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Îáùåå

https://lilianweng.github.io/posts/2021-07-11-di�usion-models/

Èäåÿ äèôôóçèîííûõ ìîäåëåé îñíîâàíà íà èäåÿõ
íåðàâíîâåñíîé òåðìîäèíàìèêè.

Îíè îïðåäåëÿþò ìàðêîâñêóþ öåïü øàãîâ äèôôóçèè,
÷òîáû ìåäëåííî äîáàâëÿòü ñëó÷àéíûé øóì ê äàííûì,
à çàòåì ó÷àòñÿ îáðàùàòü ïðîöåññ äèôôóçèè âñïÿòü,
÷òîáû ñîçäàâàòü æåëàåìûå âûáîðêè äàííûõ èç øóìà.
Â îòëè÷èå îò VAE, ìîäåëè äèôôóçèè îáó÷àþòñÿ ñ
ïîìîùüþ ôèêñèðîâàííîé ïðîöåäóðû, à ñêðûòàÿ
ïåðåìåííàÿ èìååò âûñîêóþ ðàçìåðíîñòü (òàêóþ æå,
êàê èñõîäíûå äàííûå).
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Îòëè÷èå îò äðóãèõ ìîäåëåé
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Ïðÿìîé äèôôóçèîííûé ïðîöåññ (1)

Äàíà òî÷êà ñãåíåðèðîâàííàÿ èç ðåàëüíîãî
ðàñïðåäåëåíèÿ äàííûõ x0 ∼ q(x)

Îïðåäåëèì ïðÿìîé ïðîöåññ äèôôóçèè, â êîòîðîì
ïîýòàïíî çà T øàãîâ äîáàâëÿåì íåáîëüøîå
êîëè÷åñòâî ãàóññîâà øóìà ê ïðèìåðó, ñîçäàâàÿ
ïîñëåäîâàòåëüíîñòü çàøóìëåííûõ ïðèìåðîâ x1, . . . , xT
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Ïðÿìîé äèôôóçèîííûé ïðîöåññ (2)

Ðàçìåðû øàãà êîíòðîëèðóþòñÿ äèñïåðñèåé
{βt ∈ (0, 1)}Tt=1 êîòîðàÿ óêàçûâàåò, ñêîëüêî øóìà ìû
õîòèì äîáàâèòü íà îäíîì øàãå

q(xt |xt−1) = N (xt ;
√

1− βtxt−1, βtI),

q(x1:T |x0) =
T∏
t=1

q(xt |xt−1)

Òî÷êà x0 ïîñòåïåííî òåðÿåò ñâîè îòëè÷èòåëüíûå
÷åðòû ïî ìåðå óâåëè÷åíèÿ øàãà t.
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Ïðÿìîé äèôôóçèîííûé ïðîöåññ (3)



Ïðÿìîé ïðîöåññ Îáðàòíûé ïðîöåññ Ëàòåíòíàÿ ìîäåëü

Ïðÿìîé äèôôóçèîííûé ïðîöåññ (4)

Çàìå÷àòåëüíîå ñâîéñòâî ïðîöåññà - ìû ìîæåì
ãåíåðèðîâàòü xt íà ïðîèçâîëüíîì âðåìåííîì øàãå t â
ÿâíîì âèäå, èñïîëüçóÿ ðåïàðàìåòðèçàöèþ.

Ïóñòü αt = 1− βt è ᾱt =
∏t

i=1 αi . Òîãäà

xt =
√
αtxt−1 +

√
1− αtεt−1; εt−1, εt−2, .. ∼ N (0, I)

=
√
αtαt−1xt−2 +

√
1− αtαt−1ε̄t−2; ε̄t−2 îáúåä-åò 2 í.ð.

= . . .

=
√
ᾱtx0 +

√
1− ᾱtε

Èòîãî
q(xt |x0) = N (xt ;

√
ᾱtx0, (1− ᾱt)I)
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Ïðÿìîé äèôôóçèîííûé ïðîöåññ (5)

Íàïîìíèì, ÷òî êîãäà ìû îáúåäèíÿåì äâà íîðì.
ðàñïðåä. ñ ðàçíîé äèñïåðñèåé N (0, σ2

1I) è N (0, σ2
2I),

íîâîå ðàñïðåäåëåíèå N (0, (σ2
1 + σ2

2)I).

