N W U(DO NONW

—o w3

QJ">< TKTNNOOW ONOP~MOOIK PO

JOURNAL OF IATEX CLASS FILES, o

Jobooodd

0000 Cheng Tanl Zhangyang Gaoll Yilun Xul Guangyong Chenld Pheng-Ann Hengll Senior
Member, IEEE O and Stan Z. LiO0 Fellow, IEEE

oo-goooooooooooobooooooooboooobooooooooooooboooobbooooboboooDbObooDboOoo
OO0 0OAIGCO 000000000000000O0O0O0O0O0O0O0O0O0O0O0O0O0O0O0O0O0O0000000000000000000A0
goboooooobooobooooooooooooooooooooooooboooooooooooooo0ooo0ooOoooo
gooboooooooooooooooboooooooooobooobooooobooooboooboooDOboooOboooDoOooDo
ooao

oo00O-00000o00o0oboooooooooooooo

100

Jbobooooooooooooooooooooooooooooooo
0000 OVAED [10 2100000000 OEBMO [30 4000000 poooooooooooodoodoogoognod

O OGANDO [50 6|00 000 ONFsD [70 8]00000 [9- 111000 0000000000 OODE/SDEO [110 25100000
0000000000000 00000000000000000000 OOoOo000000000o00ooooooooooon
00000 O000000000000000000000000 VAED 00 [250000000000000000000000
00000000000000 GANODOOODOOOOOODOODOOO EB

MODOODOOODOOOODOO OMCMCO 0O00OO0O0DOOODOOO ODOO00 200000 GANDDODOOOODOOOOO0O0
0000 NFOOODODDOOOODDOOOODDOOOODDOOO doooooobobobooboooooOod VAEDEBM O NF

00000000 [12- 140000000 [150 160 00000000000000000 [110 270

000b00oo0ooob GANO VAEDOODOOOOooobooDo
O00000oooooo0oO0ooon obe/sbED O O/0

gbobooooobobobobooboobobobon

oobO0ooboooboooboooooooooooboooon

uboboooooboboboboobooboboobon

ooboobooboooboooooooooooboooon

vboboooobobobuoboobobobobon

OO0DO00ODO0O0OD0O obE/sSbECODOOODOOOOO [28
u201230]0 0 0000000000 [140 30000 oo
gboboobooooboobobgon

e H. Cao is with the Department of Computer Science and Engineering, The
Chinese University of Hong Kong, Hong Kong, China, also with Zhejiang
Lab, Hangzhou, China. Email: 1155141481@link.cuhk.edu.hk.

e C. Tan and Z. Gao are with the Al Lab, School of Engi-
neering, Westlake University, Hangzhou, China. Email: tancheng,
gaozhangyang@uwestlake.edu.cn.

o Y. Xu is with Massachusetts Institute of Technology, Cambridge, Mas-
sachusetts, U.S. Email: ylxu@mit.edu.

o G. Chen is with Zhejiang Lab, Hangzhou, China. Email: gy-
chen@zhejianglab.com.

e P-A. Heng is with the Department of Computer Science and Engineering,
The Chinese University of Hong Kong, Hong Kong, China.

e Stan Z. Liis with the Al Lab, School of Engineering, Westlake University,
Hangzhou, China. Email: Stan.ZQ.Li@uwestlake.edu.cn.

e H. Cao, C. Tan, and Z. Gao contributed equally to this work.


https://github.com/chq1155/A-Survey-on-Generative-Diffusion-Model

JOURNAL OF IATEX CLASS FILES,

oobOooboobocobobooooooooosadooon
ooooooboooobooobobooooooooooDooooDo
oobooobooboooboooooooooooboooon
oobooobooboobooboocooooo

oobOoobooobooz20000000o00ooboOooonn
ooo0o30000000000000000D 40000
oobO0ooboOobooobooooooosoooooon
ubobooooobobobobooboboboobon
gboooobooobo

200000

2100000

2.1.1 Time and States
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2.1.2 Forward / Reverse Process, and Transition Kernel
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2.1.3 From discrete to continuous
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2.2.1 Denoised Diffusion Probabilistic Models (DDPM)
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(2) Score based Generative Network via Stochastic Differential Equation (SDE)

€1 €2 €t €r

€g(xp,t,C)

(3) Conditional Diffusion Probabilistic Model
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2.2.2 Score SDE Formulation
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3.1.3 Training-Free Sampling
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3.2.1 Latent Space
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3.2.2 Emerging Forward Processes
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3.2.3 Diffusion Models on non-Euclidean space
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Classification of Diffusion-based model Applications(Section 4)

Unconditional &
Class Condition

DDPM[10]/Imagen [138]/diffuison beats gan [27]]

