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Problem Definition

v The goal of a generative model is to learn a probability distribution 
from a set of training data                     , with the help of latent 
variable 𝒛.

v Graphs are mathematical objects, consisting of a set of vertices and 
a set of edges.

v Our focus is on training the generative model in small data regime.
v The objective is to reveal an underlying latent space 𝑍 that yields the 

observations.

v We introduce a model           , parameterized by 𝜽, to approximate
.
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G = {G(i)}Ki=1
<latexit sha1_base64="r8qKk4fHd8x8nYdeO1FHYzOtZmU="></latexit>

p(G) =

Z
p(G, z)dz =

Z
p(G|z)p(z)dz

<latexit sha1_base64="J9BIe6czeIOgRidtwhlazFrUvVE="></latexit>

p(G|✓)
<latexit sha1_base64="o4CIl2YudQnpWv9BSuowqzZ8FhY="></latexit>

ptarget(G)
<latexit sha1_base64="KHvZB+2j5CaoVBYQebLPLRTY05U="></latexit>

✓MLE = argmax
✓

log p(G | ✓) = argmax
✓

KX

k=1

log p
⇣
G(k) | ✓

⌘

<latexit sha1_base64="5F16yDtwGbH/50UMfP+0iPjSLuw="></latexit>
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Problem Definition

v However, this involves an intractable integration.
v A common remedy is to use a variational posterior                and 

optimize the model by maximizing a lower-bound                .

v Such a variational treatment lends itself to an autoencoder
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q�(z | G)
<latexit sha1_base64="/7vZ7QHO4ih9+uW5yZo00rILSog="></latexit>

log p(G|✓)
<latexit sha1_base64="CZz79M50k6Vy2g2FGcXZ0I7N/nw="></latexit>

LELBO(✓,�;G ) =
KX

i=1

LELBO

⇣
✓,�;G(i)

⌘

=
KX

i=1

Eq�(z(i)|G(i))

h
log p✓(G

(i)|z(i))
i
�

KX

i=1

DKL

h
q�(z

(i)|G(i))kp✓(z(i))
i

<latexit sha1_base64="fCUCwxxBQhc6XreDcRBsz8Io0Eg="></latexit>

Molecular
graphs

Encoder Decoder

Latent space

Objec7ve:

p✓ (z)
<latexit sha1_base64="cQzikM2l4weQ2MRZvquz1KFkJ+g=">AAACG3icbVDLSsNAFJ34rPVVdekmWIS6KUkVdFl047KCfUATwmR60w6dPJi5EWrIf7jxV9y4UMSV4MK/cfpY1NYDwxzOuZd77/ETwRVa1o+xsrq2vrFZ2Cpu7+zu7ZcODlsqTiWDJotFLDs+VSB4BE3kKKCTSKChL6DtD2/GfvsBpOJxdI+jBNyQ9iMecEZRS16plniZ48eip0ah/jIHB4A0zx0BAVbmncfckbw/wDOvVLaq1gTmMrFnpExmaHilL6cXszSECJmgSnVtK0E3oxI5E5AXnVRBQtmQ9qGraURDUG42uS03T7XSM4NY6hehOVHnOzIaqvGGujKkOFCL3lj8z+umGFy5GY+SFCFi00FBKkyMzXFQZo9LYChGmlAmud7VZAMqKUMdZ1GHYC+evExatap9Xq3dXZTr17M4CuSYnJAKscklqZNb0iBNwsgTeSFv5N14Nl6ND+NzWrpizHqOyB8Y378BUKM+</latexit>

q�(z | G)
<latexit sha1_base64="/7vZ7QHO4ih9+uW5yZo00rILSog="></latexit>

p✓(G | z)
<latexit sha1_base64="vuNs/TO8+ds09Z4uETrUQmKpU+g="></latexit>

argmax
✓,�

LELBO(✓,�;G )
<latexit sha1_base64="1ax9JUAJTVAl07GHJqmNi7kr178="></latexit>
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v A molecular graph represents atomic bonds with weighted edges and 
represents atom information as signals residing on graph vertices

v We formulate the probabilistic mapping from the latent space to the 
molecular graph domain by conditioning atom types on molecular 
topology.
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Graph

G = {W ,f}
<latexit sha1_base64="Oo5JifBJhxCr/33DdwokcuDxr6s="></latexit>

p✓(G|z) = p✓(W ,f |z)
= p✓(f |z,W )p✓(W |z)

<latexit sha1_base64="OSmjnxByvedLmcvvj9tXUtkxvK0="></latexit>
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Encoding Network

Physics-Constrained Predictive Molecular Latent Space Discovery with Graph Scattering VAE



7

Hybrid Encoder

v We parameterize the variational approximate posterior with a 
Gaussian distribution, parameters of which are computed using an 
encoding network.

v In the present work, the encoding network has a hybrid architecture 
which extract features from the given input graphs using 

Ø Graph scattering network
Ø Multilayer perceptron (MLP)
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µ�(G(i))
<latexit sha1_base64="IEJ7sxSVHhrcolkTsYxttkl4rys=">AAACE3icbVC7TsMwFHV4lvIKMLJEVEgtQ5UUJBgrGGAsEn1ITYgc12mt2k5kO0hVlH9g4VdYGECIlYWNv8FpM0DLlSwfnXOv7rkniCmRyra/jaXlldW19dJGeXNre2fX3NvvyCgRCLdRRCPRC6DElHDcVkRR3IsFhiyguBuMr3K9+4CFJBG/U5MYewwOOQkJgkpTvnniBhEdyAnTX+qyJPNTNx6RrOoyqEYI0vQ6u0+rpJbVfLNi1+1pWYvAKUAFFNXyzS93EKGEYa4QhVL2HTtWXgqFIojirOwmEscQjeEQ9zXkkGHppdObMutYMwMrjIR+XFlT9vdECpnMbevO3Kmc13LyP62fqPDCSwmPE4U5mi0KE2qpyMoDsgZEYKToRAOIBNFeLTSCAiKlYyzrEJz5kxdBp1F3TuuN27NK87KIowQOwRGoAgecgya4AS3QBgg8gmfwCt6MJ+PFeDc+Zq1LRjFzAP6U8fkDHk6e5g==</latexit>

log�2
�(G(i))

<latexit sha1_base64="agaAI3FB8F7Aurt4/RQ/vtAh+38=">AAACHHicbVDLSsNAFJ3UV62vqEs3wSK0m5K0gi6LLnRZwT6gScNkMmmHTjJhZiKUkA9x46+4caGIGxeCf+OkzUJbLwxzOOde7rnHiykR0jS/tdLa+sbmVnm7srO7t3+gHx71BEs4wl3EKOMDDwpMSYS7kkiKBzHHMPQo7nvT61zvP2AuCIvu5SzGTgjHEQkIglJRrt6yKRvbHqO+mIXqS21BxiHM3NSOJyQbNWt2COUEQZreZKO0RupZ3dWrZsOcl7EKrAJUQVEdV/+0fYaSEEcSUSjE0DJj6aSQS4Iozip2InAM0RSO8VDBCIZYOOn8uMw4U4xvBIyrF0ljzv6eSGEocu+qM3cqlrWc/E8bJjK4dFISxYnEEVosChJqSGbkSRk+4RhJOlMAIk6UVwNNIIdIqjwrKgRr+eRV0Gs2rFajeXdebV8VcZTBCTgFNWCBC9AGt6ADugCBR/AMXsGb9qS9aO/ax6K1pBUzx+BPaV8/KzuinQ==</latexit>

⌘
<latexit sha1_base64="jpVdjwnRsHnjvYQzwTGHXHUPFLk=">AAAB63icbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj04rGC/YA2lM120y7d3YTdiVBC/4IXD4p49Q9589+YtDlo64OBx3szzMwLYiksuu63s7a+sbm1Xdop7+7tHxxWjo7bNkoM4y0Wych0A2q5FJq3UKDk3dhwqgLJO8HkLvc7T9xYEelHnMbcV3SkRSgYxVzqc6SDStWtuXOQVeIVpAoFmoPKV38YsURxjUxSa3ueG6OfUoOCST4r9xPLY8omdMR7GdVUceun81tn5DxThiSMTFYayVz9PZFSZe1UBVmnoji2y14u/uf1Egxv/FToOEGu2WJRmEiCEckfJ0NhOEM5zQhlRmS3EjamhjLM4ilnIXjLL6+Sdr3mXdbqD1fVxm0RRwlO4QwuwINraMA9NKEFDMbwDK/w5ijnxXl3Phata04xcwJ/4Hz+AAowjjw=</latexit>Ĝ

