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Gidi thiéu Jac > bé lién quan
ctia m6 hinh khuéch tan
et qua
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e Céc cong bd lién quan
o Y tudng ctia mé hinh khuéch tén
o Mot s6 két qua
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Giéi thiéu ) 6ng bd lién quan
clia mo6 hinh khuéch tan

Mot sé

Céc cong bd chinh
Related works

@ (2015: Co s6 toan hoc) Sohl-Dickstein, J. et. al., Deep
unsupervised learning using nonequilibrium
thermodynamics. In International Conference on Machine

Learning (pp. 2256-2265).
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Gidi thiéu J4 g bé lién quan
n6 hinh khuéch tan
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Gidi thiéu ) O 6 lién quan
a mo6 hinh khuéch tan
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Gidi thiéu J 6ng bo lién quan
uwdng ctia m6 hinh khuéch téan
Mot s6 két qua

M6 hinh khuéch tén
Y tudng

o Qua trinh khuéch tdn xu6i (Forward diffusion):
Dan dan phéa vd cau tric cia phan bd dit liéu mot cach hé
théng = sinh dit liéu c6 nhan
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Gidi thiéu J 6ng bo lién quan
uwdng ctia m6 hinh khuéch téan
Mot s6 két qua

M6 hinh khuéch tén
Y tudng

o Qua trinh khuéch tdn xu6i (Forward diffusion):
Dan dan phéa vd cau tric cia phan bd dit liéu mot cach hé
théng = sinh dit liéu c6 nhan

o Qud trinh khuéch tan nguge (Reverse diffusion):
Hoc céach khoi phuc phan bé dit liéu = Hoc tu gidm sat
(self-supervised)
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Gidi thiéu Céc cong bb lién quan
Y tudng ciia m6 hinh khuéch tan
Mot s6 két qua

M6 hinh khuéch tén
Y tudng

o Qua trinh khuéch tdn xu6i (Forward diffusion):
Dan dan phéa vd cau tric cia phan bd dit liéu mot cach hé
théng = sinh dit liéu c6 nhan

e Qu4 trinh khuéch tan nguge (Reverse diffusion):
Hoc céach khoi phuc phan bé dit liéu = Hoc tu gidm sat
(self-supervised)

o Mo hinh véi bién an:
Ham mit mat < Can dudi bién phan (Variational Lower
Bound)
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Giéi thiéu 6ng bo lién quan

cia m6 hinh khuéch tén
Mot sé két qua

Qua trinh khuech tan xudi
Forward diffusion process

Dan dan phéa vd cau tric ctia phan bd dit liéu mot cach hé
théng (bang nhidu Gauss)

Q(Xt|Xt—1) = N( VA ,BtXt—llﬁtI)
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Gidi thiéu Jac ¢ 5 lién quan

Y udng ciia md hinh khuéch tan
Mot s6 két qua

Qua trinh khuéch tdn ngugc

Reverse diffusion process

Hoc cach khoi phuc phan bd dit liéu (loai bé nhiéu)

po(xt—1]xt) = N (po(xe,t), Zo(xt, t))

Q($t|$t—1)

pﬁ(mt—1|$t)

gy 1)
q(ze_1|ze, o)

Huéng ddn: M6 hinh khuéch tédn



Gidi thiéu Jac ¢ 5 lién quan

Y udng ciia md hinh khuéch tan
Mot s6 két qua

Qua trinh khuéch tdn ngugc

Reverse diffusion process

Hoc cach khoi phuc phan bd dit liéu (loai bé nhiéu)

po(xt—1]xt) = N (po(xe,t), Zo(xt, t))

Q($t|$t—1)

:>

pﬁ(mt—1|$t)

Trslz]

q(ze_1|ze, o)
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Gidi thiéu Céc cong bb lién quan

Y tudng ctia moé hinh khué
Mot s6 ket qua

Béang xep hang
State of the art

gank  Mode FID & PO Frecislon  Recall aFiD ade Fesull Year  Tugs @
1 MDT-xL2 179 28301 7] 2023
2 DITXL2-GH 183 078 084 516 28153 0 o2
3 WITL 206 y] 3 2023
4 DITXL2 227 7824 O =02
§  StyleGAN-KL 23 Q O 022
& Poly-INR 284 werss € 3 2073
7 ::'G" 318 UB4 053 4353 25574 0 o2
& GigaGAN 345 08s 081 O 4
o BIGReCgt 14 & an2