Image Text _ i
Generation ConaFem ]—(Imagen[l%]/ Stable Diffusion [36]/DALL-E 2 [121]/ [139—141]]
Image S—
T )

3D Condition

PDR[144]/Shape-E [145]/Point-E [146]/PVD[147]
Zero-1-to-3 [148]/One-2-3-45 [149]/[150, 151]

3D
Generation

2D Condition}—[DreamFusion[152] / Magich[lSSD

Video
Generation

Generation

VDMJ12]/Make-A-Video[154]/MCVD[155]/FDM[156]
RVD[157]/RaMViD[158]/ AnimatedDiff [159]

In-distributio:

MCG [160]/Score-MRI [161]/Diff-MIC [162]
OCT-DDPM [163]/CCDF[58]

Medical
Analysis

Cross-

AnoDDPM [164]/FNDM [165]/DifuseMorph [166]
distribution R2D2+ [167]/3D-DDPM-Med [168]/ [169, 170]

Discrete

}_(DspM[ls] / Argmax[92]/DiffusionBERT[171] )

Diffusion Text
Application Generation

Diffusion-LM[15]/Seqdiffuseq [172]/GENIE [173]/LIVE[174]
DiffuSeq [175]/ AR-Diffusion [176]/Difformer [177]/SED [178]/ [179]

Imputation }— TSGM [180]/CSDI[17]/PriSTI [181]/SSSD [182]/ TransFusion[183] )

Time Series
Generation

Prediction }—(TimeGrad[184]/ ScoreGrad [18]/DiffSTG [185]]

Conversion &
Separation

Audio &

WaveGrad[19]/DiffWave[186]/DiffSinger[187]
ProDiff[188]/BinauralGrad[189]/DiffSVC[190] /[191]

Speech

Content
Condition

Generation

EdiTTS[192]/Diff-TTS[193]/SpecGrad[194]/ [195]
Guided-TTS[196]/DiffSound [197]/DiffSinger [187]

Unconditional

GeoDiff[23]/EDM[198] /ProteinSGM[199]
Torsional [200]/SE3Diffusion [201]/FoldingDIff [202]

Molecule
Generation

Multi-modal

DiffDock [203]/DiffAb [24]/Co-Design [135]
RFDiffusion [204]/ProteinGenerator [205]

Unconditional }—GraphGDP [21]/DiGress [206]/EDP-GNN [22] )

Graph
Generation

Conditional }—(PCFI [207]/ EDGE [208]/DiffFormer [209]/D4Explainer [210] )

440000

oboboooobobobobooboobobobon
ooboooboooboooboooboooooooboooon
uboboobooobobobobooboboboobon
ooo

4.4.1

00000000000000000000000000
00000000000000000000000000
000 [580 160]0 00 [162] 0000 00 [1610 163]0 0
00 ScoreMRI[161] 000000 SDEDO OO MRIOO
00 Diff-MIC[162] 00 0000000000000 00
00000000000 00MCG[160]00000000
0000000000 CTOOOOOOOOOOO0ODO
oooo

In-distribution Analysis

4.4.2 Cross-distribution Generation

gbobooooboboboboobooboboboon
OO000 [1640 1651000000 [1650 1660 16910 0O 0O
uboboobooobobobobooboboboobon
oobooobooboooboooooooooooboooon
OCOORNDM[165|0 0 000000000000D0C00
O0DO0O0DO0OO0D0OO0OOO0 DiffuseMorph [166]0 O O
bogboobobobuoboooboobuobuot MrRODO
gbobooooobobobobooboobobobon
O000o0oo0oooo0o0o0o00ooooo0[ier1e81700 0
oobO 3a,/400000000000000DOO0O0DOODO
g 1000000000000 O0O0O0O0O0O0O00OO



JOURNAL OF IATEX CLASS FILES,

450000

oobooobooobooobooooooooooboooon

ooooooboooobooobobooooooooooDooooDo

O00o0o0oooooooo0ooooooooboooooo|
210 000000oooooooooooooooogog

0000000000 O0000 [2120 21310000000
ooboooboooboooboooboooooooboooon

00

4.5.1 Discrete Generation
0000000000000000o0oooooooon
go0oo0oooooooooooooooooooooa
0000000 D3PM[16] 0 Argmax [92] 00000 OO
gdooooooodoooooooooooooooa
0000000000000 00D00ODODiffusionBERT [1
Noo00o0doDoooooooobOOoooooooon
Og0oo0oooooooooooooooooooooa
000000000 BERTOOOOOOODOOO