<latexit sha1_base64="/RXQNNsTgHeL9ms+Cf4vYIZy974=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEVyWpgi6LLnRZwT6gKWUynbRDJ5MwcyOWENz4K25cKOLWr3Dn3zhts9DWA5d7OOdeZu7xY8E1OM63VVhaXlldK66XNja3tnfs3b2mjhJFWYNGIlJtn2gmuGQN4CBYO1aMhL5gLX90NfFb90xpHsk7GMesG5KB5AGnBIzUsw+8IYHUA/YAfjDrOkivsyzr2WWn4kyBF4mbkzLKUe/ZX14/oknIJFBBtO64TgzdlCjgVLCs5CWaxYSOyIB1DJUkZLqbTk/I8LFR+jiIlCkJeKr+3khJqPU49M1kSGCo572J+J/XSSC46KZcxgkwSWcPBYnAEOFJHrjPFaMgxoYQqrj5K6ZDoggFk1rJhODOn7xImtWKe1qp3p6Va5d5HEV0iI7QCXLROaqhG1RHDUTRI3pGr+jNerJerHfrYzZasPKdffQH1ucPzAiYVA==</latexit> Ĝ
<latexit sha1_base64="/RXQNNsTgHeL9ms+Cf4vYIZy974=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEVyWpgi6LLnRZwT6gKWUynbRDJ5MwcyOWENz4K25cKOLWr3Dn3zhts9DWA5d7OOdeZu7xY8E1OM63VVhaXlldK66XNja3tnfs3b2mjhJFWYNGIlJtn2gmuGQN4CBYO1aMhL5gLX90NfFb90xpHsk7GMesG5KB5AGnBIzUsw+8IYHUA/YAfjDrOkivsyzr2WWn4kyBF4mbkzLKUe/ZX14/oknIJFBBtO64TgzdlCjgVLCs5CWaxYSOyIB1DJUkZLqbTk/I8LFR+jiIlCkJeKr+3khJqPU49M1kSGCo572J+J/XSSC46KZcxgkwSWcPBYnAEOFJHrjPFaMgxoYQqrj5K6ZDoggFk1rJhODOn7xImtWKe1qp3p6Va5d5HEV0iI7QCXLROaqhG1RHDUTRI3pGr+jNerJerHfrYzZasPKdffQH1ucPzAiYVA==</latexit>

Ĝ
<latexit sha1_base64="/RXQNNsTgHeL9ms+Cf4vYIZy974=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEVyWpgi6LLnRZwT6gKWUynbRDJ5MwcyOWENz4K25cKOLWr3Dn3zhts9DWA5d7OOdeZu7xY8E1OM63VVhaXlldK66XNja3tnfs3b2mjhJFWYNGIlJtn2gmuGQN4CBYO1aMhL5gLX90NfFb90xpHsk7GMesG5KB5AGnBIzUsw+8IYHUA/YAfjDrOkivsyzr2WWn4kyBF4mbkzLKUe/ZX14/oknIJFBBtO64TgzdlCjgVLCs5CWaxYSOyIB1DJUkZLqbTk/I8LFR+jiIlCkJeKr+3khJqPU49M1kSGCo572J+J/XSSC46KZcxgkwSWcPBYnAEOFJHrjPFaMgxoYQqrj5K6ZDoggFk1rJhODOn7xImtWKe1qp3p6Va5d5HEV0iI7QCXLROaqhG1RHDUTRI3pGr+jNerJerHfrYzZasPKdffQH1ucPzAiYVA==</latexit>

ã(1)
<latexit sha1_base64="CU4zsx6+Eh0QAqQl8XhtCu07Yzs=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEI9VKSKuix6MVjBfsBbSybzbRdutmE3Y1QQ36JFw+KePWnePPfuG1z0NYHA4/3ZpiZ58ecKe0431ZhbX1jc6u4XdrZ3dsv2weHbRUlkkKLRjySXZ8o4ExASzPNoRtLIKHPoeNPbmZ+5xGkYpG419MYvJCMBBsySrSRBna5rxkPICXZQ1p1z7KBXXFqzhx4lbg5qaAczYH91Q8imoQgNOVEqZ7rxNpLidSMcshK/URBTOiEjKBnqCAhKC+dH57hU6MEeBhJU0Ljufp7IiWhUtPQN50h0WO17M3E/7xeoodXXspEnGgQdLFomHCsIzxLAQdMAtV8agihkplbMR0TSag2WZVMCO7yy6ukXa+557X63UWlcZ3HUUTH6ARVkYsuUQPdoiZqIYoS9Ixe0Zv1ZL1Y79bHorVg5TNH6A+szx9eTpLk</latexit>n(2)

�
<latexit sha1_base64="UvxHSoK9JWWUhO77rdhkLBtOGkA=">AAACBHicbVC7TsMwFHV4lvIKMHaxqJDKUiUFCcYKFsYi0YfUhMhxnNaq40S2g1RFGVj4FRYGEGLlI9j4G5w2A7QcyfLROffq3nv8hFGpLOvbWFldW9/YrGxVt3d29/bNg8OejFOBSRfHLBYDH0nCKCddRRUjg0QQFPmM9P3JdeH3H4iQNOZ3apoQN0IjTkOKkdKSZ9b4fdZoneZe5vgxC+Q00l/mJGOa555Zt5rWDHCZ2CWpgxIdz/xyghinEeEKMyTl0LYS5WZIKIoZyatOKkmC8ASNyFBTjiIi3Wx2RA5PtBLAMBb6cQVn6u+ODEWyWE9XRkiN5aJXiP95w1SFl25GeZIqwvF8UJgyqGJYJAIDKghWbKoJwoLqXSEeI4Gw0rlVdQj24snLpNdq2mfN1u15vX1VxlEBNXAMGsAGF6ANbkAHdAEGj+AZvII348l4Md6Nj3npilH2HIE/MD5/AEXUmIM=</latexit>

n(1)
�

<latexit sha1_base64="fqU/8V47JVaZ1f7yBUvjE8ZWqp0=">AAACBHicbVC7TsMwFHV4lvIKMHaxqJDKUiUFCcYKFsYi0YfUhMhxnNaq40S2g1RFGVj4FRYGEGLlI9j4G5w2A7QcyfLROffq3nv8hFGpLOvbWFldW9/YrGxVt3d29/bNg8OejFOBSRfHLBYDH0nCKCddRRUjg0QQFPmM9P3JdeH3H4iQNOZ3apoQN0IjTkOKkdKSZ9b4fdawT3Mvc/yYBXIa6S9zkjHNc8+sW01rBrhM7JLUQYmOZ345QYzTiHCFGZJyaFuJcjMkFMWM5FUnlSRBeIJGZKgpRxGRbjY7IocnWglgGAv9uIIz9XdHhiJZrKcrI6TGctErxP+8YarCSzejPEkV4Xg+KEwZVDEsEoEBFQQrNtUEYUH1rhCPkUBY6dyqOgR78eRl0ms17bNm6/a83r4q46iAGjgGDWCDC9AGN6ADugCDR/AMXsGb8WS8GO/Gx7x0xSh7jsAfGJ8/RDqYgg==</latexit>

⇢
<latexit sha1_base64="94wfdLRRBjCkyTC3Y5p5yTs2egQ=">AAAB63icbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHoxWME84BkCbOT2eyQeSwzs0II+QUvHhTx6g9582+cTfagiQUNRVU33V1Rypmxvv/tra1vbG5tl3bKu3v7B4eVo+O2UZkmtEUUV7obYUM5k7RlmeW0m2qKRcRpJxrf5X7niWrDlHy0k5SGAo8kixnBNpf6OlGDStWv+XOgVRIUpAoFmoPKV3+oSCaotIRjY3qBn9pwirVlhNNZuZ8ZmmIyxiPac1RiQU04nd86Q+dOGaJYaVfSorn6e2KKhTETEblOgW1ilr1c/M/rZTa+CadMppmlkiwWxRlHVqH8cTRkmhLLJ45gopm7FZEEa0ysi6fsQgiWX14l7XotuKzVH66qjdsijhKcwhlcQADX0IB7aEILCCTwDK/w5gnvxXv3Phata14xcwJ/4H3+ACD6jks=</latexit>G(i)

<latexit sha1_base64="uhLuJSyag7kf027jN03KCUH3DBs=">AAAB+nicbVDLSsNAFL2pr1pfqS7dBItQNyWpgi6LLnRZwT6gjWUynbRDJ5MwM1FKzKe4caGIW7/EnX/jpM1CWw8MHM65l3vmeBGjUtn2t1FYWV1b3yhulra2d3b3zPJ+W4axwKSFQxaKrockYZSTlqKKkW4kCAo8Rjre5CrzOw9ESBryOzWNiBugEac+xUhpaWCW+wFSY4xYcp3eJ1V6kg7Mil2zZ7CWiZOTCuRoDsyv/jDEcUC4wgxJ2XPsSLkJEopiRtJSP5YkQniCRqSnKUcBkW4yi55ax1oZWn4o9OPKmqm/NxIUSDkNPD2ZBZWLXib+5/Vi5V+4CeVRrAjH80N+zCwVWlkP1pAKghWbaoKwoDqrhcdIIKx0WyVdgrP45WXSrtec01r99qzSuMzrKMIhHEEVHDiHBtxAE1qA4RGe4RXejCfjxXg3PuajBSPfOYA/MD5/ABEZk94=</latexit>

