
Announcement
• HW1 winner: Riyaz Panjwani

Honorable mention: Harry Freeman
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Announcement
• HW3 (due: 3/21/2022)
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Jun-Yan Zhu
16-726, Spring 2022 

Style and Content, Texture Synthesis (part II) 

photo © [Gatys et al., 2016]
3Many slides are from Taesung Park, Fujun Luan, etc.  



Loss Functions
(Image-to-Image Translation)
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Real
Style

Monet Van Gogh Cezanne

Content

Style and Content

Separating Style and Content
[Tenenbaum and Freeman 1996]

Cycle-consistency loss
Ex||F (G(x))− x||1

Adversarial loss
Ex log(1−DY (G(x)))+Ey logDY (y)

change styleG : p(x) → p(y) Bidirectional: preserve content
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Style and Content

Real (1) or fake (0)?G D
Input image Output image DiscriminatorGenerator

x G(x)

Adversarial loss (change style)
Ex log(1−DY (G(x)))+Ey logDY (y)

−| |Ex||G(x)− x||1

G(x)𝑥L1 loss (preserve content in pixel space)

SimGAN [Shrivastava et al., 2017]



Style and Content

Real (1) or fake (0)?G D

Input image Output image
DiscriminatorGenerator

x G(x)

Adversarial loss (change style)
Ex log(1−DY (G(x)))+Ey logDY (y)

Ex||F (G(x))− F (x)||
Feature loss (Preserve content in feature space)

DTN [Taigman et al., 2017]

𝑥

Input

)− F(|F( )|
Output

𝐺 𝑥



Perceptual/Feature Loss (Conditional) GAN Loss

Cycle-Consistency Loss Patch-wise Contrastive Loss



Style and Content
• Style: domain-specific features 

(horse vs. zebra)
• Content: features shared across two domains 
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Loss Functions
(Neural Style Transfer)
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Neural Style Transfer

+ =

content image style image output result

[Gatys et al., 2016]



Style Loss

#𝑦

optimized output

)− Gram(|Gram( )|
style image

y

Style Reconstruction (Style Loss)

Gram = Gram Matrix of a deep network’s features  (e.g., ImageNet classifier)

weight (j)-th layer
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argmin
ŷ

M∑

j

λj||Gram(j)(ŷ)−Gram(j)(y)||2

[Gatys et al., 2016]



Computing Gram Matrix
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Gram matrix: 
- Cross Correlation of CNN features
- Invariant to the feature locations

h, w:        pixel locations index
c:              channel index 
H, W:      height and width of feature map 
C:             the number of total channels

Gij = 〈vi, vj〉

V = [v1, v2, · · · , vn]

G = V
!
V

Gram(j)(x)



Content Loss

#𝑦

optimized output

)− F(|F( )|
content image

𝑥

Content Reconstruction (Perceptual Loss)

F is a deep network (e.g., ImageNet classifier)

weight (i)-th layer

14

arg min
ŷ

N∑

i

λi||F
(i)(ŷ)− F (i)(x)||1

[Gatys et al., 2016]



Neural Style Transfer
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#𝑦

optimized output

)− Gram(|Gram( )|
style image

y

#𝑦

optimized output

)− F(|F( )|
content image

𝑥

+

arg min
ŷ

Lstyle(ŷ, y) + λLcontent(ŷ, x)
[Gatys et al., 2016]
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Fast Neural Style Transfer
• Optimization-based method

• Feedforward network

17

arg min
ŷ

Lstyle(ŷ, y) + λLcontent(ŷ, x)

arg min
G

Ex Lstyle(G(x), y)+λLcontent(G(x), x)

[Johnson et al., 2016]



Arbitrary Style Transfer with AdaIN
• Feedforward network with any style

18[Huang et al., 2017]

argmin
G

Ex,y Lstyle(G(x, y), y)+λLcontent(G(x, y), x)



Arbitrary Style Transfer with AdaIN

19[Huang et al., 2017]



Style and Content
• Style: the style (color, texture, etc. ) of a single 

painting
• Content: the layout and semantics of a real 

photo
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Disentangled Latent Space



Disentangling the Latent Space

• UNIT 
– A single shared, domain-invariant latent space 𝒵

X2
<latexit sha1_base64="Jzrs8t3r/FcOR9bHyVoqgDb/u98=">AAAB9HicbVC7SgNBFL0bXzG+opY2g0GwCrtB0MIiYGMZwTwgWcLdySQZMju7zswGwpLvsLFQxNaPsfNvnE220MQDA4dz7uWeOUEsuDau++0UNja3tneKu6W9/YPDo/LxSUtHiaKsSSMRqU6AmgkuWdNwI1gnVgzDQLB2MLnL/PaUKc0j+WhmMfNDHEk+5BSNlfxeiGZMUaSdeb/WL1fcqrsAWSdeTiqQo9Evf/UGEU1CJg0VqHXXc2Pjp6gMp4LNS71EsxjpBEesa6nEkGk/XYSekwurDMgwUvZJQxbq740UQ61nYWAns5B61cvE/7xuYoY3fsplnBgm6fLQMBHERCRrgAy4YtSImSVIFbdZCR2jQmpsTyVbgrf65XXSqlU9yx+uKvXbvI4inME5XIIH11CHe2hAEyg8wTO8wpszdV6cd+djOVpw8p1T+APn8wfApZIN</latexit><latexit sha1_base64="Jzrs8t3r/FcOR9bHyVoqgDb/u98=">AAAB9HicbVC7SgNBFL0bXzG+opY2g0GwCrtB0MIiYGMZwTwgWcLdySQZMju7zswGwpLvsLFQxNaPsfNvnE220MQDA4dz7uWeOUEsuDau++0UNja3tneKu6W9/YPDo/LxSUtHiaKsSSMRqU6AmgkuWdNwI1gnVgzDQLB2MLnL/PaUKc0j+WhmMfNDHEk+5BSNlfxeiGZMUaSdeb/WL1fcqrsAWSdeTiqQo9Evf/UGEU1CJg0VqHXXc2Pjp6gMp4LNS71EsxjpBEesa6nEkGk/XYSekwurDMgwUvZJQxbq740UQ61nYWAns5B61cvE/7xuYoY3fsplnBgm6fLQMBHERCRrgAy4YtSImSVIFbdZCR2jQmpsTyVbgrf65XXSqlU9yx+uKvXbvI4inME5XIIH11CHe2hAEyg8wTO8wpszdV6cd+djOVpw8p1T+APn8wfApZIN</latexit><latexit sha1_base64="Jzrs8t3r/FcOR9bHyVoqgDb/u98=">AAAB9HicbVC7SgNBFL0bXzG+opY2g0GwCrtB0MIiYGMZwTwgWcLdySQZMju7zswGwpLvsLFQxNaPsfNvnE220MQDA4dz7uWeOUEsuDau++0UNja3tneKu6W9/YPDo/LxSUtHiaKsSSMRqU6AmgkuWdNwI1gnVgzDQLB2MLnL/PaUKc0j+WhmMfNDHEk+5BSNlfxeiGZMUaSdeb/WL1fcqrsAWSdeTiqQo9Evf/UGEU1CJg0VqHXXc2Pjp6gMp4LNS71EsxjpBEesa6nEkGk/XYSekwurDMgwUvZJQxbq740UQ61nYWAns5B61cvE/7xuYoY3fsplnBgm6fLQMBHERCRrgAy4YtSImSVIFbdZCR2jQmpsTyVbgrf65XXSqlU9yx+uKvXbvI4inME5XIIH11CHe2hAEyg8wTO8wpszdV6cd+djOVpw8p1T+APn8wfApZIN</latexit><latexit sha1_base64="Jzrs8t3r/FcOR9bHyVoqgDb/u98=">AAAB9HicbVC7SgNBFL0bXzG+opY2g0GwCrtB0MIiYGMZwTwgWcLdySQZMju7zswGwpLvsLFQxNaPsfNvnE220MQDA4dz7uWeOUEsuDau++0UNja3tneKu6W9/YPDo/LxSUtHiaKsSSMRqU6AmgkuWdNwI1gnVgzDQLB2MLnL/PaUKc0j+WhmMfNDHEk+5BSNlfxeiGZMUaSdeb/WL1fcqrsAWSdeTiqQo9Evf/UGEU1CJg0VqHXXc2Pjp6gMp4LNS71EsxjpBEesa6nEkGk/XYSekwurDMgwUvZJQxbq740UQ61nYWAns5B61cvE/7xuYoY3fsplnBgm6fLQMBHERCRrgAy4YtSImSVIFbdZCR2jQmpsTyVbgrf65XXSqlU9yx+uKvXbvI4inME5XIIH11CHe2hAEyg8wTO8wpszdV6cd+djOVpw8p1T+APn8wfApZIN</latexit>