4.5.2 Latent Generation
ooooooooooo0ooooooooooooooo
000000000000 000000[1720 1760 177]
Oo00000oooo[ayso g0 000000 Od[aso 173]
000 0OLM-Diffusion[151 00000 transformer 0 0 O O
ooooooooooo0ooooooooooooooo
OGENIE[173| 00 0D00C0COCO0000ODOOOOgg
O00o00o0ooooooo0oOoooooDo oepPbO 0ODOODO
gooooooooooooooooooooooooo
ooooooooooooooooooboooooooon
Oo00oO00oooooooOooooooOoONLPODOOO
O0000OoopoooooOared 2310000 lagO O
O

46000000

ubobooooobobobobooboboboobon
gbobooooobobobobooboobobobon
oooooooooooOod4oooooobooogo
gbobooooobobobobooboobobobon
O00000o0oD0O00000 (170 180- 182100000
oobooOobOoOoocecsbioonoooooOgnDCNNDOOn
ooboooood

10

000000000000000000000000 [17]
00000000000000000000000000
000000000 [180 1840 1850000000000
UNet 0 RNNO DiffSTG O TimeGrad 1 000000000
0000000 [1840 1850 0000000000000
00000000000000000000000000
0000000C0000000000000 [1830 1850 2
1410

470000
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
000000000000 WaveGrad [19]0 DiffSinger [187]
0 DiffSVC[190] 00 0000000000000 0000
0 BinuaGrad[189) 0 00 0000000000000 O0O
00000000000000000000000000
0000000000000 0 [4870 1900 1910 2150
0000000000000000000000

480000
gbobooooboboboboobooboboboon
ooboooboooboooboooboooooooboooon
Oo0OooOooD[2ze)00000000O0DOCOOOOO
oobooobooboooboooooooooooboooon
ubobooooobobobobooboboboobon
oobooobOoOobOoOobobo0ooo0oooooooooD[2a
Nnmoooooooooooooooooooobooboooo
gbobooooobobobobooboobobobon
oobO0ooboooboooboooooooooooboooon
uboboooooboboboboobooboboobon
ooboodoec



JOURNAL OF IATEX CLASS FILES,

4.8.1 Unconditional Generation
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5.3.3 Advanced Multi-modal Generation Leveraging LLMs
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5.3.4 Integration with Machine Learning Fields
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A.1.1 Ancestral Sampling

Algorithm 1 Ancestral Sampling [10]

xr ~ N(0,1)
forr=T,..,1do
z~N(0,1)
Xi_1 = \/% X — ‘%69 (x,,t)) + 02
end for
return xg

A.1.2 Annealed Langevin Dynamics Sampling

Algorithm 2 Annealed Langevin Dynamics Sampling [227]

Initialize xg
fori=1,...,L do
; — €- 0'[2/0%
forr=1,..,Ldo
T ~ N(O, I)
Xy =X-1+ % sg (Xi—1, 07) + \aiz;
end for
Xo « Xr
end for
return Xr

A.1.3 Predictor-Corrector Sampling

Algorithm 3 Predictor-Corrector Sampling [11]

AN ~ N(O’ O—I%mxl)
fori=N-1to0do

z~N(0,1)
if Variance Exploding SDE then
X[ = Xig + (;'izﬂ - 0',»2) o * (Xis1, Oi41)

. ’ 2 _ 2
Xi = X; + /05,1702

else if Variance Preserving SDE then

X (2 -1 —,31'+1) Xis1 + Biv15g * (xip1,0 + 1)
X; — x; +Vpinz
end if
for j =1to M do
z~N(,1)
X; — Xx; + €8¢ * (x;,07) +
end for
end for
return xg

26[2

20

A20000
A.2.1 Labeled Condition

Algorithm 4 Classifier-guided Diffusion Sampling [27]

Input: class label y, gradient scale s
x7 ~ N(0,1)
fort=T,...,1do
if DDPM Sampling then
12— pg(xe), Zo(xr)
Xi—q < sample from N (u + sZV,y, log py (v | x;) . )
end if
if DDIM Sampling then
€ — € (x1) — WVX, logpe (v | x:)
Xi-1 < \/@,—_1(#) +VI—a@;1€
end if
end for
return xg

Algorithm 5 Classifier-free Guidance Sampling [48]
Input: guidance w, conditioning ¢, SNR 4y, ..., A
fortr=1,...,T do

& =(1+w)eg(z;,¢) —weg ()
X; = (Zt - 0'/l,€t) /0’/1,
. ~ ~ 1-v v
Zi ~ N a1, (Z0:%) 5 (Taa,) (O—il/lm) )
end for
return z74

A300000

Algorithm 6 Self-guided Conditional Sampling [56]

