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ERIREIMTA (EEHRE)
SRR ORERMSANRS, FBEEENARBTERREN/IEREENNS. XMNIERLUTFAZE
KRIEESOETE.

EREENARRIEE 2, JUNATEZARERE, MNERIEMR. B (MU %R, SREN
(BENRENRINASHITER) .

ERBIEX SRS

SRR BRI, PSR TSR,
BTN I o0t (), ELSYRHEAIIA Fapara () FE.
Tl BB — RO —— e
TSRS

o BRRIEEMIT: BRIENFHKBED BPmodel ().
o [BRRIEEMIT: EI—MEED 000 (7), MAEFBEIUEENE.

FUFEE, KSR NMHETAZE]

SRR

P(B|A)xP(A
P(A|B) — PEA P
AR

P(A, B) = P(A|B) x P(B)

ZHIRBREREEIER DM FIEERaRRIBIRxX, YIRS TMERGHERS T (PR ENZE) |
HetbRIEFSRE.

BREDHANAE 5!

* PiX=wi} =) P{X=0,Y =y;} =3 =pi
o P{X ==} =3, P{AX=u,Y =y;} =3, pij =D

IRAA A (]

e.g. E— RN FEEXK, BETIEMESIK, RN _I57h:

X ae i <)

P 0 1-6


af://n342
af://n344
af://n348
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BT ANERFHPREESOMKULRBNMHABHNKEZ O, ULENSHOHTIHTE, BAEHE
HIRFIPMEFEERIMRES Y. TR, RIRE— MUK ARXRREHI TEMRERMHE, #1777
T00RBEHNINEEZ 5, FitBdH: B30XKIREINRELLEK, B70KEEIRIZEEK,

MIRHEEESRIEN, 6 BE=3: 7, #mki5e=0.3.
EEIBNE, MAMMETPREZBE—NEENRIR, REMBIHREFHESMZFASZHRY.

PixelRNN5PixelCNN
BRI R
PRV EHSRXBIAE R T A B MR ERTERAITER:

p(z) = H?:1 p(xi|T,. .., Ti1)
Heh, p(z) REGXEIUA, = REAEELERRIGRIEHE FTERSIMERAR.,

(HEREGRIEMTIRE: STEREGTHNE TR, BREF—IREMSE-TR, BRES— R
BINMRENB=R, LALSEHE)

PR BERE

MO MmIRER, (BEALAERHREMSREE,

PixelCNN:
24 R : (GIX Y REB% (0~255)
S4BT g 95
apofl
—
’ |
BiRAL ) + .|
DS54

PixelRNN5Pixel CNNAIER S :

o (SRREETLAEHRITE
o FIBUAREAET LGRS
o FRR:

o FHIFFEEREE
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ESE. ERE. ZUE. KLgE!

{SEE(Amount of Information): XF—NEH, WRIMERSZHEE, NEEFERTEREARIER
WMERKERE M AL, EEER/), SPRZAEMERR, SIIRNERETLIEN.

e.g MRIIBAFTER, WERERK, WMRRIATEE, WEEERN.

— =N R \Y N
SEEEN:

I(z) = log, (55) = — log, (p(w))
e.g. Mg MERIEEMA L tRFEREM L
S :
p(h) = 0.5I,(h) =log, 7= =1
p(t) = 0.5 I,(t) =log, 5= =1
RSREm:
q(h) = 0.2 I, (h) = log, 55 = 2.32
q(t) = 0.8 I,(t) = log, 5z = 0.32

BRI —MEESHATEENHYEEE. XENFTLUEARERS TR HE M.
BRBEN: BElERSHPE— N SHREHEFEEEF RN

H(p) = Y piI] = Y pilogy 5 = — > pilog, p;

LR S R R E RN MRAR S

e.g. IYSHEM

H(p) = p(h) x logy (555) + p(t) x log>(-55) = 0.5 x 1405 x 1 =1

e.g MYSED (IE: R=2: 8)

H(q) = q(h) x log, ﬁ + q(t) x log, ﬁ =0.2 x 2.32 + 0.8 x 0.32 = 0.72
SRS Rk

o MEFERIIT -HINZEFMEEEES -HEX
o T ERARL - ZEFTRESFEN

RXE: BEbiHlRe, WEIHERS mprIESEEEN b,
A H(p,q) = Xpil] = pilogy - = — > pilogy (4:)

e.g. —MEMAYground truthRIIEREEESBI/p(R) = 0.5, p(t) = 0.5, BRIBEERGITHE(h)
q(t) = 0.8,