X1
<latexit sha1_base64="PFDCjXShCzNrMhKBsZUMGzwcEZo=">AAAB93icbVBNS8NAFHypX7V+NOrRy2IRPJVEBBU8FLx4rGC00Iaw2W7apZtN2N0INeSXePGg4tW/4s1/46bNQVsHFoaZ93izE6acKe0431ZtZXVtfaO+2dja3tlt2nv79yrJJKEeSXgieyFWlDNBPc00p71UUhyHnD6Ek+vSf3ikUrFE3OlpSv0YjwSLGMHaSIHdHMRYjwnmea8IcrcI7JbTdmZAy8StSAsqdAP7azBMSBZToQnHSvVdJ9V+jqVmhNOiMcgUTTGZ4BHtGypwTJWfz4IX6NgoQxQl0jyh0Uz9vZHjWKlpHJrJMqZa9ErxP6+f6ejCz5lIM00FmR+KMo50gsoW0JBJSjSfGoKJZCYrImMsMdGmq4YpwV388jLxTtuXbef2rNW5qtqowyEcwQm4cA4duIEueEAgg2d4hTfryXqx3q2P+WjNqnYO4A+szx9sDpMc</latexit><latexit sha1_base64="PFDCjXShCzNrMhKBsZUMGzwcEZo=">AAAB93icbVBNS8NAFHypX7V+NOrRy2IRPJVEBBU8FLx4rGC00Iaw2W7apZtN2N0INeSXePGg4tW/4s1/46bNQVsHFoaZ93izE6acKe0431ZtZXVtfaO+2dja3tlt2nv79yrJJKEeSXgieyFWlDNBPc00p71UUhyHnD6Ek+vSf3ikUrFE3OlpSv0YjwSLGMHaSIHdHMRYjwnmea8IcrcI7JbTdmZAy8StSAsqdAP7azBMSBZToQnHSvVdJ9V+jqVmhNOiMcgUTTGZ4BHtGypwTJWfz4IX6NgoQxQl0jyh0Uz9vZHjWKlpHJrJMqZa9ErxP6+f6ejCz5lIM00FmR+KMo50gsoW0JBJSjSfGoKJZCYrImMsMdGmq4YpwV388jLxTtuXbef2rNW5qtqowyEcwQm4cA4duIEueEAgg2d4hTfryXqx3q2P+WjNqnYO4A+szx9sDpMc</latexit><latexit sha1_base64="PFDCjXShCzNrMhKBsZUMGzwcEZo=">AAAB93icbVBNS8NAFHypX7V+NOrRy2IRPJVEBBU8FLx4rGC00Iaw2W7apZtN2N0INeSXePGg4tW/4s1/46bNQVsHFoaZ93izE6acKe0431ZtZXVtfaO+2dja3tlt2nv79yrJJKEeSXgieyFWlDNBPc00p71UUhyHnD6Ek+vSf3ikUrFE3OlpSv0YjwSLGMHaSIHdHMRYjwnmea8IcrcI7JbTdmZAy8StSAsqdAP7azBMSBZToQnHSvVdJ9V+jqVmhNOiMcgUTTGZ4BHtGypwTJWfz4IX6NgoQxQl0jyh0Uz9vZHjWKlpHJrJMqZa9ErxP6+f6ejCz5lIM00FmR+KMo50gsoW0JBJSjSfGoKJZCYrImMsMdGmq4YpwV388jLxTtuXbef2rNW5qtqowyEcwQm4cA4duIEueEAgg2d4hTfryXqx3q2P+WjNqnYO4A+szx9sDpMc</latexit>

Z
<latexit sha1_base64="v0PRquneriYkyyOHlYwQSIZ5wOo=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjNV0IWLghuXFewDp0PJpJk2NJMMyR2hDP0MNy4UcevXuPNvzLSz0NYDgcM595JzT5gIbsB1v53S2vrG5lZ5u7Kzu7d/UD086hiVasraVAmleyExTHDJ2sBBsF6iGYlDwbrh5Db3u09MG67kA0wTFsRkJHnEKQEr+f2YwJgSkT3OBtWaW3fnwKvEK0gNFWgNql/9oaJpzCRQQYzxPTeBICMaOBVsVumnhiWETsiI+ZZKEjMTZPPIM3xmlSGOlLZPAp6rvzcyEhszjUM7mUc0y14u/uf5KUTXQcZlkgKTdPFRlAoMCuf34yHXjIKYWkKo5jYrpmOiCQXbUsWW4C2fvEo6jbp3UW/cX9aaN0UdZXSCTtE58tAVaqI71EJtRJFCz+gVvTngvDjvzsditOQUO8foD5zPH5XLkW4=</latexit>

22[Liu et al., 2017]



Disentangling the Latent Space
• Multimodal UNIT (MUNIT)

– A content space 𝒞 that is shared, domain-invariant
– Two style spaces 𝒮!, 𝒮" that are unshared, domain-specific