[Guided-Diffusion)



Ham mat mat = Can dudi bién phan
Thuat toan hu 7€
Thuat todn lay mau

Mé hinh khuéch tén

Noi dung

@ Mo hinh khuéch tén
o Co s6
e Ham mat mat = Can dudi bién phan
e Thuét toan huin luyén
e Thuit toan lay mau
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NN 2 2 1 duéi bién phan
M6 hinh khuéch téan 1
/eI

Thuat todn ldy mau

Qua trinh khuech tan xudi

o Qué trinh ngau nhién: Bién déi phan bd P chua biét vé
phan bd chuén.
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Mé hinh khuéch tén

Qua trinh khuech tan xudi

Thém nl

XONP

xt = /1 = Bexe—1 + v/Bre ~ a(x¢|x4-1) = N (/1 = Bexi—1, Bi])

Véi By € (0,1) thi x¢|x0 = N(0,1).

o Qué trinh ngau nhién: Bién déi phan bd P chua biét vé
phan bd chuén.
e Hoc may: sinh ra dit liéu gom dau vao x; va nhan mdi e.
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"1 " : an dudi bién phan
M6 hinh khuéch téan 1
/eI

Thuat todn ldy mau

Qua trinh khuech tan xudi

N

Thém nhiéu Gauss vao dit liéu

XONP

xt = /1 = Bexe—1 + v/Bre ~ a(x¢|x4-1) = N (/1 = Bexi—1, Bi])

Véi By € (0,1) thi x¢|x0 = N(0,1).

o Qué trinh ngau nhién: Bién déi phan bd P chua biét vé
phan bd chuén.

e Hoc may: sinh ra dit liéu gom dau vao x; va nhan mdi e.

o Néu c6 thé hoc duge md hinh (xy, €) thi ¢6 thé lat nguge
(undo) qué trinh ngau nhién (tinh x¢_1).

Huéng dan: M6 hinh khuéch tén



M6 hinh khuéch téan ,l, dudi bien phan

Qua trinh khuech tan xudi

Xt = /Wexe—1 + V1 — e

vGi Ny = 1-— ’Bt va, Rt = Hle Lo
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Mé hinh khuéch tén

Qua trinh khuech tan xudi

Xt = /Wexe—1 + V1 — e
= /o _1%e—2 + V1 — age + /o (1 — ag—1)€’
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Mé hinh khuéch tén

Qua trinh khuech tan xudi

Xt = /Wexe—1 + V1 — e
= /o _1%e—2 + V1 — age + /o (1 — ag—1)€’

= /ot 1Xg—2 + \/1 — e + o (1— )€’

vGi Ny = 1-— ’Bt va, Rt = Hle Lo
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A TS p z ‘an duéi bién phan
M6 hinh khuéch téan F
/eI

Qua trinh khuech tan xudi

Xt = /Wexe—1 + V1 — e
= /o _1%e—2 + V1 — age + /o (1 — ag—1)€’

= /ot 1Xg—2 + \/1 — e + o (1— )€’
= /aa_1xe—2 + /1 — apay_1€”

vGi Ny = 1-— ’Bt va, Rt = Hle Lo
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Mé hinh khuéch tén

‘an dudi bién phan

Qua trinh khuech tan xudi

Xt = /Wexe—1 + V1 — e
= /o _1%e—2 + V1 — age + /o (1 — ag—1)€’

= /ot 1Xg—2 + \/1 — e + o (1— )€’
= /oy 1Xg—2 + /1 — ‘thxt—le//

:\/_Xo—f—vl_‘xtet NN(\/>X01( )I)

vGi Ny = 1-— ’Bt va, Et = Hf:l Kt .
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Mé hinh khuéch tén

Thuat todn ldy mau

Qué trinh khuéch tdn ngudc

Xéc suat lién hgp

q(xo,x1,-..,x1) = q(x0) Hq(xt|xt,1) — (xubi)

