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8.1 Prologue

XI2MK|s FEHEZO|AM HIOIE A (pyaa(z)) — AHXIZL XN E &
SH 1: Control

!2
mlo

=2 oo

o ZUR MM po(x|c), c=label/text/sketch...

=H 2: Alignment
@ AREXtS| X|A|off SEEHAM SAIOf AFEHO| M25h= HIO|HE Y Y5ts RRE USX)

o ArEXe| X|A|of &= COIHE W dst= 22 TSAL
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8.1 Prologue - Control

Recall
@ PF-ODE, reverse time SDE: AT 020 AL £ QICHH RRAL 2I0f Cist MEZ0| 7Hs

dz 5 1 N
i f(@,t) — §gQ(t)V$ log pt(Z|c)
(SHA: ATO{EO| p, o &HE LT =2 ZOE AUXXE 20 )
AT EE A = 2|2 Ao CHSHD XX 25HH &
o XUE EX0| ciet ATO{ELE ZAISICIH O 2 ZHE 2XO|AM ME- 0| 7tsE A.
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8.1 Prologue - Control

TR 2xo| AT0|E Solfsi=x}
@ Bayes Rule2 0| &35}H

Vi, logpi(ze | ¢) = Vg, logp(x)

+ Vo, logpi(c| zy).

unconditional direction

o OHX| RXE 2 E guidance WO E U F = HEN

@ Diffusion model2 O AHHEZ LLO| X7 ZZM HS|HAM 215t= 20| 7171 K= 2E.

guidance direction

= 0§ ABIOICH guidance W& O 2 Wo{FE= Z0|2t M Jts.

Guidance }
Directions :

n B

Steered PF-ODE

[rajectory

[ ]
PF-ODE

Trajectory
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8.1 Prologue - Control

Z% AT0| OY 57
(*]

Va, logpi(c | z, )8 DAFShE Walo]| w2t 37kX| RHZ LIE.

@ pilc|zy) = /p(c | 20) p(xo | 1) dzo & o Ol CHBE marginalization M 20f YetHo=

intractable
E FAS SHE/AESILE Y A
CG(§8.2) AHEHE B A s, + HE BRI py(c| o, t) MEY A
CFG(§8.3) S ZAR B 5, (14,1, ¢) (null token2Z 2ZZH AHE) sELUR
Training-Free (§8.4) &4 ((z4,c) 2 BtE Lh2| likelihood p:(c | =¢) MEZ A
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8.1 Prologue - alignment

oto|ciof
o MMt HO|E{ 7t ZA0f|= SOt AFEHO| M 5HK| gd= C|O|E Y == AUZ
= ZUR BZE MEo| Mzot= wEoR 27|

Preference tilt

f)&“t(xo | ¢) o po(xo|c) exp(ﬁ T(J;o,c)).

o r 2| 0: 2% reward/classifier 2| logit, CLIP/perceptual FAtE, &t
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8.2 Classifier Guidance (CG)

ofojcjof
o 2HFE OO 2,7t O{™H labeldf| £3t= QUK 6| F3H= classifiers 2HSAL
o (1) CG= =AU c7t 0|4 label & T AHE

Bayes w#&/0]| 9|

Vo, logpi(zy | €) = Va, 10g(W) = Vg, logpi(ze) + Vo, logpi(c | 24),

p(c)
uncond. score classifier gradient
o REZR A0 THNK Y WHSR XH s

o classifier gradientt 3=
® (V. logp(c)=0:z; 0

40 oA
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8.2 Classifier Guidance (CG) - Training

cross-entropy lossZ p;(c | z;) &&

CG2| training objective (eq 8.2.4)

Einv[0.], (2,0)~patar e~ N (0.0) | — 108Dy ([ 24,)], T = cuz + oye.

o =& ZH|0lA B0l At
PN

o ZEH iM: HE cE

xE oy

o diffusion 2} SE MO 2 st&
&

o ot& = loget gradientE #
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8.2 Classifier Guidance (CG) - Sampling
sCC & reverse-time SDE / PF-ODE 2| A3 0{E CHX|s 7|

CC (24, t, c;w) == S (T4,1) +w Vg, logpy (e | z4,t) =~ Vg, logpi(z, | c,w).
———r
uncond. guidance

S

o St &l diffusion © H3] AE2|X| o2 — MER AR 0|2 71

=

#11) guidance?| M7|& Z=H5}7| 21l tilted conditional =€}

pt(xt ‘ C,Cd) X pt(‘rt)pt(c | xt)w

= Vg, logpi(z: | ¢,w) = Vg, logpe(z:) +w Vi, logpe(c | z).

of Vo, logpi(z: | ¢) &
:> _;Ej.| xAIET (|:|.

