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> N F G AU, F R AR

AI-GENERATED IMAGE
=

WRITE MUSIC

WITH NEURAL
NETWORK




> B AR A

1 .
200 ~ 5 ) 8(x—x)

B A7 KA x ~ qo(x)



Forward SDE (data — noise)

x(0 dx = f(x,t)dt + g(t)dw

=

i) L

5core funciih
dx = [£(x,) — ¢ (t)Vx log pi (x)] dt + g(t)dw

Reverse SDE (noise — data)




> AR #
- A e AR
B it
- Fv O &R 42 A (denoising diffusion probabilistic
model, DDPM)
- LR LW a7 42 (probability flow ODE)
> 4% T Et (score matching)
- U-Net: 4%k % 7= (score representation)
> WS
> AR RIS
R B AR
- F 5 # 5 5) (MNIST)



> ThitAz (0T BA > a%F
KA B Ak o 7 #2 (stochastic differential equation, SDE):

ﬁ\jﬁz th/ltXO_l_O-tW' W"’N(O,I)
ot (x¢|x0) = N (x¢ | Aexo, 0f1)
3P

dlog A, do? dlogl,

2=__2 2
9(®) dt dr Ot

f(t) =

dt

JiE. B MEZ\ 25 L(t x) =



FarmEEO0->T> BA > a%F
[ I o 7 A2

BEEE Xe~ qe(x)

i T Fokker Planck 7 42
00q:(x) = =V - (F(Dxqe(x)) + A(g(£)?q(x))




> REiEf (T -0 %% > BAE)
~0¢qr-(0) = =V (f (T = Dxqr—¢) +5A(g(T = )%qr_y)
R pe(x) =qr_¢(x) (0-T), HE
0:pe(x) = V- (f(T = O)xp) =5 A (T =~ )%py)
> T AF (0 > T)

2marg s Yy~pox)=qr(x) (0-T)

K dYy = f(t,Ypdt + g(t)dW,




» Ornstein-Uhlenbeck (OU) =42 (0 - T)

1
dXt — _Xtdt + \Eth

> 75 £ 1 ¥ (Variance exploding) SDE#) /152 (0 » T)

dXt = O-(t)th
dXt — th



> e A2 (0->T)
SDE: dX, = —X,dt + V2dW,

Ornstein-Uhlenbeck

[t

Ui
Wmm

i B Fokker Planck 7 42 :
0¢qr(x) = V- ((x + Vlogq,(x)) q(x))

10



> w4 (T - 0)
—0¢qr—¢(x) = V- ((x + Vlogqr—¢(x)) CIT—t(X))

3L pe(x) = qr—¢(x) (0-T)
0epe(x) = =V - ((x + Vlogqr_¢(x)) pe)

> BFHNE O T)

ARGEE Yo~N(0O,D)~qr(x)  (0-T)
- Ry RO S A (DDPM)
dY, = (Y, + 2V loggr_.(Y,))dt +2dw,
- W E R M 4 77 #2 (probability flow ODE)
dy;

— = Ve + Vlogqr_(¥¢)

11



X, =e Xy +V1—e2tW W ~N(0,I)

sg(t,x) = Vlogqr_(x)

it Yy ~ qr(x) = V(0,1)
- Ky £ A (DDPM)
d¥, = (V; + 25¢(t, ¥, ))dt + V2dW;
- W E R M 4 77 #2 (probability flow ODE)
av, - |
— =T +s0(t, Yr)

12
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2% It B (Score Matching)

> B ARk 2K
T
mgnf wr_tEq. . Il so(t,x) — Vlogqr_;(x) 1% dt
0

A

X =e Xy + J1—e 2tW ~ q:(x)

MR 2 58 B B A
Gor (x|x0) = N (x; e txg, (1 — e~2H))

0 = [ W e, (1 - e DD (e,
> 44 52 9, (Monte Carlo 24~
T
mgnfo Wr—tEqq ) Baor—c(xlxg) I St X) = Vlogqor—¢(x]xo) &

14



2% It Bz (Score Matching)

T: ¥ %, 4 5+ (singularity)

O:to<t1<“‘tN:T—T

/%25] :qo = 0(x) > T HVloggr_(x)

4e(x) = f N (x; e~xg, (1 — e 2010 (xg) dtg

= N(x;0,(1 — e2t)])

Q(t; x) = Vlogqr_¢(x) = — 1_6_3;(T_t) ~

0(7=) %7

15



T—1
mé}nj;) WT_tIEQO(xO)IECIoT—t(x|x0) I S0 (t' X) o VIOgCIOT—t(xlxo) ”2

- B 2t #AT Y %
- FAUR AR HEAT D &5

16



2% It B (Score Matching)

