r(z,y) (HF x 7 prompt, y A response)
o ELEHERY: 7. f(y|x)
o IZHERL: 7(y|x)
EWLER, AEEMEIRIES:
1. BRI SRIS AR IFE RN BE (1888 Sreward)


https://arxiv.org/abs/2206.00927
https://arxiv.org/abs/2206.00927
https://arxiv.org/abs/2206.00927
https://arxiv.org/abs/2404.04057
https://arxiv.org/abs/2404.04057
https://arxiv.org/abs/2404.04057
https://arxiv.org/abs/2404.04057
https://arxiv.org/abs/2404.04057
af://n471
af://n474
https://www.bilibili.com/video/BV1GF4m1L7Nt/?spm_id_from=333.337.search-card.all.click&vd_source=ebbcbab1a5c1144d80f0ac0be20efca9
https://www.bilibili.com/video/BV1GF4m1L7Nt/?spm_id_from=333.337.search-card.all.click&vd_source=ebbcbab1a5c1144d80f0ac0be20efca9
https://www.bilibili.com/video/BV1GF4m1L7Nt/?spm_id_from=333.337.search-card.all.click&vd_source=ebbcbab1a5c1144d80f0ac0be20efca9

2. IHERIARET RS, SHEERfIhacking (KLIR)

Agexlal, ARiigBreward modelld, XEAMLUMIAMHLAEREREr (BEFHNERSEIESNDE) | XERAX
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3 x_t_w = add_noise(x_w, noise, t)
4 x_t_T = add_noise(x_1, noise, t)
5
6  # VUkmTm: B x 2%, winner x loser
7 err_w_model = ||model(x_t_w, c, t) - noise||A2
8 err_1_model = ||model(x_t_1, c, t) - noise||A2
9 err_w_ref = ||ref(x_t_w, c, t) - noise| |A2
10 err_1_ref = ||ref(x_t_1, c, t) - noise| |A2
11
12 1inside = -beta * ((err_w_model - err_w_ref) - (err_1_model - err_1_ref))

13 loss = -Tog(sigmoid(inside))

EeimEEl B0) |1 5SHR, MESEIEEN—IRAIRE. BTN, ERCEREEN IEEIES 1 R T WFFARRT .

Flow GRPO (on-policy)

FADPOMERSHY, FfiIZE—on-policyAITTiEFAGIF, MARRIATESRE, XFXXPORJon-policy/TixRAEZ KT,
XETTERAEEHIcost EXTFDPO, {BRMAIFLENISSIRRBEIATIENER, RAFEE—DREMERAIpromptiHiTT .
£ZB1GRPO

EAIMVIMBEEXRTERS T, KRMASMER, XERT —LEXHEE, EFTER:

e Building DeepSeek R1 from Scratch Using Python |_by Fareed Khan |_Level Up Coding

e FareedKhan-dev/train-deepseek-r1: Building DeepSeek R1 from Scratch
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https://levelup.gitconnected.com/building-deepseek-r1-from-scratch-using-python-a967fbfdaac4?gi=4625b872d131
https://github.com/FareedKhan-dev/train-deepseek-r1

Reinforcement learning: Form QLearing to DAPO

5|\ T mini batch, kIgtELsR

GRPO DAPO

T2tk
0 Learn o g, Policy Gradient fé%g;%lgg modelfy VC_,DPO
= lAPO
...... SEMLURT S Moss BT model
Value based TIQPO — IDPO DPO
KL and Clip Version TRYSFT
Policy based

Complex Original Equation ee

o
G
max E, ,. Z min (r; A;, clip(r;, 1 — €, 1 + €) A;) — BDkwL(7p]||Tref)

0
i=1
Our Simplified Form (’,_‘t*)
1 ™
OverallGoal = — Z (RewardPart; — StayStablePart,)

n <
=1

RewardPart = SmallerOf (ChangeRatio x Advantage) and SmallerOf (LimitedChangeRatio x Advantag%)

A Score — Average Score of G
nswer’s Score VEEES DCOTE OF. LToup —%W Much Better Score

Spread of Scores in Group

Chance of Answer with Old Model
Chance of Answer with New Model

— How Much Chance Changed

Limit (ChangeRatio, Between (1 — €, 1 + ¢)) — Change Ratio, but Limited

1 G 1 |oi]
EZ|01|

i=1 t=1

Jarro(0) = Eop(q), {0,)¢ ,~ms,y (1)