Çäåñü îáúåäèíåííîå ÑÊÎ ðàâíî√
(1− αt) + αt(1− αt−1) =

√
1− αtαt−1.

Îáû÷íî ìîæíî äåëàòü áîëüøèé øàã îáíîâëåíèÿ,
êîãäà ïðèìåð ñòàíîâèòñÿ áîëåå øóìíûì, ïîýòîìó
β1 < β2 < · · · < βT è ᾱ1 > · · · > ᾱT
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Ñâÿçü ñî ñòîõàñòè÷åñêîé ãðàäèåíòíîé
äèíàìèêîé Ëàíæåâåíà (1)

Äèíàìèêà Ëàíæåâåíà � ýòî ïîíÿòèå èç ôèçèêè (ñòàò.
ìîäåë-å ìîëåêóëÿðíûõ ñèñòåì)

Â ñî÷åòàíèè ñî SGD ñòîõàñòè÷åñêàÿ ãðàäèåíòíàÿ
äèíàìèêà Ëàíæåâåíà ñîçäàåò ïðèìåðû èç ïëîòíîñòè
p(x), èñïîëüçóÿ òîëüêî ãðàäèåíòû Ox log p(x) â
ìàðêîâñêîé öåïè îáíîâëåíèé:

xt = xt−1 +
δ

2
Ox log q(xt−1) +

√
δεt , ãäå εt ∼ N (0, I)

ãäå δ - ðàçìåð øàãà.
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Ñâÿçü ñî ñòîõàñòè÷åñêîé ãðàäèåíòíîé
äèíàìèêîé Ëàíæåâåíà (2)

Êîãäà T →∞, ε→ 0, xT îïðåäåëÿåòñÿ èñòèííîé
ïëîòíîñòüþ p(x).

Ïî ñðàâíåíèþ ñî ñòàíäàðòíûì SGD ñòîõàñòè÷åñêàÿ
ãðàäèåíòíàÿ äèíàìèêà Ëàíæåâåíà ââîäèò ãàóññîâ øóì
â îáíîâëåíèÿ ïàðàìåòðîâ, ÷òîáû èçáåæàòü êîëëàïñà â
ëîêàëüíûå ìèíèìóìû.
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Îáðàòíûé äèôôóçèîííûé ïðîöåññ (1)

Åñëè ìû ñìîæåì îáðàòèòü îïèñàííûé âûøå ïðîöåññ è
ïðîèçâåñòè âûáîðêó èç q(xt−1|xt), ìû ñìîæåì
âîññîçäàòü èñòèííóþ âûáîðêó èç âõîäíîãî
ãàóññîâñêîãî øóìà xT ∼ N (0, I).

Åñëè äàæå βt äîñòàòî÷íî ìàë, îí òàêæå áóäåò
ãàóññîâûì.

Ê ñîæàëåíèþ, ìû íå ìîæåì ïðîñòî îöåíèòü
q(xt−1|xt), ò.ê. äëÿ ýòîãî íóæíî èñïîëüçîâàòü âåñü
äàòàñåò, è ïîýòîìó íóæíî íàó÷èòü ìîäåëü pθ äëÿ
àïïðîêñèìàöèè ýòèõ óñëîâíûõ âåðîÿòíîñòåé, ÷òîáû
çàïóñòèòü ïðîöåññ îáðàòíîé äèôôóçèè.
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Îáðàòíûé äèôôóçèîííûé ïðîöåññ (2)

Ê ñîæàëåíèþ, ìû íå ìîæåì ïðîñòî îöåíèòü
q(xt−1|xt), ò.ê. äëÿ ýòîãî íóæíî èñïîëüçîâàòü âåñü
äàòàñåò, è ïîýòîìó íóæíî íàó÷èòü ìîäåëü pθ äëÿ
àïïðîêñèìàöèè ýòèõ óñëîâíûõ âåðîÿòíîñòåé, ÷òîáû
çàïóñòèòü ïðîöåññ îáðàòíîé äèôôóçèè.

pθ(x0:T ) = p(xT )
T∏
t=1

pθ(xt−1|xt),

pθ(xt−1|xt) = N (xt−1;µθ(xt , t),Σθ(xt , t))

�Îáðàòíàÿ� óñëîâíàÿ âåðîÿòíîñòü ïîääàåòñÿ
îáðàáîòêå, åñëè îíà óñëîâíà ïî x0

q(xt−1|xt , x0) = N (xt−1; µ̃(xt , x0), β̃tI)
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Îáðàòíûé äèôôóçèîííûé ïðîöåññ (3)