0 0<w<1:2R7| M= ofst = LY 1 (= 7d‘lf§f)

oIH I'.U
09, rﬁ
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8.2 Classifier Guidance (CG) - &1} $tA|

xHX]
o

o WEXTHZEEYANHOE XH,

o APHStEE O classifier SHLIZHR=715IH A 2X0M HEE.
A

@ Training cost: 2= noise level 0| M classifier && = H|& 2.
@ Robustness: 2t 2| &tAH REE 2,0l CH3ll M = +50] 01212,

@ Separate training: classifierZ diffusion modelS Ct2 HIO|E{MIO 2 st&stO 2 & B 9|
HI0|Ef manifold7t O 2 5= US.
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8.3 Classifier-Free Guidance (CFG)
ofo|C|of: B classifierE 0N SHHO| ZHE BEEE ZASHAL How?

guidance &2 £ AT0{9| AtZ E# (8.3.

Ve, logpi(zs | ¢,w) = w Vg, logpi(z | ¢) +(1 —w) Vg, logps () -
— N——

conditional unconditional

S

guidance™® 2 HASIH Vv, logpi(c | 2¢) = Vg, logpi (2 | ¢) — Vi, log py ().
EESH (8.2.3)0| 2™ V., log pi (74 | ¢,w) = Vi, log pi(x4) + w Vi, log pe(c | x4).
0| = tilste HelsotH

Vi, logpi(xt | c,w) =V, logpe(a) + w(th log pt(zt | ¢) — Va, logpt(a:t))
=w Vg, logpi(ze | ¢) +(1 — w) Va, logpe(zy) -
— —

conditional unconditional

Choi Yoonseo (Seoul National Univ. ) Guidance & Controllable Generation August 18, 2026 15/47



8.3 Classifier-Free Guidance (CFG)

Vi, logp(xs | c,w) = w Vg, logps(zy | ) + (1 —w) Vg, logpe ().

0 w=0:HBXH(ZUZA).
@ w=1:F7guidance gl ZHE A0,
O w>1:ZURAX /FXA St A FH 1 (CH¥Y |)
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8.3 Classifier-Free Guidance (CFG) - Training and Sampling

xR, SXAN MEE shio] DU 345

o ThA Bl 5, (z4,t,c) AHE

o TUR DAL M= ==, EXAR BES o5 W= A c = null tokenO| 2t =.
@ &= pyncond (= 0.1) 2 cE 5.

CFG Training 12|15

0 (z,¢) ~ Pdata(®, ©)

Q ¢« @ with prob. pyncond

Q t~U[0,T), e~ N(0,1)

o Tt = 0T + Ot€

@ stepon V4 [|sg (@, t,c) — s
(Bt1) s = V4, log pe(zt | 20) = €/0+.

Sampling
MEY A AT E LIS = CHA| (8.3.3):
Vi, logpi(xy | c,w) mw sgr (T4, 8, ¢) +(1 — w) s (24,8, D) =: ngG(Jct,t,c; w).
——— —_———

conditional unconditional
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8.4 Training-Free Guidance

ofolc|of: clo|E{ 7t =20l Fetdt= =g FoliA F=7H8tE 810] guidanceE FAt.

Tist—1 = Q-1 iﬁo(fﬁt) —0t—10¢ §($t) , 550(9315) = T (mt7t)7 §($t) = S¢* ($t>t)~
—— ——

data space noise space

o DDPMe| ZHEX HH
@ (1) 2, OlA clean 0= i ()
2Qt-1ECEEE
@ O}0|C|0f: data space 22 noise space termS X710 £&}st= WO = UXt
Ttst—1 = Oétfl(iﬁo(fﬂt) + U?ataGO) - Utflo't(g(xt) + nlatenth )
—_— — —_———
A. data space B. noise space
@ 0|0| && &l diffusion sy (x,t) Bt ALS(RHEHE X, MEZ Al 7HY).
o H) MY 7ot ME0| ZUR 22X E WEX|= 3.
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8.4 Training-Free Guidance - A. data space