X2
<latexit sha1_base64="Jzrs8t3r/FcOR9bHyVoqgDb/u98=">AAAB9HicbVC7SgNBFL0bXzG+opY2g0GwCrtB0MIiYGMZwTwgWcLdySQZMju7zswGwpLvsLFQxNaPsfNvnE220MQDA4dz7uWeOUEsuDau++0UNja3tneKu6W9/YPDo/LxSUtHiaKsSSMRqU6AmgkuWdNwI1gnVgzDQLB2MLnL/PaUKc0j+WhmMfNDHEk+5BSNlfxeiGZMUaSdeb/WL1fcqrsAWSdeTiqQo9Evf/UGEU1CJg0VqHXXc2Pjp6gMp4LNS71EsxjpBEesa6nEkGk/XYSekwurDMgwUvZJQxbq740UQ61nYWAns5B61cvE/7xuYoY3fsplnBgm6fLQMBHERCRrgAy4YtSImSVIFbdZCR2jQmpsTyVbgrf65XXSqlU9yx+uKvXbvI4inME5XIIH11CHe2hAEyg8wTO8wpszdV6cd+djOVpw8p1T+APn8wfApZIN</latexit><latexit sha1_base64="Jzrs8t3r/FcOR9bHyVoqgDb/u98=">AAAB9HicbVC7SgNBFL0bXzG+opY2g0GwCrtB0MIiYGMZwTwgWcLdySQZMju7zswGwpLvsLFQxNaPsfNvnE220MQDA4dz7uWeOUEsuDau++0UNja3tneKu6W9/YPDo/LxSUtHiaKsSSMRqU6AmgkuWdNwI1gnVgzDQLB2MLnL/PaUKc0j+WhmMfNDHEk+5BSNlfxeiGZMUaSdeb/WL1fcqrsAWSdeTiqQo9Evf/UGEU1CJg0VqHXXc2Pjp6gMp4LNS71EsxjpBEesa6nEkGk/XYSekwurDMgwUvZJQxbq740UQ61nYWAns5B61cvE/7xuYoY3fsplnBgm6fLQMBHERCRrgAy4YtSImSVIFbdZCR2jQmpsTyVbgrf65XXSqlU9yx+uKvXbvI4inME5XIIH11CHe2hAEyg8wTO8wpszdV6cd+djOVpw8p1T+APn8wfApZIN</latexit><latexit sha1_base64="Jzrs8t3r/FcOR9bHyVoqgDb/u98=">AAAB9HicbVC7SgNBFL0bXzG+opY2g0GwCrtB0MIiYGMZwTwgWcLdySQZMju7zswGwpLvsLFQxNaPsfNvnE220MQDA4dz7uWeOUEsuDau++0UNja3tneKu6W9/YPDo/LxSUtHiaKsSSMRqU6AmgkuWdNwI1gnVgzDQLB2MLnL/PaUKc0j+WhmMfNDHEk+5BSNlfxeiGZMUaSdeb/WL1fcqrsAWSdeTiqQo9Evf/UGEU1CJg0VqHXXc2Pjp6gMp4LNS71EsxjpBEesa6nEkGk/XYSekwurDMgwUvZJQxbq740UQ61nYWAns5B61cvE/7xuYoY3fsplnBgm6fLQMBHERCRrgAy4YtSImSVIFbdZCR2jQmpsTyVbgrf65XXSqlU9yx+uKvXbvI4inME5XIIH11CHe2hAEyg8wTO8wpszdV6cd+djOVpw8p1T+APn8wfApZIN</latexit><latexit sha1_base64="Jzrs8t3r/FcOR9bHyVoqgDb/u98=">AAAB9HicbVC7SgNBFL0bXzG+opY2g0GwCrtB0MIiYGMZwTwgWcLdySQZMju7zswGwpLvsLFQxNaPsfNvnE220MQDA4dz7uWeOUEsuDau++0UNja3tneKu6W9/YPDo/LxSUtHiaKsSSMRqU6AmgkuWdNwI1gnVgzDQLB2MLnL/PaUKc0j+WhmMfNDHEk+5BSNlfxeiGZMUaSdeb/WL1fcqrsAWSdeTiqQo9Evf/UGEU1CJg0VqHXXc2Pjp6gMp4LNS71EsxjpBEesa6nEkGk/XYSekwurDMgwUvZJQxbq740UQ61nYWAns5B61cvE/7xuYoY3fsplnBgm6fLQMBHERCRrgAy4YtSImSVIFbdZCR2jQmpsTyVbgrf65XXSqlU9yx+uKvXbvI4inME5XIIH11CHe2hAEyg8wTO8wpszdV6cd+djOVpw8p1T+APn8wfApZIN</latexit>

X1
<latexit sha1_base64="PFDCjXShCzNrMhKBsZUMGzwcEZo=">AAAB93icbVBNS8NAFHypX7V+NOrRy2IRPJVEBBU8FLx4rGC00Iaw2W7apZtN2N0INeSXePGg4tW/4s1/46bNQVsHFoaZ93izE6acKe0431ZtZXVtfaO+2dja3tlt2nv79yrJJKEeSXgieyFWlDNBPc00p71UUhyHnD6Ek+vSf3ikUrFE3OlpSv0YjwSLGMHaSIHdHMRYjwnmea8IcrcI7JbTdmZAy8StSAsqdAP7azBMSBZToQnHSvVdJ9V+jqVmhNOiMcgUTTGZ4BHtGypwTJWfz4IX6NgoQxQl0jyh0Uz9vZHjWKlpHJrJMqZa9ErxP6+f6ejCz5lIM00FmR+KMo50gsoW0JBJSjSfGoKJZCYrImMsMdGmq4YpwV388jLxTtuXbef2rNW5qtqowyEcwQm4cA4duIEueEAgg2d4hTfryXqx3q2P+WjNqnYO4A+szx9sDpMc</latexit><latexit sha1_base64="PFDCjXShCzNrMhKBsZUMGzwcEZo=">AAAB93icbVBNS8NAFHypX7V+NOrRy2IRPJVEBBU8FLx4rGC00Iaw2W7apZtN2N0INeSXePGg4tW/4s1/46bNQVsHFoaZ93izE6acKe0431ZtZXVtfaO+2dja3tlt2nv79yrJJKEeSXgieyFWlDNBPc00p71UUhyHnD6Ek+vSf3ikUrFE3OlpSv0YjwSLGMHaSIHdHMRYjwnmea8IcrcI7JbTdmZAy8StSAsqdAP7azBMSBZToQnHSvVdJ9V+jqVmhNOiMcgUTTGZ4BHtGypwTJWfz4IX6NgoQxQl0jyh0Uz9vZHjWKlpHJrJMqZa9ErxP6+f6ejCz5lIM00FmR+KMo50gsoW0JBJSjSfGoKJZCYrImMsMdGmq4YpwV388jLxTtuXbef2rNW5qtqowyEcwQm4cA4duIEueEAgg2d4hTfryXqx3q2P+WjNqnYO4A+szx9sDpMc</latexit><latexit sha1_base64="PFDCjXShCzNrMhKBsZUMGzwcEZo=">AAAB93icbVBNS8NAFHypX7V+NOrRy2IRPJVEBBU8FLx4rGC00Iaw2W7apZtN2N0INeSXePGg4tW/4s1/46bNQVsHFoaZ93izE6acKe0431ZtZXVtfaO+2dja3tlt2nv79yrJJKEeSXgieyFWlDNBPc00p71UUhyHnD6Ek+vSf3ikUrFE3OlpSv0YjwSLGMHaSIHdHMRYjwnmea8IcrcI7JbTdmZAy8StSAsqdAP7azBMSBZToQnHSvVdJ9V+jqVmhNOiMcgUTTGZ4BHtGypwTJWfz4IX6NgoQxQl0jyh0Uz9vZHjWKlpHJrJMqZa9ErxP6+f6ejCz5lIM00FmR+KMo50gsoW0JBJSjSfGoKJZCYrImMsMdGmq4YpwV388jLxTtuXbef2rNW5qtqowyEcwQm4cA4duIEueEAgg2d4hTfryXqx3q2P+WjNqnYO4A+szx9sDpMc</latexit>