7r9(0i,t | q, 0i,<t)
ﬂ-&ald(oi7t | q, Oi,<t)

r; —mean({ry,r2,...,7¢})
std({r1,72,...,7¢})

Ti,t(g) =

Ay =

(mm (ria( G)Alt, clip(ri+(0),1 —e,1+ E)Ai,t) — ﬂDKL[W9||WTef]>]

(10



Eq. 1022 BAKZIIGRPOGIET , FEAERAMESRE, S MFSHIS NATLUXFHRRE:
1. mo BRATEEURISEL (RER)
2. my,,, X gradient accumulatefbatcheh, EERIREISEL (5RER)
3. e IRIRETHAYIGAMEEISE (XE RN T IHIL)ISEA0MEEFRIREIERS)
4.r: B—MAE (ERER) BHEDE, 2—1EH

Prompt: A photo of four cups.

i Policy ( Group Relative Policy Optimization )

Optimization i '
SDE Sampling L @ & Flow Matching T2I ModelJ €=-=—===== JL Irtow—crro = Jetip — BDxu(Mo | Tayy,) |
,,,,,,,,,,,,,,,,,,,,,,,,,, /
Advantages
5
T
[ Group Computation }
t
Rewards

\ J

Vo o

g (atlst)

Function

s

A | AW A )

Wow, few-step, low-quality
samples suffice for RL

L Denoising Reduction (T = 10)

fE8Askis, Flow GRPORIENIGRATERE:
1. WFE—" prompt, ERIFEKF—HAIER
2. FB— Reward Function/Model3E3HX—4BE K5 TiED
3. EfSY, IMREERZENITYESNER
WMIEIRESIX =4,

HINEHIEFHAILUEL, BN low matchingBPEERISHEZME A, THMAAIES TMEREEAM, HRZORERE:
o FNMETRIER— prompt, &£p—BEFERER.
HEX—mfEEq. (48)HEREH T EE:
dz = vg(z,t)dt + ordw (48)

Flow MatchingEffdecode’s=\, —F/20DE, HEREEEN; BiI—TpZIEODERIEAL ESIN—EERAE, 3EMSDE, XFXIBAYE
Rl BAHE T HEE.

BEREIZZEQ. (48)fflode->sdefIilt, RHRMEFIFERIAR—velocity field: BFHZRAFLEMEESHZ, S—MISHRFRELR
—¥, ERRNSECHITESRITEE:

dz = f(z4,t)dt + ordw (103)
FERFNNTRREHRZN T :
o BiF: BE—EENS (24, 1)
o £93R: Efodefiztvelocity fiel HERRIZIKI FHEH—3



BIAHR: TEMIFERORES R, ()

¥JFode:
BAEEE— XV, FROTER = BRI - RHATEER:
d R
& pt(a:)da: = —7{ pi(z)v(z) - ndA
v
n 2IRFRAIINEME.

N FEGaussEE EIEIB RS AR
apt d = / V [Pt Ut

NEAVEERSKE, ALARSHLIERE:

HIMERANZERNELRMHTE
W Fsde:
JBFIEQ. (29)A9trick, SEiBsdeREL:
Tiine = T + f(ze, t) AL + 0,V Ate, €~ N(0,1)
FTMRTE ¢, T—25 2o a¢ IRMEDTHER CRRIERIFHES) -
p(riadlzt) = N (@i e + fAL 07 ALI)
BIEEHERNOMESMR, xd=c—x, Mo, =z —6: :

Prrac(z) = /p(m\a: —§)pi(z — 8)dd
LAt — 0ff, 6 =z — o, TEEPE FALHHE (RN | FUE pi(2:) = pi(z — ) 7£ = LT

1
pi(z — 0) = pi(x) — § - Vpi(z) + 566T . V2pt(a¢)

RANFRD:
priat(z) &~ /p(:v\m —6)dd - pi(z /6;0 x|z — 6)dd - Vpi(z /55T (z|z — 6)dd : V2pt( )
| ——
1 E[s] E[567)