M H (p,q) = p(h) x log, ( 7+ p(t) x logy ﬁ =0.5 x 2.32 + 0.5 x 0.32 = 1.32

#q(h) = 0.4, q(t) = 0.6, WH(p,q) = 1.03, FELLERBER/N,

KLEE (Kullback-Leibler Divergence): E{tHHEEM MIERSMIIXBINEREL. m Dz, T

KLEE BN,

TEN: KLt =2 X — %

D(pllg) = H(p,q) — H(p) = oI} — X i} = Y pilogy o — X pilogy o = Y pilog, o

=0.2
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—RREVIESD TAIRELE SO THRIKLALE :
KL(N(Na UQ)HN((L 1)) = %(_ ]-OgO'Q + :U'2 + o — 1)
KLESE YRR :

e D(p|lq) >0, XFEHSTHEERT, &0,
* D(pllq) # D(q|lp)
* (BE) VoeD(pllgs) = VeH(p,q0) — VoH(p) = VoH(p, qp)

Qg

SHRERENSMRERRERL.

BRA T — MRS MATHIERE.

R R 7 METHER S mRIA RN E SRS I E B ERfhiHE.

KLEEEE A TR MRS MAIXH,

KLEES TSRS E— I EXEEIRS, WHESEEAURKARE, tLaIs URERKREL,
BEEEIEN.

EH el
s R
ERTE, (EWNEE

e.g.

cat 1
dog 0
fox 0 latent variable can be interpreted
as properties of observed data
observed hidden/latent

TOHEERRE: HIEERBIRNMREIRIEIETIRENE, NREIRSIEET AR 2%
EREESLLiER

z ~ p(z), z ~ p(2[z)

R iS5 LTS E URCUN (:3E 74 Vb a isN

_ p@lp()  plelp(2)
plele) = =0y = I, p(z,2)dz

(BF—TETMENMEII LI, BS2p(z)E2 LAIRS)

BTp(z) LTS, RUFEERBEAURE, B—RIREERESHREMNX—ERDTh. XHEX
HERFT.
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Variational Inference: Example (1)

-z
pr(z)={8 ’iiS:e‘ZI(ZEO)

1 lx-
pr(xlz)=N(X,]1=Z’U=1)= e 2(X 2)2)

V2mI
p(x,z) =px|2)p(z) = Le _%(X_Z)z)e_zl(l = 0) (joint distribution)
? ] m _—
o % 1 (Llix—2)2 thus the posterior has
_ B (—5(x=2)2) p
p() I0 p(x,2)dz fo N ‘/zﬂe dz no closed-form solution

- w.
NG /
the integral has no closed-form solution

plz, 2) BBRAMENT, p(r)BDETEST.
FoERAp () BORRHTHE,
Variational Inference: Example (2)
P(IX)~P(x, 2) = p(XI2)P(2) = == e T D=2 (2 2 0)
- . V21

1 1 1
" —j(z—(x—l))z+7(x—1)2—7x2)I(Z > 0)

Hs“ »—\s‘ -
| S|

1 1 1
_ (j(x—1)2—7x2)e(—g(z—(x—l))z)[(z = 0)

-4
=

N (3=, 5 0y

N

posterior proportional to a gaussian curve for z larger or equal to zero

MREERIEL T2, 2B G DT, BKED L > ORED ESHom. B, AIEHEHSMIELLTIZIE



Approximate Distribution: ELBO
qe(z) = p(z|x)

D(qe(2)lip(zIx)) = Ez~q[1093(97(|zx))] = E,-q4llogqe(z) —logp(z|x)]
_ p(z, x)
= E,-4llogqe(z) —log ) ]

= E,4llogqe(z) —logp(z, x)] +logp(x)

evidence lower bound (elbo) mars o

logp(x) = E ,_4[logp(z, x) —1ogqe(2)] + D(qe (2)lIp(21X))

logp(x) =2 E;—qllogp(z, x) —logqe(2)] = C

objective: minimizing kl divergence — maximizing elbo  ariational optimization: optimizing over funct »n)

o —MEEE ﬁTLM&’f’JLjJJ_l_%&M,M  EHEEXERERNMEREE S MAGZEERE, M
XL EBEETUSEEARNNEEN LRI, BRI — LR S8 A
.

