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Background

DDPMs suffer from the problem of randomness.

Algorithm 2 Sampling

l: x7 ~ N(O, I)

2: fort=1T,...,1do

30 z~N(0,I)ift > 1,elsez=20

4: x4-1 = \/%—T (Xt — %Eﬂ(xtaﬂ) + 0tz
5: end for

6: return xo

Such randomness leads to two problems:
* Instability.

* Long sampling time.
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Algorithm

DDIMs aim to model a deterministic sampling process of diffusion models.

The core idea of DDIMs:

Ve - N
DDPMs / ! DDIMs
(w/ randomness) > Dy (XO) /Do (XO) (w/o randomness)
/7
N _ -

Jy=1L,+C



Algorithm

Build a set of reverse processes:

T
do (-’Bl:T‘ZL'()) = (s (CL‘T|ZU()) H ds (.’Jl’,'t_1|.’I;t7 ajo)
t=2
where
¢o (T |20) = N (Varzo, (1 —ar)I)
and

Lt — /O ‘
o (i 1|2, T0) = N (\/O’tlil'o + \/1 — Qi1 — 07 \/ﬁ foI>
—

The above distribution is CHOSEN to ensure (the proof refers to Pg. 17):
C]a(wt\mo) — N(\/Oé_tﬂ?oa (1 - CYt)I)

(1)

(2)

(3)

(4)



Algorithm

By predicting the noise in the t-th state, we can reconstruct a pseudo clean

image through:

3 (@) = (r — VT —ay - el (1)) V/ag

Thus, we can build the corresponding reverse processes:

N (S (1), 021) ift =1
(o (mt—l‘ajtj f(_gt) (.’L'f)) otherwise

py) (@1 |ar) = {

The model is called DDIM.

(5)

(6)



Algorithm

Thus, we can build the ELBO of DDIMs (which has the same form of DDPMs’):

JJ(€9> ‘= EmU:TN(}g(GCU:T) UO% QO'(:BIZT‘:I;O) — 108])9 (3’30:T)} (7)
which can be expanded as:
T

By pms (wor) |108 Qo (27]@0) + D108 Go (T— 1| @ x0) — > log py (e—1]a:) —logpe(zr)| (8)
t=2
We provide the ELBO of DDPMs here:

])8 Xi— 1X1‘)]
IE, 1 log —: L
;[ og p(x7) t§>1 RN (9)
It can be proven that (proof refers to Pg. 19):
J,=L,+C (10)

where y is the set of weights of items in L.



Algorithm

The standard deviations of the proposed reverse processes are not limited.

Lt — 1/ O+ )
qa(aﬁt_l\mt, 513'0) =N (\/O’tliﬁo + \/1 — -1 — Uf y fﬁ ,UfI) (3)
—

Thus, if we set all the o; = 0, we can obtain a deterministic reverse process.
Recall that:

J,=L,+C (10)
which means we can directly employ a pre-trained noise-prediction model by

DDPM in the reverse process of DDIM without any additional training.



Algorithm

The core idea of DDIMs:

DDPMs

(w/ randomness)

Jy=L,+C

DDIMs

(w/o randomness)
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Proofs

Lemma 1. With ¢ (Z7|Z0) and ¢o(Tt—1|T+, o) defined in %o (T1:7[T0) , We

have: 4o (xi|T0) = N(/zo, (1 — ay)I) (4)
Proof. Assume forall t < T, ¢ (x¢|xo) = N(y/xo, (1 — a;)I) holds. If:
qg(mf_l‘ilﬁo) — N(\/(}'f_lm[}. \/l — ('Zl«'f_ll) (11)
then lemma is proven, since case at t = T already holds:
o (T |T0) = N (V/arzo, (1 — ar)l) (2)
We have:

VAL I) (3)

QJ(:Et—l‘ajt:mO) :N(\/Qf 1$0+\/1_Qf 1_01‘ \/ﬁ
- Wt



Proofs

We have:

Lt — /O ‘
(o (Tt—1]@s, @) = N (\/th—1$0 + \/1 — Qp_1 — 0F - tﬁ ,afI)
—

Thus, the mean and variance of 4-(xi—1|To) are:

Q-Ct:][?o—\/(l_'ﬁf$0
Elg,(xi_1|xo)] = Jor_1x _|_\/1_Q_j'__ 2V
o (Tt—1|T0)] = /r—10 t1— OF —

— Ot —1L(

and:

2

Covlg, (zi_1|x0)] = o7 T + (1—a)I=(1—a;-1)I

Thus, we have

f}g(mt_l‘m(j) — N(«./th_litg. \/l — (’ikt_lI)

(3)

(12)

(13)

(11)
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Proofs
Lemma2. J, =L, +C

Proof. The definition of J, is:

T T
Jo(€0) = Eag prq(aor) [108 (o (xr|T0) + Z l0g ¢o (Tt—1|Tt, 20) — Z logpét)(%—l 217t)]
t=2 t=1
T
= Eayra(wor) [Z Dyr(gs (-1 |2e, 20)) [y (e—1|2e)) — log,pé%o:m] (14)
t=2
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Proofs

Fort > 1, we have:
t
By a0y a0 (DKL (4o (201 |20, 20)) D) (201 |20)]

= Eoo.0i~q(xo,x:) Dxr(qo(Ti—1]|Te, 0))||qo (i 1|24, fét) (z¢)))]

_ - 9
B LI L CA
L, Lt~ Lt 20}2
_ t 5
. (e — )/ yar = ( — e (x0) /il
p— mowq(a’:o):ENN(O,I),iBt:\/Q_t$0+\/1—C.I{tE 20_3
_ 5 -
o e — g(t)(a:t)HQ (15)
xo~q(xo).e~N(0.I),x:=\/azxo++/1—are 2050'?0(175

where d is the dimension of x|, (which seems a t;/po?).
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Proofs

Fort = 1, we have:

2
lzo — £57 (1),

Ewo;iUlN(J(ﬂ?o;ﬂ?ﬂ { 10g])( )(CUO‘CUl)} = E$o;$1N(1($o;$1)

20%
He—ee (1)l
— Emowq(a}o),ENN(O,I),mlz\/Eﬁco—i—MG 2d0’10&1 (16)
With v = 1/(2doj ), we have:
~ 1 (t) 2
T, (e6) = Z T lle” (@) = ell,| = Lo (o) (17)
Thus, we have:
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Results

For:

or () = /(1= ar_)/(1—az)\/1 - ar, for,_, (18)

Experiment results

CIFARI10 (32 x 32) CelebA (64 x 64)
S 10 20 50 100 1000 10 20 50 100 1000

0.0 | 13.36  6.84 4.67 4.16 4.04 17.33  13.73 917 6.53 3.51
02| 1404 7.11 4.77 4.25 4.09 17.66  14.11 9.51 6.79 3.64
0.5 | 16.66  8.35 5.25 4.46 4.29 19.86  16.06 11.01 8.09 4.28
1.0 | 41.07 18.36 8.01 5.78 4.73 33.12  26.03 1848 13.93 5.98

o) 367.43 133.37 3272 999 317 | 299.71 183.83 71.71 4520  3.26

(o refersto o2 ;= - at_l ¢ and 6 refersto 02 = in DDPM)
t t t
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Visual results on CIFAR-10 and CelebA:

Results




Discussion

DDIM? Diffusion ODE? DPM-Solver?

DDPM - Diffusion SDE - Diffusion ODE - DPM-Solver
Surprisingly, DDIM is the first-order solution to Diffusion ODE, i.e., a special

case of DPM-Solver,



Thanks for watching.
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