T
t=1
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A TS p z n mat mat = Can dudi bién phan
M6 hinh khuéch tan - E
lh\ ; todn huan luyén

'[‘11\1;_\“ todn ldy mau

Qué trinh khuéch tdn ngudc

Xéc suat lién hgp

T
q(xo,x1,...,x1) = q(x0 Hq x¢|xt—1) « (xuoi)
t=1

e q(x9) = P — chua biét, nhung c6 dit lieu

4] q(thxt_l) = ./V‘(\/ 1-— ,BtXt—lr ,BtI) — da biét

Huéng dan: M6 hinh khuéch tén 13 / 28



Ca sé
A TS p z Ham mat mat = Can dudi bién phan
M6 hinh khuéch tan - . < ot e 1
Thuat todn huan luyén
Thuat todn lay mau

Qué trinh khuéch tdn ngudc

Xéc suat lién hgp

1=

q(xo,x1, ..., x7) = q(x0) | [ a(xt|xt—1) < (xudi)

Il
—

t

—1=

= q(x7) q(x¢—1|x¢) < (ngugc)

o+
Il
—

e q(x9) = P — chua biét, nhung c6 dit lieu

4] q(thxt_l) = ./V‘(\/ 1-— ,BtXt—lr ,BtI) — da biét
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Ca sé
A TS p z Ham mat mat = Can dudi bién phan
M6 hinh khuéch tan - . < ot e 1
Thuat todn huan luyén
Thuat todn lay mau

Qué trinh khuéch tdn ngudc

Xéc suat lién hgp

1=

q(xo,x1, ..., x7) = q(x0) | [ a(xt|xt—1) < (xudi)

Il
—

t

—1=

= q(x7) q(x¢—1|x¢) < (ngugc)

o+
Il
—

e q(x9) = P — chua biét, nhung c6 dit lieu

4] q(thxt_l) = ./V‘(\/ 1-— ,BtXt—lr ,BtI) — da biét

o q(x¢_1]x¢) — chua biét
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~ N 2 . i = (‘2’ 161 ié a
M6 hinh khuéch téan g GO biim pliem

a 1an luyén
Thuat todn liy mau

Qué trinh khuéch tdn ngudc

Xéc suat lién hgp

1=

q(xo,x1, ..., x7) = q(x0) | [ a(xt|xt—1) < (xudi)

t=1
T
= q(xr) HQ(Xt—ﬂXt) < (ngugc)
=1
T
a(xrlx0) T Talxe—1xt,x0)a(x0) « (nguge)
t=1

d(xg) = P — chua biét, nhung c6 dit liéu

o
4] q(thxt_l) = ./V‘(\/ 1— ,BtXt—lr ,BtI) — da biét
o

a(x¢-1]x¢) — chua biét
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~ N 2 . i = (‘2’ 161 ié a
M6 hinh khuéch téan g GO biim pliem

a 1an luyén
Thuat todn liy mau

Qué trinh khuéch tdn ngudc

Xéc suat lién hgp

1=

q(xo,x1, ..., x7) = q(x0) | [ a(xt|xt—1) < (xudi)

t=1
T
= q(xr) HQ(Xt—ﬂXt) < (ngugc)
=1
T
a(xrlx0) T Talxe—1xt,x0)a(x0) « (nguge)
t=1

a(xo) = 7D — chua biét, nhung c6 dit liéu
q(x¢|x¢—1) = N(\/l——ﬁtxt_l,/%tl) — da biét
a(x¢-1]x¢) — chua biét

q(XT|X0) (0, I) — da blét

a(x¢_1|x¢,%0) — c6 thé tinh duge nho bé deé 1
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Mé hinh khuéch tén

Quad trinh khuéch tan ngudc

q(xelxe—1)a(xe-1lx0) _

Alvethoo) = = )
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Mé hinh khuéch tén

Thuat todn lay mau

Quad trinh khuéch tan ngudc

a(xe[xe—1)a(xe—1]%0) _
a(xt[xo)

N (fiy, BeI)

Q(Xt—lfxt,xo) =

s6 mil c6 dang — x4—1 — fiy)? (completing the squares) véi

R
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Mé hinh khuéch tén

Quad trinh khuéch tan ngudc

a(xe[xe—1)a(xe—1]%0) _
a(xt[xo)