Èñïîëüçóåì ïðàâèëî Áàéåñà

q(xt−1|xt , x0) = q(xt |xt−1, x0)
q(xt−1|x0)

q(xt |x0)

∝ exp

(
−1

2

(
(xt −

√
αtxt−1)2

βt

+
(xt−1 −

√
ᾱt−1x0)2

1− ᾱt−1
− (xt −

√
ᾱtx0)2

1− ᾱt

))
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Îáðàòíûé äèôôóçèîííûé ïðîöåññ (4)

= exp

(
−1

2

(
x2
t − 2

√
αtxtxt−1+αtx2

t−1

βt

+
x2
t−1−2

√
ᾱt−1x0xt−1+ᾱt−1x2

0

1− ᾱt−1
− (xt −

√
ᾱtx0)2

1− ᾱt

))
= exp

(
−1

2

(
(
αt

βt
+

1

1− ᾱt−1
)x2

t−1

− (
2
√
αt

βt
xt +

2
√
ᾱt−1

1− ᾱt−1
x0)xt−1+C (xt , x0)

))
+ C (xt , x0)

))
C (xt , x0) - íåêîòîðàÿ ôóíêöèÿ, íå âêëþ÷àþùàÿ xt−1.
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Ðåïàðàìåòðèçàöèÿ ñðåäíåãî è äèñïåðñèè

Ñëåäóÿ ôóíêöèè ïëîòíîñòè Ãàóññà è ðåïàðàìåòðèçàöèè
ñðåäíåãî çíà÷åíèÿ è äèñïåðñèè (αt = 1− βt è
ᾱt =

∏t
i=1 αi):

β̃t = 1/(
αt

βt
+

1

1− ᾱt−1
) = 1/(

αt − ᾱt + βt
βt(1− ᾱt−1)

)

=
1− ᾱt−1

1− ᾱt
· βt
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Çà÷åì ðåïàðàìåòðèçàöèÿ?

Ìû íå ìîæåì ðàñïðîñòðàíÿòü ãðàäèåíò îáðàòíî, êîãäà
îñóùåñòâëÿåòñÿ ãåíåðàöèÿ âûáîðêè.

×òîáû ñäåëàòü ïðîöåññ îáó÷àåìûì, ââîäèòñÿ ïðèåì
ðåïàðàìåòðèçàöèè:

ìîæíî âûðàçèòü ñëó÷àéíóþ âåëè÷èíó x êàê

äåòåðìèíèðîâàííóþ ïåðåìåííóþ z = Fφ(x, ε), ãäå ε
âñïîìîãàòåëüíàÿ íåçàâèñèìàÿ ñëó÷àéíàÿ âåëè÷èíà, à

ôóíêöèÿ Fφ, ïàðàìåòðèçîâàííàÿ φ, ïðåîáðàçóåò ε â z.
åñëè z ∼ N (z;α, βI), òî z =α+ β � ε, ãäå ε ∼ N (0, I)
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Îáðàòíûé äèôôóçèîííûé ïðîöåññ (6)

µ̃t(xt , x0) = (

√
αt

βt
xt +

√
ᾱt−1

1− ᾱt−1
x0)/(

αt

βt
+

1

1− ᾱt−1
)

= (

√
αt

βt
xt +

√
ᾱt−1

1− ᾱt−1
x0)

× 1− ᾱt−1

1− ᾱt
· βt

=

√
αt(1− ᾱt−1)

1− ᾱt
xt +

√
ᾱt−1βt

1− ᾱt
x0
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Îáðàòíûé äèôôóçèîííûé ïðîöåññ (7)

Òàê êàê x0 = 1√
ᾱt

(xt −
√

1− ᾱtεt), òî

µ̃t =

√
αt(1− ᾱt−1)

1− ᾱt
xt +

√
ᾱt−1βt

1− ᾱt

1√
ᾱt

(xt −
√

1− ᾱtεt)

=
1
√
αt

(
xt −

1− αt√
1− ᾱt

εt

)
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ELBO - ïî àíàëîãèè ñ VAE

− log pθ(x0) ≤ − log pθ(x0) + DKL(q(x1:T |x0)‖pθ(x1:T |x0))

= − log pθ(x0) + Ex1:T∼q(x1:T |x0)