Input: guidance w, annotation map f,,g4, dataset D,
label k, segmentation label k,, image guidance k
XT ~ N(O, I)
fort=T,..,1do
z~N(0,1)
if Self Guidance then
€ — (1-w)eg (X, 1) + weg (X1, 1; fy (86(x; D); D))
else if Self-Labeled Guidance then
€ «— €g (x;, concat[t, k])
else if Self-Boxed Guidance then
€ « €¢ (concat[x,, k], concat[z, k])
else if Self-Segmented Guidance then
E— € (concat[x,,ks], concat|z, R])

end if
_ 1 _l-a
Ni-1= T (x’ ﬁf) Toi
end for
return xg
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BA1OOOO OISO
0000000000 ImageNet D 00000000000
000000000 [2280 229000000000000
0000000 ps00000000000000000
00000000000000000qs00000000
00000000000000000000000000
000000000 ImageNet 0000000000000
0000000000000000 qs000 psOKLO
0[23000000000000

IS = Dk (pis |l q1s)
PIs

log —
& qis

= EXNPIS [108(1718) - log(pIS)]

(19)

= Ex-pis

B.2Frechet 0 0 OO OFDO

OO0 InceptionScore0 0 O 00O O0OO0OOOOOOOOO
gOobO0iwoo00000oboOoobooooboooboooobooOg
0000000000000 0000O0ImageNetd 00O
000D00Do0ooooooooooo

FIDOOOOOOO0OOOO0OOOOOOO0OOO0O0bOO0O00O
ooboooobooooooooooooooooooooDo
O

FID = [y = gl + Tr (5 + 3, -2 (%)) (20)

OD0u 02 00000000000C00Cp,0Z%.000
ooboooboooon

B30OOODO ONLLO

OO0 Razaviet .0 [231] 00 000000D0OCOOOO
Oo0000oooooooO0OoooooooOod bbePM (7
IO NLLOODOODOODOO

NLL =E [-1log pg (x)] (21)

21
oocooogd

000 CIFAR-10 [232]0 ImageNet[233] O CelebA-64 [234] O
000000000000000000000 ADOOO0!
nception 00O NLLOOOOOOODOOOOOOOO NFE
00000000 000000

ClCeebA-640 000

0 3CelebA-640
oooo
Method NFE FID NLL
NPR-DDIM [83] 1000 3.15 -
SN-DDIM [83] 1000 2.90 -
NCSN [227] 1000 10.23 -
NCSN ++ [11] 1000 1.92 1.97
DDPM ++ [11] 1000 1.90 2.10
DiffuseVAE [87] 1000 4.76 -
Analytic DPM [82] 1000 - 2.66
ES-DDPM [73] 200 2.55 -
PNDM [46] 200 2.71 -
ES-DDPM [73] 100 3.01 -
PNDM [46] 100 2.81 -
Analytic DPM [82] 100 - 2.66
NPR-DDIM [83] 100 427 -
SN-DDIM [83] 100 3.04 -
ES-DDPM [73] 50 3.97 -
PNDM [46] 50 3.34 -
NPR-DDIM [83] 50 6.04 -
SN-DDIM [83] 50 3.83 -
DPM-Solver Discrete [47] 36 2.71 -
ES-DDPM [73] 20 4.90 -
PNDM [46] 20 5.51 -
DPM-Solver Discrete [47] 20 2.82 -
ES-DDPM [73] 10 6.44 -
PNDM [46] 10 7.71 -
Analytic DPM [82] 10 - 2.97
NPR-DDPM [83] 10 28.37 -
SN-DDPM [83] 10 20.60 -
NPR-DDIM [83] 10 14.98 -
SN-DDIM [83] 10 10.20 -
DPM-Solver Discrete [47] 10 6.92 -
ES-DDPM [73] 5 9.15 -
PNDM [46] 5 11.30 -