A. Data space: 0=l clean O|0[X|E (0| ZA5H= Weto = 73

@ ((-,c) : RP — Rxq : HIO|E] x7t 2 cOf| Ot 2etdh=X| LIEtHH = B
(x Jteo| Berans xE)

@ ex) x7t 0[O|X|, c7} &1 0|O|X|2}H similarity score

Q.
@ Q. P.2390lA Guidance in Data Space = {8 sjMsiLIR?
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8.4 Training-Free Guidance - B. Noise space

B. Noise space: AT 0f X}2|0f| ZHE AT 0| CHY

@ TV, logp:(c| x) = intractable
= surrogate likelihood 2 23:

pe(c| zy) o exp( — né(i‘o(a:t),c)) = Gy := Vg, logp(c| xt) = =1V, l(Zo(xt), €).

surrogate likelihoodof| CH®t =]z
@ Ol X[7} =2 32of| H|O|E{7} BECY.

@ (O| RTH= ¢ of Bgtc= 55— O

= (2 O|X|2 2= 20| Xfﬁ*ﬂ%

@ HMa|: e~ = H|340|H ¢ 0| 242 surrogate0| HX|2 2 energy function2 XA AR MEH,

ROl M HZ0] B0 E5{of .

o BI)AELS 1o E,BE 2 2 backprop (Va,Zo(x:) " - Vi 10 Le|wg=2, 1) = BS| AMH|E0| H 2
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8.4 Training-Free Guidance - Inverse Problem (1)

Inverse problem
o SH: X y EEH clean ME F5}7|. F posterior po(zo | y) OlA MEZ.
o EM ME: y=A(z0)+o0,z, 2~N(0,I), A:22% operator

O|E TFGE EH...
@ Bayes 2 E o™

Ve logpi(zy |y) = Valogpi(z)  + Vi, logpi(y | 2)
—_——— —_——
data score (AFHEHE diffusion)  measurement alignment (A CHA)

® V,, logpi(y | z¢)2 YEHOZ CH2 1 242 form 2 Z ZAlRLCL.

ISy M;: 2FytFHK[Q %mﬂ (%‘J%%?_f)
Vo logpi(y |m) m ———, (P: 2UKtE2, SUCRE
Vt .
v : guidance 2T
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8.4 Training-Free Guidance - Inverse Problem (1)

Score SDE
o ZH| MIE: A%t linear0|1 o, = 002} 7HH
o ofo|C]of
measurement alighment&2 2= Az, = 2t HEE FIIEHOZ T4,

z+2 noise level t2tZ noise?t &7}El H|O|E{0| 22, y&= Z2 noise levelE HZEXL (=ye)
J2|10 y, 2t Az, 7F 7HHRIK = WO 2 APHE S E diffusion BXE XTHSIAL

o ZMHY: V., logpi(y | z:) = —AT (y: — Axy)
o %zt — Azy||*E loss2t =1 0|2 O|28HH — AT (y, — Ax,)O| LIS,

ILVR

@ pseudoinverse AT 2 M3}

Vaz, log p: (y | Ty) N —AT(yt — Axy) = *(ATA)AAT(% — Axy).
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8.4 Training-Free Guidance - Inverse Problem (1)
DPS

o 2H| M®: A7t nonlinear0|1 ¢, > 00|2} 7}
e oto|c|of

data spacedi| A yot Az (z;)E H|
p(zo|ze) 7t H

T &o(zq) Ol EEEIO] AL 7HEBELL Y, log pe (y|@e)
Vx,, logpt(ylxt) = V., log [ p(ylzo) p(zo|z:) dro = Ve, logp(y| Xo = Zo (1))
Gaussian noise 7t (y = Axq + 0,2) SlOll:

=

p(y|Xo = Zo(w))
gradientE 7|4kt

= N(y; AZo(zy), o21)
Va, logpi(y|zy) =

H:
1
o2
y

[Ta(@o(x2)) - Vaydo(ws)] "

(y - A'%O(mt))’ JA(£O(xt)) = VwOA(w)’m:ig(xt)
—_————
residual
2
|t £o(2:) = Elzo|z:)= Tweedie’s formula® £H: &g (z,) = 257 o (1)
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Guidance & Controllable Generation