FRLALd =z — z; = fAt + oV At e, FRLABIIAEY:
E[5] = fAt
E[667] = o2 At T

Perai(T) ~ pi(x) — fAL- th(ﬂf)'f'—UtAtVth( )

B AEq. (110), AJLUSE!:

R AR5ERt 7 3IxXAIZENRTT, BAIBXI L T3 T pRIZ R :

) 1
pe(z) + %At pi(z) — fAL- Vpi(x) + 50?At V2pi(z)
KEHSE:
bl 1
S = V- [f@tpd + 507V

HAEHAISDEFFSRAIODERZRIREAY p;, FTLACAIRSENIITFEAIAMIIES, BX3ZEq. (114) 7 Eq. (106):

1
=V - [fpd] + 50?V2Pt + V- [upe] =0

(104)

(105)

(106)

(107)

(108)

(109)

(110)

(111)

(112)

(113)

(114)

(115)


af://n699
af://n710

EANKFRALUEHEf (24, 6) T
f=v+ %a?VIogpt (116)
Eq. (103)4YIEMASDERATLAG AL :
dz, = [vt(act) + %0?V10gpt(xt)] dt + oy dw (117)
BT IEMAsdefYiES, BAREENIEEq. GHA—T, BEiEBEIRMAsde (BHMEEREREFTE) HA:
da, — [vt(:rt) - %U?VIngt(act)] dt + o di (118)

Eq. (118) BHIT Vlogp:(x:), {8 Flow Matching HBIZHR velocity field vy, RAGIIZIT score, BAFI— score %, BA
BEIEI score F velocity FixHE,

AR ATERIRNKRR?
HEENRERLRARIEH R —— z; 997, BifR:
e score 2 "logpi(xy) X =4 KREBE"
e velocity 2 "WFE o X—RBIBRRHEREREIE"
FREEMKER Dt (). FRLATRAIAORRER
B (z,) SEA, ABMEA—MRHEE, F5HEH score BIFRIANH velocity MIFiER, REHKIZIEZHEE.

EFEIMADDPME, FHATBEHEq. (15)XNMER

P(Xt|xo) = N(Xt§ atXo, 5?1) (15)
FEFscorem L Ba;, BiFmHE.
1 Tt — QX Brx1 T1
Va, log pyjo(wt|zo) = Y 2(z — azo) = — 7 @ B (119)
RNEFHA BB 2B RscoreM AR HRKscore, —MURBETRHMIER, EATERRENT 8RS, IEAFHSELPRscore T
Vlog pi(z:) = Eupp(aolz:) [V log pyjo(z¢ | :L‘(])] (120)

BRENER FEHTEq. (120), EREPERER
BESZEQ. (119)5Eq. (120)5]18

T 1
vzo.qpt(mt) = Ewlwp(wl\zt)[ ﬂl | wt] Bt Emlwp(wl\wt)[ml | mt] (121)

PHERABEKE T KBkscoreflvelocitylIFRNME,, p(a o) [21 | 4], FEBEE—TBvelocity WRAFRHES—T:
[A81Z Flow Matching B velocity field FIENX., ELMEEE 1 = ayxo + By T, target velocity 2 ODE HilaiRANEREAISRIFHALE -
@ Caution

HNIBZHEMHIE? RAEA—MUEETREETF/ L samplesfIHZ £, BBAXA RASBHITEREHLLIZ /A sampleshIgiEEANNT
3|

dx
Ut(mt) = Ez1~p(z1\zt) |:d_tt ‘ fct:| (122)
THEN Gy = doy/dt, FIE By
vt(xt) =y Ezwp(zllzt)[-"rO | .’m] + Bt Ezwp(zl\zt) [zl ‘ f”t] (123)

PIFEq. (123)BHR T BAIFFRBEINE ) ~p(01 2y [To | T¢], TIIMRIEEQ. (5), zoRAILIM Flz BREFRHRAY:



