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Preliminaries：Effectiveness of Consistency models

• Training for one ideal denioser 𝑫𝜽 for 𝒙" :
𝑀𝑖𝑛𝑖𝑚𝑖𝑧𝑒 ℒ = 𝔼[|𝑫𝜽 𝒙", 𝑡 − 𝛼 𝑡 𝒙#|]

• The approximation in Consistency Models :

One well-learned generator 𝒇𝜽: 𝒇𝜽 𝒙"$%, 𝑡 − 1 ≈ 𝒙#

• and the approximated learning objective (𝑫𝜽 = 𝛼(𝑡)𝒇𝜽):
𝑀𝑖𝑛𝑖𝑚𝑖𝑧𝑒 ℒ = 𝔼[|𝐷𝜽 𝒙", 𝑡 − 𝛼 𝑡 𝒇𝜽(𝒙"$%, 𝑡 − 1)|]

• also as

ℒ&''()* 𝜽 = 𝔼[|𝒙" −
𝛼 𝑡

𝛼 𝑡 − 1
𝑥"$% +

𝛼 𝑡
𝛼 𝑡 − 1

𝜎 𝑡 − 1 𝝐𝜽 𝒙"$%, 𝑡 − 1 − 𝜎 𝑡 𝝐𝜽(𝒙", 𝑡) |]
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Preliminaries：Effectiveness of Consistency models

• The approximated learning objective for Consistency Models:

ℒ!""#$% 𝜽 = 𝔼[|𝒙& −
𝛼 𝑡

𝛼 𝑡 − 1 𝑥&'( +
𝛼 𝑡

𝛼 𝑡 − 1 𝜎 𝑡 − 1 𝝐𝜽 𝒙&'(, 𝑡 − 1 − 𝜎 𝑡 𝝐𝜽(𝒙& , 𝑡) |]

• The error estimation with the accumulative approximation 𝒇𝜽 𝒙"#$, 𝑡 − 1 ≈ 𝒙%

|𝒇𝜽 𝒙& , 𝑡 − 𝒙*| ≤ 6
&!∈[(,.,…,&]

|𝒇𝜽 𝒙&! , 𝑡1 − 𝒇𝜽(𝒙&!'(, 𝑡1 − 1)|

ECCV Oral Presentation 
Nanjing University



Motivation：Optimization on the upper bound

|𝒇𝜽 𝒙& , 𝑡 − 𝒙*| ≤ 6
&!∈[(,.,…,&]

|𝒇𝜽 𝒙&! , 𝑡1 − 𝒇𝜽(𝒙&!'(, 𝑡1 − 1)|

• Converge slowly when T is large
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Motivation：Optimization on the upper bound

|𝒇𝜽 𝒙& , 𝑡 − 𝒙*| ≤ 6
&!∈[(,.,…,&]

|𝒇𝜽 𝒙&! , 𝑡1 − 𝒇𝜽(𝒙&!'(, 𝑡1 − 1)|

|𝒇𝜽 𝒙& , 𝑡 − 𝒙*| ≤ 6
&!∈[2,.2,…,&]

|𝒇𝜽 𝒙&! , 𝑡1 − 𝒇𝜽(𝒙&!'2 , 𝑡1 − 𝑘)|
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Motivation：Optimization on the upper bound

• The changed learning objective

ℒ!""#$% 𝜽 = 𝔼[|𝒙& −
𝛼 𝑡

𝛼 𝑡 − 𝑘 𝑥&'( +
𝛼 𝑡

𝛼 𝑡 − 𝑘 𝜎 𝑡 − 𝑘 𝝐𝜽 𝒙&'2 , 𝑡 − 𝑘 − 𝜎 𝑡 𝝐𝜽(𝒙& , 𝑡) |]
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𝑑𝑖𝑠𝑡*,𝜽𝑑𝑖𝑠𝑡3

to be learned



Our SPLAM

• Treat the Sampled PF-ODE trajectory as a series of connected sub-paths

• Build a better estimation for each sub-path from its start point 𝒙& to the end 𝒙&'2 especially for

optimizing 𝑑𝑖𝑠𝑡3
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Methods

• PF-ODE trajectory as a series of connected sub-paths

• error estimation for two sample points can be defined as
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ℒ!"#$% 𝜽, 𝑘 = 𝔼[|𝑑𝑖𝑠𝑡& 𝒙' , 𝒙'$( , 𝑡 + 𝑑𝑖𝑠𝑡),𝜽 𝒙'$( , 𝑡 − 𝑘, 𝑡 − 𝜎 𝑡 𝝐𝜽(𝒙' , 𝑡) |]



Methods

• We introduce Sub-path Linear ODE 𝑥+," +∈[#,%]