August 18, 2026 24/47




8.4 Training-Free Guidance - Inverse Problem (2)
2R MY 24 1E £A2 52 F2 ot
ofolC|of: MHE7HS 0|l M 0N yE
@ = zy = (1—-t)zg+ty, t €[0,1]
@ o9l < s <t CHaH

= =l Ci| o[ {2t & = A W((y, =0))
7t 2ttt A2 E FHAL

( s) _Elled] |
3 )To + Fx

=, 2t FORS M z, THE O F0HH St 0= A[HO[E AL Its.

st

&
@ E[zg | z|E MEYL = ot5.
o

S 2 training objectiveZ A H:

min ]E(xo,y),t HF¢((1 — t)mo + ty7 t) — .’L‘0H2 = F*(l‘t, )

= E[.’L‘O | .'L't].
@ Of A X[Hdl= Efxg | ¢
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8.4 Training-Free Guidance - Inverse Problem (2)

Sampling
@ @, =y Ol M A|ZHSH HEIMO 2 refined}?|
At At) N At—0 d.’l?t N Ty — F¢($t,t)
t >y — —

Li'tht = 7F¢(i't,t) + (1 — T x

dt t

noise7} 72 Al 2t 2] Sampling
@ y=x9+0e0|Hz, =20+toe, Fay =1, 0y = to.
Tweedie’s formula E[zg | 2¢] = 2 + 02V, logp(z;) E 2 H

d —E —02V,, 1
ary Tt [wo | @4 _ 0t Va, og pt(zt) = —6404 Vg, log py(22),
dt t t

(00 =to = 6, =0, 6100 = to? —O't/t)

@ O|= M| 0| Z229| PF-ODE. = diffusion & “7}2A|2t 2H0|| L3t X| = denoiser SH&” Q2 2 4= Y

qlo
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8.5 RLHF — DPO

Alignment:AtXsts RHS AR0| M5tz EHOE R, — 7|E0= RLHF =2 ALEE. RLHF
@ RLHF2| 3T
© Supervised Fine Tuning: prompt-response Z base Z& &5,
© Reward Model: (217t 45 O H|0|E], 17t M5 X H|O|E) 4oi hal reward r(c, x) &t&
(r(c,z™) > r(c,2")0| =)
© RL fine-tuning: base2 &2 Reward Model 2 H¥.
o EXIH
© RLO| on-policy 2t 29H.1H|
@ oIz 2 2H(SFT/reward/value) RXI8H0}
© reward £ ti2| X|E = reward hacking.
Q ¢17t0| Mz 5H= H|0|E{=& Xt (<« THXL)
= DPOS| =¢
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8.5 RLHF — DPO

Stage 2: Reward Model
@ notation
» &, x: BIISI3Xt Sh= G| OfE
» ¢ xA
>y aZbxEOHE2 FHE

@ training objective: logistic loss

Lrn(¥) = =E(ez,2,9)~p |ylogo(Ar) + (1 —y)log (1 — U(AT))},

Ar =ry(e, @) —ry(c,x), ou) =1/(1+e™)

o SAXtC| reward? THXtO|| HISH 25 loss”Zt ROIX|E2 XtHAARZ 2

@ BT model MO 2T 8{|M Jt5

BT model

pry (F x| c) = 0(ry(c, ) — ry(c,z)) — B+ 0|2 SR,

el
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8.5 RLHF — DPO

training objective?| 5|4
o Zt g2 =X label 2t 0| F £& At0|2| cross-entropy (8.5.3):

Lrm() =Ep [DKL (Bcrn( ) || Bern(p;., ))] —|—IED[ (Bern(y ))] .
o 2

= 2X|AE loss 2|23} = A2{O| SEI 0% S5 AO|Q| KL 2|25},
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8.5 RLHF — DPO

Stage 3: Fine tuning
@ Reinforcement learning0| =2 %[= stage
o training objective: 1% &l reward r := .« 2 7y E fine-tune (8.5.4):

emp(e) | Bamro(1e) [1(e,2)] = B Dk (mo(- | €) | mrer(- | ) |,

o|mf stage 10| A St& Tt BEO| mref(z | ) := py« (2 | )
@ Reward modelO| Mst= MES AL, referencelf| A LR HOX|X| = Z &t
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8.5 RLHF — DPO