* HTLSHIREREE S IEEENRS, MUEIHNENMEZESmERIFEELITE.

o THHERERA—ARBR. JUSHUIDHhRLIUESTRIRRHREES T, NMEHERX—E
AT ERIRIRRR A — N LA R RO,

o KLEESGE TSRS A=l EL RN MRS mZBENESR.

o B/IMUKLEEZFRTRAMWIEE T (elbo)fIid iz,

o IHETARR— MY, MBEEERENEEHESTIFEEE.

T BEHBEE(VAE)4
Bmiss: T BHITIES, BEBRENBIRESEHEE— 1N E Y R4S TIRENESE.

AE:
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P AEFEAERIERE L0 EV? (Why VAE?)

AutoEncoderdr, XFEEEARencode, decodefGAUEIHBREEM, tBEiRiR, TTiE

RN T FE ZERIEHR.

BRIERE



decode

code

encode

LEf, BESRTEER— MM THRBIIFENBRZENE=ES.
VAEREIRRTAE, SINT"%S", 86 E&am FENRTNERE, XETUERFENEIR.
Ry =UHE



AE: Auto Encoder

N et »» #oE mpmd

code
VAE ;_%a ) %,qiha

mp wnE WP

Gy = exp(al) X e; +m;

WIESS (&) | P
wwe |\ R —
ARTG - THE A Z(exp(al 1+ + )"

—r ﬁ&ﬁ:ﬁ.io AaX G
l

MOTFFRELRC
O"ﬂi‘i% |

—RREE
"
= m + ep(0i)-e; METARITEA ML
C{ M, +;9/-fr(\...)«\_,\£\ 711.,7\“59;%!\'[5
Ci % 47 69 125
hFoah £ LA E T30



decode

code

encode

VAE{{H3SCHnLE]

1. IMEER: PythonZ®iEss (PyCharmakjupyter NotebookaGoogle Colab) . Pytorch, SciPy,

import torch

from torch import nn

import torch.nn.functional as F

from torch import optim

from torch.utils.data import DataLoader
from torchvision import transforms

from torchvision.datasets import MNIST
import matplotlib.pyplot as plt

2. FEFRVAERREL:

latent_dim = 2
input_dim 28 * 28
inter_dim 256

class VAE(nhn.Module):
def __init__(self, input_dim=input_dim, inter_dim=inter_dim,
Tatent_dim=Tatent_dim):
super(VAE, self)._init_Q

self.encoder = nn.Sequential(
nn.Linear(input_dim, inter_dim),
nn.ReLU(Q),
nn.Linear(inter_dim, latent_dim * 2),

self.decoder = nn.Sequential(
nn.Linear(latent_dim, inter_dim),


af://n518

nn.ReLUQ),
nn.Linear(inter_dim, input_dim),
nn.sigmoidQ),

)

def reparameterize(self, mu, logvar):
epsilon = torch.randn_1ike(mu)
return mu + epsilon * torch.exp(logvar / 2)

def forward(self, x):
org_size = x.size() # x.sizeQRFEEHxE—4E R/
batch = org_size[0] # #EHix.size()H 4t/
x = x.view(batch, -1) # SUBXHIEAR, WKikERF O—4 , -1XR7KkE R/ 3 3HEWT

h = self.encoder(x)

mu, Togvar = h.chunk(2, dim=1) # Jfikahiz4EEdim=11)%lin=21 15k &

z = self.reparameterize(mu, Togvar)

recon_x = self.decoder(z).view(size=org_size) # faifi N\l 14E R (155

return recon_x, mu, logvar

TEMVAEE, IR, ESHK. aIRER=1ERE (&Bnn.Module) .
@)=

SRR,

BEMRIDSEMFES,  (RISFEEsnEE eI LIISE TE)

Define
latent state
distributions

Mean Sample from

\/“\1/,

distributio
a »\v
' 2
~ ~ A‘kl
3 ‘V" E]

4
) = \V = vy
//' \ /\ - N JRN
: \
. —mm—
HimiBastRERRAINReLUER. HiRIIReLURE, NS SEEEAEMERR.
XEfJlatent_dim/EEIR2EN T EHINEATEITER IS .