N (fiy, BeI)

Q(Xt—lfxt,xo) =

s6 mil c6 dan =5 L (x¢_1 — fiy)? (completing the squares) véi

- \/lx_t(l_at—l) \/mﬁt

S — 1—m
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M6 hinh khuéch téan dudi bien phan

Quad trinh khuéch tan ngudc

a(xe[xe—1)a(xe—1]%0) _
a(xt[xo)

N (fiy, BeI)

Q(Xt—lfxt,xo) =

s6 mil ¢6 dang — -1 (x¢_1 — it)? (completing the squares) véi

2B

~ \/‘x_t(l_at—l) \/lxt 1Bt 1 B —
He= "1 1— \/a_t<xt /T=Te:)
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M6 hinh khuéch téan dudi bien phan

Quad trinh khuéch tan ngudc

a(xe[xe—1)a(xe—1]%0) _
a(xt[xo)

N (fiy, BeI)

Q(Xt—lfxt,xo) =

s6 mil ¢6 dang — -1 (x¢_1 — it)? (completing the squares) véi

2B

. 1—o \/ 1
_ \/‘X_t( _‘xt 1) oo A Oy I,Bt ~ (Xt—\/l——atet)
1—0ét 1—06t \/“_t

1 < 1— oy €>
= (= —"”e
o \ Tz
I —wp g

Et = 1_—_}31;

Xt

Tran Quéc Long Huéng dan: M6 hinh khuéch tén



Ca s
M6 hinh khuéch tan ,H,am, mat/mat = Can dudi bien phan
Thuat todn huan luyén

Thuat todn ldy mau

Uéc luong hop 1y cuc dai
Maximum likelihood estimation - MLE

@ Chon mo6 hinh pg(xg.1) = pe(xT) H;le po(x¢—1|x¢) dé xap
xi qué trinh ngugc

o Can tim 6 dé cuc dai hod do hgp ly

¢0) =ogpo(xa) = | pa(xar)dxicx

X1:T

trong dé6 xo (dit liéu) 14 bién quan sit duge, con xq,Xs, ..., X 1a
cac bién an (khong quan sat duge).
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Ca sd
A TS p z Ham mat mat = Can dudi bién phan
M6 hinh khuéch tan - = < - pha
Thuat todn huan luyén

Thuat todn ldy mau

Céan duéi bién phan
Evidence lower bound - ELBO

log pp(x0) > log pe(x0) — Dxr(a(x1:1|%0) || Pe(x1:7(%0))

Huéng dan: M6 hinh khuéch tén 16 / 28



M6 hinh khuéch tan - LRk = Cim cluiéil bitom plim
Tt 1 huan luyén

Thuat todn ldy mau

Céan duéi bién phan
Evidence lower bound - ELBO

log pg(x0) > logpe(x0) — Dk (a(x1:T(%0)|[pe(x1:7[%0))
Q(XLT\XO) Pe(Xo)
po(x1:7|%0) Pa(x0)

= logpe (x0) — IEq(X1:T|XO) log
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M6 hinh khuéch tan - LRk = Cim cluiéil bitom plim
Tt 1 huan luyén

Thuat todn ldy mau

Céan duéi bién phan
Evidence lower bound - ELBO

log pg(x0) > logpe(x0) — Dk (a(x1:T(%0)|[pe(x1:7[%0))
Q(XLT\XO) Pe(Xo)
po(x1:7|%0) Pa(x0)

] = ELBO

= log Po (XO) - IEq(X1:T|X0) [log

a(xur|xo)

= _IEq(X1:T|XO) |:10g pQ(XOT)
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M6 hinh khuéch tan - LRk = Cim cluiéil bitom plim
Tt 1 huan luyén

Thuat todn ldy mau

Céan duéi bién phan
Evidence lower bound - ELBO

log pg(x0) > logpe(x0) — Dk (a(x1:T(%0)|[pe(x1:7[%0))
Q(XLT\XO) Pe(Xo)
po(x1:7|%0) Pa(x0)