» fE1 s(x, t) = Vlogqr—_¢

T
meinf Wtqu(xO)Iqut(x|xo) I sg(x, T —t) — Vlogqo:(x|xo) 14

T
- AUE R
qe(x|xg) = N (x; e txg, (1 — e 2DI)
_p—t
Vlogq:(x|xg) = — xl_ee_zxto
W, 1 1 — o2t

Ieq(x|xO)IIVlogqt(X|X0)II2
- B8] . N\ (time embedding)

N x, [sin(2rwt); cos(2mwt)]
- vk 5 TR AL A

sg(x, T —t) = —€g(x,T —t)/V1 — e~ 2t

17



T
meinf WeEqo oy Bqor(xlxo) | sg(x, T —t) — Vlogqos(x|xg) II?
T

BT

so(6, T —t) == —eg(x, T —t)/A/1 — e~ 2t
B AT R 24

. . 2
min j e Se— L ELE Y

—t 2 1 — e—Zt

At=e WtOCO-t=

18



Input

4 |9

56| 2

2 | 4|5

56| 5| 4|78
5|7 |7 |92 1—_
5 (8|5 |3|8|4a[]
n,xn,xn.= 6x6x3

> Al &

(Pooling layer)

Max(1, 1,5,6)=6

Effect of using a stride of 2.

A1 2] 4
max pool with 2x2 filters
d stride 2
\5 6/ 7|8 and stride
3 | 2 NG
1| 2 EESHIES

We do the pooling with 2x2 filters, so we will devide an input image on
2x2 regions, and we will use a stride of 2.
Because we are using a stride of 2, these regions don't overlap.

Parameters:
Size: f=3
#channels: n,=3
Stride: S=1
Padding: p=o0

oI T eg(x, t)

& (Convolution layer)

Result

19



U-Net: &%k 7eq(x,t)

> A7 & (Convolution layer)

‘ / ,"r!‘f-_gff - ," ga -
&%l LB

) B -hehl

‘(ﬁ. 11

B byl

I
—

= N v, B
o

)% l_v

B0 e

P
h,
K
[m
£

Wl
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OUTPUT

Clhssifier

IIIIIIIIIIIIIIIIIII

€g(x,t)

o

D»I»

\\I//
Y
|
|
|
|
|
|
|
|
|
|
|
|
|
:
|
B U K
¥ |
N

e

-~

IIIIIIIIIIIIIIIIIIIIIIIIII
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FR Y W 424 (DDPM)

> Rk Y WO R AR
dYt — (?t + ZSQ(t, Yt)) dt + \/ith

- Euler-Maruyama

ay, = (Y’tk + 2sg(t, Ytk)) dt +V2dW,  t € [ty trsq]

- ¥8 H AR - B (exponential integrator)

AN

d¥, = (Y, + 2sq(ty, ?tk)) dt +V2dW,  t € [ty trsq]

(A R R o - )
Vi ~ Der Py Fopr ZAGGIRERL S U2

0epe(x) = =V - ((x + Vloggr_¢(x)) pe)
dYt = (Yt + 2V loqu—t(Yt))dt + \/Eth

J

23



FR 4 AR FAHL A (DDPM)

1B3% Yo ~ qr. % BAEC([0,T]; R?) L 6935420 B Qr #»
Pr , CAIAT AT AAF it 2

QT: dYt = (Yt + 2V loqu_t(Yt))dt AR \/Eth

PT: dYt — (?t + ZSQ(tk, Ytk)) dt + \/Eth t € [tk, tk+1]

KL[,DtN | ﬁtN] = KL[QtN I PtN]

N—1 Lk+1 2
< 3 [ By ot i) - Thogar-c Ol e
k=0 "t

k

24



Lo 5 HO &4 A (DDPM)

Al: 5 F It BiZ £

N-1
> (ters = t)Eqy, lls0 (6 ) = Viog ar_g, (1) < 62
k=0

A2: 5B & Covg (x) = Iy

ﬁ'ﬂ]ﬁ, ‘E-IJ,I Ozto<t1"'<tN=T—T,__ELtk+1—tk
< kmin{1,T — tys(}, 7%

KL|pr Il pr, ] S 62 + dk?N + kdT + de ™"

25
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3 B X
O(10) /Bt 1)

— Exact solution
-o- 4th order Runge-Kutta

--- 2nd order Runge-Kutta
-e— Explicit Euler (half step length)
- Explicit Euler

20



> 12w o 7 #2 (Probability flow ODE)

- (37 %) Runge-Kutta #& X,
dYt = (Ytk - Se(tk, Ytk)) dt t € [tk, tk+1]

-(FH W) 35 A5 £ (exponential integrator)
dYe = ( ¢ + sg(tr Ytk)) dt t € [ty tk+l

27



183% pg, Pr € C1([0,T]; RY) n L1([0,T]; RY) 2 F & # A
st iR AR 0 R

0epe(x) = V- (Ue(x) pe(x))