Zt prompt ¢ (8.5.4) 9| closed formO| ZxH (8.5.5):

4] 8.5.49| closed form

Tref(@ | ) exp(r(c, x)/ﬁ)

(x| c) =

O
Z(c)

m(z | c)
Tref(z | )

r(c,z) = Blog + Blog Z(c).

reward model2 &K 21, 2| A2 Lz Ol CHYSHH MZ2 loss B
= reward 22 . RL §l0| &Y 2=9 fine-tune @2 RLHF S H =tA.
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8.5 RLHF — DPO

MZ2 training objective R

wy N 1 (z"|c) —1 m(z!]c)
Tx(c, ") —rr(c, ') = B log Tet@@lc) 08 mo(alle) )

@ implicit reward £ BT loss (8.5.2) ol CH!

mo(z"|c mo(z!|c
Lppo (9§ 7Tref) = _E(c,ww,ml)ND |:1Og0'(ﬁ( log ﬂrif((g;w"c)) — log ﬂ.rzf((ﬂl‘c)) ))} .

@ 9|0]: reference CHH| (XIS 21X M) — (THXS| 7HM) S 7| 8.
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8.5 RLHF — DPO

stxjat,..2|e| uHH=2 I 2 Diffusion modelol] M8 £=912
o diffusion model®llX 7y (z¢ | c)E T6t2{H FA| trajectory x1.70l CHSH marginalizationsiofg
(EE= ODE change-of-variables) 22 = intractable.
trajectory”Xx| B Xest 2 HALH of'Hf?
() _7.c_|_7g_ %E;:! Zo EHA._I %E To.T = (LUT, c ,.’IJ()) = _.2—_!'%"

LDiff—DPO

Lpiteppo (05 Tret) := “Ee xw,x)~D [log o(AR(c; 9))}
, Where
wo oW l l
AR(C; 9) = Exll":Tng(ﬂxg’,c) |:R7\'0(c7 (XO 7X1:T))] - ]ExllzTNﬂ—e(.h(é’ c)[RWB(C? (X07 xl:T)):I
winner path expectation loser path expectation
X0: c
Rx(c,x0.7) := Blog w + Blog Z(c)
Wref(XO:T ‘ C) )
o ZHH

@ Diffusion bridge: z, il 2E %! inverse trajectory posterior — &3l 8l ¢1S
Q 07t EH S&: v, 7t ME2| BLjiX| 0|2 = 2M0| 2 REINFORCEE0| A4
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8.5 RLHF — DPO

@ - logo(-) &£ convex = Jensen inequality AFSHA] LHE2| 7|SHZtS

HFO = i (8.5.9):

71'9(1:[: lc) >:|
log Z2EHET5) ) |
Q Markov HEO| 28 7(zo.1 | ¢) = w(ar | ¢) Hthl (@1 | m¢, )
o To(zr | ¢) = Tref(@7 | C)El' el

Lpitt.ppo < —E{loga(ﬁ(log 7o (zg.rle)

7Tref(fz"fju;q"lc)

mo(zo.r | ¢) a mo(zi—1 | 2, €)
Tref(ToT | €) =1 Tref(Tt—1 | T4, €)
sk, ChA| Jensen’s ineqe M 8:

_loga(ﬁzAt) <E[ —logo(BT Ay)], Ay =log

mo(zil1|my c)
t=1

_ ﬂe(zi_l\zi,c)
Tref (244 9]

Wref(xlifl |37i7(3) ’
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8.5 RLHF — DPO

7+ A2t reverse conditional (e-prediction) Of| A

log—(m ‘x7C) —CO“St—)\t EAQ .’L't,t,c — € — € .’L't,f,c — € .
ref
Tre ( t—1 ‘ lt,C)

AMSE(zy; €) := ||ég(z4, t, ¢) — €]|?

Diffusion-DPO %| & 22Xt

AL
12T

~ 2
- ||€ref(xt7t; C) - GH = _I':_E

Loittopo = —E

(.ol szl )~ D [loga(w(t)(AMSE(xi, ) AMSE(z/’; € )))},
t~U{1,...,T}, €, ~N(0,1)

zy = oyxy + o€, xfg = atxé + oyel

w(t) o< BT A;.
@ ©i4: frozen reference CHH| SXt2| denoising 24+ ML £0| Z0| == 8. reference
= ¥ gradient = FX| &X[2 margin 2ol M JHE X E HA.
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WT=E]

o ST ZUE AT0| = 2= WSk + steering & (Bayes =3H).