C.2ImageNet-64 0 0 0 0O 0O 0O C.3CIFAR-1
oooOOooOOOOOO

b bboobooooooboogoenoond
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Method NFE FID IS NLL
MCG [160] 7000 254 - -
Analytic DPM [82] 1000 - - 3.61
ES-DDPM [73] 900 2.07 5529 -
Restart [30] 623 1.36 - -
Efficient Sampling [85] 256 3.87 - -
Analytic DPM [82] 200 - - 3.64
NPR-DDPM [83] 200 16.96 - -
SN-DDPM [83] 200 16.61 - -
ES-DDPM [73] 100 3.75 48.63 -
DPM-Solver Discrete [47] 57 17.47 - -
Restart [30] 39 2.38 - -
ES-DDPM [73] 25 3.75 48.63 -
GGDM [84] 25 18.4 18.12 -
Analytic DPM [82] 25 - - 3.83
NPR-DDPM [83] 25 28.27 - -
SN-DDPM [83] 25 27.58 - -
DPM-Solver Discrete [47] 20 18.53 - -
ES-DDPM [73] 10 3.93 48.81 -
GGDM [84] 10 37.32 14.76 -
DPM-Solver Discrete [47] 10 24.4 - -
ES-DDPM [73] 5 425 4804 -
GGDM [84] 5 55.14 129 -
0 5CIFAR-100 0 ONF
E > 10000
Method NFE FID 1S NLL
Improved DDPM [78] 4000 2.90 - -
VE SDE [11] 2000 2.20 9.89 -
VP SDE [11] 2000 241 9.68 3.13
sub-VP SDE [11] 2000 241 9.57 2.92
DDPM [10] 1000 3.17 9.46 3.72
NCSN [227] 1000 25.32 8.87 -
SSM [235] 1000 5433 - -
NCSNv2 [236] 1000 10.87 8.40 -
D3PM [16] 1000 7.34 8.56 3.44
Efficient Sampling [111] | 1000 2.94 - -
NCSN++ [11] 1000 2.33 1011  3.04
DDPM++ [11] 1000 247 9.78 291
TDPM [71] 1000 3.07 9.24 -
VDM [77] 1000 4.00 - -
DiffuseVAE [87] 1000 8.72 8.63 -
Analytic DPM [82] 1000 - - 3.59
NPR-DDPM [83] 1000 4.27 - -
SN-DDPM [83] 1000 4.07 - -
Gotta Go Fast VP [29] 1000 2.49 - -
Gotta Go Fast VE [29] 1000 3.14 - -
INDM [88] 1000 2.28 - 3.09

22
O 6CIFAR-100 000
0 NFE < 10000
Method NFE FID 1S NLL
Diffusion Step [75] 600 3.72 - -
ES-DDPM [73] 600 3.17 - -
Diffusion Step [75] 400 14.38 - -
Diffusion Step [75] 200 5.44 - -
NPR-DDPM [83] 200 4.10 - -
SN-DDPM [83] 200 3.72 - -
Gotta Go Fast VP [29] 180 244 - -
Gotta Go Fast VE [29] 180 3.40 - -
LSGM [35] 138 2.10 - -
PFGM [32] 110 2.35 - -
DDIM [26] 100 416 - -
FastDPM [79] 100 2.86 - -
TDPM [71] 100 3.10 934 -
NPR-DDPM [83] 100 452 - -
SN-DDPM [83] 100 3.83 - -
DiffuseVAE [87] 100 11.71 827 -
DiffFlow [237] 100 14.14 - 3.04
Analytic DPM [82] 100 - - 3.59
Efficient Sampling [111] 64 3.08 - -
DPM-Solver [47] 51 2.59 - -
DDIM [26] 50 4.67 - -
FastDPM [79] 50 32 - -
NPR-DDPM [83] 50 5.31 - -
SN-DDPM [83] 50 417 - -
Improved DDPM [78] 50 4.99 - -
TDPM [71] 50 33 922 -
DEIS [111] 50 2.57 - -
gDDIM [81] 50 2.28 - -
DPM-Solver Discrete [47] 44 3.48 - -
STF [43] 35 1.90 - -
EDM [25] 35 1.79 - -
PFGM++ [33] 35 1.74 - -
Improved DDPM [78] 25 7.53 - -
GGDM [84] 25 425 919 -
NPR-DDPM [83] 25 7.99 - -
SN-DDPM [83] 25 6.05 - -
DDIM [26] 20 6.84 - -
FastDPM [79] 20 5.05 - -
DEIS [111] 20 2.86 - -
DPM-Solver [47] 20 2.87 - -
DPM-Solver Discrete [47] 20 3.72 - -
Efficient Sampling [111] 16 3.41 - -
NPR-DDPM [83] 10 19.94 - -
SN-DDPM [83] 10 16.33 - -
DDIM [26] 10 13.36 - -
FastDPM [79] 10 9.90 - -
GGDM [84] 10 8.23 890 -
Analytic DPM [82] 10 - - 411
DEIS [111] 10 417 - -
DPM-Solver [47] 10 6.96 - -
DPM-Solver Discrete [47] 10 10.16 - -
Progressive Distillation [31] 8 2.57 - -
Denoising Diffusion GAN [86] | 8 4.36 943 -
GGDM [84] 5 13.77 853 -
DEIS [111] 5 15.37 - -
Progressive Distillation [31] 4 3.00 - -
TDPM [71] 4 341 9.00 -
Denoising Diffusion GAN [86] | 4 3.75 9.63 -
Progressive Distillation [31] 2 451 - -
TDPM [71] 2 4.47 897 -
Denoising Diffusion GAN [86] | 2 4.08 9.80 -
Denoising student [61] 1 9.36 836 -
Progressive Distillation [31] 1 9.12 - -
TDPM [71] 1 8.91 8.65 -
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Method [ Year | Data Model | Framework [ Training [ Sampling [ Code
Landmark Works
DPM [9] 2015 | RGB Image Discrete Diffusion Lgimple Ancestral [code]
DDPM [10] 2020 | RGB Image Discrete Diffusion Lgimpte Ancestral [code]
NCSN [227] 2019 | RGB Image Discrete Score Lpsm Langevin dynamics [code]
NCSNv2 [236] 2020 | RGB Image Discrete Score Lpsm Langevin dynamics [code]
Score SDE [11] 2020 | RGB Image Continuous | SDE Lpswm PC-Sampling [code]
Improved Works

