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A picture of a white
cat and a black cat Stable

Diffusion



'!(%")(%!*

@:&0*;0*'*+&#$"' A$#) <#&B-* C$DD15$"'
• 3*&-$#>F

4

A picture of a white
cat and a black cat Stable

Diffusion

failed attribute
binding

missing objects

failed composition
of multiple objects
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seed = 154 seed = 99seed = 510321
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• @:&0*;0*'*+&#$"' A$#) <#&B-* C$DD15$"'

Decoder𝑥! 𝑥!"# 𝑥# 𝑥$…

CLIP 
Encoder

Prompt

Conditioning
Latent Space Denoising process

U-Net

cross-attention
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Decoder𝑥! 𝑥!"# 𝑥# 𝑥$…

CLIP 
Encoder

Prompt

Conditioning
Latent Space Denoising process

U-Net

cross-attention
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• E'2*+5#&'2$'0;KL@G;*:B*22$'05
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Prompt

“A picture of a cat“

Tokens
Tokenizer

<|startoftext|>
a </w>
picture </w>
of </w>
a </w>
cat </w>
<|endoftext|>

Token IDs Input 
embeddings

Token 
embeddings

Positional
embeddings+

[49406,
320,
1674,
539,
320,
2368,
49407] shape [1,77,768] shape [1,77,768]

shape [1,77,768]

Text encoder Output 
embeddings

CLIP 
transformer

shape [1,77,768]
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Source: Podell, D., English, Z., Lacey, K., Blattmann, A., Dockhorn, T., 
Müller, J., ... & Rombach, R. (2023). Sdxl: Improving latent diffusion
models for high-resolution image synthesis. arXiv preprint
arXiv:2307.01952.

Comparison of user preferencies
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prompt

hidden state

hidden state

pooled
prompt 

embedding

CLIP ViT-L

CLIP ViT-bigG

CLIP ViT-bigG
embedding

Diffusion processshape [1,77,768]

shape [1,77,1280]

shape [1,77,2048]

shape [1,1280]

cross
attention

cross
attention
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(3#!$#(%2)/ .)245$!6*0

A picture of a white
cat and a black cat

Stable
Diffusion XL
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(3#!$#(%2)/ .)245$!6*0

A picture of a white
cat and a black cat

Stable
Diffusion XL
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Source:Liu, N., Li, S., Du, Y., Torralba, A., & Tenenbaum, J. B. (2022, October). Compositional visual generation with composable diffusion models. In European Conference on Computer 
Vision(pp. 423-439). Cham: Springer Nature Switzerland.
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Source: Feng, W., He, X., Fu, T. J., Jampani, V., Akula, A., Narayana, P., ... & Wang, W. Y. (2022). 
Training-free structured diffusion guidance for compositional text-to-image synthesis. arXiv preprint
arXiv:2212.05032.

Structured 
Diffusion
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Source: Feng, W., He, X., Fu, T. J., Jampani, V., Akula, A., Narayana, P., ... & Wang, W. Y. (2022). Training-free structured diffusion guidance for compositional
text-to-image synthesis. arXiv preprint arXiv:2212.05032.
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18

Source: https://colab.research.google.com/drive/1izMKdvBMfThVSRp8Tg4Fc1eiGVP0NKZP?usp=sharing#scrollTo=wa3iaNL3Mq28

green cubes in a pink bowl 
without NP pooling

green cubes in a pink bowl 
with NP pooling
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green cubes in a pink bowl

green cubes pink bowl

pool pool

*0 *0

[a,b].mean/ 2
a – vector for green
b – vector for cubes
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Dataset Prompt 
preprocessing

Noun phrases
extraction

Generating 
embeddings for

each noun phrase

Pooling

Inserting noun
phrases into a 

prompt

Generating images Evaluation



#8-#$%'#*()/,1#(6-

I"#;*%*+> 7+":7#;,&' 2*:"'5#+&#* #)* 7+"B-*:

C&#&5*#5
• KKSVPP;WK"',*7#;K"'U1,#$"' 2&#&5*#X
• G+":7#;D"+:&#F;Y&;Z,"-"+6[;Z"BU*,#6[;&'2;&;Z,"-"+.[;Z"BU*,#.[\;

• 6.KS]^ W6##+$B1#*;.$'2$'0;K"'#+&5# 2&#&5*#X
• QOPP;7+":7#;7&$+5
• _&;/$#,)*' A$#) A)$#* &77-$&',*5 &'2;B+"A' ,17B"&+25Y
• _&;/$#,)*' A$#) B+"A' &77-$&',*5 &'2;A)$#* ,17B"&+25Y