[
log

q(x1:T |x0)

pθ(x0:T )/pθ(x0)

]
= − log pθ(x0) + Eq

[
log

q(x1:T |x0)

pθ(x0:T )
+ log pθ(x0)

]
= Eq

[
log

q(x1:T |x0)

pθ(x0:T )

]
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ELBO - ïî àíàëîãèè ñ VAE

Óñòàíàâëèâàåì ãðàíèöó LVLB. Ïóñòü

LVLB = Eq(x0:T )

(
log

q(x1:T |x0)

pθ(x0:T )

)
≥ −Eq(x0) log pθ(x0)

Òàêæå ëåãêî ïîëó÷èòü òîò æå ðåçóëüòàò, èñïîëüçóÿ
íåðàâåíñòâî Éåíñåíà. Ïóñòü ìû õîòèì
ìèíèìèçèðîâàòü êðîññ-ýíòðîïèþ â êà÷åñòâå öåëè
îáó÷åíèÿ:

LCE = −Eq(x0) log pθ(x0)

= −Eq(x0) log

(∫
pθ(x0:T )dx1:T

)
= −Eq(x0) log

(∫
q(x1:T |x0)

pθ(x0:T )

q(x1:T |x0)
dx1:T

)
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Íåðàâåíñòâî Éåíñåíà

LCE = −Eq(x0) log

(
Eq(x1:T |x0)

pθ(x0:T )

q(x1:T |x0)

)
≤ −Eq(x0:T ) log

pθ(x0:T )

q(x1:T |x0)

= Eq(x0:T )

[
log

q(x1:T |x0)

pθ(x0:T )

]
= LVLB

Íåðàâåíñòâî Éåíñåíà: f (
∑n

i=1 qixi) ≤
∑n

i=1 qi f (xi), åñëè
f (xi) - âûïóêëûå è q1 + ... + qn = 1, qi ≥ 0
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Äàëüíåéøåå ïðåîáðàçîâàíèå

Ïðåäñòàâèì LVLB êàê êîìáèíàöèþ íåñêîëüêèõ ÷ëåíîâ
KL-äèâåðãåíöèè è ýíòðîïèè:

LVLB = Eq(x0:T )

[
log

q(x1:T |x0)

pθ(x0:T )

]
= Eq

[
log

∏T
t=1 q(xt |xt−1)

pθ(xT )
∏T

t=1 pθ(xt−1|xt)

]

= Eq

[
− log pθ(xT ) +

T∑
t=1

log
q(xt |xt−1)

pθ(xt−1|xt)

]
=
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Äàëüíåéøåå ïðåîáðàçîâàíèå

= Eq

[
− log pθ(xT ) +

T∑
t=2

log
q(xt |xt−1)

pθ(xt−1|xt)
+ log

q(x1|x0)

pθ(x0|x1)

]
= Eq

[
− log pθ(xT ) +

T∑
t=2

log
(q(xt−1|xt , x0)

pθ(xt−1|xt)
· q(xt |x0)

q(xt−1|x0)

)
+ log

q(x1|x0)

pθ(x0|x1)

]
=
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Äàëüíåéøåå ïðåîáðàçîâàíèå

= Eq

[
log

q(xT |x0)

pθ(xT )

+
T∑
t=2

log
q(xt−1|xt , x0)

pθ(xt−1|xt)
− log pθ(x0|x1)

]
= Eq[DKL(q(xT |x0) ‖ pθ(xT ))︸ ︷︷ ︸

LT

+
T∑
t=2

DKL(q(xt−1|xt , x0) ‖ pθ(xt−1|xt))︸ ︷︷ ︸
Lt−1

− log pθ(x0|x1)︸ ︷︷ ︸
L0

]
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Äàëüíåéøåå ïðåîáðàçîâàíèå

LVLB = LT + LT−1 + · · ·+ L0

ãäå
LT = DKL(q(xT |x0) ‖ pθ(xT ))

Lt = DKL(q(xt |xt+1, x0) ‖ pθ(xt |xt+1)), 1 ≤ t ≤ T − 1

L0 = − log pθ(x0|x1)
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Â èòîãå

Êàæäûé ÷ëåí KL â LVLB (êðîìå L0) ñðàâíèâàåò äâà
ðàñïðåäåëåíèÿ Ãàóññà, è ïîýòîìó îíè ìîãóò áûòü
âû÷èñëåíû â ÿâíîì âèäå.

