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Outline

§ Diffusion models

§ Text-to-Image generation

§ Image-Poser: composition of Text-to-Image and Image-to-Image 
models
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Diffusion Model
§ Leading model to generate images
§ Stochastic autoencoder 

§ encoder introduces noise 
§ decoder denoises the data

§ Stochastic decoder transforms a noisy vector into a desired image 
(possibly conditioned on semantic info such as a prompt, class, etc.)
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Forward Diffusion Process
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From Steins (medium.com)



Stochastic Transformation

§ Recall the reparameterization trick:
§ When ! ∼ # ! = %(!|(, *!) 

then ! = *, + (  where , ∼ %(,|0,1)

§ Since ! "! "!"# = $ "! 1 − '!"!"#, '!)
Then "! = 1 − '!"!"# + '!+  where + ∼ $(+|/, ))
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Stochastic Transformation
§ We can speed up the noise process by computing 1! in one step:

"! = 23!"$ + 1 − 23!+
                                           where + ∼ $ + /, 4
                                                       23! = ∏%&#

! 3% and 3% = 1 − '%
See https://medium.com/@steinsfu/diffusion-model-clearly-explained-cd331bd41166 for derivation

§ In the limit, "' is a random vector from an isotropic Gaussian 

          lim
!→'

"! = 23'"$ + 1 − 23'+ = +  since 23' → 0
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Reverse Denoising Process

§ Forward factorization: 0 1", 1#, … , 1$ = 0 1" ∏%&#$ 0(1%|1%'#)
§ Reverse factorization: 0 1", 1#, … , 1$ = ∏%&#$ 0(1%'#|1%) 0 1$

§ Since joint distribution is Gaussian then )(+!"#|+!) is also Gaussian

§ ) +!"# +$ = /(+!"#| 01!(+!, 3), 4!5)
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((*!"#|*!)
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From Steins (medium.com)



Reverse Conditional Gaussian
§ The reverse conditional 0 1%'# 1% = %(1%'#| 4(%(1-, 5), *%6) does not have a closed 

form, but Ho, Jain and Abbeel (2020) derived the following approximation for 4(%:

4(% 1%, 5 ≈ 1
8%

1% −
1 − 8%
1 − :8%

;%

                              where ;% = %(;|<, 6) is the noise introduced at step 5

§ We do not know ;%, but we can train a neural network ,.(1%, 5) to approximate it:

                                              Minimize =(>) = ;% − ,. 1%, 5 !
!
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Training Algorithm
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Repeat
§ 1" ∼ 0 1/
§ 5 ∼ ?@ABCDE 1,… , F
§ ; ∼ % <, 6
§ 1% = :8%1" + 1 − :8%;
§ G ← G + I∇0 , − ,. 1%, 5 !

! 

Until convergence



Training Algorithm
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From Steins (medium.com)



UNet
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Special type of 
fully convolutional 
neural network

From Cai, Wu and Chen 2022



Data Generation Algorithm
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§ "6 ∼ $("|/, ))
§ For ; = <,… , 1 do

§ ; ∼ %(;|<, 6) if 5 > 1, else ; = <

§ 1%'# = #
1!

1% − #'1!
#'21!

,. 1-, 5 + *%;

§ Return "$



Data Generation Algorithm
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. . .
From Steins (medium.com)

"!



Results
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Ho, Jain and Abbeel (2020)



Latent Diffusion Model (a.k.a. Stable Diffusion)
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§ Rombach, Blattman et al., 2022
§ Speed up: performing	the	diffusion	in	a	low	dimensional	latent	space
§ Conditional generation: condition denoising on text, images, etc.

From Steins (medium.com)



Full Architecture

CS486/686 Winter 2026 - Lecture 23 - Pascal Poupart PAGE  16

From Steins (medium.com)



Results
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§ Rombach, Blattman et al., 2022



Text to Image Generation
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Credit: tensorflow.org/
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Many Image Models
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Text-to-image generation Image-to-image generation

Stable Diffusion XL

PixArt-α

Stable Diffusion 3.5 Large

DALL-E 3

FLUX.1-dev

GPT-Image-1

Gemini 2.5 Flash

InstructPix2Pix

MagicBrush

FLUX Kontext
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Image-POSER
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Mohebbi, Abdulrahman, Miao, 
Poupart, Kothawade (2026)
Image-POSER: Reflective RL 
for Multi-Expert Image 
Generation and Editing, 
under review.
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RL for model selection

§ State: embedding([current command, remaining commends]) 
§ Actions: set of text-to-image and image-to-image models 

§ E.g., {FLUX-1.dev, DALL-E, Pix-Art, Stable Diffusion, GPT-Image, Gemini, 
InstructPix2Pix, Magic Brush, FLUX-Kontext}

§ Reward function: Vision Language Model that critiques and rates each 
image

§ DQN:  (state, action) à total reward
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Image-to-Image Generation Example
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Additional Examples
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Text-to-Image Qualitative Comparison
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Image-to-Image Qualitative Comparison
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Human Evaluation
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