S1
<latexit sha1_base64="kckIGnVHlP7ZBs/R3Wtr7IuQ6Hs=">AAAB93icbVBNS8NAFHypX7V+tOrRy2IRPJVEBBU8FLx4rGhsoQ1hs920SzebsLsRasgv8eJBxat/xZv/xk2bg7YOLAwz7/FmJ0g4U9q2v63Kyura+kZ1s7a1vbNbb+ztP6g4lYS6JOax7AVYUc4EdTXTnPYSSXEUcNoNJteF332kUrFY3OtpQr0IjwQLGcHaSH6jPoiwHhPMs7vcz5zcbzTtlj0DWiZOSZpQouM3vgbDmKQRFZpwrFTfsRPtZVhqRjjNa4NU0QSTCR7RvqECR1R52Sx4jo6NMkRhLM0TGs3U3xsZjpSaRoGZLGKqRa8Q//P6qQ4vvIyJJNVUkPmhMOVIx6hoAQ2ZpETzqSGYSGayIjLGEhNtuqqZEpzFLy8T97R12bJvz5rtq7KNKhzCEZyAA+fQhhvogAsEUniGV3iznqwX6936mI9WrHLnAP7A+vwBZGaTFw==</latexit><latexit sha1_base64="kckIGnVHlP7ZBs/R3Wtr7IuQ6Hs=">AAAB93icbVBNS8NAFHypX7V+tOrRy2IRPJVEBBU8FLx4rGhsoQ1hs920SzebsLsRasgv8eJBxat/xZv/xk2bg7YOLAwz7/FmJ0g4U9q2v63Kyura+kZ1s7a1vbNbb+ztP6g4lYS6JOax7AVYUc4EdTXTnPYSSXEUcNoNJteF332kUrFY3OtpQr0IjwQLGcHaSH6jPoiwHhPMs7vcz5zcbzTtlj0DWiZOSZpQouM3vgbDmKQRFZpwrFTfsRPtZVhqRjjNa4NU0QSTCR7RvqECR1R52Sx4jo6NMkRhLM0TGs3U3xsZjpSaRoGZLGKqRa8Q//P6qQ4vvIyJJNVUkPmhMOVIx6hoAQ2ZpETzqSGYSGayIjLGEhNtuqqZEpzFLy8T97R12bJvz5rtq7KNKhzCEZyAA+fQhhvogAsEUniGV3iznqwX6936mI9WrHLnAP7A+vwBZGaTFw==</latexit><latexit sha1_base64="kckIGnVHlP7ZBs/R3Wtr7IuQ6Hs=">AAAB93icbVBNS8NAFHypX7V+tOrRy2IRPJVEBBU8FLx4rGhsoQ1hs920SzebsLsRasgv8eJBxat/xZv/xk2bg7YOLAwz7/FmJ0g4U9q2v63Kyura+kZ1s7a1vbNbb+ztP6g4lYS6JOax7AVYUc4EdTXTnPYSSXEUcNoNJteF332kUrFY3OtpQr0IjwQLGcHaSH6jPoiwHhPMs7vcz5zcbzTtlj0DWiZOSZpQouM3vgbDmKQRFZpwrFTfsRPtZVhqRjjNa4NU0QSTCR7RvqECR1R52Sx4jo6NMkRhLM0TGs3U3xsZjpSaRoGZLGKqRa8Q//P6qQ4vvIyJJNVUkPmhMOVIx6hoAQ2ZpETzqSGYSGayIjLGEhNtuqqZEpzFLy8T97R12bJvz5rtq7KNKhzCEZyAA+fQhhvogAsEUniGV3iznqwX6936mI9WrHLnAP7A+vwBZGaTFw==</latexit>

S2
<latexit sha1_base64="zsZna1JzOzOpxLLAHR/SYoHVReE=">AAAB93icbVBNS8NAFHzxs9aPVj16WSyCp5IUQQUPBS8eKxpbaEPYbDft0s0m7G6EGvJLvHhQ8epf8ea/cdPmoK0DC8PMe7zZCRLOlLbtb2tldW19Y7OyVd3e2d2r1fcPHlScSkJdEvNY9gKsKGeCupppTnuJpDgKOO0Gk+vC7z5SqVgs7vU0oV6ER4KFjGBtJL9eG0RYjwnm2V3uZ63crzfspj0DWiZOSRpQouPXvwbDmKQRFZpwrFTfsRPtZVhqRjjNq4NU0QSTCR7RvqECR1R52Sx4jk6MMkRhLM0TGs3U3xsZjpSaRoGZLGKqRa8Q//P6qQ4vvIyJJNVUkPmhMOVIx6hoAQ2ZpETzqSGYSGayIjLGEhNtuqqaEpzFLy8Tt9W8bNq3Z432VdlGBY7gGE7BgXNoww10wAUCKTzDK7xZT9aL9W59zEdXrHLnEP7A+vwBZeqTGA==</latexit><latexit sha1_base64="zsZna1JzOzOpxLLAHR/SYoHVReE=">AAAB93icbVBNS8NAFHzxs9aPVj16WSyCp5IUQQUPBS8eKxpbaEPYbDft0s0m7G6EGvJLvHhQ8epf8ea/cdPmoK0DC8PMe7zZCRLOlLbtb2tldW19Y7OyVd3e2d2r1fcPHlScSkJdEvNY9gKsKGeCupppTnuJpDgKOO0Gk+vC7z5SqVgs7vU0oV6ER4KFjGBtJL9eG0RYjwnm2V3uZ63crzfspj0DWiZOSRpQouPXvwbDmKQRFZpwrFTfsRPtZVhqRjjNq4NU0QSTCR7RvqECR1R52Sx4jk6MMkRhLM0TGs3U3xsZjpSaRoGZLGKqRa8Q//P6qQ4vvIyJJNVUkPmhMOVIx6hoAQ2ZpETzqSGYSGayIjLGEhNtuqqaEpzFLy8Tt9W8bNq3Z432VdlGBY7gGE7BgXNoww10wAUCKTzDK7xZT9aL9W59zEdXrHLnEP7A+vwBZeqTGA==</latexit><latexit sha1_base64="zsZna1JzOzOpxLLAHR/SYoHVReE=">AAAB93icbVBNS8NAFHzxs9aPVj16WSyCp5IUQQUPBS8eKxpbaEPYbDft0s0m7G6EGvJLvHhQ8epf8ea/cdPmoK0DC8PMe7zZCRLOlLbtb2tldW19Y7OyVd3e2d2r1fcPHlScSkJdEvNY9gKsKGeCupppTnuJpDgKOO0Gk+vC7z5SqVgs7vU0oV6ER4KFjGBtJL9eG0RYjwnm2V3uZ63crzfspj0DWiZOSRpQouPXvwbDmKQRFZpwrFTfsRPtZVhqRjjNq4NU0QSTCR7RvqECR1R52Sx4jk6MMkRhLM0TGs3U3xsZjpSaRoGZLGKqRa8Q//P6qQ4vvIyJJNVUkPmhMOVIx6hoAQ2ZpETzqSGYSGayIjLGEhNtuqqaEpzFLy8Tt9W8bNq3Z432VdlGBY7gGE7BgXNoww10wAUCKTzDK7xZT9aL9W59zEdXrHLnEP7A+vwBZeqTGA==</latexit>