⇢
<latexit sha1_base64="94wfdLRRBjCkyTC3Y5p5yTs2egQ=">AAAB63icbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHoxWME84BkCbOT2eyQeSwzs0II+QUvHhTx6g9582+cTfagiQUNRVU33V1Rypmxvv/tra1vbG5tl3bKu3v7B4eVo+O2UZkmtEUUV7obYUM5k7RlmeW0m2qKRcRpJxrf5X7niWrDlHy0k5SGAo8kixnBNpf6OlGDStWv+XOgVRIUpAoFmoPKV3+oSCaotIRjY3qBn9pwirVlhNNZuZ8ZmmIyxiPac1RiQU04nd86Q+dOGaJYaVfSorn6e2KKhTETEblOgW1ilr1c/M/rZTa+CadMppmlkiwWxRlHVqH8cTRkmhLLJ45gopm7FZEEa0ysi6fsQgiWX14l7XotuKzVH66qjdsijhKcwhlcQADX0IB7aEILCCTwDK/w5gnvxXv3Phata14xcwJ/4H3+ACD6jks=</latexit>

⇢
<latexit sha1_base64="94wfdLRRBjCkyTC3Y5p5yTs2egQ=">AAAB63icbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHoxWME84BkCbOT2eyQeSwzs0II+QUvHhTx6g9582+cTfagiQUNRVU33V1Rypmxvv/tra1vbG5tl3bKu3v7B4eVo+O2UZkmtEUUV7obYUM5k7RlmeW0m2qKRcRpJxrf5X7niWrDlHy0k5SGAo8kixnBNpf6OlGDStWv+XOgVRIUpAoFmoPKV3+oSCaotIRjY3qBn9pwirVlhNNZuZ8ZmmIyxiPac1RiQU04nd86Q+dOGaJYaVfSorn6e2KKhTETEblOgW1ilr1c/M/rZTa+CadMppmlkiwWxRlHVqH8cTRkmhLLJ45gopm7FZEEa0ysi6fsQgiWX14l7XotuKzVH66qjdsijhKcwhlcQADX0IB7aEILCCTwDK/w5gnvxXv3Phata14xcwJ/4H3+ACD6jks=</latexit>
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Scattering Network

v Graph scattering transform is a type of deep neural networks with 
predefined parameters to extract feature maps from input graphs.

v Scattering networks are constructed of a cascade of multiresolution 
filters, combined with modulus non-linearity to generate features.

v These features are invariant to permutation and stable with respect to 
graph and signal manipulation.
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Umf = ⇢(Ĝ(L̃)Um�1f)
<latexit sha1_base64="oEAc32ytM2k8CHfyMaZg+/fRO78="></latexit>

Smf = ⌘ (Um�1f)
<latexit sha1_base64="yFj6TYBfRwbq7UPQGXKoKFfjvJc="></latexit>

⌘
<latexit sha1_base64="jpVdjwnRsHnjvYQzwTGHXHUPFLk=">AAAB63icbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj04rGC/YA2lM120y7d3YTdiVBC/4IXD4p49Q9589+YtDlo64OBx3szzMwLYiksuu63s7a+sbm1Xdop7+7tHxxWjo7bNkoM4y0Wych0A2q5FJq3UKDk3dhwqgLJO8HkLvc7T9xYEelHnMbcV3SkRSgYxVzqc6SDStWtuXOQVeIVpAoFmoPKV38YsURxjUxSa3ueG6OfUoOCST4r9xPLY8omdMR7GdVUceun81tn5DxThiSMTFYayVz9PZFSZe1UBVmnoji2y14u/uf1Egxv/FToOEGu2WJRmEiCEckfJ0NhOEM5zQhlRmS3EjamhjLM4ilnIXjLL6+Sdr3mXdbqD1fVxm0RRwlO4QwuwINraMA9NKEFDMbwDK/w5ijnxXl3Phata04xcwJ/4Hz+AAowjjw=</latexit>

Ĝ
<latexit sha1_base64="/RXQNNsTgHeL9ms+Cf4vYIZy974=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEVyWpgi6LLnRZwT6gKWUynbRDJ5MwcyOWENz4K25cKOLWr3Dn3zhts9DWA5d7OOdeZu7xY8E1OM63VVhaXlldK66XNja3tnfs3b2mjhJFWYNGIlJtn2gmuGQN4CBYO1aMhL5gLX90NfFb90xpHsk7GMesG5KB5AGnBIzUsw+8IYHUA/YAfjDrOkivsyzr2WWn4kyBF4mbkzLKUe/ZX14/oknIJFBBtO64TgzdlCjgVLCs5CWaxYSOyIB1DJUkZLqbTk/I8LFR+jiIlCkJeKr+3khJqPU49M1kSGCo572J+J/XSSC46KZcxgkwSWcPBYnAEOFJHrjPFaMgxoYQqrj5K6ZDoggFk1rJhODOn7xImtWKe1qp3p6Va5d5HEV0iI7QCXLROaqhG1RHDUTRI3pGr+jNerJerHfrYzZasPKdffQH1ucPzAiYVA==</latexit>

⇢
<latexit sha1_base64="94wfdLRRBjCkyTC3Y5p5yTs2egQ=">AAAB63icbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHoxWME84BkCbOT2eyQeSwzs0II+QUvHhTx6g9582+cTfagiQUNRVU33V1Rypmxvv/tra1vbG5tl3bKu3v7B4eVo+O2UZkmtEUUV7obYUM5k7RlmeW0m2qKRcRpJxrf5X7niWrDlHy0k5SGAo8kixnBNpf6OlGDStWv+XOgVRIUpAoFmoPKV3+oSCaotIRjY3qBn9pwirVlhNNZuZ8ZmmIyxiPac1RiQU04nd86Q+dOGaJYaVfSorn6e2KKhTETEblOgW1ilr1c/M/rZTa+CadMppmlkiwWxRlHVqH8cTRkmhLLJ45gopm7FZEEa0ysi6fsQgiWX14l7XotuKzVH66qjdsijhKcwhlcQADX0IB7aEILCCTwDK/w5gnvxXv3Phata14xcwJ/4H3+ACD6jks=</latexit>

Umf
<latexit sha1_base64="bToAL0yWi/8lj+eF9JjNkTWNPDU="></latexit>

Smf
<latexit sha1_base64="xKkOVYn38BSgyCSDsuOsqFPHR3I="></latexit>

Um�1f
<latexit sha1_base64="e3ZDSNtXvX/aSIbwkRgNBEshcO0="></latexit>

A(G) = [S1f , . . . , SMf ]
<latexit sha1_base64="zxrw+pKS26GjgMYbgxvKTvuRY2I="></latexit>

Average Pooling

Non-linearity

Convolu7on
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Linear Layers

v After extracting features in scattering layers, we use an additional 
linear layer followed by a non-linearity to learn features.

Physics-Constrained Predictive Molecular Latent Space Discovery with Graph Scattering VAE

⌘
<latexit sha1_base64="jpVdjwnRsHnjvYQzwTGHXHUPFLk=">AAAB63icbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj04rGC/YA2lM120y7d3YTdiVBC/4IXD4p49Q9589+YtDlo64OBx3szzMwLYiksuu63s7a+sbm1Xdop7+7tHxxWjo7bNkoM4y0Wych0A2q5FJq3UKDk3dhwqgLJO8HkLvc7T9xYEelHnMbcV3SkRSgYxVzqc6SDStWtuXOQVeIVpAoFmoPKV38YsURxjUxSa3ueG6OfUoOCST4r9xPLY8omdMR7GdVUceun81tn5DxThiSMTFYayVz9PZFSZe1UBVmnoji2y14u/uf1Egxv/FToOEGu2WJRmEiCEckfJ0NhOEM5zQhlRmS3EjamhjLM4ilnIXjLL6+Sdr3mXdbqD1fVxm0RRwlO4QwuwINraMA9NKEFDMbwDK/w5ijnxXl3Phata04xcwJ/4Hz+AAowjjw=</latexit>Ĝ

<latexit sha1_base64="/RXQNNsTgHeL9ms+Cf4vYIZy974=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEVyWpgi6LLnRZwT6gKWUynbRDJ5MwcyOWENz4K25cKOLWr3Dn3zhts9DWA5d7OOdeZu7xY8E1OM63VVhaXlldK66XNja3tnfs3b2mjhJFWYNGIlJtn2gmuGQN4CBYO1aMhL5gLX90NfFb90xpHsk7GMesG5KB5AGnBIzUsw+8IYHUA/YAfjDrOkivsyzr2WWn4kyBF4mbkzLKUe/ZX14/oknIJFBBtO64TgzdlCjgVLCs5CWaxYSOyIB1DJUkZLqbTk/I8LFR+jiIlCkJeKr+3khJqPU49M1kSGCo572J+J/XSSC46KZcxgkwSWcPBYnAEOFJHrjPFaMgxoYQqrj5K6ZDoggFk1rJhODOn7xImtWKe1qp3p6Va5d5HEV0iI7QCXLROaqhG1RHDUTRI3pGr+jNerJerHfrYzZasPKdffQH1ucPzAiYVA==</latexit> Ĝ
<latexit sha1_base64="/RXQNNsTgHeL9ms+Cf4vYIZy974=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEVyWpgi6LLnRZwT6gKWUynbRDJ5MwcyOWENz4K25cKOLWr3Dn3zhts9DWA5d7OOdeZu7xY8E1OM63VVhaXlldK66XNja3tnfs3b2mjhJFWYNGIlJtn2gmuGQN4CBYO1aMhL5gLX90NfFb90xpHsk7GMesG5KB5AGnBIzUsw+8IYHUA/YAfjDrOkivsyzr2WWn4kyBF4mbkzLKUe/ZX14/oknIJFBBtO64TgzdlCjgVLCs5CWaxYSOyIB1DJUkZLqbTk/I8LFR+jiIlCkJeKr+3khJqPU49M1kSGCo572J+J/XSSC46KZcxgkwSWcPBYnAEOFJHrjPFaMgxoYQqrj5K6ZDoggFk1rJhODOn7xImtWKe1qp3p6Va5d5HEV0iI7QCXLROaqhG1RHDUTRI3pGr+jNerJerHfrYzZasPKdffQH1ucPzAiYVA==</latexit>