Bx

t— Bt EZlNP(ﬂﬂl\ﬂﬂt) 21 | ¢

= 124
Ex1~p(w1\zt) [:EO ‘ 2134 at ( )
HAEQ. (1232 [F15E!:
wle) = Lot (B 2PN, ol | 21 (125)
TR B LABAIZEq. (125)FEq. (121)iE75 T, TIEBRTFlow Matchingi&iZAIE0TIER, X LAABEq. (43)it—H1LiE:
o?
d$t = |:’Ut($t) + g <$t + (1 - t) vt(:vt))} dt + oy dw (126)
EFEAE ARG
2
Typar = T+ [W(«’Bt,t) + ;—;(:ct +(1- t)’l}g(:l}t,t))] At + o,V Ate (127)
XFEHKIsdeREFNRENT! FTLUBE AR KizHERME Fbatchz WA E.
SERE— TR FRVIMENL, rollouthaR R USRI SRAE S sk i
Flow GRPO (On-Policy) 24
EF Flow Matching 8RB EE 2 DiEeR

1. BikiI|9R##2 (On-Policy)

2. GRPO Bz

2. EREBHHEE [o5
1. A Prompt 3. ¥4 (Reward) 4. BHER (GRPO) 1 1 Z{
(MR SDE RH) e Jarro(8) = EqNP(Q)_‘ﬂ‘.)?:] el [ el Z; ‘c_.‘ 24
0.2 = i= =
[0.75) »
Reward Model/ . A Y
e E::ncz\unew [oat] * \ min (r; (0)A; g clip (rio(8),1 — &, 1 + €) A;)
o.;s p i) — B Dyplmg \|7'r=f]:|
|

4- To: WAFHRE! (PRER)

® Wyq0 AR batch BEMER

o T DERIESED (B%)

o r: BTHFARZRSK (B8
BiTEREE (BE)

e G: §1 prompt ERSERRE
e e clip @8R

. 0

= ( o (04 | 0i<) )
—twan = | it
3. M ODE 2| SDE: RIFHARIAFRAT pux) e s (g Y) | 5 i
= 5= e wteaipia A= —— S DTULEL pmiit (ERA—1E)
1 3.1 ODE (Flow Mak.lnng)' 3.2 ah #£35) SDE 133 YD il std ({ry, ..., 76})
| | 1RNE
=, | = f p » |
3 dz = v, (x) dt | dz = f(z,,t) dt + oy dw i i Em i) EHEV ngT‘z(T‘a)i %
| OEEIOSR GRKHY) | ERS ODE AMEER plx) | (i16) | 4. I SDE (BRREMIE)
' op, ! ! ! @ER SDE AAAR (SEER—H) 92
L=V mw) (g i ! ) + V log py(x,) & score (:F7)
' !
- REE e i - A SR A A S S L " _ B % o LT
| M5 % SDE MK - RAVEF - EHUR - 193] Fokker-Planck 12 i dey = (v () = goy Viegp(z) | dt + oy dw (18 (=)ot
| ORBME zeac=aot FALG o VAT | SODEWE p B | : : §§.‘e BESEBRT py(2)
! . ) ) | @B ®E Vigp(z) Goore) . @RRAET
| BEE pade) = [olelz -l - e L kAt Vioen | e g
; R HIUER 61:[ 7v (20 + Aagv,px (114) H ey, B MAEMSHLE, I score 5 velocity FIXF
5. score Evelocny 9‘]*3&?&% 6. WERH (R A% = T
5.1score (MREHE) 5.2 velocity (MShGESEHAL) (-] L
IWEREBIESS (15) : Al © = oo + Gy At (T II SDE R : @fg B oy BRI
Plre|co) = Nixsi oo, A1) i E[g‘r | r p FROHE (SHH)
i scorer - B d ot - s -
i log puo (| 0) = Ft = 2 = @ Elaoln] + f Bl =] 029 Terar =T+ (0(22) + o0 (2 4 (L - 6% (2, ) | At + gV AL e ) IR
; . )
405 score. (AR o 50D s B BTAE e ; FE——
V10 pel) = Egype, [V 108 o (2 |20)] 4 Heh e~ N(0,T) B@;:E zgm rollout
& sl
= 7%E[z|\z,] (121) ooz = ,le-‘i + ( = #) Efry|x] (125)
)
BRAHTE ((121) 5 (125)) +OT B2 (e =1 £, 8y = 1) —~ R SDE (126)
0‘2 -——-- -
dxg = [ve(2e) + 25 (20 + (1 — £)ve (2, ))] dt + oy dw (126)
| T N i i / 7. Flow GRPO B B4 wE—
S = —— | m: FOEM GKE) @ WA GBEANOL)
on-policy W45 | EMEARENBE SHERE SDE WA ; EORERT—R 1 score ERBHAE £ B £RBAIEH 2. HECEBENE v velocity field (MEITH)
£ ) SRMEAMBIRIE, @ AR RE it SOE R (W87 ou) 2, it g = v dorTiogm | % A velacity #i5 score, _’E: EICRPOEIME, | o wmmEM X p(x). BT EOBEAE
jl B HER 5 i
gy prompt EFRTHI: Lis SES 0D RHEM | RIS score 2 HAEREROER dw, di A Wiener BIERMERILE
3. Diffusion OPD
\ ra =N ”
A MEEESEIMBIIRS LA AR B —E, KOFFRIFHAIMEFHAHIICEOPDIEXANE, &IA4ERME
KT TIFRIBESENRT, NIEABAR/NE, XEBLDIffusionOPDABIEBENE—T
DiffusionOPD
[ kY A ] .
MZAR—#E, LSEE—IREMOPDIIZ T
T
LLM . *
LEPD(0) = Eorry | DKL (mo(-|z<t) || 7 (<) (128)