QESHL:

AT RRRE AEEL P REERE AR T RAN T EET R E R EHIBEAITM, "Reparameterization

trick " TRHREREH SRR EN RS PR Z— MR R, XMHEEREBERER— LR, 5
MRESEDT (9ER0, 5ENT) hRENEIIRFESEEZEMNYENINEERES. X MEE
MEREEAMOE, BILEBEALEX MIEHERE.

\ '
‘Qﬂ‘ [\ )
{/‘" ) “\ Variance //R \

0
0»
0
‘\

o



torch.rand_1ike O IREI—PKE, ZKERAXIE0, 1) 955 AIBETEUEF. (Returns a tensor
with the same size as that is filled with random numbers from a uniform distribution on the
interval input [0, 1))

e.g.

import torch

x = torch.randn(2, 3) # &randn/AZ&rand nnlUIE @ Anormal distribution
# X AU Ry $efitsize 2R

# yIRMIME AT 2 AL IR AT

y = torch.randn_like(x) # /Erandn_like/ /Erand_Tlike

print("x:")

print(x)

print("y:")

print(y)

FIENER:

X:

tensor([[-1.2325, 1.2024, -1.3687],
[-0.9878, -0.3169, 2.308111)

y:

tensor([[-0.4256, -0.7590, -0.2116],
[ 1.0796, -0.0953, 0.086311)

B ArandFrand_like:

import torch

X = torch.rand(5, 5)

# X B AN A Ry S it s ze 405

y = torch.rand_like(x) # #& [0, 1)HIEIoA

print("x:")

print(x)

print("y:")

print(y)

FIEDEER:

X:

tensor([[0.7323, 0.4171, 0.7637, 0.5724, 0.1118],
[0.3072, 0.5862, 0.1472, 0.3808, 0.7808],
[0.6639, 0.3512, 0.4014, 0.3718, 0.4768],
[0.9470, 0.6729, 0.2839, 0.8006, 0.4525],
[0.2911, 0.9403, 0.4398, 0.6744, 0.6521]])

y:

tensor([[0.8802, 0.3079, 0.8996, 0.8264, 0.2596],
[0.2414, 0.7230, 0.6033, 0.4801, 0.2473],
[0.6322, 0.6492, 0.4419, 0.5045, 0.4613],
[0.8297, 0.3991, 0.8906, 0.7500, 0.2619],
[0.1669, 0.9790, 0.8143, 0.3800, 0.7385]1)

FTLMHERREY epsiTon R—PMSufi2REBRI. HETRNELESOMANERS. REERFGHFEINELE

2

log o

SHHEEEZERI LAYE. e (Blo) MREENESS .
ORIMIERE:



x.view(batch, -1 EBNEIEREFEA_4ERE, batchZiHtEXN.
h.chunk(2, dim=1)&h7 EIRIHEFIXIETF ZE.
JAFself.reparameterize(mu, logvar)EmLETE7,

3. TE M EHHRRFIKLIRL :

k1_Toss = Tambda mu, Togvar: -0.5 * torch.sum(l + logvar - mu.pow(2) -
logvar.exp())

recon_loss = lambda recon_x, x: F.binary_cross_entropy(recon_x, X,
size_average=False) # size_average: ¥&iil&2& X BEMEAR I T 15

IXEBRKLBERE: KL(N (1, 0%)|IN(0,1)) = 5(~logo® + p® +0° — 1)

EAMNISTZ2REE BB, FiLAfIDecodergfia] LAFSigmoid/SHME XS MK E, EMRAE R ABCE
7, AMSEEEITIRRIIA]. (BUNRE=BEEGEERREEG, K2V ERMSEMEIRK.

4.3)|1ERAYESE TIE

epochs = 100
batch_size = 128

transform = transforms.Compose([transforms.ToTensor()])
data_train = MNIST('MNIST_DATA/', train=True, download=False,
transform=transform) # 4% 0] 47k

data_valid = MNIST('MNIST_DATA/', train=False, download=False,
transform=transform)

train_loader = DatalLoader(data_train, batch_size=batch_size, shuffle=True,
num_workers=0)
test_loader = DatalLoader(data_valid, batch_size=batch_size, shuffle=False,
num_workers=0)

device = torch.device('cuda' if torch.cuda.is_available() else 'cpu')
model = VAE(input_dim, inter_dim, Tatent_dim)

model.to(device)
optimizer = optim.Adam(model.parameters(), Tr=1le-3)