22



#8-#$%'#*()/,1#(6-

(*,)'$,&-;5*#17
• <#&B-* C$DD15$"';!"2*-F;`+1'A&>:-a5#&B-*S2$DD15$"'S%bSVY
• <#&B-* C$DD15$"';ML;.&5*;Pcd;W+*-*&5*2 N1-> OPOQX

• =$9*2;5**2F;P

23



$#16/(1+,229::

24

SD 1.5 Embedding NPs Embedding NPs + Pooling

a yellow bowl and a 
blue cat

a red bowl and a 
blue cup
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SD XL Embedding NPs Embedding NPs + Pooling

a yellow car and a red cat
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SD XL Embedding NPs Embedding NPs + Pooling

a pink cow and a brown sheep
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$#16/(1

SD 1.5 Zero/One object Two objects Two objects with
correct color

Natural looking
image

SD 82% 12% 6% 48%
NP embedding 82% 10% 8% 40%

NP embedding
+ pooling

94% 6% 0% 34%
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SD XL Zero/One object Two objects Two objects with
correct color

Natural looking
image

SD 40% 42% 18% 44%
NP embedding 42% 44% 14% 30%

NP embedding
+ pooling

40% 46% 14% 66%
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red cube cube car

+- =

Generated by Stable Diffusion 1.5, seed = 0
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897*+$:*'#;"';<CML
A white cat with black ears and markings

30

No modification NP embedding + pooling Adding black vector to the
according NP
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User

prompt
embedding

image

seed



76$(3#$,)--$!)23#1+,1#2!*0 )--$!)23

32

User

prompt
embedding

image

seed

Evaluation

@2*&F;E5*+;$'#*+&,#$"';$'#*+D&,*;D"+;$:&0*;&2U15#:*'#
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User

prompt
embedding

image

seed

Evaluation

attribute to
adjust

substraction/
addition

embedding

black CLIP embedding
([[[-0.3884, 0.0229, -0.0522, …,

[0.8535, -1.3848, -0.4604, …,
[-0.3660, 1.3467, 0.8745, … ,

…,
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User

prompt
embedding

image

seed

Evaluation

attribute to
adjust

substraction/
addition

embedding vector extraction

subtraction/addition

black-vector

black ears and markings

+ + + +
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User

prompt
embedding

image

seed

Evaluation

attribute to
adjust

substraction/
addition

embedding vector extraction

subtraction/addition

image
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Source: Li, L. H., Zhang, P., Zhang, H., Yang, J., Li, C., 
Zhong, Y., ... & Gao, J. (2022). Grounded language-image 
pre-training. In Proceedings of the IEEE/CVF Conference 
on Computer Vision and Pattern Recognition (pp. 10965-
10975).
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- @:&0*;0*'*+&#$"' A$#) <#&B-* C$DD15$"'

Encoder

Decoder

𝑥$ 𝑥!𝑥!"#𝑥# …

Diffusion process

𝑥!𝑥!"#𝑥#𝑥$ …
Denoising process

CLIP 
Encoder

Text

Conditioning
Latent Space
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o F:(%61&"*
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Source: https://colab.research.google.com/github/fastai/diffusion-
nbs/blob/master/Stable%20Diffusion%20Deep%20Dive.ipynb#scrollTo=297340
b2-08ef-4fa4-a19a-0beffff7701b 
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Source: Radford, A., Kim, J. W., Hallacy, C., Ramesh, A., Goh, G., Agarwal, S., ... & Sutskever, I. (2021, July). Learning transferable visual models from
natural language supervision. In International conference on machine learning (pp. 8748-8763). PMLR.
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Two-stage-pipeline

Comparison between SD 1.5 and SDXL

Comparison of user preferences

Source: Podell, D., English, Z., Lacey, K., Blattmann, A., 
Dockhorn, T., Müller, J., ... & Rombach, R. (2023). Sdxl: Improving
latent diffusion models for high-resolution image synthesis. arXiv
preprint arXiv:2307.01952.
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1()./# 0%7761%!* 8/
!"# $%&'(%)*+#*$, -.%/01&0) -%%20) 0(30))*$,4
à 5% 6*7892 *(-.%60(0$&
Red cube in a blue bowl

Manipulating both hidden
states

Manipulating both hidden states + 
projected pooled layer

Not manipulated
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E$2 .'F)0".,65&"F,.< +F"(FF'9%.G

• Red cube in a blue bowl

• /06"#F)'H F$% +F"(F F'9%.

Pooling all tokens Pooling all tokens without start
token