t=1
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BV BRI, REOTREEER (B08) |, T RERTER (B0038) | MERIVER—BANERT, ISR Re
ESAOSEESTASE!, BRESARRALIRTF S EIEE N T, FRLURERL LN (0) 7 — k-5 IAHOK LB,

ARHARIAERRAOIRIR T, X EAISRIRTHISEIRR AR T -

o 7o(|x <) FERBKRBRNBEMIHR, BT REBEGIIHZR

o (<) BIDERSRREERRIZIBEMHRMAMENR, B TREEEGIOME
Feaie—T, FLASH:

Lopp(8) = Egyyps

N-1
> KL (ps(-[z1,) pT(-thj))] (129)

=0
EEAsectiond, HANESHIFSECHILEXBEALEZRE, XMRIKREIMEHMSTEREH:

55, HRIEEq. (107) A ANBE S E AR TERENBS 0, BifEschedulertf%, TIGRIRITHRATISEER SR —  scheduler, 3B
2ps (| ) HIpr (- R T A EMRA ST,

HERAESHIKLEERtrickfEEq. (97)BE—R, ZFEISEEX, BBARMBAILAMLER:
iffusion-O 1
L35 OPE(0) = Egyyps, lz 5 llks(@e;;0) — MT(%)H%] (130)
=0
AILABEERARIIET .
Q Tip
PARRX BRIZHMER NZAREIHZ F— P schedulerfIRFIZTLUBISH —SIESSIT AR, tanMflow grpoBBiFris, ik
student modelfysdefESHAIpFiteacher modelfodefESHAIP—E, TTEEEEARAIME,
4. Diffusion Model iy Caching
TERIF N sectionFi AT R CANIES T
teacache

BRURITME T RERSLERIREF, XKESEREA—SLHENN:
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HUERIEHREERSBRANR 1991, — P ERMAITRER, KX ET R/ TRED—R, NTABEDHEEE
RGEMSRRERLRREE .

Bk, #iERt + kivelocity spaceEEtATZIfvelocity space

IEME—ERRRAOERE R :
o BAHBMBLEIRSHR(ESHDHT R
LR E TR AL A5 1 PRIRER :

0: — Ol
[0¢41]]

MR MRERFRE—EREE, BHRBRIIAEABH T IRAIERET

1
L rel

(Oa t) =

ty—1 tp
D L1a(0,t) <5< > L1a(0,t) (131)
t=tq t=t,

g, BEOREARN, R E—RlatentFid—R=Eforward{SEIMNER, MREMAXMEAMINE, LR EASEEEBERIM
&, EABRMLAEE—XFEstepS,