C
<latexit sha1_base64="KNrHAeBcmpaWlFwLgPoyTdQSnPo=">AAAB8XicbVBNSwMxFMzWr1q/qh69BIvgqeyKoIKHQi8eK7i2sF1KNs22odlkSd4KZenP8OJBxav/xpv/xmy7B20dCAwz75F5E6WCG3Ddb6eytr6xuVXdru3s7u0f1A+PHo3KNGU+VULpXkQME1wyHzgI1ks1I0kkWDeatAu/+8S04Uo+wDRlYUJGksecErBS0E8IjCkReXs2qDfcpjsHXiVeSRqoRGdQ/+oPFc0SJoEKYkzguSmEOdHAqWCzWj8zLCV0QkYssFSShJkwn0ee4TOrDHGstH0S8Fz9vZGTxJhpEtnJIqJZ9grxPy/IIL4Ocy7TDJiki4/iTGBQuLgfD7lmFMTUEkI1t1kxHRNNKNiWarYEb/nkVeJfNG+a7v1lo3VbtlFFJ+gUnSMPXaEWukMd5COKFHpGr+jNAefFeXc+FqMVp9w5Rn/gfP4A24yRJg==</latexit><latexit sha1_base64="KNrHAeBcmpaWlFwLgPoyTdQSnPo=">AAAB8XicbVBNSwMxFMzWr1q/qh69BIvgqeyKoIKHQi8eK7i2sF1KNs22odlkSd4KZenP8OJBxav/xpv/xmy7B20dCAwz75F5E6WCG3Ddb6eytr6xuVXdru3s7u0f1A+PHo3KNGU+VULpXkQME1wyHzgI1ks1I0kkWDeatAu/+8S04Uo+wDRlYUJGksecErBS0E8IjCkReXs2qDfcpjsHXiVeSRqoRGdQ/+oPFc0SJoEKYkzguSmEOdHAqWCzWj8zLCV0QkYssFSShJkwn0ee4TOrDHGstH0S8Fz9vZGTxJhpEtnJIqJZ9grxPy/IIL4Ocy7TDJiki4/iTGBQuLgfD7lmFMTUEkI1t1kxHRNNKNiWarYEb/nkVeJfNG+a7v1lo3VbtlFFJ+gUnSMPXaEWukMd5COKFHpGr+jNAefFeXc+FqMVp9w5Rn/gfP4A24yRJg==</latexit><latexit sha1_base64="KNrHAeBcmpaWlFwLgPoyTdQSnPo=">AAAB8XicbVBNSwMxFMzWr1q/qh69BIvgqeyKoIKHQi8eK7i2sF1KNs22odlkSd4KZenP8OJBxav/xpv/xmy7B20dCAwz75F5E6WCG3Ddb6eytr6xuVXdru3s7u0f1A+PHo3KNGU+VULpXkQME1wyHzgI1ks1I0kkWDeatAu/+8S04Uo+wDRlYUJGksecErBS0E8IjCkReXs2qDfcpjsHXiVeSRqoRGdQ/+oPFc0SJoEKYkzguSmEOdHAqWCzWj8zLCV0QkYssFSShJkwn0ee4TOrDHGstH0S8Fz9vZGTxJhpEtnJIqJZ9grxPy/IIL4Ocy7TDJiki4/iTGBQuLgfD7lmFMTUEkI1t1kxHRNNKNiWarYEb/nkVeJfNG+a7v1lo3VbtlFFJ+gUnSMPXaEWukMd5COKFHpGr+jNAefFeXc+FqMVp9w5Rn/gfP4A24yRJg==</latexit>

X2
<latexit sha1_base64="Jzrs8t3r/FcOR9bHyVoqgDb/u98=">AAAB9HicbVC7SgNBFL0bXzG+opY2g0GwCrtB0MIiYGMZwTwgWcLdySQZMju7zswGwpLvsLFQxNaPsfNvnE220MQDA4dz7uWeOUEsuDau++0UNja3tneKu6W9/YPDo/LxSUtHiaKsSSMRqU6AmgkuWdNwI1gnVgzDQLB2MLnL/PaUKc0j+WhmMfNDHEk+5BSNlfxeiGZMUaSdeb/WL1fcqrsAWSdeTiqQo9Evf/UGEU1CJg0VqHXXc2Pjp6gMp4LNS71EsxjpBEesa6nEkGk/XYSekwurDMgwUvZJQxbq740UQ61nYWAns5B61cvE/7xuYoY3fsplnBgm6fLQMBHERCRrgAy4YtSImSVIFbdZCR2jQmpsTyVbgrf65XXSqlU9yx+uKvXbvI4inME5XIIH11CHe2hAEyg8wTO8wpszdV6cd+djOVpw8p1T+APn8wfApZIN</latexit><latexit sha1_base64="Jzrs8t3r/FcOR9bHyVoqgDb/u98=">AAAB9HicbVC7SgNBFL0bXzG+opY2g0GwCrtB0MIiYGMZwTwgWcLdySQZMju7zswGwpLvsLFQxNaPsfNvnE220MQDA4dz7uWeOUEsuDau++0UNja3tneKu6W9/YPDo/LxSUtHiaKsSSMRqU6AmgkuWdNwI1gnVgzDQLB2MLnL/PaUKc0j+WhmMfNDHEk+5BSNlfxeiGZMUaSdeb/WL1fcqrsAWSdeTiqQo9Evf/UGEU1CJg0VqHXXc2Pjp6gMp4LNS71EsxjpBEesa6nEkGk/XYSekwurDMgwUvZJQxbq740UQ61nYWAns5B61cvE/7xuYoY3fsplnBgm6fLQMBHERCRrgAy4YtSImSVIFbdZCR2jQmpsTyVbgrf65XXSqlU9yx+uKvXbvI4inME5XIIH11CHe2hAEyg8wTO8wpszdV6cd+djOVpw8p1T+APn8wfApZIN</latexit><latexit sha1_base64="Jzrs8t3r/FcOR9bHyVoqgDb/u98=">AAAB9HicbVC7SgNBFL0bXzG+opY2g0GwCrtB0MIiYGMZwTwgWcLdySQZMju7zswGwpLvsLFQxNaPsfNvnE220MQDA4dz7uWeOUEsuDau++0UNja3tneKu6W9/YPDo/LxSUtHiaKsSSMRqU6AmgkuWdNwI1gnVgzDQLB2MLnL/PaUKc0j+WhmMfNDHEk+5BSNlfxeiGZMUaSdeb/WL1fcqrsAWSdeTiqQo9Evf/UGEU1CJg0VqHXXc2Pjp6gMp4LNS71EsxjpBEesa6nEkGk/XYSekwurDMgwUvZJQxbq740UQ61nYWAns5B61cvE/7xuYoY3fsplnBgm6fLQMBHERCRrgAy4YtSImSVIFbdZCR2jQmpsTyVbgrf65XXSqlU9yx+uKvXbvI4inME5XIIH11CHe2hAEyg8wTO8wpszdV6cd+djOVpw8p1T+APn8wfApZIN</latexit><latexit sha1_base64="Jzrs8t3r/FcOR9bHyVoqgDb/u98=">AAAB9HicbVC7SgNBFL0bXzG+opY2g0GwCrtB0MIiYGMZwTwgWcLdySQZMju7zswGwpLvsLFQxNaPsfNvnE220MQDA4dz7uWeOUEsuDau++0UNja3tneKu6W9/YPDo/LxSUtHiaKsSSMRqU6AmgkuWdNwI1gnVgzDQLB2MLnL/PaUKc0j+WhmMfNDHEk+5BSNlfxeiGZMUaSdeb/WL1fcqrsAWSdeTiqQo9Evf/UGEU1CJg0VqHXXc2Pjp6gMp4LNS71EsxjpBEesa6nEkGk/XYSekwurDMgwUvZJQxbq740UQ61nYWAns5B61cvE/7xuYoY3fsplnBgm6fLQMBHERCRrgAy4YtSImSVIFbdZCR2jQmpsTyVbgrf65XXSqlU9yx+uKvXbvI4inME5XIIH11CHe2hAEyg8wTO8wpszdV6cd+djOVpw8p1T+APn8wfApZIN</latexit>