] = ELBO

= log Po (XO) - IEq(X1:T|X0) [log

a(xur|xo)

= _IEq(X1:T|XO) |:10g pQ(XOT)

Ham mat mat cross-entropy

Lcp(0) = —Eq(xy)[log pe(xo)]
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M6 hinh khuéch tan - LRk = Cim cluiéil bitom plim
Tt 1 huan luyén

Thuat todn ldy mau

Céan duéi bién phan
Evidence lower bound - ELBO

log pg(x0) > log pe(x0) — Dkr(a(x1:1[x0) ||pe(x1:7]x0))
q(x1:7[%0) pe(Xo)}
po(x1:7|%0) Pa(x0)

] = ELBO

= log Po (XO) - IEq(X1:T|X0) [log

q(x1:7 [%0)
=—-E log ————%
a(x1:|x0) [ g Po(x01)
Ham mat mat cross-entropy

Lcp(0) = —Eq(xy)[log pe(xo)]

Q(XI:T|X0)
< Eq(x0) Eqirixo) [108 —]

po(xo:T)
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M6 hinh khuéch tan - LRk = Cim cluiéil bitom plim
Tt 1 huan luyén

Thuat todn ldy mau

Céan duéi bién phan
Evidence lower bound - ELBO

log pg(x0) > log pe(x0) — Dkr(a(x1:1[x0) ||pe(x1:7]x0))
q(x1:7[%0) pe(Xo)}
po(x1:7|%0) Pa(x0)

] = ELBO

= log Po (XO) - IEq(X1:T|X0) [log

q(x1:7 [%0)
=—-E log ————%
a(x1:|x0) [ g Po(x01)
Ham mat mat cross-entropy

Lcp(0) = —Eq(xy)[log pe(xo)]

a(x1:7x0)
S ]Eq(Xo)IEq(Xl:T|XO) |:10g W}

Q(XLT\XO)]
= log ———" 2| =L 0
a(xor) [08 e vie(0)
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Ca s
M6 hinh khuéch tan ,H,am, mat/mat = Can dudi bien phan
Thuat todn huan luyén

Thuat todn ldy mau

Ham mat mét
Evidence lower bound - ELBO

Lcg(0) = By, [log pe(xo)]

Q(X1:T|X0)
< Eq(xm) [108 m] = Lvis(0)

o — log pg(Xo): khé tinh duge
Q(X1:T|Xo)

e lo
8 Po (XO:T)

: tinh duge, 1a cén trén clia — log py(xo)
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Co sd
A TS p z Ham mat mat = Can dudi bién phan
M6 hinh khuéch tan . ,a (t, t Chm e Bitom plie
T'huat todn huan luyén

Thuat todn lay mau

Ham mat mat

Q(XLT\XO)

Lvip(0) = Bqo) e (x0:T)

Huéng dan: Mo hi khuéch tan



Ham mat mat

Lyia(0)

Tran Quéc Long

M6 hinh khuéch téan H mét = Cén dudi bién phan
Tt 1 huan luyén
'[11\1\‘ todn ldy mau

Q(XlT\Xo)]
alx lo
o) [ & po(x0:T)

[ Q(XT—1|XT,X0)
a(xo) Pe(XT po(xT—1|xT)
a(x1|x2,x0) ]

+1 A x0)
0og pg(X1’X2) nge(XO‘Xl)

Huéng ddn: M6 hinh khuéch tédn
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M6 hinh khuéch téan H mét = Cén dudi bién phan
Tt 1 huan luyén
'[11\1\‘ todn ldy mau

Ham mat mat

a(x1:7[xo0)
[’VLB( X()T |:10g pB(XO T) :|
[ Q(XT—1|XT,X0)
axor) Pe(XT po(xT—1|%XT)
a(x1|x2,%0) ]
Hlog LXLX2X0)
0og Do (Xl ’X2> 0g Po (XO ‘Xl)

=Lr+Lr 4 +...+L1+ Lo

Tran Quéc Long Huéng dan: M6 hinh khuéch tén

+...