LT ÿâëÿåòñÿ ïîñòîÿííîé è ìîæåò áûòü
ïðîèãíîðèðîâàíî âî âðåìÿ îáó÷åíèÿ, ïîñêîëüêó q íå
èìååò îáó÷àåìûõ ïàðàìåòðîâ è xT ÿâëÿåòñÿ
ãàóññîâñêèì øóìîì.
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Ïàðàìåòðèçàöèÿ ïîòåðü äëÿ îáó÷åíèÿ (1)

Íàïîìíèì, ÷òî íàì íóæíî îáó÷èòü íåéðîííóþ ñåòü
äëÿ àïïðîêñèìàöèè óñëîâíûõ ðàñïðåäåëåíèé
âåðîÿòíîñòåé â ïðîöåññå îáðàòíîé äèôôóçèè

pθ(xt−1|xt) = N (xt−1;µθ(xt , t),Σθ(xt , t))

Õîòèì îáó÷èòü µθ, ÷òîáû ïðåäñêàçûâàòü

µ̃t =
1
√
αt

(
xt −

1− αt√
1− ᾱt

εt

)
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Ïàðàìåòðèçàöèÿ ïîòåðü äëÿ îáó÷åíèÿ (2)

Ïîñêîëüêó xt äîñòóïåí â êà÷åñòâå âõîäíûõ äàííûõ âî
âðåìÿ îáó÷åíèÿ, ìû ìîæåì ðåïàðàìåòðèðîâàòü ÷ëåí
ãàóññîâñêîãî øóìà, ÷òîáû îí ïðåäñêàçûâàë εt íà
îñíîâå âõîäíûõ äàííûõ xt íà øàãå t:

µθ(xt , t) =
1
√
αt

(
xt −

1− αt√
1− ᾱt

εθ(xt , t)
)

Îòñþäà

xt−1 = N (xt−1;
1
√
αt

(
xt −

1− αt√
1− ᾱt

εθ(xt , t)

)
,Σθ(xt , t))
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Ïàðàìåòðèçàöèÿ ïîòåðü äëÿ îáó÷åíèÿ (3)

Lt ïàðàìåòðèçóåòñÿ, ÷òîáû ìèíèìèçèðîâàòü ðàçíèöó ñ
µ̃.

Lt = Ex0,ε

[ 1

2‖Σθ(xt , t)‖2
2

‖µ̃t(xt , x0)− µθ(xt , t)‖2
]

= Ex0,ε

[ 1

2‖Σθ‖2
2

‖ 1
√
αt

(
xt −

1− αt√
1− ᾱt

εt

)
− 1
√
αt

(
xt −

1− αt√
1− ᾱt

εθ(xt , t)
)
‖2
]

= Ex0,ε

[ (1− αt)
2

2αt(1− ᾱt)‖Σθ‖2
2

‖εt − εθ(xt , t)‖2
]

= Ex0,ε

[ (1− αt)
2

2αt(1− ᾱt)‖Σθ‖2
2

× ‖εt − εθ(
√
ᾱtx0 +

√
1− ᾱtεt , t)‖2

]
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Óïðîùåíèå

Îáó÷åíèå äèôôóçèîííîé ìîäåëè ëó÷øå ðàáîòàåò ñ
óïðîùåííîé öåëåâîé ôóíêöèåé, êîòîðàÿ èãíîðèðóåò
âåñîâîé êîýôôèöèåíò:

Lsimple
t = Et∼[1,T ],x0,εt

[
‖εt − εθ(xt , t)‖2

]
= Et∼[1,T ],x0,εt

[
‖εt − εθ(

√
ᾱtx0 +

√
1− ᾱtεt , t)‖2

]
Îêîí÷àòåëüíî Lsimple = Lsimple

t + C , ãäå C - êîíñòàíòà,
íåçàâèñÿùàÿ îò θ.
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Àëãîðèòì îáó÷åíèÿ
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Àëãîðèòì ãåíåðàöèè
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Äèôôóçèÿ ñæàòûõ äàííûõ, à íå ïèêñåëüíîãî
èçîáðàæåíèÿ

Äëÿ óñêîðåíèÿ ïðîöåññà ãåíåðàöèè èçîáðàæåíèé
Stable Di�usion âûïîëíÿåò ïðîöåññ äèôôóçèè íå ñ
ñàìèìè ïèêñåëüíûìè èçîáðàæåíèÿìè, à ñî ñæàòîé
âåðñèåé èçîáðàæåíèÿ ïåðåõîäîì â ñêðûòîå
ïðîñòðàíñòâî (Latent di�usion model - LDM).