@ Control: CG(2E 2F7(), CFG(HH 2 ), Training-Free(CH2| likelihood / inverse problem).
@ Alignment: RLHF — DPO — Diffusion-DPO — reward 2&.RL £ |73t QHEH M,

@ F9|: guidance = Y& Y Yttt tilted 2 HEZ0| OHL|2} FE|AE],
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Remark: Guided PF-ODEZX} tilted distribution |

tilted distribution®| 230{E PF-ODEO]| CHI ST S A tilted distributionOll M MEJ=|X| §4=Ct. |
Recall: PF-ODE

o
; 1
dr/dt = v (x), o"(x) = f(t)r — 592(t)V10gPt(‘L)
o Ol py(v)= ALYHAIZ DB, 90| A2 SAIFLHT p,(2)8 T8 £ USO| LHHAS
(] E_J—ﬁltg‘)gkﬂl &gpt + V (ptvf”g) =0

SEXITH tilted X = AEWHAS WUES}X| =L}

O+ 9 - (B = 1t [0 og he + 07" - V loghe — $0°(1) (Aloghy + |V loghe[[* + V logpe - Vlog he) — 7]
@ w, =0Ym, 5 FEHE ZX0|H 2| 40| 00] &
° W”* x| g2 i 00| E 0|R7
@ [l2tA tilted distributionof] CHaH

v -
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Remark: Guided PF-ODEZX} tilted distribution |

6ptzlt+v (~tth tqlt) HASHE KT,
@ Part A: 9,pLilt A At ptitt — PtZ’jt ol product rule M E:

(Oepi) i + pe(Orhy) _ pihe - Z

8 ~tilt —
Py Z: 72
ptZ}:t ~tzlt§ =Yo): ]
oy a1r | O Z;
opptitt = pitt Qb Oy loghy — =*
D Zy

e PartB:V - ("’tllt tzlt) |A|-
ol — o 1 0g 1,010 2 M8 2.

~ti % ~t1 orz 1 ~ti
Ve ) = V- 0) — 56 (0 V- (6 V log hy)
ﬁ_/ —_———

Bl B2

Choi Yoonseo (Seoul National Univ. ) Guidance & Controllable Generation August 18, 2026

39/47



Remark: Guided PF-ODEZX} tilted distribution Il

e Bl V- (~tzlt 0”9)
pzttllt EMD:I

ht orig \ __ ht orig orig
\4 (thtvt )—ZtV (peoy™™) +proy -V Zt

S e v (L) = G = LVlogh,0l02

L h T -
V- () = iv (pl™9) + Pt w29 . W log hy
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Remark: Guided PF-ODEZX} tilted distribution 11l

Q B2: V- (p"Vlog hy)
Divergence®| product rule: V- (pu) = u- Vp + pV - uE HE:

V- (pt* log hy) = Vlog hy - VL 451 v - (Vlog hy)
N— ——
o] to| HAl =Alogh

o;lle-I vﬁtzltE I-|7Ho|-|:}- Ztl— IQI- DI';‘(SI-EIE

VA = I log " = i (Vlog + Vlog )
CH el SHH:

Vioghy - Vit = 3t log hy - (Vlog py + Vlog hy)

v lOg ptzlt

[hakAd:

V- (piV log hy) = Py [Viogpy - Viog by + ||V log he||* + Alog by
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Remark: Guided PF-ODEX} tilted distribution IV
Q & =g (A) + (B1) - 2g*(B2)

e | O Z,
o ptzlt +V- ( ~tilt it&llt) _ ﬁ?lt ;pt + 0, log hy — Z] + V ( tv:mg) ertzlt orig -Vloghy
t t

—=g*(t)pi™ [V logp; - Vlog hy + ||V log hy||* + Alog hy]
it Ope |

h
7 IR v orig origy| _
Dy o + Z, V- (prvy™) = [@pt + V- (pro; )} 0

=0by (%)