X1
<latexit sha1_base64="PFDCjXShCzNrMhKBsZUMGzwcEZo=">AAAB93icbVBNS8NAFHypX7V+NOrRy2IRPJVEBBU8FLx4rGC00Iaw2W7apZtN2N0INeSXePGg4tW/4s1/46bNQVsHFoaZ93izE6acKe0431ZtZXVtfaO+2dja3tlt2nv79yrJJKEeSXgieyFWlDNBPc00p71UUhyHnD6Ek+vSf3ikUrFE3OlpSv0YjwSLGMHaSIHdHMRYjwnmea8IcrcI7JbTdmZAy8StSAsqdAP7azBMSBZToQnHSvVdJ9V+jqVmhNOiMcgUTTGZ4BHtGypwTJWfz4IX6NgoQxQl0jyh0Uz9vZHjWKlpHJrJMqZa9ErxP6+f6ejCz5lIM00FmR+KMo50gsoW0JBJSjSfGoKJZCYrImMsMdGmq4YpwV388jLxTtuXbef2rNW5qtqowyEcwQm4cA4duIEueEAgg2d4hTfryXqx3q2P+WjNqnYO4A+szx9sDpMc</latexit><latexit sha1_base64="PFDCjXShCzNrMhKBsZUMGzwcEZo=">AAAB93icbVBNS8NAFHypX7V+NOrRy2IRPJVEBBU8FLx4rGC00Iaw2W7apZtN2N0INeSXePGg4tW/4s1/46bNQVsHFoaZ93izE6acKe0431ZtZXVtfaO+2dja3tlt2nv79yrJJKEeSXgieyFWlDNBPc00p71UUhyHnD6Ek+vSf3ikUrFE3OlpSv0YjwSLGMHaSIHdHMRYjwnmea8IcrcI7JbTdmZAy8StSAsqdAP7azBMSBZToQnHSvVdJ9V+jqVmhNOiMcgUTTGZ4BHtGypwTJWfz4IX6NgoQxQl0jyh0Uz9vZHjWKlpHJrJMqZa9ErxP6+f6ejCz5lIM00FmR+KMo50gsoW0JBJSjSfGoKJZCYrImMsMdGmq4YpwV388jLxTtuXbef2rNW5qtqowyEcwQm4cA4duIEueEAgg2d4hTfryXqx3q2P+WjNqnYO4A+szx9sDpMc</latexit><latexit sha1_base64="PFDCjXShCzNrMhKBsZUMGzwcEZo=">AAAB93icbVBNS8NAFHypX7V+NOrRy2IRPJVEBBU8FLx4rGC00Iaw2W7apZtN2N0INeSXePGg4tW/4s1/46bNQVsHFoaZ93izE6acKe0431ZtZXVtfaO+2dja3tlt2nv79yrJJKEeSXgieyFWlDNBPc00p71UUhyHnD6Ek+vSf3ikUrFE3OlpSv0YjwSLGMHaSIHdHMRYjwnmea8IcrcI7JbTdmZAy8StSAsqdAP7azBMSBZToQnHSvVdJ9V+jqVmhNOiMcgUTTGZ4BHtGypwTJWfz4IX6NgoQxQl0jyh0Uz9vZHjWKlpHJrJMqZa9ErxP6+f6ejCz5lIM00FmR+KMo50gsoW0JBJSjSfGoKJZCYrImMsMdGmq4YpwV388jLxTtuXbef2rNW5qtqowyEcwQm4cA4duIEueEAgg2d4hTfryXqx3q2P+WjNqnYO4A+szx9sDpMc</latexit>

C
<latexit sha1_base64="KNrHAeBcmpaWlFwLgPoyTdQSnPo=">AAAB8XicbVBNSwMxFMzWr1q/qh69BIvgqeyKoIKHQi8eK7i2sF1KNs22odlkSd4KZenP8OJBxav/xpv/xmy7B20dCAwz75F5E6WCG3Ddb6eytr6xuVXdru3s7u0f1A+PHo3KNGU+VULpXkQME1wyHzgI1ks1I0kkWDeatAu/+8S04Uo+wDRlYUJGksecErBS0E8IjCkReXs2qDfcpjsHXiVeSRqoRGdQ/+oPFc0SJoEKYkzguSmEOdHAqWCzWj8zLCV0QkYssFSShJkwn0ee4TOrDHGstH0S8Fz9vZGTxJhpEtnJIqJZ9grxPy/IIL4Ocy7TDJiki4/iTGBQuLgfD7lmFMTUEkI1t1kxHRNNKNiWarYEb/nkVeJfNG+a7v1lo3VbtlFFJ+gUnSMPXaEWukMd5COKFHpGr+jNAefFeXc+FqMVp9w5Rn/gfP4A24yRJg==</latexit><latexit sha1_base64="KNrHAeBcmpaWlFwLgPoyTdQSnPo=">AAAB8XicbVBNSwMxFMzWr1q/qh69BIvgqeyKoIKHQi8eK7i2sF1KNs22odlkSd4KZenP8OJBxav/xpv/xmy7B20dCAwz75F5E6WCG3Ddb6eytr6xuVXdru3s7u0f1A+PHo3KNGU+VULpXkQME1wyHzgI1ks1I0kkWDeatAu/+8S04Uo+wDRlYUJGksecErBS0E8IjCkReXs2qDfcpjsHXiVeSRqoRGdQ/+oPFc0SJoEKYkzguSmEOdHAqWCzWj8zLCV0QkYssFSShJkwn0ee4TOrDHGstH0S8Fz9vZGTxJhpEtnJIqJZ9grxPy/IIL4Ocy7TDJiki4/iTGBQuLgfD7lmFMTUEkI1t1kxHRNNKNiWarYEb/nkVeJfNG+a7v1lo3VbtlFFJ+gUnSMPXaEWukMd5COKFHpGr+jNAefFeXc+FqMVp9w5Rn/gfP4A24yRJg==</latexit><latexit sha1_base64="KNrHAeBcmpaWlFwLgPoyTdQSnPo=">AAAB8XicbVBNSwMxFMzWr1q/qh69BIvgqeyKoIKHQi8eK7i2sF1KNs22odlkSd4KZenP8OJBxav/xpv/xmy7B20dCAwz75F5E6WCG3Ddb6eytr6xuVXdru3s7u0f1A+PHo3KNGU+VULpXkQME1wyHzgI1ks1I0kkWDeatAu/+8S04Uo+wDRlYUJGksecErBS0E8IjCkReXs2qDfcpjsHXiVeSRqoRGdQ/+oPFc0SJoEKYkzguSmEOdHAqWCzWj8zLCV0QkYssFSShJkwn0ee4TOrDHGstH0S8Fz9vZGTxJhpEtnJIqJZ9grxPy/IIL4Ocy7TDJiki4/iTGBQuLgfD7lmFMTUEkI1t1kxHRNNKNiWarYEb/nkVeJfNG+a7v1lo3VbtlFFJ+gUnSMPXaEWukMd5COKFHpGr+jNAefFeXc+FqMVp9w5Rn/gfP4A24yRJg==</latexit>