M6 hinh khuéch téan H mét = Cén dudi bién phan
Tt 1 huan luyén
'[11\1\‘ todn ldy mau

Ham mat mat

a(x1:7[xo0)
[’VLB( X()T |:10g pB(XO T) :|
[ Q(XT—1|XT,X0)
axor) Pe(XT po(xT—1|%XT)
a(x1|x2,%0) ]
Hlog LXLX2X0)
0og Do (Xl ’X2> 0g Po (XO ‘Xl)

=Lr+Lr 4 +...+L1+ Lo

o L1 = Dxr(q(xr|x0)||pe(xT)) =~ const

Tran Quéc Long Huéng dan: M6 hinh khuéch tén

+...



M6 hinh khuéch téan H mét = Cén dudi bién phan
Tt 1 huan luyén
'[11\1\‘ todn ldy mau

Ham mat mat

Q(X1T\Xo)
[ Q(XT—1|XT,X0) +
a(xo) Pe(XT po(xp_1|xT)
a(x1|x2,x0) ]
+1 A x0)
0og pg(X1’X2) nge(XO‘Xl)

=Lr+Lr 4 +...+L1+ Lo

o L1 = Dxr(q(xr|x0)|pe(xT)) ~ const
o L1 = Dgr(q(x¢—1]x¢,%0)||pe(xt—1|xt)): phan chinh clia
ham mat mat

Tran Quéc Long Huéng dan: M6 hinh khuéch tén



M6 hinh khuéch tan 18l mgfis = Cigm el Bithm plitm
Tt 1 huan luyén
'[hun todn ldy mau

Ham mat mat

Q(X1T\Xo)
[ Q(XT—1|XT,X0) +
a(xo) Pe(XT po(xp_1|xT)
a(x1|x2,x0) ]
+1 A x0)
0og p9(X1’X2) nge(XO‘Xl)

=Lr+Lr 4 +...+L1+ Lo

o L1 = Dxr(q(x1|x0)||pe(xT)) ~ const

o Li_1 :’DKL(q(Xt_lyxt,Xo)”pg(Xt_l‘Xt»: phan chinh ctia
ham mat méat

o Lo = —logpg(xo|x1) cé thé bd qua khi mang duge huén
luyén tot

Tran Quéc Long Huéng dan: M6 hinh khuéch tén



Ca sd
A TS p z Ham mat mat = Can dudi bién phan
M6 hinh khuéch tan - = < - pha
Thuat todn huan luyén

Thuat todn ldy mau

Ham mat mét
o Chon pg(xt—1]x¢) = N (pe(xt,t), 021)
Ly = DKL(Q(Xt—l|Xt,X0)||P6(Xt—1|Xt))

14 khoang cach KL gifta 2 phan b6 chuan
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Ca s
M6 hinh khuéch tan ,H,am, mat/mat = Can dudi bien phan
Thuat todn huan luyén

Thuat todn ldy mau

Ham mat mét
o Chon pg(xt—1]x¢) = N (pe(xt,t), 021)
Ly = DKL(Q(Xt—l|Xt,X0)||P9(Xt—1|Xt))

14 khoang cach KL gifta 2 phan b6 chuan
o C6 thé xap xi bang khoang céch giita ki vong
170%

e = pro e )7 6 i = A= (30— Sy
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Ca s
M6 hinh khuéch tan ,H,am, mat/mat = Can dudi bien phan
Thuat todn huan luyén

Thuat todn ldy mau

Ham mat mét
o Chon pg(xt—1]x¢) = N (pe(xt,t), 021)
Ly = DKL(Q(Xt—l|Xt,X0)||P9(Xt—1|Xt))

14 khoang cach KL gifta 2 phan b6 chuan
o C6 thé xap xi bang khoang céch giita ki vong
170%

~ 2 e~
7t — po(xe, ) || V61 fie = (xt - ﬁet)
o Chon pg(xi,t) = = (xi — J%ep(x,,t) ) thi e6 xép xi

Eiimple = ||er — €g(xy, t)H2

Huéng ddn: M6 hinh khuéch tédn



Ca s

Ham mat mat = Can dudi bién phan
Thuat todn huan luyén

Thuat todn ldy mau

Mé hinh khuéch tén

Ham mat mat

o Chon pg(xt—1]x¢) = N (pe(xt,t), 021)
Ly = DKL(Q(Xt—l|Xt,X0)||P9(Xt—1|Xt))