• from a sub-path start 𝒙" to a drifted end 0 "
0("$2)𝒙"$2
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PF-ODE sub-path

Sub-path linear ODE

𝑥,,' = (1 − 𝛾)
𝛼 𝑡

𝛼(𝑡 − 𝑘)
𝑥'$( + 𝛾𝑥'

𝒙,,' =
𝛼 𝑡

𝛼(𝑡 − 𝑘)
𝒙'$( + 𝛾 ∗ 𝑑𝑖𝑠𝑡& 𝒙' , 𝒙'$( , 𝑡

= 1 − 𝛾
𝛼 𝑡

𝛼 𝑡 − 𝑘
𝒙'$( + 𝛾𝒙'



Methods

• Important property for our SL-ODE 𝑥4,&
𝑑𝒙+," = 𝛾 ∗ 𝑑𝑖𝑠𝑡4(𝒙", 𝒙"$2, 𝑡)𝑑𝛾
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PF-ODE sub-path

Sub-path linear ODE

𝑥,,' = (1 − 𝛾)
𝛼 𝑡

𝛼(𝑡 − 𝑘)
𝑥'$( + 𝛾𝑥'



Methods

• Important property for our SL-ODE 𝑥4,&
𝑑𝒙+," = 𝛾 ∗ 𝑑𝑖𝑠𝑡4(𝒙", 𝒙"$2, 𝑡)𝑑𝛾

• The error estimation when 𝑥4,& is involved:

𝒇𝜽 𝒙+,", 𝛾, 𝑡 =
𝒙+," − 𝜎 𝛾, 𝑡 𝝐𝜽(𝒙+," , 𝛾, 𝑡)

𝛼(𝑡)

• Using the approximation strategy in CM:

ℒ56'789 = |𝒇𝜽 𝒙4,& , 𝛾, 𝑡 − 𝒇𝜽 𝒙(,&'2 , 1, 𝑡 − 𝑘 |

𝑎𝑛𝑑 𝒙(,&'2 ≡ 𝑥&'2
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PF-ODE sub-path

Sub-path linear ODE

𝑥,,' = (1 − 𝛾)
𝛼 𝑡

𝛼(𝑡 − 𝑘)
𝑥'$( + 𝛾𝑥'



Methods

• Important property for our SL-ODE 𝑥4,&

ℒ56'789 = |𝒇𝜽 𝒙4,& , 𝛾, 𝑡 − 𝒇𝜽 𝒙(,&'2 , 1, 𝑡 − 𝑘 |

• Final learning objective for SPLAM:

ℒ56789(𝜽, 𝑘) = 𝔼|𝛾 ∗ 𝑑𝑖𝑠𝑡4 𝒙", 𝒙"$2, 𝑡 + 𝑑𝑖𝑠𝑡#,𝜽 𝒙"$2, 𝑡 − 𝑘, 𝑡 − 𝜎 𝛾, 𝑡 𝝐𝜽(𝒙𝜸,", 𝛾, 𝑡) |]

• The original learning objective
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ℒ;<=$' 𝜽, 𝑘 = 𝔼[|𝑑𝑖𝑠𝑡4 𝒙", 𝒙"$2, 𝑡 + 𝑑𝑖𝑠𝑡#,𝜽 𝒙"$2, 𝑡 − 𝑘, 𝑡 − 𝜎 𝑡 𝝐𝜽(𝒙", 𝑡) |]



Methods : Distillation from Latent Diffusion Models
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Unform sampling for 𝛾

Multple Estimation for ODE solvers



Experiment Results: better FIDs with faster convergence
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Experiment Results: Directly estimate the errrors
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|𝑥! − 𝑓" 𝑥#, 𝑡 | ≤ D
#!∈[&,(&,…#]

|𝑓" 𝑥#! , 𝑡+ − 𝑓"(𝑥#!,&, 𝑡+ − 𝑘)|



Experiment Results: Generation of images
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SPLAM

LCM

1 step 2 step 4 step 1 step 2 step 4 step



Experiment Results: Generation of images
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LCM	
(2step)

SPLAM	
(2step)

“A high-speed chase through a cyberpunk metropolis, with advanced motorcycles and holographic billboards”

LCM	
(4step)

SPLAM	
(4step)

“A steampunk pirate ship sailing through the clouds with mechanical parrots perched on the masts”



Thanks
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Paper, code, and models are available

https://mcg.nju.edu.cn/index.html
https://github.com/MCG-NJU

https://hypnosxc.github.io
chenxu24568@gmail.com

https://mcg.nju.edu.cn/index.html
https://github.com/MCG-NJU
https://hypnosxc.github.io/
mailto:chenxu24568@gmail.com