5. 9)I14x

best_Toss = 1e9
best_epoch = 0

# 30 SRAEAE R epoch 96 IE 45 2 ANl i 2k
valid_Tlosses []
train_losses []

for epoch in range(epochs):
print(f"Epoch {epoch}:")
model.train()
train_loss = 0. # Zjnfbatchiillgisk
train_num = Ten(train_loader.dataset)

for idx, (x, _) 1in enumerate(train_loader):
batch = x.size(0) # MY T3 Hbatch_size



X = Xx.to(device)

recon_x, mu, logvar = model(x)
recon = recon_loss(recon_x, X)
k1 = k1_Toss(mu, Togvar)

Toss = recon + ki

train_loss += loss.item() # .item(): HTLEF—A &R ITensorf N Python
A1t

loss = loss / batch

optimizer.zero_grad()
loss.backward()
optimizer.step()

if idx % 100 == O:
print(f"Training loss {loss: .3f} \t Recon {recon / batch: .3f} \t
KL {k1 / batch: .3f} in step {idx}")

train_losses.append(train_loss / train_num)

valid_loss = 0.

valid_recon = 0.

valid_k1l = 0.

valid_num = len(test_loader.dataset)

model.eval ()

with torch.no_grad(Q):

for idx, (x, _) 1in enumerate(test_loader):

X = X.to(device)
recon_x, mu, logvar = model(x)
recon = recon_loss(recon_x, X)
k1 = k1_Toss(mu, Togvar)
Toss = recon + ki
valid_loss += Toss.item()
valid_kT += kl.item(Q)
valid_recon += recon.item()

valid_losses.append(valid_loss / valid_num)

print(f'"valid loss {valid_loss / valid_num: .3f} \t Recon {valid_recon /
valid_num: .3f} \t KL {valid_k1 / valid_num: .3f} in epoch {epoch}")

if valid_loss < best_loss: # il
best_loss = valid_loss
best_epoch = epoch

# (AT

torch.save(model.state_dict(), 'best_model_mnist')
print("Model saved")

IBfR for idx, (x, _) in enumerate(train_loader): :



import torch

import torchvision

from torchvision import transforms

from torch.utils.data import DatalLoader
train_dataset = torchvision.datasets.MNIST(root="..."
transform=transforms.ToTensor())

, train=True,

train_loader = DatalLoader(dataset=train_dataset, batch_size=4, shuffle=True)

for idx, (x, y) in enumerate(train_loader):

print(idx)

print(x)

print(y)
BITER:

AILAEH, enumeratefgtrain_loaderdafg& MbatchiB I THRSE, ArLAidxFTENE kg2 ribatchHI%4R
5. WFE N batchWEP, xBFRANFKERFRERERIKE, yWHAZREGAIRE. xflyaT AR5l
Ef#Ainputfltarget,

import torch

import torchvision

from torchvision import transforms

from torch.utils.data import DataLoader

train_dataset = torchvision.datasets.MNIST(root='./minst', train=True,
transform=transforms.ToTensor())

train_loader = DatalLoader(dataset=train_dataset, batch_size=4, shuffle=True)
print(Ten(train_dataset))

print(Ten(train_loader))
print(Ten(train_loader.dataset))

E{TEER



60000
15000
60000

train_datasetf{train_loader.datasetzRiAHIS Y E2EREH.
6. {RHIRARIZL (ffEFmatplotlib)

plt.plot(train_losses, label='Train')
plt.plot(valid_losses, label="valid')
plt.legend()

plt.title('Learning Curve');

epoch = 20:

A€Ed> Q=¥ pp——

180

170

160

150

Learning Curve

0.0 25 5.0 7.5 10.0 12,5 15.0 17.5

7. AL REER

import numpy as np
from scipy.stats import norm

state =
model =

n =20

torch.load('best_model_mnist')
VAE ()
model.load_state_dict(state)

digit_size = 28

grid_x
grid_y

norm.ppf(np.Tinspace(0.05, 0.95, n))
norm.ppf(np.linspace(0.05, 0.95, n))

modeT.eval()

figure

np.zeros((digit_size * n, digit_size * n)) # QIZE“mEAT", /NEIZZ28%281), #

A2 HH20% 204/ 5 4H 1k
for i, yi in enumerate(grid_y):
for j, xi in enumerate(grid_x):