Ĝ
<latexit sha1_base64="/RXQNNsTgHeL9ms+Cf4vYIZy974=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEVyWpgi6LLnRZwT6gKWUynbRDJ5MwcyOWENz4K25cKOLWr3Dn3zhts9DWA5d7OOdeZu7xY8E1OM63VVhaXlldK66XNja3tnfs3b2mjhJFWYNGIlJtn2gmuGQN4CBYO1aMhL5gLX90NfFb90xpHsk7GMesG5KB5AGnBIzUsw+8IYHUA/YAfjDrOkivsyzr2WWn4kyBF4mbkzLKUe/ZX14/oknIJFBBtO64TgzdlCjgVLCs5CWaxYSOyIB1DJUkZLqbTk/I8LFR+jiIlCkJeKr+3khJqPU49M1kSGCo572J+J/XSSC46KZcxgkwSWcPBYnAEOFJHrjPFaMgxoYQqrj5K6ZDoggFk1rJhODOn7xImtWKe1qp3p6Va5d5HEV0iI7QCXLROaqhG1RHDUTRI3pGr+jNerJerHfrYzZasPKdffQH1ucPzAiYVA==</latexit>

ã(1)
<latexit sha1_base64="CU4zsx6+Eh0QAqQl8XhtCu07Yzs=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEI9VKSKuix6MVjBfsBbSybzbRdutmE3Y1QQ36JFw+KePWnePPfuG1z0NYHA4/3ZpiZ58ecKe0431ZhbX1jc6u4XdrZ3dsv2weHbRUlkkKLRjySXZ8o4ExASzPNoRtLIKHPoeNPbmZ+5xGkYpG419MYvJCMBBsySrSRBna5rxkPICXZQ1p1z7KBXXFqzhx4lbg5qaAczYH91Q8imoQgNOVEqZ7rxNpLidSMcshK/URBTOiEjKBnqCAhKC+dH57hU6MEeBhJU0Ljufp7IiWhUtPQN50h0WO17M3E/7xeoodXXspEnGgQdLFomHCsIzxLAQdMAtV8agihkplbMR0TSag2WZVMCO7yy6ukXa+557X63UWlcZ3HUUTH6ARVkYsuUQPdoiZqIYoS9Ixe0Zv1ZL1Y79bHorVg5TNH6A+szx9eTpLk</latexit>n(2)

�
<latexit sha1_base64="UvxHSoK9JWWUhO77rdhkLBtOGkA=">AAACBHicbVC7TsMwFHV4lvIKMHaxqJDKUiUFCcYKFsYi0YfUhMhxnNaq40S2g1RFGVj4FRYGEGLlI9j4G5w2A7QcyfLROffq3nv8hFGpLOvbWFldW9/YrGxVt3d29/bNg8OejFOBSRfHLBYDH0nCKCddRRUjg0QQFPmM9P3JdeH3H4iQNOZ3apoQN0IjTkOKkdKSZ9b4fdZoneZe5vgxC+Q00l/mJGOa555Zt5rWDHCZ2CWpgxIdz/xyghinEeEKMyTl0LYS5WZIKIoZyatOKkmC8ASNyFBTjiIi3Wx2RA5PtBLAMBb6cQVn6u+ODEWyWE9XRkiN5aJXiP95w1SFl25GeZIqwvF8UJgyqGJYJAIDKghWbKoJwoLqXSEeI4Gw0rlVdQj24snLpNdq2mfN1u15vX1VxlEBNXAMGsAGF6ANbkAHdAEGj+AZvII348l4Md6Nj3npilH2HIE/MD5/AEXUmIM=</latexit>

n(1)
�

<latexit sha1_base64="fqU/8V47JVaZ1f7yBUvjE8ZWqp0=">AAACBHicbVC7TsMwFHV4lvIKMHaxqJDKUiUFCcYKFsYi0YfUhMhxnNaq40S2g1RFGVj4FRYGEGLlI9j4G5w2A7QcyfLROffq3nv8hFGpLOvbWFldW9/YrGxVt3d29/bNg8OejFOBSRfHLBYDH0nCKCddRRUjg0QQFPmM9P3JdeH3H4iQNOZ3apoQN0IjTkOKkdKSZ9b4fdawT3Mvc/yYBXIa6S9zkjHNc8+sW01rBrhM7JLUQYmOZ345QYzTiHCFGZJyaFuJcjMkFMWM5FUnlSRBeIJGZKgpRxGRbjY7IocnWglgGAv9uIIz9XdHhiJZrKcrI6TGctErxP+8YarCSzejPEkV4Xg+KEwZVDEsEoEBFQQrNtUEYUH1rhCPkUBY6dyqOgR78eRl0ms17bNm6/a83r4q46iAGjgGDWCDC9AGN6ADugCDR/AMXsGb8WS8GO/Gx7x0xSh7jsAfGJ8/RDqYgg==</latexit>

⇢
<latexit sha1_base64="94wfdLRRBjCkyTC3Y5p5yTs2egQ=">AAAB63icbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHoxWME84BkCbOT2eyQeSwzs0II+QUvHhTx6g9582+cTfagiQUNRVU33V1Rypmxvv/tra1vbG5tl3bKu3v7B4eVo+O2UZkmtEUUV7obYUM5k7RlmeW0m2qKRcRpJxrf5X7niWrDlHy0k5SGAo8kixnBNpf6OlGDStWv+XOgVRIUpAoFmoPKV3+oSCaotIRjY3qBn9pwirVlhNNZuZ8ZmmIyxiPac1RiQU04nd86Q+dOGaJYaVfSorn6e2KKhTETEblOgW1ilr1c/M/rZTa+CadMppmlkiwWxRlHVqH8cTRkmhLLJ45gopm7FZEEa0ysi6fsQgiWX14l7XotuKzVH66qjdsijhKcwhlcQADX0IB7aEILCCTwDK/w5gnvxXv3Phata14xcwJ/4H3+ACD6jks=</latexit>G(i)

<latexit sha1_base64="uhLuJSyag7kf027jN03KCUH3DBs=">AAAB+nicbVDLSsNAFL2pr1pfqS7dBItQNyWpgi6LLnRZwT6gjWUynbRDJ5MwM1FKzKe4caGIW7/EnX/jpM1CWw8MHM65l3vmeBGjUtn2t1FYWV1b3yhulra2d3b3zPJ+W4axwKSFQxaKrockYZSTlqKKkW4kCAo8Rjre5CrzOw9ESBryOzWNiBugEac+xUhpaWCW+wFSY4xYcp3eJ1V6kg7Mil2zZ7CWiZOTCuRoDsyv/jDEcUC4wgxJ2XPsSLkJEopiRtJSP5YkQniCRqSnKUcBkW4yi55ax1oZWn4o9OPKmqm/NxIUSDkNPD2ZBZWLXib+5/Vi5V+4CeVRrAjH80N+zCwVWlkP1pAKghWbaoKwoDqrhcdIIKx0WyVdgrP45WXSrtec01r99qzSuMzrKMIhHEEVHDiHBtxAE1qA4RGe4RXejCfjxXg3PuajBSPfOYA/MD5/ABEZk94=</latexit>

⇢
<latexit sha1_base64="94wfdLRRBjCkyTC3Y5p5yTs2egQ=">AAAB63icbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHoxWME84BkCbOT2eyQeSwzs0II+QUvHhTx6g9582+cTfagiQUNRVU33V1Rypmxvv/tra1vbG5tl3bKu3v7B4eVo+O2UZkmtEUUV7obYUM5k7RlmeW0m2qKRcRpJxrf5X7niWrDlHy0k5SGAo8kixnBNpf6OlGDStWv+XOgVRIUpAoFmoPKV3+oSCaotIRjY3qBn9pwirVlhNNZuZ8ZmmIyxiPac1RiQU04nd86Q+dOGaJYaVfSorn6e2KKhTETEblOgW1ilr1c/M/rZTa+CadMppmlkiwWxRlHVqH8cTRkmhLLJ45gopm7FZEEa0ysi6fsQgiWX14l7XotuKzVH66qjdsijhKcwhlcQADX0IB7aEILCCTwDK/w5gnvxXv3Phata14xcwJ/4H3+ACD6jks=</latexit>

⇢
<latexit sha1_base64="94wfdLRRBjCkyTC3Y5p5yTs2egQ=">AAAB63icbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHoxWME84BkCbOT2eyQeSwzs0II+QUvHhTx6g9582+cTfagiQUNRVU33V1Rypmxvv/tra1vbG5tl3bKu3v7B4eVo+O2UZkmtEUUV7obYUM5k7RlmeW0m2qKRcRpJxrf5X7niWrDlHy0k5SGAo8kixnBNpf6OlGDStWv+XOgVRIUpAoFmoPKV3+oSCaotIRjY3qBn9pwirVlhNNZuZ8ZmmIyxiPac1RiQU04nd86Q+dOGaJYaVfSorn6e2KKhTETEblOgW1ilr1c/M/rZTa+CadMppmlkiwWxRlHVqH8cTRkmhLLJ45gopm7FZEEa0ysi6fsQgiWX14l7XotuKzVH66qjdsijhKcwhlcQADX0IB7aEILCCTwDK/w5gnvxXv3Phata14xcwJ/4H3+ACD6jks=</latexit>
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Linear Layers

v After extracting features in scattering layers, we use an additional 
linear layer followed by a non-linearity to learn features.

v Furthermore, two linear layers are used to find the mean and 
variance of the variational approximate posterior 𝑞! of the the latent 
space variable 𝑧. 