14 khoang cach KL gifta 2 phan b6 chuan

o C6 thé xap xi bang khoang céch giita ki vong
170%

~ 2 .~
| fis — po(x¢, t)||” vOi fiy = \/% (xt ~ e
o Chon pg(x, t) = \/LoTt (xt — %eg(xt,t)> thi ¢ xap xi

Eiimple = ||er — €g(xy, t)H2

e €y(x¢,t) & mang no-ron xap xi nhiéu ¢; da “lam héng” dit
liéu gbc xg va tao ra dit liéu nhiéu

xp = V&Xo + V1 — &y

Huéng ddn: M6 hinh khuéch tédn




A TS p z ‘an duéi bién phan
M6 hinh khuéch téan A 1
én

Thuat todn ldy mau

Thuat toan huan luyén

Bai todn huan luyén (training)

e DPau vao: bo dit licu thuoc phan bd P

e Dau ra: m6 hinh nhiéu €p(xy, t)

Mot bude (step) huan luyén

@ Liy miu xg ~ P

@ Liy maut ~U[l...T]

@ Sinh nhiéu e; ~ N (0,1)

@ Liy méu x; = /&ixo + /1 — Ayey

@ Xubng ddi bing dao ham Vylle; — eq(x, t) ]2

Huéng ddn: M6 hinh khuéch tédn



an dudi bién phan
A n luyén
Thuat toan lay mau

Mé hinh khuéch tén

Thuat toan liy mau

Bai toan liy mau (sampling)

o Dau vao: mo hinh nhiéu eg(x¢, t)

o Pau ra: mau xg ~ P

@ Liy mau x1 ~ N(0,1)

@ Fort=T,T—1,...,1:

@ Liy mauz~ N(0,I) néut > 1, ngugc lai z = 0
@ Tinh

Huéng dan: M6 hinh khuéch tén



Céc ky thuat bé trg

Noi dung

@ Cic ki thuat bo trg

M6 hinh khuéch téan




Céc ky thuat bé trg

Lya chon lich trinh By

0.0 02 0.4 0.6 0.8 1.0
diffusion step (t/T)
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Céc ky thuat bé trg

Lya chon lich trinh By

Tuyé tinh

Cosine
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Céc ky thuat bé trg

Lay mau nhanh

Song, J. et.al . Denoising diffusion implicit models (DDIM).
ICLR 2020

Y tudng: stt dung chudi “khong Markov”

e Cho phép lay mau tit tap con {1y,...,Ts} clia cac bude
{1,2,...,T}

o Dung chung ham mat mat nhu DDPM

o Quad trinh sinh dnh don dinh

o Cho phép ndi suy tit nhiéu &nh nhiéu ban dau

Tran Quéc Long Huéng dan: M6 hinh khuéch tén



Céc ky thuat bé trg

Sinh dit liéu c6 dieu kién q(x|y)

Y tudng: chuyén moi cong thic véi dieu kién y

° PG(Xt—ﬂXt) — Pe(Xt—1|XtIY) hogc pG(Xt—1|Xt/T9(Y))
° 69(tht) — 69(Xtr t, Y) hOéC €9(Xt, t, TQ(Y))

Vi du vé nhan y
o (Khoi phuc &nh) Anh den tring, &nh bi mit mot phan, Anh
do phan giai thap

o (Text-to-X) m6 ta bang van ban ciia dnh, 4&m thanh, video

Tran Quéc Long Huéng dan: M6 hinh khuéch tén



Céc ky thuat bé trg

Sinh video siéu am tim

Y tudng

o St dung phéan téch Attention theo chiéu khéng gian va thoi
gian riéng biét.

3D Denoising UNet
Encoder Decoder

u ]

n-

8

N
—> Skip connection
["] 3D Resblock 1x3x3

3D Resblock
1x3x3 + SPADE

[ spatial Attention

[l Temporal Attention
["] Down Sample 30
[ up sample 30

Forward Process. Backward Process

vi I Va ~ N, 1) I I H 7
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Céc ky thuat bd

Sinh video siéu am tim

ddprn
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