Progressive Distill [31] 2022 | RGB Image Discrete Diffusion Lsimpie DDIM Sampling [code]
Denoising Student [61] 2021 | RGB Image Discrete Diffusion Lpisiinn DDIM Sampling [code]
TDPM [71] 2022 | RGB Image Discrete Diffusion LpppPM&GAN Ancestral -

ES-DDPM [73] 2022 | RGB Image Discrete Diffusion LpppM&VAE Conditional Sampling [code]
CCDF [58] 2021 | RGB Image Discrete SDE Lsimpie Langevin dynamics [code]
Franzese’s Model [75] 2022 | RGB Image Continuous | SDE Lpsm DDIM Sampling -

FastDPM [79] 2021 | RGB Image Discrete Diffusion Lsimple DDIM Sampling [code]
Improved DDPM [78] 2021 | RGB Image Discrete Diffusion Liybria Ancestral [code]
VDM [77] 2022 | RGB Image Both Diffusion Lgimpte Ancestral [code]
San-Roman’s Model [80] | 2021 | RGB Image Discrete Diffusion LpppmeNoise | Ancestral -

Analytic-DPM [82] 2022 | RGB Image Discrete Score Lrrajectory Ancestral [code]
NPR-DDPM [83] 2022 | RGB Image Discrete Diffusion LpppPM&Noise | Ancestral [code]
SN-DDPM [83] 2022 | RGB Image Discrete Score Lsguare Ancestral [code]
DDIM [26] 2021 | RGB Image Discrete Diffusion Lgimpte DDIM Sampling [code]
gDDIM [81] 2022 | RGB Image Continuous | SDE&ODE | Lpsm PC-Sampling [code]
INDM [88] 2022 | RGB Image Continuous | SDE LppprmaFiow PC-Sampling -

Gotta Go Fast [29] 2021 | RGB Image Continuous | SDE Lpsm Improved Euler [code]
DPM-Solver [47] 2022 | RGB Image Continuous | ODE Lpsm Higher ODE solvers [code]
Restart [30] 2023 | RGB Image Continuous | SDE Lpsm 274 Order Heun [code]
EDM [25] 2022 | RGB Image Continuous | ODE Lpsm 274 Order Heun [code]
PEGM [32] 2022 | RGB Image Continuous | ODE Lpsm ODE-Solver [code]
PEGM++ [33] 2023 | RGB Image Continuous | ODE Lpsm 274 Order Heun [code]
PNDM [46] 2022 | Manifold Discrete ODE Lgimple Multi-step & Runge-Kutta [code]
DDSS [84] 2021 | RGB Image Discrete Diffusion Lsimpie Dynamic Programming -

GGDM [85] 2022 | RGB Image Discrete Diffusion Lkip Dynamic Programming -

Diffusion GAN [86] 2022 | RGB Image Discrete Diffusion LpppPM&GAN Ancestral [code]
DiffuseVAE [87] 2022 | RGB Image Discrete Diffusion LppprMmeavVAE Ancestral [code]
DiffFlow [237] 2021 | RGB Image Discrete SDE Lpsm Langevin & Flow Sampling | [code]
LSGM [35] 2021 | RGB Image Continuous | ODE LpppPMmavVAE ODE-Slover [code]
Score-flow [103] 2021 | Dequantization Continuous | SDE Lpsm PC-Sampling [code]
PDM [114] 2022 | RGB Image Continuous | SDE LGap PC-Sampling -

ScoreEBM [238] 2021 | RGB Image Discrete Score LRecovery Langevin dynamics [code]
Song’s Model [239] 2021 | RGB Image Discrete Score Lpsm Langevin dynamics -