JRIEE T simple yet effectivefJ/522:
BRIEFEHERNFESEMinput embedding, Oftransformer BEEFRNIRNRER
1. RtF—HfEpromptsHSEEEAIRIAIER
2. E5— t, ARICRAMRE
o xy = L1,q(F,t) #EHEHMAGEN L1 25
o y; = L1,q(0,t) #EEESHAYERT L1 2R
3. SRS IS MARF, BHAORRE
XFETESLRRinferencefORHE, HERTLARS:



i F(LLa(F,t) <6 < Z F(LLa(F, ) (132)

t=t, t=t,
ST ERENNTX—Fdenoise Y
5. £k IRBIRYE AWM R IRAREE D
VisionBanana

XFEISBEEENHT, BRIEHT M 0ME, SRR RRRENEFEN LRNER, el > EENRAMENS S, =(EE
RS TS

“Generate a semantic segmentation visualization image, “Generate a visualization image of semantic segmentation,
using this color mapping: {"cat": "red", "lock": "pink", "exit using this color mapping: {"cat ears": <255, 165, 0>, "exit
sign": "light purple", "background": yellow}.” sign": <0, 0, 255>, "background":<125,0, 125>}"

(b) Example 2 “This image is a per-pixel class labeling of the input. The “Generate a semantic segmentation visualization of the
macaron cakes are represented by (255, 255, 0). The input. The menu is #80C000. The dessert is #800000.
round plates are represented by (255, 192, 128). The slice The patterns on the wall is #40FFC0”
cakes are depicted in (64, 192, 64). The flowers are shown
in (128, 0, 64). The tongs are (255, 0, 192).”
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FRABEESIA
1. Diffusers

(J Important

huggingface/diffusers: & Diffusers: State-of-the-art diffusion models for image, video, and audio generation in

PyTorch.

diffusers

I} Pullrequests 304 O s © Adtions Security and quality |/ Insights

8 diffusers Pubi OWatch 215 - Y For - Star 335k

¥ main - Addfie -

@) sayakpaul

Releases %0

Fixes for AutoModel type hi,

03 PHILOSOPHY.md

) READMEmd

Packages

Contributors 1340

FEHAYsft codebase, XMERETIRIIGSTHFIIEAE
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2. G2RPO

(J Important

[bcmi/Granular-GRPO: CVPR 2026] Fine-Grained GRPO for Precise Preference Alignment in Flow Models

= O bcmi / Granular-GRPO

ssues 1% Pull requests Actions [ Projects () Security and quality [~ Insights

@ Granular-GRPO  pubic atch 1~ % Fork 0~

¥ main - P ¢ Addfile - | <> Code ~ About
[CVPR 2026] Fine-Grained GRPO for
@ VYujie0uO check il 794d1d5 - last month  { i Precise Preference Alignment in Flow
Models
B _assets_
M fastvideo
scripts
gitignore
LICENSE Initial commit
README.md Update README.md
env_setupsh
prompts.txt
pyproject.tom!

requirements-lint.txt
Releases

[ README 413 Apache-20 license o

Packages

Fine-Grained GRPO for Precise Preference Alignment in
Flow Models

Contributors 3

» Click for the full abstract

eI RO % codebase
3. fiF=H

(3 Important

) vuiicouo vujie zho

BlZ=Z818] | Scientific Spaces
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FHaiR AXIRE BFHR MELF EREME EMmaR Bk [T ) E£iE/ER

R ERFLALAMOSTHE 2 F @ R SERAFHANE, FLOR B51¥5(E
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BE A IREXEHRSHTE, HTTULM, $—F (MuPz L 1 FREN=MHE) FriEs=
MEEMEREE T UD N SEREN ML EBREN T, ME (MuPzt: 2 AEESRE
T 1 (MuPZ k! 3. BHBEREHLE) B, RITETTHEERELSRETREGHRRSH

BOSERTAIN (fhfbes) Aoz 78l |BoJone, BIFEENEE, [#
P XX, BigYE. S5 AR 8
AT, WTFSUREN, BZHRARCEEMEL L. XEXENES, ERRITMAEENIL . FERE HE] 258 (BF%

) ... .Bai33%, EEREEE. 2

R SRIVERY, FECNREAERE. PR i

sEEdE e fRBIFRRD:
=]
s = FI225(]| Scientific Spaces 7148
LL{MuPZ b o AMESRETH) Afl, = MEEMBIFHIE: RIP=EQQETMEE: 67729435
BlF=siaf(5307EF: spaces_ac_cn
REFEIEEX... EREEE: (RIF=iaraQ)
| AN f=Eatid 5K IRME &= BAPE2 cnaaan A tashe Ml Easaer

RAENEE, SHHRBSETRS.
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