Physics-Constrained Predictive Molecular Latent Space Discovery with Graph Scattering VAE

µ�(G(i))
<latexit sha1_base64="IEJ7sxSVHhrcolkTsYxttkl4rys=">AAACE3icbVC7TsMwFHV4lvIKMLJEVEgtQ5UUJBgrGGAsEn1ITYgc12mt2k5kO0hVlH9g4VdYGECIlYWNv8FpM0DLlSwfnXOv7rkniCmRyra/jaXlldW19dJGeXNre2fX3NvvyCgRCLdRRCPRC6DElHDcVkRR3IsFhiyguBuMr3K9+4CFJBG/U5MYewwOOQkJgkpTvnniBhEdyAnTX+qyJPNTNx6RrOoyqEYI0vQ6u0+rpJbVfLNi1+1pWYvAKUAFFNXyzS93EKGEYa4QhVL2HTtWXgqFIojirOwmEscQjeEQ9zXkkGHppdObMutYMwMrjIR+XFlT9vdECpnMbevO3Kmc13LyP62fqPDCSwmPE4U5mi0KE2qpyMoDsgZEYKToRAOIBNFeLTSCAiKlYyzrEJz5kxdBp1F3TuuN27NK87KIowQOwRGoAgecgya4AS3QBgg8gmfwCt6MJ+PFeDc+Zq1LRjFzAP6U8fkDHk6e5g==</latexit>

log�2
�(G(i))

<latexit sha1_base64="agaAI3FB8F7Aurt4/RQ/vtAh+38=">AAACHHicbVDLSsNAFJ3UV62vqEs3wSK0m5K0gi6LLnRZwT6gScNkMmmHTjJhZiKUkA9x46+4caGIGxeCf+OkzUJbLwxzOOde7rnHiykR0jS/tdLa+sbmVnm7srO7t3+gHx71BEs4wl3EKOMDDwpMSYS7kkiKBzHHMPQo7nvT61zvP2AuCIvu5SzGTgjHEQkIglJRrt6yKRvbHqO+mIXqS21BxiHM3NSOJyQbNWt2COUEQZreZKO0RupZ3dWrZsOcl7EKrAJUQVEdV/+0fYaSEEcSUSjE0DJj6aSQS4Iozip2InAM0RSO8VDBCIZYOOn8uMw4U4xvBIyrF0ljzv6eSGEocu+qM3cqlrWc/E8bJjK4dFISxYnEEVosChJqSGbkSRk+4RhJOlMAIk6UVwNNIIdIqjwrKgRr+eRV0Gs2rFajeXdebV8VcZTBCTgFNWCBC9AGt6ADugCBR/AMXsGb9qS9aO/ax6K1pBUzx+BPaV8/KzuinQ==</latexit>

⌘
<latexit sha1_base64="jpVdjwnRsHnjvYQzwTGHXHUPFLk=">AAAB63icbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj04rGC/YA2lM120y7d3YTdiVBC/4IXD4p49Q9589+YtDlo64OBx3szzMwLYiksuu63s7a+sbm1Xdop7+7tHxxWjo7bNkoM4y0Wych0A2q5FJq3UKDk3dhwqgLJO8HkLvc7T9xYEelHnMbcV3SkRSgYxVzqc6SDStWtuXOQVeIVpAoFmoPKV38YsURxjUxSa3ueG6OfUoOCST4r9xPLY8omdMR7GdVUceun81tn5DxThiSMTFYayVz9PZFSZe1UBVmnoji2y14u/uf1Egxv/FToOEGu2WJRmEiCEckfJ0NhOEM5zQhlRmS3EjamhjLM4ilnIXjLL6+Sdr3mXdbqD1fVxm0RRwlO4QwuwINraMA9NKEFDMbwDK/w5ijnxXl3Phata04xcwJ/4Hz+AAowjjw=</latexit>Ĝ

<latexit sha1_base64="/RXQNNsTgHeL9ms+Cf4vYIZy974=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEVyWpgi6LLnRZwT6gKWUynbRDJ5MwcyOWENz4K25cKOLWr3Dn3zhts9DWA5d7OOdeZu7xY8E1OM63VVhaXlldK66XNja3tnfs3b2mjhJFWYNGIlJtn2gmuGQN4CBYO1aMhL5gLX90NfFb90xpHsk7GMesG5KB5AGnBIzUsw+8IYHUA/YAfjDrOkivsyzr2WWn4kyBF4mbkzLKUe/ZX14/oknIJFBBtO64TgzdlCjgVLCs5CWaxYSOyIB1DJUkZLqbTk/I8LFR+jiIlCkJeKr+3khJqPU49M1kSGCo572J+J/XSSC46KZcxgkwSWcPBYnAEOFJHrjPFaMgxoYQqrj5K6ZDoggFk1rJhODOn7xImtWKe1qp3p6Va5d5HEV0iI7QCXLROaqhG1RHDUTRI3pGr+jNerJerHfrYzZasPKdffQH1ucPzAiYVA==</latexit> Ĝ
<latexit sha1_base64="/RXQNNsTgHeL9ms+Cf4vYIZy974=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEVyWpgi6LLnRZwT6gKWUynbRDJ5MwcyOWENz4K25cKOLWr3Dn3zhts9DWA5d7OOdeZu7xY8E1OM63VVhaXlldK66XNja3tnfs3b2mjhJFWYNGIlJtn2gmuGQN4CBYO1aMhL5gLX90NfFb90xpHsk7GMesG5KB5AGnBIzUsw+8IYHUA/YAfjDrOkivsyzr2WWn4kyBF4mbkzLKUe/ZX14/oknIJFBBtO64TgzdlCjgVLCs5CWaxYSOyIB1DJUkZLqbTk/I8LFR+jiIlCkJeKr+3khJqPU49M1kSGCo572J+J/XSSC46KZcxgkwSWcPBYnAEOFJHrjPFaMgxoYQqrj5K6ZDoggFk1rJhODOn7xImtWKe1qp3p6Va5d5HEV0iI7QCXLROaqhG1RHDUTRI3pGr+jNerJerHfrYzZasPKdffQH1ucPzAiYVA==</latexit>

Ĝ
<latexit sha1_base64="/RXQNNsTgHeL9ms+Cf4vYIZy974=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEVyWpgi6LLnRZwT6gKWUynbRDJ5MwcyOWENz4K25cKOLWr3Dn3zhts9DWA5d7OOdeZu7xY8E1OM63VVhaXlldK66XNja3tnfs3b2mjhJFWYNGIlJtn2gmuGQN4CBYO1aMhL5gLX90NfFb90xpHsk7GMesG5KB5AGnBIzUsw+8IYHUA/YAfjDrOkivsyzr2WWn4kyBF4mbkzLKUe/ZX14/oknIJFBBtO64TgzdlCjgVLCs5CWaxYSOyIB1DJUkZLqbTk/I8LFR+jiIlCkJeKr+3khJqPU49M1kSGCo572J+J/XSSC46KZcxgkwSWcPBYnAEOFJHrjPFaMgxoYQqrj5K6ZDoggFk1rJhODOn7xImtWKe1qp3p6Va5d5HEV0iI7QCXLROaqhG1RHDUTRI3pGr+jNerJerHfrYzZasPKdffQH1ucPzAiYVA==</latexit>

ã(1)
<latexit sha1_base64="CU4zsx6+Eh0QAqQl8XhtCu07Yzs=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEI9VKSKuix6MVjBfsBbSybzbRdutmE3Y1QQ36JFw+KePWnePPfuG1z0NYHA4/3ZpiZ58ecKe0431ZhbX1jc6u4XdrZ3dsv2weHbRUlkkKLRjySXZ8o4ExASzPNoRtLIKHPoeNPbmZ+5xGkYpG419MYvJCMBBsySrSRBna5rxkPICXZQ1p1z7KBXXFqzhx4lbg5qaAczYH91Q8imoQgNOVEqZ7rxNpLidSMcshK/URBTOiEjKBnqCAhKC+dH57hU6MEeBhJU0Ljufp7IiWhUtPQN50h0WO17M3E/7xeoodXXspEnGgQdLFomHCsIzxLAQdMAtV8agihkplbMR0TSag2WZVMCO7yy6ukXa+557X63UWlcZ3HUUTH6ARVkYsuUQPdoiZqIYoS9Ixe0Zv1ZL1Y79bHorVg5TNH6A+szx9eTpLk</latexit>n(2)