Huang’s Model [104] 2021 | RGB Image Continuous | SDE Lpsm SDE-Solver [code]
De Bortoli’'s Model [240] | 2021 | RGB Image Continuous | SDE Lpsm Importance Sampling [code]
PVD [241] 2021 | Point Cloud Discrete Diffusion Lgimpte Ancestral [code]
Luo’s Model [151] 2021 | Point Cloud Discrete Diffusion Lgimpte Ancestral [code]
Lyu’s Model [144] 2022 | Point Cloud Discrete Diffusion Lsimple Farthest Point Sampling [code]
D3PM [16] 2021 | Categorical Data Discrete Diffusion Liybria Ancestral [code]
Argmax [92] 2021 | Categorical Data Discrete Diffusion Lpppme&Flow Gumbel sampling [code]
ARDM [93] 2022 | Categorical Data Discrete Diffusion Lgimpte Ancestral [code]
Campbell’s Model [96] 2022 | Categorical Data Continuous | Diffusion S;p le PC-Sampling [code]
VQ-diffusion [94] 2022 | Vector-Quantized | Discrete Diffusion Lgimple Ancestral [code]
Improved VQ-Diff [95] 2022 | Vector-Quantized | Discrete Diffusion Lsimpie Purity Prior Sampling [code]
Cohen’s Model [125] 2022 | Vector-Quantized | Discrete Diffusion simple Ancestral & VAE Sampling [code]
Xie’s Model [126] 2022 | Vector-Quantized | Discrete Diffusion LpppmeClass Ancestral & VAE Sampling | -