. . 1
:ﬁ?” Ay log hy + v - Vloghy — ig ( ) (A log hy + ||Vloghf\|2 + Vlogpy - Vloghf) — =t
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QA

e (p.231) 0 CHSIM Z71xiel M SeregLct,
@ A. Feynman-Kac Correctors(2025)
» CFGOIM At8%t= BXE= ZUR 2X2 2X S EX9| log probabilityE E7iet 22l . (p?4)
> Op{% /ot = Fokker plank 410fl p¢7 & CHIBH 2 + Jofet
» AOF2 CHE3 22 closed formQZ LIEPH & US:

e

2
gi(@) = BB - D||Vlogai (2) - Vieg g (@), qf : ZUR BT, ¢} : REUR B
» A0j3tS importance weight@ 2 4
dmt = U;ilt (l‘t) dt + gt de (SDEE JEHE)

dwy = gt (l‘f) dt (Welght% ‘II_‘E!)
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QA

@ Q. GuidanceE& & Il conditioning variable c= B discrete®t’|R?
g 2 F0= aE AEMU0|2H= discretest Z210] AC|MES 5h= A
continuous®t ’éIE.*OII AC|MYst= FRE A=K S 3L

@ A. CGOIM2| c= discretedtx| T 1 9| HHHO| M= ZEZE S continuousgh Z210] AFEEL|CE.
Z 2 embedding vector2 Heto A 25t= 40| LB LT}

@ A. Unet2t Z'2 structured network0fl embedding vector2 £0{7}7| [ 20]|
dlscrete/contmuous 2| glo] JHsELICE Ol A|2 MNIST H|O|E{0l| A label 09 £ given &=
Q1 (discrete), inpainting0llA= masked image pixel value £ given &+ JELICt
(continuous).
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QA

@ Q. P.2310f|A AZE|= correction-based approachesE0| DynamicsE tilted
distributionS M2 = WO E HES| = E76t1 Xl & A0[X] gt= O] RE FAAIIR?

o A. IXHAOM = AAHH| 80| 310 et 7t SFALE|X| gf0tA] 0|0l K| diffusion modeloflA= &
MO|X| ELICE BhH EXp A, E2| A|Z2(0|M S ATHE O 2 XA EH|0| M= AHE &L
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QA
@ Q. p.2422| DPS approximation2 “tightly peaked around its mean” 71’40]| 2|=3st=0|,
0] 74 0| MEstx| 22 uff 'L MSH= approximation errorE 0|2X O 2 2 AM}7L} 0|8 | Met
ARt A=K SSELICE
@ A. Guidance with Spherical Gaussian Constraint for Conditional Diffusion(2024, ICML)
Q 2% EM jensen £SA0A 7|HZE B QPO R HOHAM Xt M
Ep(eolen) [L(20)] & L(Ep(ag|ay) [T0])
Qxte| tstE & Loss LO| g-strongly convex0ld, zg|zs ~ N (1, £)0|H

J = E[L(x0)] — L(E[zo]) > g ; i (Ol A= 39| IR7Y)

Q M==22H ot
DSG: z¢—i—1 = Me(It) —\/ﬁﬂt .

DDIM mean

Vi l(Eo(2t),y)
||VM€(£‘0 (xt)v y) H
normalized, geometry-based step size

(HI2) DPS: 2¢se—1 = po(we) =y Ve b(Zo(1),y)
——

DDIM mean néa,tenth
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QA

@ Q. Training Free GuidanceOj|A AEIY, A 5 0]2] 272 lossE SA0| AISE £+ ALIR?
@ A. Ul o8] =Zo|| ch3t lossE weighted sum2 2 HolstH, MA| guidancek 2} guidance
signal®| weighted sum YEHE AT 4 USLICE
Ci2t O] & 2+ Z=210f| i3t surrogate likelihood2| ZHo 2 siMet AR, ZZE At0|2| dependency
I 20i| Tha$t factorizationO| & Al joint conditional distributionS H&ts| LIEHLHX| 28 4
UAELICE
L5t optimization ™A= 2} loss| gradient7t A 2 giol WakS Jt2|7| ALt scaleO| 3H| CHE
A2 gradient conflictLt scale imbalanceZt &g o~ USLICEL O|E &t3t517| 213l lossE
weight 8, timestep dependent guidance strength, gradient normalization, adaptive
weighting S2| 20| A&7 QAELIC.
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