�
<latexit sha1_base64="UvxHSoK9JWWUhO77rdhkLBtOGkA=">AAACBHicbVC7TsMwFHV4lvIKMHaxqJDKUiUFCcYKFsYi0YfUhMhxnNaq40S2g1RFGVj4FRYGEGLlI9j4G5w2A7QcyfLROffq3nv8hFGpLOvbWFldW9/YrGxVt3d29/bNg8OejFOBSRfHLBYDH0nCKCddRRUjg0QQFPmM9P3JdeH3H4iQNOZ3apoQN0IjTkOKkdKSZ9b4fdZoneZe5vgxC+Q00l/mJGOa555Zt5rWDHCZ2CWpgxIdz/xyghinEeEKMyTl0LYS5WZIKIoZyatOKkmC8ASNyFBTjiIi3Wx2RA5PtBLAMBb6cQVn6u+ODEWyWE9XRkiN5aJXiP95w1SFl25GeZIqwvF8UJgyqGJYJAIDKghWbKoJwoLqXSEeI4Gw0rlVdQj24snLpNdq2mfN1u15vX1VxlEBNXAMGsAGF6ANbkAHdAEGj+AZvII348l4Md6Nj3npilH2HIE/MD5/AEXUmIM=</latexit>

n(1)
�

<latexit sha1_base64="fqU/8V47JVaZ1f7yBUvjE8ZWqp0=">AAACBHicbVC7TsMwFHV4lvIKMHaxqJDKUiUFCcYKFsYi0YfUhMhxnNaq40S2g1RFGVj4FRYGEGLlI9j4G5w2A7QcyfLROffq3nv8hFGpLOvbWFldW9/YrGxVt3d29/bNg8OejFOBSRfHLBYDH0nCKCddRRUjg0QQFPmM9P3JdeH3H4iQNOZ3apoQN0IjTkOKkdKSZ9b4fdawT3Mvc/yYBXIa6S9zkjHNc8+sW01rBrhM7JLUQYmOZ345QYzTiHCFGZJyaFuJcjMkFMWM5FUnlSRBeIJGZKgpRxGRbjY7IocnWglgGAv9uIIz9XdHhiJZrKcrI6TGctErxP+8YarCSzejPEkV4Xg+KEwZVDEsEoEBFQQrNtUEYUH1rhCPkUBY6dyqOgR78eRl0ms17bNm6/a83r4q46iAGjgGDWCDC9AGN6ADugCDR/AMXsGb8WS8GO/Gx7x0xSh7jsAfGJ8/RDqYgg==</latexit>

⇢
<latexit sha1_base64="94wfdLRRBjCkyTC3Y5p5yTs2egQ=">AAAB63icbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHoxWME84BkCbOT2eyQeSwzs0II+QUvHhTx6g9582+cTfagiQUNRVU33V1Rypmxvv/tra1vbG5tl3bKu3v7B4eVo+O2UZkmtEUUV7obYUM5k7RlmeW0m2qKRcRpJxrf5X7niWrDlHy0k5SGAo8kixnBNpf6OlGDStWv+XOgVRIUpAoFmoPKV3+oSCaotIRjY3qBn9pwirVlhNNZuZ8ZmmIyxiPac1RiQU04nd86Q+dOGaJYaVfSorn6e2KKhTETEblOgW1ilr1c/M/rZTa+CadMppmlkiwWxRlHVqH8cTRkmhLLJ45gopm7FZEEa0ysi6fsQgiWX14l7XotuKzVH66qjdsijhKcwhlcQADX0IB7aEILCCTwDK/w5gnvxXv3Phata14xcwJ/4H3+ACD6jks=</latexit>G(i)

<latexit sha1_base64="uhLuJSyag7kf027jN03KCUH3DBs=">AAAB+nicbVDLSsNAFL2pr1pfqS7dBItQNyWpgi6LLnRZwT6gjWUynbRDJ5MwM1FKzKe4caGIW7/EnX/jpM1CWw8MHM65l3vmeBGjUtn2t1FYWV1b3yhulra2d3b3zPJ+W4axwKSFQxaKrockYZSTlqKKkW4kCAo8Rjre5CrzOw9ESBryOzWNiBugEac+xUhpaWCW+wFSY4xYcp3eJ1V6kg7Mil2zZ7CWiZOTCuRoDsyv/jDEcUC4wgxJ2XPsSLkJEopiRtJSP5YkQniCRqSnKUcBkW4yi55ax1oZWn4o9OPKmqm/NxIUSDkNPD2ZBZWLXib+5/Vi5V+4CeVRrAjH80N+zCwVWlkP1pAKghWbaoKwoDqrhcdIIKx0WyVdgrP45WXSrtec01r99qzSuMzrKMIhHEEVHDiHBtxAE1qA4RGe4RXejCfjxXg3PuajBSPfOYA/MD5/ABEZk94=</latexit>

⇢
<latexit sha1_base64="94wfdLRRBjCkyTC3Y5p5yTs2egQ=">AAAB63icbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHoxWME84BkCbOT2eyQeSwzs0II+QUvHhTx6g9582+cTfagiQUNRVU33V1Rypmxvv/tra1vbG5tl3bKu3v7B4eVo+O2UZkmtEUUV7obYUM5k7RlmeW0m2qKRcRpJxrf5X7niWrDlHy0k5SGAo8kixnBNpf6OlGDStWv+XOgVRIUpAoFmoPKV3+oSCaotIRjY3qBn9pwirVlhNNZuZ8ZmmIyxiPac1RiQU04nd86Q+dOGaJYaVfSorn6e2KKhTETEblOgW1ilr1c/M/rZTa+CadMppmlkiwWxRlHVqH8cTRkmhLLJ45gopm7FZEEa0ysi6fsQgiWX14l7XotuKzVH66qjdsijhKcwhlcQADX0IB7aEILCCTwDK/w5gnvxXv3Phata14xcwJ/4H3+ACD6jks=</latexit>

⇢
<latexit sha1_base64="94wfdLRRBjCkyTC3Y5p5yTs2egQ=">AAAB63icbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHoxWME84BkCbOT2eyQeSwzs0II+QUvHhTx6g9582+cTfagiQUNRVU33V1Rypmxvv/tra1vbG5tl3bKu3v7B4eVo+O2UZkmtEUUV7obYUM5k7RlmeW0m2qKRcRpJxrf5X7niWrDlHy0k5SGAo8kixnBNpf6OlGDStWv+XOgVRIUpAoFmoPKV3+oSCaotIRjY3qBn9pwirVlhNNZuZ8ZmmIyxiPac1RiQU04nd86Q+dOGaJYaVfSorn6e2KKhTETEblOgW1ilr1c/M/rZTa+CadMppmlkiwWxRlHVqH8cTRkmhLLJ45gopm7FZEEa0ysi6fsQgiWX14l7XotuKzVH66qjdsijhKcwhlcQADX0IB7aEILCCTwDK/w5gnvxXv3Phata14xcwJ/4H3+ACD6jks=</latexit>
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Decoding Network

Physics-Constrained Predictive Molecular Latent Space Discovery with Graph Scattering VAE
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Bond Generator

v Weighted adjacency matrix decoder is constructed of an MLP that 
projects samples from the latent space into score values for each 
class of node types.

∅
III

II
I

Physics-Constrained Predictive Molecular Latent Space Discovery with Graph Scattering VAE

Class
Probabili*es

sof
tm

ax
<latexit sha1_base64="VP1An9AP83qElHRStPMKnyzlA7E=">AAAB7nicbVDLSgNBEJyNrxhfUY9eBoPgKexGQY9BLx4jmAckS5idzCZD5rHM9IphyUd48aCIV7/Hm3/jJNmDJhY0FFXddHdFieAWfP/bK6ytb2xuFbdLO7t7+wflw6OW1amhrEm10KYTEcsEV6wJHATrJIYRGQnWjsa3M7/9yIzlWj3AJGGhJEPFY04JOKltdQySPPXLFb/qz4FXSZCTCsrR6Je/egNNU8kUUEGs7QZ+AmFGDHAq2LTUSy1LCB2TIes6qohkNszm507xmVMGONbGlQI8V39PZERaO5GR65QERnbZm4n/ed0U4usw4ypJgSm6WBSnAoPGs9/xgBtGQUwcIdRwdyumI2IIBZdQyYUQLL+8Slq1anBRrd1fVuo3eRxFdIJO0TkK0BWqozvUQE1E0Rg9o1f05iXei/fufSxaC14+c4z+wPv8Aad8j8Y=</latexit>

a(2)
<latexit sha1_base64="SjfeQWK2E5bneE8PctZ5cJbwC3w=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoMQL2E3CnoMevEYwTwgWUPvZJIMmZ1dZmaFsOQjvHhQxKvf482/cZLsQRMLGoqqbrq7glhwbVz328mtrW9sbuW3Czu7e/sHxcOjpo4SRVmDRiJS7QA1E1yyhuFGsHasGIaBYK1gfDvzW09MaR7JBzOJmR/iUPIBp2is1MLHtFw9n/aKJbfizkFWiZeREmSo94pf3X5Ek5BJQwVq3fHc2PgpKsOpYNNCN9EsRjrGIetYKjFk2k/n507JmVX6ZBApW9KQufp7IsVQ60kY2M4QzUgvezPxP6+TmMG1n3IZJ4ZJulg0SAQxEZn9TvpcMWrExBKkittbCR2hQmpsQgUbgrf88ippViveRaV6f1mq3WRx5OEETqEMHlxBDe6gDg2gMIZneIU3J3ZenHfnY9Gac7KZY/gD5/MHdk6O/g==</latexit>a(1)