t

= [xi, yi] # t=&2400 s A7 2 8 A AL AR



z_sampled = torch.FloatTensor(t) # WAbritin ks
with torch.no_grad(): # ZEJIEAE 5
decode = model.decoder(z_sampled) # it /it s/t il 1%
digit = decode.view((digit_size, digit_size)) # %A E1% N28%2814%

figure[
i * digit_size: (i + 1) * digit_size,
j * digit_size: (j + 1) * digit_size
1 = digit # KA EHGTR R RS H ks RiAr & E

plt.figure(figsize=(10, 10))
plt.imshow(figure, cmap="Greys_r")
plt.xticks([])

plt.yticks([])
plt.axis('off');

norm.ppf(): LHE—MHERE (RRHR) , REZMREEINELESSHhHNASME. ERLR%
HHEREESS TR, BEOUHIRNEIEREER MELUT. WREERIAMEZR0.95, norm.ppf0ig
REEIESSH, EE5%RIEHER/NTEEFTIX MERID L.

np.linspace(0.05, 0.95, n): ££/N/NME[0.05, 0.95] X [EY SR, HiBidnorm.ppf(EEiARELE
SOHHYE.

e.g.
from scipy.stats import norm

p =0.95
quantile = norm.ppf(p)

print(quantile)
print(np.linspace(0.05, 0.95, 20))
print(norm.ppf(np.linspace(0.05, 0.95, 20)))

TITER:

1.6448536269514722

[0.05 0.09736842 0.14473684 0.19210526 0.23947368 0.28684211

0.33421053 0.38157895 0.42894737 0.47631579 0.52368421 0.57105263

0.61842105 0.66578947 0.71315789 0.76052632 0.80789474 0.85526316

0.90263158 0.95 ]

[-1.64485363 -1.29669299 -1.05927692 -0.87016448 -0.7079966 -0.56263389
-0.42831603 -0.30133652 -0.17905472 -0.05940243 0.05940243 0.17905472
0.30133652 0.42831603 0.56263389 0.7079966  0.87016448 1.05927692
1.29669299 1.64485363]

RREFVEESD S, KAS%HIEIRR/NTEET1.645 (ELUE, TE) , X49.737%HEIER
INFEEETF-1.297,

EREIGER:
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import torch
import torchvision
import matplotlib.pyplot as plt

def show_images(datset, num_samples=20, cols=4):
""" plots some samples from the dataset
plt.figure(figsize=(15,15))
for i, img in enumerate(data):
if 1 == num_samples:
break
plt.subplot(int(num_samples/cols) + 1, cols, i + 1)
plt.imshow(img[0])

LIRIRT]

non

data = torchvision.datasets.Stanfordcars(root=".", download=True)
show_images(data)

import torch.nn.functional as F

# REl—N—gEp)ikiE, XAKEME T MstartElend, 7risteps MR R RN & .

# e.g. torch.linspace(3, 10, 5)

# tensor([3.0000, 4.7500, 6.5000, 8.2500, 10.0000])

def Tinear_beta_schedule(timesteps, start=0.0001, end=0.02):
return torch.linspace(start, end, timesteps)

def get_index_from_list(vals, t, x_shape):
Returns a specific index t of a passed 1list of values vals
while considering the batch dimension.
batch_size = t.shape[0]
out = vals.gather(-1, t.cpu())
return out.reshape(batch_size, *((1,) * (lTen(x_shape) - 1))).to(t.device)

# IR HL
# BEMANEIGEX_OMtimestep t, i%[EEIME I INME: A
def forward_diffusion_sample(x_0, t, device="cpu"):
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Takes an image and a timestep as input and

returns the noisy version of it

noise = torch.randn_Tike(x_0)

sqrt_alphas_cumprod_t = get_index_from_list(sqrt_alphas_cumprod, t,
x_0.shape)

sqrt_one_minus_alphas_cumprod_t = get_index_from_1list(

sqrt_one_minus_alphas_cumprod, t, x_0.shape

)

# mean + variance

return sqrt_alphas_cumprod_t.to(device) * x_0.to(device) \

+ sqrt_one_minus_alphas_cumprod_t.to(device) * noise.to(device),
noise.to(device) # “\”FTREATTT