RGSM [97] 2022 | Manifold Continuous | SDE Lpsm Geodesic Random Walk -

RDM [98] 2022 | Manifold Continuous | SDE Simple Importance Sampling -

EDP-GNN [22] 2020 | Graph Discrete Score Lpsm Langevin dynamics [code]
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Method | Year | Data | Framework [ Downstream Task [ Code
Computer Vision
CMDE [13] 2021 | RGB-Image SDE Inpainting, Super-Resolution, Edge to image translation | [code]
DDRM [242] 2022 | RGB-Image Diffusion Super-Resolution, Deblurring, Inpainting, Colorization [code]
Palette [243] 2022 | RGB-Image Diffusion Colorization, Inpainting, Uncropping, JPEG Restoration | [code]
DiffC [244] 2022 | RGB-Image SDE Compression -
SRDiff [245] 2021 | RGB-Image Diffusion Super-Resolution -
RePaint [246] 2022 | RGB-Image Diffusion Inpainting, Super-resolution, Edge to Image Translation [code]
FSDM [247] 2022 | RGB-Image Diffusion Few-shot Generation -
CARD [248] 2022 | RGB-Image Diffusion Conditional Generation [code]
GLIDE [49] 2022 | RGB-Image Diffusion Conditional Generation [code]
LSGM [35] 2022 | RGB-Image SDE UnConditional & Conditional Generation [code]
SegDiff [249] 2022 | RGB-Image Diffusion Segmentation -
VQ-Diffusion [94] 2022 | VQ Data Diffusion Text-to-Image Synthesis [code]
DreamFusion [152] 2023 | VQ Data Diffusion Text-to-Image Synthesis [code]
Text-to-Sign VQ [126] 2022 | VQ Data Diffusion Conditional Pose Generation -
Improved VQ-Diff [95] 2022 | VQ Data Diffusion Text-to-Image Synthesis -
Luo’s Model [151] 2021 | Point Cloud Diffusion Point Cloud Generation [code]
PVD [147] 2022 | Point Cloud Diffusion Point Cloud Generation, Point-Voxel representation [code]
PDR [144] 2022 | Point Cloud Diffusion Point Cloud Completion [code]
Cheng’s Model [250] 2022 | Point Cloud Diffusion Point Cloud Generation [code]
Luo’s Model[150] 2022 | Point Cloud Score Point Cloud Denoising [code]
VDM [12] 2022 | Video Diffusion Text-Conditioned Video Generation [code]
RVD [157] 2022 | Video Diffusion Video Forecasting, Video compression [code]
FDM [156] 2022 | Video Diffusion Video Forecasting, Long-range Video modeling -
MCVD [155] 2022 | Video Diffusion Video Prediction, Video Generation, Video Interpolation | [code]
RaMViD [158] 2022 | Video SDE Conditional Generation -
Score-MRI [161] 2022 | MRI SDE MRI Reconstruction [code]
Song’s Model [251] 2022 | MRI, CT SDE MRI Reconstruction, CT Reconstruction [code]
R2D2+ [167] 2022 | MRI SDE MRI Denoising -
Sequence Modeling
Diffusion-LM [15] 2022 | Text Diffusion Conditional Text Generation [code]
Bit Diffusion [252] 2022 | Text Diffusion Image-Conditional Text Generation [code]
D3PM [16] 2021 | Text Diffusion Text Generation -
Argmax [92] 2021 | Text Diffusion Test Segmantation, Text Generation [code]
CSDI [17] 2021 | Time Series Diffusion Series Imputation [code]
SSSD [253] 2022 | Time Series Diffusion Series Imputation [code]
CSDE [254] 2022 | Time Series SDE Series Imputation, Series Predicton -
Audio & Speech
WaveGrad [19] 2020 | Audio Diffusion Conditional Wave Generation [code]
DiffWave [186] 2021 | Audio Diffusion Conditional & Unconditional Wave Generation [code]
GradTTS [20] 2021 | Audio SDE Wave Generation [code]
Diff-TTS [193] 2021 | Audio Diffusion non-AR mel-Spectrogram Generation, Speech Synthesis | -
DiffVC [215] 2022 | Audio SDE Voice conversion [code]
DiffSVC [190] 2022 | Audio Diffusion Voice Conversion [code]
DiffSinger [187] 2022 | Audio Diffusion Singing Voice Synthesis [code]
Diffsound [197] 2021 | Audio Diffusion Text-to-sound Generation tasks [code]
EdiTTS [192] 2022 | Audio SDE fine-grained pitch, content editing [code]
Guided-TTS [196] 2022 | Audio SDE Conditional Speech Generation -
Guided-TTS2 [195] 2022 | Audio SDE Conditional Speech Generation -
Levkovitch’s Model [255] | 2022 | Audio SDE Spectrograms-Voice Generation [code]
SpecGrad [194] 2022 | Audio Diffusion Spectrograms-Voice Generation [code]
ItoTTS [191] 2022 | Audio SDE Spectrograms-Voice Generation -
ProDiff [188] 2022 | Audio Diffusion Text-to-Speech Synthesis [code]
BinauralGrad [189] 2022 | Audio Diffusion Binaural Audio Synthesis -
Al For Science
ConfGF [256] 2021 | Molecular Score Conformation Generation [code]
DGSM [257] 2022 | Molecular Score Conformation Generation, Sidechain Generation -
GeoDiff [23] 2022 | Molecular Diffusion Conformation Generation [code]
EDM [198] 2022 | Molecular SDE Conformation Generation [code]
Torsional Diff [200] 2022 | Molecular Diffusion Molecular Generation [code]
DiffDock [203] 2022 | Molecular&protein | Diffusion Conformation Generation, molecular docking [code]
CDVAE [258] 2022 | Protein Score Periodic Material Generation [code]
Luo’s Model [24] 2022 | Protein Diffusion CDR Generation -
Anand’s Model [135] 2022 | Protein Diffusion Protein Sequence and Structure Generation -
ProteinSGM [199] 2022 | Protein SDE de novo protein design -
DiffFolding [202] 2022 | Protein Diffusion Protein Inverse Folding [code]
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https://dreamfusion3d.github.io/
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Notations Descriptions
T Discrete total time steps
t Random time t
Zr Random noise with normal distribution
€ Random noise with normal distribution
N Normal distribution
B Generalized process noise scale
B Variance scale coefficients
B(t) Continuous-time S3;
o Generalized process noise scale
oy Noise scale of perturbation
o(t) Continuous-time o,
a; Mean coefficient defined as 1 - 3,
a(t) Continuous-time a;
a; Cumulative product of a;
y(t) Signal-to-Noise ratio
u Step size of annealed Langevin dynamics
x Unperturbed data distribution
X Perturbed data distribution
X0 Starting distribution of data
Xt Diffused data at time t
X, Partly diffused data at time t
X Random noise after diffusion
F(x, o) Forward/Diffusion process
R(x, 0) Reverse/Denoised process
Fi(x;, 07) Forward /Diffusion step at time t
R (x¢, 07) Reverse/Denoised step at time t
q(x¢|xr-1) DDPM forward step at time t
p(xe-1]x) DDPM reverse step at time t
f(x,t) Dirift coefficient of SDE
g(1) Simplified diffusion coefficient of SDE
D(x,t) Degrader at time t in Cold Diffusion
R(x,1) Reconstructor at time t in Cold Diffusion
w, w Standard Wiener process
V. log p; (x) Score function w.r.t x
Ho(x;,1) Mean coefficient of reversed step
Yo(xs,1) Variance coefficient of reversed step
€g(xs, 1) Noise prediction model
sg(x) Score network model
Lo,L;_1, Lt Forward loss, reversed loss, decoder loss
L.,p Evidence Lower Bound
Le? Continuous evidence lower bound
Lsimple Simplified denoised diffusion loss

gzlp le Continuous Lg;mpie
LGap Variational gap
Lkip Kernel inception distance
LRecovery Recovery likelihood loss
Lypybrid Hybrid diffusion loss
LDDPM&GAN DPM ELBO and GAN hybnd loss
LDDPM&VAE DPM ELBO and VAE hybl‘ld loss
LppPM&Flow DPM ELBO and normalizing flow hybrid loss
Lpsm Loss of denoised score matching
Lism Loss of implicit score matching
Lssy Loss of sliced score matching
Lpissitl Diffusion distillation loss

LppPMm&Noise

DPM ELBO and reverse noise hybrid loss

Lsquare Noise square loss

Lrrajectory Process optimization loss

Lpppme&cClass DPM ELBO and classification hybrid loss
6 learnable parameters

¢ learnable parameters
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