Ñæàòèå âûïîëíÿåòñÿ ïðè ïîìîùè àâòîêîäåðà,
êîòîðûé ñæèìàåò èçîáðàæåíèå â ñêðûòîå
ïðîñòðàíñòâî ïðè ïîìîùè ñâîåãî êîäåðà, à çàòåì
âîññòàíàâëèâàåò åãî ïðè ïîìîùè äåêîäåðà.

Ñî ñæàòûìè ëàòåíòíûì ïðåäñòàâëåíèåì âûïîëíÿåòñÿ
ïðÿìîé ïðîöåññ äèôôóçèè.
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Äèôôóçèÿ ñæàòûõ äàííûõ

https://habr.com/ru/post/693298/
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Ñõåìà ãåíåðàöèÿ èçîáðàæåíèÿ èç òåêñòà
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Åùå îïèñàíèå

Ïðîöåññû äèôôóçèè è denoising ïðîèñõîäÿò íà
ñêðûòîì âåêòîðå z.

Ìîäåëü denoising ïðåäñòàâëÿåò ñîáîé time-conditioned
U-Net ñ áëîêàìè ResNet, äîïîëíåííóþ ìåõàíèçìîì
cross-attention äëÿ îáðàáîòêè èíôîðìàöèè äëÿ
ñîçäàíèÿ èçîáðàæåíèé (íàïðèìåð, ìåòêè êëàññîâ,
ñåìàíòè÷åñêèå êàðòû, ðàçìûòûå âàðèàíòû
èçîáðàæåíèÿ) è äëÿ ïðåäñòàâëåíèÿ εθ(xt , t).
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Åùå îïèñàíèå

Åñëè ôóíêöèÿ ïîòåðü äëÿ îáû÷íîé äèôôóçèîííîé
ìîäåëè èìååò âèä:

Lsimple
t = Et∼[1,T ],x0,εt

[
‖εt − εθ(xt , t)‖2

]
òî äëÿ ëàòåíòíîé ìîäåëè:

Lsimple
t = Et∼[1,T ],E(x),εt

[
‖εt − εθ(zt , t)‖2

]
ãäå E - êîäåð
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Åùå îïèñàíèå

Ýòî ýêâèâàëåíòíî îáúåäèíåíèþ ïðåäñòàâëåíèé
ðàçëè÷íûõ ìîäàëüíîñòåé â ìîäåëü ñ cross-attention.
Êàæäûé òèï èíôîðìàöèè ñâÿçàí ñ äîìåííûì êîäåðîì
τθ äëÿ ïðîåöèðîâàíèÿ âõîäà y â ïðîìåæóòî÷íîå
ïðåäñòàâëåíèå, êîòîðîå ìîæåò áûòü îòîáðàæåíî â
cross-attention ýëåìåíò, τθ(y):

Attention(Q,K,V) = softmax
(

QK>√
d

)
· V

ãäå Q = W(i)
Q · ϕi(zi), K = W(i)

K · τθ(y), V = W(i)
V · τθ(y) è

W(i)
Q ∈ Rd×d i

ε , W(i)
K ,W

(i)
V ∈ Rd×dτ , ϕi(zi) ∈ RN×d i

ε ,
τθ(y) ∈ RM×dτ
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Ïî÷åìó U-Net?

Ìîäåëè äèôôóçèè òåñíî ñâÿçàíû ñ èäååé àâòîêîäåðîâ
ñ øóìîïîäàâëåíèåì.

Êðîìå òîãî, U-Net-ïîäîáíûå àðõèòåêòóðû ÿâëÿþòñÿ
î÷åíü ðàñïðîñòðàíåííîé àðõèòåêòóðîé äëÿ
àâòîêîäèðîâ èçîáðàæåíèé.

Äèôôóçèîííàÿ U-Net ìîæåò îáóñëîâëèâàòü ñâîé
âûâîä òåêñòîâûìè ýìáåäèíãàìè ÷åðåç ñëîè
cross-attention, êîòîðûå äîáàâëÿþòñÿ êàê ê êîäåðó, òàê
è ê äåêîäåðó U-Net, îáû÷íî ìåæäó áëîêàìè ResNet.
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Âîïðîñû

?
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