S1
<latexit sha1_base64="kckIGnVHlP7ZBs/R3Wtr7IuQ6Hs=">AAAB93icbVBNS8NAFHypX7V+tOrRy2IRPJVEBBU8FLx4rGhsoQ1hs920SzebsLsRasgv8eJBxat/xZv/xk2bg7YOLAwz7/FmJ0g4U9q2v63Kyura+kZ1s7a1vbNbb+ztP6g4lYS6JOax7AVYUc4EdTXTnPYSSXEUcNoNJteF332kUrFY3OtpQr0IjwQLGcHaSH6jPoiwHhPMs7vcz5zcbzTtlj0DWiZOSZpQouM3vgbDmKQRFZpwrFTfsRPtZVhqRjjNa4NU0QSTCR7RvqECR1R52Sx4jo6NMkRhLM0TGs3U3xsZjpSaRoGZLGKqRa8Q//P6qQ4vvIyJJNVUkPmhMOVIx6hoAQ2ZpETzqSGYSGayIjLGEhNtuqqZEpzFLy8T97R12bJvz5rtq7KNKhzCEZyAA+fQhhvogAsEUniGV3iznqwX6936mI9WrHLnAP7A+vwBZGaTFw==</latexit><latexit sha1_base64="kckIGnVHlP7ZBs/R3Wtr7IuQ6Hs=">AAAB93icbVBNS8NAFHypX7V+tOrRy2IRPJVEBBU8FLx4rGhsoQ1hs920SzebsLsRasgv8eJBxat/xZv/xk2bg7YOLAwz7/FmJ0g4U9q2v63Kyura+kZ1s7a1vbNbb+ztP6g4lYS6JOax7AVYUc4EdTXTnPYSSXEUcNoNJteF332kUrFY3OtpQr0IjwQLGcHaSH6jPoiwHhPMs7vcz5zcbzTtlj0DWiZOSZpQouM3vgbDmKQRFZpwrFTfsRPtZVhqRjjNa4NU0QSTCR7RvqECR1R52Sx4jo6NMkRhLM0TGs3U3xsZjpSaRoGZLGKqRa8Q//P6qQ4vvIyJJNVUkPmhMOVIx6hoAQ2ZpETzqSGYSGayIjLGEhNtuqqZEpzFLy8T97R12bJvz5rtq7KNKhzCEZyAA+fQhhvogAsEUniGV3iznqwX6936mI9WrHLnAP7A+vwBZGaTFw==</latexit><latexit sha1_base64="kckIGnVHlP7ZBs/R3Wtr7IuQ6Hs=">AAAB93icbVBNS8NAFHypX7V+tOrRy2IRPJVEBBU8FLx4rGhsoQ1hs920SzebsLsRasgv8eJBxat/xZv/xk2bg7YOLAwz7/FmJ0g4U9q2v63Kyura+kZ1s7a1vbNbb+ztP6g4lYS6JOax7AVYUc4EdTXTnPYSSXEUcNoNJteF332kUrFY3OtpQr0IjwQLGcHaSH6jPoiwHhPMs7vcz5zcbzTtlj0DWiZOSZpQouM3vgbDmKQRFZpwrFTfsRPtZVhqRjjNa4NU0QSTCR7RvqECR1R52Sx4jo6NMkRhLM0TGs3U3xsZjpSaRoGZLGKqRa8Q//P6qQ4vvIyJJNVUkPmhMOVIx6hoAQ2ZpETzqSGYSGayIjLGEhNtuqqZEpzFLy8T97R12bJvz5rtq7KNKhzCEZyAA+fQhhvogAsEUniGV3iznqwX6936mI9WrHLnAP7A+vwBZGaTFw==</latexit>

S2
<latexit sha1_base64="zsZna1JzOzOpxLLAHR/SYoHVReE=">AAAB93icbVBNS8NAFHzxs9aPVj16WSyCp5IUQQUPBS8eKxpbaEPYbDft0s0m7G6EGvJLvHhQ8epf8ea/cdPmoK0DC8PMe7zZCRLOlLbtb2tldW19Y7OyVd3e2d2r1fcPHlScSkJdEvNY9gKsKGeCupppTnuJpDgKOO0Gk+vC7z5SqVgs7vU0oV6ER4KFjGBtJL9eG0RYjwnm2V3uZ63crzfspj0DWiZOSRpQouPXvwbDmKQRFZpwrFTfsRPtZVhqRjjNq4NU0QSTCR7RvqECR1R52Sx4jk6MMkRhLM0TGs3U3xsZjpSaRoGZLGKqRa8Q//P6qQ4vvIyJJNVUkPmhMOVIx6hoAQ2ZpETzqSGYSGayIjLGEhNtuqqaEpzFLy8Tt9W8bNq3Z432VdlGBY7gGE7BgXNoww10wAUCKTzDK7xZT9aL9W59zEdXrHLnEP7A+vwBZeqTGA==</latexit><latexit sha1_base64="zsZna1JzOzOpxLLAHR/SYoHVReE=">AAAB93icbVBNS8NAFHzxs9aPVj16WSyCp5IUQQUPBS8eKxpbaEPYbDft0s0m7G6EGvJLvHhQ8epf8ea/cdPmoK0DC8PMe7zZCRLOlLbtb2tldW19Y7OyVd3e2d2r1fcPHlScSkJdEvNY9gKsKGeCupppTnuJpDgKOO0Gk+vC7z5SqVgs7vU0oV6ER4KFjGBtJL9eG0RYjwnm2V3uZ63crzfspj0DWiZOSRpQouPXvwbDmKQRFZpwrFTfsRPtZVhqRjjNq4NU0QSTCR7RvqECR1R52Sx4jk6MMkRhLM0TGs3U3xsZjpSaRoGZLGKqRa8Q//P6qQ4vvIyJJNVUkPmhMOVIx6hoAQ2ZpETzqSGYSGayIjLGEhNtuqqaEpzFLy8Tt9W8bNq3Z432VdlGBY7gGE7BgXNoww10wAUCKTzDK7xZT9aL9W59zEdXrHLnEP7A+vwBZeqTGA==</latexit><latexit sha1_base64="zsZna1JzOzOpxLLAHR/SYoHVReE=">AAAB93icbVBNS8NAFHzxs9aPVj16WSyCp5IUQQUPBS8eKxpbaEPYbDft0s0m7G6EGvJLvHhQ8epf8ea/cdPmoK0DC8PMe7zZCRLOlLbtb2tldW19Y7OyVd3e2d2r1fcPHlScSkJdEvNY9gKsKGeCupppTnuJpDgKOO0Gk+vC7z5SqVgs7vU0oV6ER4KFjGBtJL9eG0RYjwnm2V3uZ63crzfspj0DWiZOSRpQouPXvwbDmKQRFZpwrFTfsRPtZVhqRjjNq4NU0QSTCR7RvqECR1R52Sx4jk6MMkRhLM0TGs3U3xsZjpSaRoGZLGKqRa8Q//P6qQ4vvIyJJNVUkPmhMOVIx6hoAQ2ZpETzqSGYSGayIjLGEhNtuqqaEpzFLy8Tt9W8bNq3Z432VdlGBY7gGE7BgXNoww10wAUCKTzDK7xZT9aL9W59zEdXrHLnEP7A+vwBZeqTGA==</latexit> 23[Huang et al., 2018]