<latexit sha1_base64="aZ8AXpO9c/qGoTHrRtEJG+FF3bI=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoMQL2E3CnoMevEYwTwgWUPvZJIMmZ1dZmaFsOQjvHhQxKvf482/cZLsQRMLGoqqbrq7glhwbVz328mtrW9sbuW3Czu7e/sHxcOjpo4SRVmDRiJS7QA1E1yyhuFGsHasGIaBYK1gfDvzW09MaR7JBzOJmR/iUPIBp2is1MLHtOydT3vFkltx5yCrxMtICTLUe8Wvbj+iScikoQK17nhubPwUleFUsGmhm2gWIx3jkHUslRgy7afzc6fkzCp9MoiULWnIXP09kWKo9SQMbGeIZqSXvZn4n9dJzODaT7mME8MkXSwaJIKYiMx+J32uGDViYglSxe2thI5QITU2oYINwVt+eZU0qxXvolK9vyzVbrI48nACp1AGD66gBndQhwZQGMMzvMKbEzsvzrvzsWjNOdnMMfyB8/kDdMiO/Q==</latexit>

a(3)
<latexit sha1_base64="rrl4LOgCqPyfYDRYIZcQhSC8rmE=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJewmgh6DXjxGMA9IYpid9CZDZmeXmVkhLPkILx4U8er3ePNvnCR70MSChqKqm+4uPxZcG9f9dtbWNza3tnM7+d29/YPDwtFxU0eJYthgkYhU26caBZfYMNwIbMcKaegLbPnj25nfekKleSQfzCTGXkiHkgecUWOlFn1MS9WLab9QdMvuHGSVeBkpQoZ6v/DVHUQsCVEaJqjWHc+NTS+lynAmcJrvJhpjysZ0iB1LJQ1R99L5uVNybpUBCSJlSxoyV39PpDTUehL6tjOkZqSXvZn4n9dJTHDdS7mME4OSLRYFiSAmIrPfyYArZEZMLKFMcXsrYSOqKDM2obwNwVt+eZU0K2WvWq7cXxZrN1kcOTiFMyiBB1dQgzuoQwMYjOEZXuHNiZ0X5935WLSuOdnMCfyB8/kDd9SO/w==</latexit>l(3)✓

<latexit sha1_base64="4owAknWpeHZ9R+1pTxuo3jxBPG8=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBahXkrSCnosevFYwX5AG8Nmu2mXbjZhd1Ioof/EiwdFvPpPvPlv3LY5aOuDgcd7M8zMCxLBNTjOt1XY2Nza3inulvb2Dw6P7OOTto5TRVmLxiJW3YBoJrhkLeAgWDdRjESBYJ1gfDf3OxOmNI/lI0wT5kVkKHnIKQEj+bYtnrJK/XLmZ30YMSAz3y47VWcBvE7cnJRRjqZvf/UHMU0jJoEKonXPdRLwMqKAU8FmpX6qWULomAxZz1BJIqa9bHH5DF8YZYDDWJmSgBfq74mMRFpPo8B0RgRGetWbi/95vRTCGy/jMkmBSbpcFKYCQ4znMeABV4yCmBpCqOLmVkxHRBEKJqySCcFdfXmdtGtVt16tPVyVG7d5HEV0hs5RBbnoGjXQPWqiFqJogp7RK3qzMuvFerc+lq0FK585RX9gff4ALbmTXg==</latexit>

l(2)✓
<latexit sha1_base64="8OprRAHlhSNfYSW773pZ4gWYSLc=">AAAB+XicbVBNS8NAEN34WetX1KOXxSLUS0mqoMeiF48V7Ae0MWy2m3bpZhN2J4US8k+8eFDEq//Em//GbZuDtj4YeLw3w8y8IBFcg+N8W2vrG5tb26Wd8u7e/sGhfXTc1nGqKGvRWMSqGxDNBJesBRwE6yaKkSgQrBOM72Z+Z8KU5rF8hGnCvIgMJQ85JWAk37bFU1atX+R+1ocRA5L7dsWpOXPgVeIWpIIKNH37qz+IaRoxCVQQrXuuk4CXEQWcCpaX+6lmCaFjMmQ9QyWJmPay+eU5PjfKAIexMiUBz9XfExmJtJ5GgemMCIz0sjcT//N6KYQ3XsZlkgKTdLEoTAWGGM9iwAOuGAUxNYRQxc2tmI6IIhRMWGUTgrv88ipp12vuZa3+cFVp3BZxlNApOkNV5KJr1ED3qIlaiKIJekav6M3KrBfr3fpYtK5ZxcwJ+gPr8wcsKpNd</latexit>

l(1)✓
<latexit sha1_base64="EsN4CPTVjO0PZjqsdOe/F81KpTE=">AAAB+XicbVBNS8NAEN34WetX1KOXxSLUS0mqoMeiF48V7Ae0MWy2m3bpZhN2J4US8k+8eFDEq//Em//GbZuDtj4YeLw3w8y8IBFcg+N8W2vrG5tb26Wd8u7e/sGhfXTc1nGqKGvRWMSqGxDNBJesBRwE6yaKkSgQrBOM72Z+Z8KU5rF8hGnCvIgMJQ85JWAk37bFU1Z1L3I/68OIAcl9u+LUnDnwKnELUkEFmr791R/ENI2YBCqI1j3XScDLiAJOBcvL/VSzhNAxGbKeoZJETHvZ/PIcnxtlgMNYmZKA5+rviYxEWk+jwHRGBEZ62ZuJ/3m9FMIbL+MySYFJulgUpgJDjGcx4AFXjIKYGkKo4uZWTEdEEQomrLIJwV1+eZW06zX3slZ/uKo0bos4SugUnaEqctE1aqB71EQtRNEEPaNX9GZl1ov1bn0sWtesYuYE/YH1+QMqm5Nc</latexit>

l(4)✓
<latexit sha1_base64="mhSHwLIQnBWuRxj7m1CnumCj+3o=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBahXkpSC3osevFYwX5AG8Nmu2mXbjZhd1Ioof/EiwdFvPpPvPlv3LY5aOuDgcd7M8zMCxLBNTjOt1XY2Nza3inulvb2Dw6P7OOTto5TRVmLxiJW3YBoJrhkLeAgWDdRjESBYJ1gfDf3OxOmNI/lI0wT5kVkKHnIKQEj+bYt/KwPIwZk9pRV6pcz3y47VWcBvE7cnJRRjqZvf/UHMU0jJoEKonXPdRLwMqKAU8FmpX6qWULomAxZz1BJIqa9bHH5DF8YZYDDWJmSgBfq74mMRFpPo8B0RgRGetWbi/95vRTCGy/jMkmBSbpcFKYCQ4znMeABV4yCmBpCqOLmVkxHRBEKJqySCcFdfXmdtGtV96pae6iXG7d5HEV0hs5RBbnoGjXQPWqiFqJogp7RK3qzMuvFerc+lq0FK585RX9gff4ANUuTXw==</latexit>

a(4)
<latexit sha1_base64="fQHwsZn5jdc8nCiBxjpCG8TOhJo=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJezGgB6DXjxGMA9IYuidzCZDZmeXmVkhLPkILx4U8er3ePNvnCR70MSChqKqm+4uPxZcG9f9dtbWNza3tnM7+d29/YPDwtFxU0eJoqxBIxGpto+aCS5Zw3AjWDtWDENfsJY/vp35rSemNI/kg5nErBfiUPKAUzRWauFjWqpeTPuFolt25yCrxMtIETLU+4Wv7iCiScikoQK17nhubHopKsOpYNN8N9EsRjrGIetYKjFkupfOz52Sc6sMSBApW9KQufp7IsVQ60no284QzUgvezPxP6+TmOC6l3IZJ4ZJulgUJIKYiMx+JwOuGDViYglSxe2thI5QITU2obwNwVt+eZU0K2Xvsly5rxZrN1kcOTiFMyiBB1dQgzuoQwMojOEZXuHNiZ0X5935WLSuOdnMCfyB8/kDeVqPAA==</latexit> a(5)

<latexit sha1_base64="NKR0oKyt/ljCSwz/vhTXLMSsS5g=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJexGRY9BLx4jmAcka5idTJIhs7PLTK8QlnyEFw+KePV7vPk3TpI9aGJBQ1HVTXdXEEth0HW/nZXVtfWNzdxWfntnd2+/cHDYMFGiGa+zSEa6FVDDpVC8jgIlb8Wa0zCQvBmMbqd+84lrIyL1gOOY+yEdKNEXjKKVmvQxLV2eTbqFolt2ZyDLxMtIETLUuoWvTi9iScgVMkmNaXtujH5KNQom+STfSQyPKRvRAW9bqmjIjZ/Ozp2QU6v0SD/SthSSmfp7IqWhMeMwsJ0hxaFZ9Kbif147wf61nwoVJ8gVmy/qJ5JgRKa/k57QnKEcW0KZFvZWwoZUU4Y2obwNwVt8eZk0KmXvvFy5vyhWb7I4cnAMJ1ACD66gCndQgzowGMEzvMKbEzsvzrvzMW9dcbKZI/gD5/MHeuCPAQ==</latexit>

p✓(W |z)
<latexit sha1_base64="u+SYdaH4OJE5pyKVjTb/BCVfoW8="></latexit>

z ⇠ p(z)
<latexit sha1_base64="YQgmYyfal9Ihc6XHJlqEOiJrpGk="></latexit>
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Atom Generator

v Atom type generator in the decoder is constructed of an MLP that 
projects samples from the latent space and molecular topology into 
discrete probabilities for classes of node types.  