0tpe(x) =V - (ﬁt(x)ﬁt(x))

HATVH
ITV(p7, p1) — TV(p0, Po)
1 (T _
= Efo f ‘V ' ((Ut(x) - Ut(x))pt(x))‘ dx dt

28



Al K IBEA % X 3%{x € R%: ||x]lo < D)

A2. 4 Z T BLiR £
T—1
| Bgrlisa(t.0) — Viogar_()Pde < &7
0

A3. (JEM ) sg(t,x) & L-Lipschitzif& 449, Bp A T 4& A
p-th J)- Runge-Kutta 7 %, 3&4]]4&&59 (t,x)ap +1 K
FHAERKNDTL

29



S0 & Pry N (0, 1) Fnd6 1089 8 27 % a7 42 (ODE
) BHrd . 428 p U Runge-Kutta ik, 349 FKh

T—1

— T’ /fﬁ".@] .

TV(ptN' ﬁtN)
3 11 T
<e TdD + dT4(L + t72D3)262 + d(dh)P(LD)P*1 log_r

IE IR £ 135 I BLif £ BB E £
- RMBAFTFRFET — 1T &2 £, A% Qoo o A7 Q5
= pg,, X 18] 89 Wasserstein-2 35 5 A £ RO (T + d(tD)?)
- iiE £ R A 0(dVS + d(dh)P)

30



> BB 5 qo

R% w 5-45 5 6900 A5 A

> o Bz £ (6(t,x) = s(t, Ji) — Vlog qr—¢(x))
LWz £: 6(tx) = 6—
2. B xR £ O(t,x) = 5§ ==

d
xX—m

3. kiR £ 6(t,x) = 5sinx7
L, om A BIRASAHE, sinxlk A FEA

e
N

> & E
— ¥ Heun 7 %
iFE T = 8, 5 M N(0,1,) #1451 4x10% 45 F

31



—»= constant error —e=- linear error —#+=- sjnusoidal error

—— reference

A

——8) =

TS

4

-10

(10°0=9) Aysusp

(z0'0=9) Aisusp

0

-10

0 10

-10

10

0

0 10

-10
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:O)

> BHIRE O

-A- d =128

—©- d =32

d=28

h2

10°

J0JJo UueaW ‘|°9Y

100

1071

33



_ 5 constant error - linear error --/v+ sinusoidal error (d = 8)

— 0 “- constant error —©- linear error  —/- sinusoidal error (d = 32)
—— 6  —»- constanterror -©- linearerror =A== sinusoidal error (d = 128)
= o -
o
—_ ju-
o )
— —_ (]
i~ v
Y c c
—~o G 3 O 3
S 0 5
>
= — 3
[ o
o —
Q
E o 3
1072 1071
6 6 6

- HiERE R 0(dVE + d(dh)P).
- HAE T IR £ R O(8 + hP). 34



» MNIST (https://github.com/bot66/MNISTDiffusion)

R
ﬁw %

rq-

.h\..h\ .fo.! ’

vwh._nl it L
w.mga H?u.?

T ,.w%hﬁ
CAuEE Aww, >
4 T8 A
?.\. ﬁ -
kmtmm N5 r,lwwu

aww

Y alwulhw

% \.m.w.qwa!w \»%Wm

AT ST

35



I i

> Ty ik
Ho, Jonathan, Ajay Jain, and Pieter Abbeel. "Denoising diffusion probabilistic
models." Advances in neural information processing systems 33 (2020): 6840-6851.

Song, Yang, et al. “Score-based generative modeling through stochastic differential
equations.” International Conference on Learning Representations, 2021.

Lu, Cheng, et al. "Dpm-solver: A fast ode solver for diffusion probabilistic model
sampling in around 10 steps." Advances in Neural Information Processing
Systems 2022.

> e

Chen, Sitan, et al. "Sampling is as easy as learning the score: theory for diffusion
models with minimal data assumptions." arXiv preprint arXiv:2209.11215 (2022).

Benton, Joe, et al. "Linear convergence bounds for diffusion models via stochastic
localization." arXiv preprint arXiv:2308.03686 (2023).

Huang, Daniel Zhengyu, Jiaoyang Huang, and Zhengjiang Lin. "Convergence
Analysis of Probability Flow ODE for Score-based Generative Models." arXiv
preprint arXiv:2404.09730 (2024).

36



(00) =0 € RYith 2dB; = b(B¢, t)dt + 0(6;, t)dBy, 36,

~ Pt }JISZ‘

Dj; Pt]

3+ D =§Ut0£T

Zu (A% AntE EMALT & RN E G EAL
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