Style and Content
• Style: variations within the same domain 

(different colors, textures, etc.)
• Content: features shared across two domains 
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Church images

Are             and             from the same image?

Swapping Autoencoder [Park et al., 2020]



Answer:
No

Are             and             from the same image?

Swapping Autoencoder [Park et al., 2020]



Answer:
Yes

Are             and             from the same image?

Swapping Autoencoder [Park et al., 2020]



Answer:
No

Answer:
…?

Patch co-occurrence discriminator

Are             and             from the same image?

Swapping Autoencoder [Park et al., 2020]



Auto-
encode 𝐸

Reconstruction

𝐺
structure code

texture code

Swapping Autoencoder [Park et al., 2020]



Auto-
encode

Swap

𝐸

𝐸 𝐺

Reconstruction

𝐺

Swapping Autoencoder [Park et al., 2020]



Auto-
encode

Swap

𝐸

𝐸 𝐺

Reconstruction

𝐺

Reference patches Real/fake?
Patch co-occurrence discriminator 𝐷!"#$%



texture

structure



Style and Content
• Style: variations within the same domain 

(different colors, textures, etc.)
• Content: the layout and semantics of a single 

photo
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Landscape Mixer Demo

34
Photo credit: Aaron Nace



Neural Style Transfer
vs. 

Image-to-Image Translation
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Input Style Image I CycleGANStyle image II Entire collection

Photo → Van Gogh 

horse  → zebra

Input Style image I CycleGANStyle image II Entire collection



Photo Style Transfer
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Deep Photo Style Transfer
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Local color transfer? (hard to transfer texture)

[Luan et al., 2017]



Make look like



Make look like

Histogram
Matching



Reinhard et al.  
[2001]

Make look like



Pitie et al.
[2005]

Make look like



Photoshop
Match Color

Make look like



Make look like

Gatys et al.
[2016]



Make look like

Our method



Input

Target



Input

Target

Ours



Motivation
The neural style algorithm…

– Works well for Paintings!

– What about Photos?



Motivation
• So we tried it on photos:

Input

Style

Result



Fixing Distortion
Local affine color transform for each patch [Levin et al. 2006]

𝑟#$%
𝑔#$%
𝑏#$%

= 𝐴&×&
𝑟()
𝑔()
𝑏()

+ 𝐵&×!

See more technical details on Wednesday’s paper presentation



Neural Style

Input Style

Ours



Neural Style

Input Style

Ours



Neural Style

Input Style

Ours



Single Image Translation
Domain = {patches of a single image}
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Single Image Translation

𝐺

Claude Monet’s painting

Internal contrastive loss is well-suited for single image translation. 
Also see InGAN (Shocher et al., ICCV’19), SinGAN (Shaham et al., ICCV’19)

[Park et al., 2020]



Single Image Translation

𝐺

Reference photo

Claude Monet’s painting

Internal contrastive loss is well-suited for single image translation. 
Also see InGAN (Shocher et al., ICCV’19), SinGAN (Shaham et al., ICCV’19)

[Park et al., 2020]



Single Image Translation

𝐺

Claude Monet’s painting

Reference photo

𝐷

Internal contrastive loss is well-suited for single image translation. 
Also see InGAN (Shocher et al., ICCV’19), SinGAN (Shaham et al., ICCV’19)

[Park et al., 2020]



Painting



Painting

Reference



Gatys et al. CVPR’16Painting

Reference



STROTSS (Kolkin et al., CVPR’19)Painting

Reference

Deep Image Analogy’s extension



WCT2 (Yoo et al., ICCV’19)Painting
Photo style transfer’s extension

Reference



Our translation resultPainting

Reference



CycleGANPainting

Reference



Painting



Painting Gatys et al. CVPR’16

Reference



Painting STROTSS (Kolkin et al., CVPR’19)

Reference



Painting WCT2 (Yoo et al., ICCV’19)

Reference



OursPainting

Reference



Painting CycleGAN

Reference



Image-to-Image Translation
for Texture Synthesis
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Texture Synthesis by Conditional GANs

72
Non-stationary Texture Synthesis by Adversarial Expansion.  Yang Zhou, Zhen Zhu, Xiang Bai, Dani 

Lischinski, Daniel Cohen-Or, Hui Huang. SIGGRAPH 2018.



Texture Synthesis by Conditional GANs
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Output Input Output



Texture Synthesis by Conditional GANs
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Input Output 1 Output 2 Input Output 1 Output 2



75Random crops of the large result



Style Transfer vs. Image-to-Image Translation
• Data (how to define Style)

– A single image? A collection of images?
• Applications

– Photo -> Painting (Neural Style Transfer, Image-to-Image Translation)
– Photo -> Photo (Image-to-Image Translation, Photo Style Transfer (Color) )
– Painting -> Photo (Image-to-Image Translation, Deep Image Analogy)

• Algorithms: 
– Patch-based method (i.e., correspondence between output and input)
– Optimization-based method
– Feed-forward network 

• Loss functions
– Style Loss: GAN loss, Gram matrix loss
– Content Loss: Perceptual Loss (L2 reconstruction loss), identity loss, conditional 

GAN Loss, Cycle-consistency loss, Contrastive Loss (InfoNCE) 76



Style Transfer + Poisson Blending

77



Motivation: Image compositing on paintings



Poisson blending



Ours

Deep Painterly Harmonization 
[Luan et al., 2018]



Intuition 3: Two-pass framework
• Two-pass harmonzation is more robust than one-pass version

Inputs Pass 1: Coarse color Pass 2: Fine texture



More results
Deep Painterly Harmonization [Luan et al., 2018]



More results
Deep Painterly Harmonization [Luan et al., 2018]



More results
Deep Painterly Harmonization [Luan et al., 2018]