# Define beta schedule
T = 300
betas = linear_beta_schedule(timesteps=T)

# Pre-calculate different terms for closed form

alphas = 1. - betas

alphas_cumprod = torch.cumprod(alphas, axis=0)

alphas_cumprod_prev = F.pad(alphas_cumprod[:-1], (1, 0), value=1.0)
sqrt_recip_alphas = torch.sqrt(1.0 / alphas)

sqrt_alphas_cumprod = torch.sqrt(alphas_cumprod)

sqrt_one_minus_alphas_cumprod = torch.sqrt(1l. - alphas_cumprod)
posterior_variance = betas * (1. - alphas_cumprod_prev) / (1. - alphas_cumprod)

from torchvision import transforms
from torch.utils.data import DatalLoader
import numpy as np

IMG_SIZE = 64
BATCH_SIZE = 128

def load_transformed_dataset():
data_transforms = [
transforms.Resize((IMG_SIZE, IMG_SIZE)),
transforms.RandomHorizontalFlip(),
transforms.ToTensor(), # Scales data into [0,1]
transforms.Lambda(lambda t: (t * 2) - 1) # Scale between [-1, 1]
1
data_transform = transforms.Compose(data_transforms)
train = torchvision.datasets.StanfordCars(root=".", download=True,
transform=data_transform)
test = torchvision.datasets.StanfordCars(root=".", download=True,
transform=data_transform, split='test')
return torch.utils.data.Concatbataset([train, test])
def show_tensor_image(image):
reverse_transforms = transforms.Compose([
transforms.Lambda(lambda t: (t + 1) / 2),
transforms.Lambda(lambda t: t.permute(l, 2, 0)), # CHW to HwWC



transforms.Lambda(lambda t: t * 255.),
transforms.Lambda(lambda t: t.numpy().astype(np.uint8)),
transforms.ToPILImage(),

D

# Take first image of batch
if len(image.shape) ==

image = image[0, :, :, :]
plt.imshow(reverse_transforms(image))

data = load_transformed_dataset()
dataloader = DataLoader(data, batch_size=BATCH_SIZE, shuffle=True,
drop_last=True)

# Simulate forward diffusion
image = next(iter(dataloader))[0]

plt.figure(figsize=(15,15))
plt.axis('off")
num_images = 10
stepsize = int(T/num_images)

for idx in range(0, T, stepsize):
t = torch.Tensor([idx]).type(torch.int64)
plt.subplot(l, num_images+1l, int(idx/stepsize) + 1)
img, noise = forward_diffusion_sample(image, t)
show_tensor_image(img)

from torch import nn
import math

class Block(nn.Module):
def __init__(self, in_ch, out_ch, time_emb_dim, up=False):
super(Q).__init_Q
self.time_mlp = nn.Linear(time_emb_dim, out_ch)
if up:
self.convl = nn.Conv2d(2*in_ch, out_ch, 3, padding=1)
self.transform = nn.ConvTranspose2d(out_ch, out_ch, 4, 2, 1)
else:
self.convl = nn.cConv2d(in_ch, out_ch, 3, padding=1)
self.transform = nn.Conv2d(out_ch, out_ch, 4, 2, 1)
self.conv2 = nn.Conv2d(out_ch, out_ch, 3, padding=1)
self.bnorml = nn.BatchNorm2d(out_ch)
self.bnorm2 = nn.BatchNorm2d(out_ch)
self.relu = nn.ReLUQ)

def forward(self, x, t, ):
# First Conv
h = self.bnorml(self.relu(self.convl(x)))
# Time embedding
time_emb = self.relu(self.time_mlp(t))



# Extend last 2 dimensions

time_emb = time_emb[(..., ) + (None, ) * 2]
# Add time channel

h =h + time_emb

# Second Conv

h = self.bnorm2(self.relu(self.conv2(h)))
# Down or Upsample

return self.transform(Ch)

class SinusoidalPositionEmbeddings(nn.Module):
def __init__(self, dim):
super(Q).__init_Q
self.dim = dim

def forward(self, time):
device = time.device
half_dim = self.dim // 2
embeddings = math.1og(10000) / (half_dim - 1)
embeddings torch.exp(torch.arange(half_dim, device=device) * -
embeddings)
embeddings time[:, None] * embeddings[None, :]
embeddings = torch.cat((embeddings.sin(), embeddings.cos()), dim=-1)
# TODO: Double check the ordering here
return embeddings

class Simpleunet(nn.Module):

A simplified variant of the Unet architecture.
def __init__(self):
super(Q).__init_QO
image_channels = 3
down_channels = (64, 128, 256, 512, 1024)
up_channels = (1024, 512, 256, 128, 64)
out_dim = 3
time_emb_dim = 32

# Time embedding

self.time_mlp = nn.Sequential(
SinusoidalPositionEmbeddings(time_emb_dim),
nn.Linear(time_emb_dim, time_emb_dim),
nn.ReLU()

# Initial projection
self.conv0 = nn.Conv2d(image_channels, down_channels[0], 3, padding=1)

# Downsample
self.downs = nn.ModuleList([Block(down_channels[i], down_channels[i+1],

time_emb_dim) \
for i in range(len(down_channels)-1)])
# Upsample
self.ups = nn.ModuleList([Block(up_channels[i], up_channels[i+1], \
time_emb_dim, up=True) \
for i in range(len(up_channels)-1)1)



# Edit: Corrected a bug found by Jakub C (see YouTube comment)
self.output = nn.Conv2d(up_channels[-1], out_dim, 1)

def forward(self, x, timestep):
# Embedd time
t = self.time_mlp(timestep)
# Initial conv
X = self.conv0(x)
# Unet
residual_inputs = []
for down in self.downs:
X = down(x, t)
residual_inputs.append(x)
for up in self.ups:
residual_x = residual_inputs.pop()
# Add residual x as additional channels
x = torch.cat((x, residual_x), dim=1)
up(x, t)
return self.output(x)

X

model = Simpleunet()

"

print("Num params: ", sum(p.numel() for p in model.parameters()))

print(model)

def get_loss(model, x_0, t):
X_noisy, noise = forward_diffusion_sample(x_0, t, device)
noise_pred = model(x_noisy, t)
return F.T11l_loss(noise, noise_pred)

@torch.no_grad()

def sample_timestep(x, t):
calls the model to predict the noise in the image and returns
the denoised image.
Applies noise to this image, if we are not in the last step yet.
betas_t = get_index_from_list(betas, t, x.shape)
sqrt_one_minus_alphas_cumprod_t = get_index_from_Tist(

sqrt_one_minus_alphas_cumprod, t, x.shape

)

sqrt_recip_alphas_t = get_index_from_list(sqrt_recip_alphas, t, x.shape)

# call model (current image - noise prediction)
model_mean = sqrt_recip_alphas_t * (

X - betas_t * model(x, t) / sqrt_one_minus_alphas_cumprod_t
)

posterior_variance_t = get_index_from_list(posterior_variance, t, x.shape)

if t ==
# As pointed out by Luis Pereira (see YouTube comment)
# The t's are offset from the t's in the paper



return model_mean
else:
noise = torch.randn_1like(x)
return model_mean + torch.sqrt(posterior_variance_t) * noise

@torch.no_grad()
def sample_plot_image():
# Sample noise
img_size = IMG_SIZE
img = torch.randn((1, 3, img_size, img_size), device=device)
plt.figure(figsize=(15,15))
plt.axis('off")
num_images = 10
stepsize = int(T/num_images)

for i in range(0,T)[::-1]:
t = torch.full((1,), i, device=device, dtype=torch.long)
img = sample_timestep(img, t)

# Edit: This is to maintain the natural range of the distribution

img = torch.clamp(img, -1.0, 1.0)
if 1 % stepsize ==
plt.subplot(l, num_images, int(i/stepsize)+1)
show_tensor_image(img.detach().cpu())
plt.show()

from torch.optim import Adam

device = "cuda" if torch.cuda.is_available() else "cpu"
model.to(device)

optimizer = Adam(model.parameters(), T1r=0.001)

epochs = 100 # Try more!

for epoch in range(epochs):
for step, batch in enumerate(dataloader):
optimizer.zero_grad()

t = torch.randint(0, T, (BATCH_SIZE,), device=device).long()
Toss = get_loss(model, batch[0], t)

loss.backward()

optimizer.step()

if epoch % 5 == 0 and step ==
print(f"Epoch {epoch} | step {step:03d} Loss: {loss.item()} ™)
sample_plot_image()
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def __init__(self, in_channels: int, out_channels: int, is_res: bool=False) ->
None:

> None FEXD __init__ FEHNREEEEE None
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