C   O   N   F   ∅

Physics-Constrained Predictive Molecular Latent Space Discovery with Graph Scattering VAE

Class probabili*es

sof
tm

ax
<latexit sha1_base64="VP1An9AP83qElHRStPMKnyzlA7E=">AAAB7nicbVDLSgNBEJyNrxhfUY9eBoPgKexGQY9BLx4jmAckS5idzCZD5rHM9IphyUd48aCIV7/Hm3/jJNmDJhY0FFXddHdFieAWfP/bK6ytb2xuFbdLO7t7+wflw6OW1amhrEm10KYTEcsEV6wJHATrJIYRGQnWjsa3M7/9yIzlWj3AJGGhJEPFY04JOKltdQySPPXLFb/qz4FXSZCTCsrR6Je/egNNU8kUUEGs7QZ+AmFGDHAq2LTUSy1LCB2TIes6qohkNszm507xmVMGONbGlQI8V39PZERaO5GR65QERnbZm4n/ed0U4usw4ypJgSm6WBSnAoPGs9/xgBtGQUwcIdRwdyumI2IIBZdQyYUQLL+8Slq1anBRrd1fVuo3eRxFdIJO0TkK0BWqozvUQE1E0Rg9o1f05iXei/fufSxaC14+c4z+wPv8Aad8j8Y=</latexit>

p✓(W |z)
<latexit sha1_base64="u+SYdaH4OJE5pyKVjTb/BCVfoW8="></latexit>

p✓(f |z,W )
<latexit sha1_base64="bKFVvww8KxKqI/C8mHZItUD0amc="></latexit>

z ⇠ p(z)
<latexit sha1_base64="YQgmYyfal9Ihc6XHJlqEOiJrpGk="></latexit>

a(6)f
<latexit sha1_base64="N4aLP0zxZ3FUvSPNvdPblwl4vi0="></latexit>

l(6)✓
<latexit sha1_base64="b8+2No7M1nfY0suCtYCQuq3AKoA="></latexit>
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Decoding Network

v As the two decoding networks generate correlated information on 
atoms and bonds of the molecular graph, we can have them share 
the input layers 

v We train the model by minimizing the regularized expected negative 
log-likelihood for each node and each edge.

Physics-Constrained Predictive Molecular Latent Space Discovery with Graph Scattering VAE

sof
tm

ax
<latexit sha1_base64="VP1An9AP83qElHRStPMKnyzlA7E=">AAAB7nicbVDLSgNBEJyNrxhfUY9eBoPgKexGQY9BLx4jmAckS5idzCZD5rHM9IphyUd48aCIV7/Hm3/jJNmDJhY0FFXddHdFieAWfP/bK6ytb2xuFbdLO7t7+wflw6OW1amhrEm10KYTEcsEV6wJHATrJIYRGQnWjsa3M7/9yIzlWj3AJGGhJEPFY04JOKltdQySPPXLFb/qz4FXSZCTCsrR6Je/egNNU8kUUEGs7QZ+AmFGDHAq2LTUSy1LCB2TIes6qohkNszm507xmVMGONbGlQI8V39PZERaO5GR65QERnbZm4n/ed0U4usw4ypJgSm6WBSnAoPGs9/xgBtGQUwcIdRwdyumI2IIBZdQyYUQLL+8Slq1anBRrd1fVuo3eRxFdIJO0TkK0BWqozvUQE1E0Rg9o1f05iXei/fufSxaC14+c4z+wPv8Aad8j8Y=</latexit>

a(2)
<latexit sha1_base64="SjfeQWK2E5bneE8PctZ5cJbwC3w=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoMQL2E3CnoMevEYwTwgWUPvZJIMmZ1dZmaFsOQjvHhQxKvf482/cZLsQRMLGoqqbrq7glhwbVz328mtrW9sbuW3Czu7e/sHxcOjpo4SRVmDRiJS7QA1E1yyhuFGsHasGIaBYK1gfDvzW09MaR7JBzOJmR/iUPIBp2is1MLHtFw9n/aKJbfizkFWiZeREmSo94pf3X5Ek5BJQwVq3fHc2PgpKsOpYNNCN9EsRjrGIetYKjFk2k/n507JmVX6ZBApW9KQufp7IsVQ60kY2M4QzUgvezPxP6+TmMG1n3IZJ4ZJulg0SAQxEZn9TvpcMWrExBKkittbCR2hQmpsQgUbgrf88ippViveRaV6f1mq3WRx5OEETqEMHlxBDe6gDg2gMIZneIU3J3ZenHfnY9Gac7KZY/gD5/MHdk6O/g==</latexit>a(1)

<latexit sha1_base64="aZ8AXpO9c/qGoTHrRtEJG+FF3bI=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoMQL2E3CnoMevEYwTwgWUPvZJIMmZ1dZmaFsOQjvHhQxKvf482/cZLsQRMLGoqqbrq7glhwbVz328mtrW9sbuW3Czu7e/sHxcOjpo4SRVmDRiJS7QA1E1yyhuFGsHasGIaBYK1gfDvzW09MaR7JBzOJmR/iUPIBp2is1MLHtOydT3vFkltx5yCrxMtICTLUe8Wvbj+iScikoQK17nhubPwUleFUsGmhm2gWIx3jkHUslRgy7afzc6fkzCp9MoiULWnIXP09kWKo9SQMbGeIZqSXvZn4n9dJzODaT7mME8MkXSwaJIKYiMx+J32uGDViYglSxe2thI5QITU2oYINwVt+eZU0qxXvolK9vyzVbrI48nACp1AGD66gBndQhwZQGMMzvMKbEzsvzrvzsWjNOdnMMfyB8/kDdMiO/Q==</latexit>

a(3)
<latexit sha1_base64="rrl4LOgCqPyfYDRYIZcQhSC8rmE=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJewmgh6DXjxGMA9IYpid9CZDZmeXmVkhLPkILx4U8er3ePNvnCR70MSChqKqm+4uPxZcG9f9dtbWNza3tnM7+d29/YPDwtFxU0eJYthgkYhU26caBZfYMNwIbMcKaegLbPnj25nfekKleSQfzCTGXkiHkgecUWOlFn1MS9WLab9QdMvuHGSVeBkpQoZ6v/DVHUQsCVEaJqjWHc+NTS+lynAmcJrvJhpjysZ0iB1LJQ1R99L5uVNybpUBCSJlSxoyV39PpDTUehL6tjOkZqSXvZn4n9dJTHDdS7mME4OSLRYFiSAmIrPfyYArZEZMLKFMcXsrYSOqKDM2obwNwVt+eZU0K2WvWq7cXxZrN1kcOTiFMyiBB1dQgzuoQwMYjOEZXuHNiZ0X5935WLSuOdnMCfyB8/kDd9SO/w==</latexit>l(3)✓
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Physical Constraints

Physics-Constrained Predictive Molecular Latent Space Discovery with Graph Scattering VAE
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Regularized VAE

Ø In the regularization method, constraint terms are accompanied by 
regularization parameters that are tuned until we observe the 
desired output in terms of quality of the generated molecules.

Ø Connectivity
Ø Valency
Ø 3−member cycles
Ø Cycles with triple bonds

Physics-Constrained Predictive Molecular Latent Space Discovery with Graph Scattering VAE
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Model Uncertainty

Physics-Constrained Predictive Molecular Latent Space Discovery with Graph Scattering VAE
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Model Uncertainty

Physics-Constrained Predictive Molecular Latent Space Discovery with Graph Scattering VAE

v In this work, we focus on obtaining a predictive model accounting for 
uncertainty.

v Given a set of 𝐾 i.i.d. observations                                sampled from 
_______, we are interested in finding a model          that closely 
mimics the target distribution

v Quantifying uncertainties in model parameters 𝜽 enables us to 
capture the epistemic uncertainty induced by the limited training data.

v The full posterior over model parameters is often approximated using 
a Gaussian distribution. However, this results in highly invalid 
molecular graphs.
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Model Uncertainty

v We use Bayesian bootstrap method to approximate the Bayesian 
predictive distribution.

v Bootstrapping mimics sampling data from the population by random 
sampling, with replacement, from sampled data.

v Given a dataset                                , we generate 𝐵 samples of size 
𝐾 by resampling from the original dataset.

v A resampled dataset can be denoted by the associated resampling 
weights                 .

v The MLE objective can be reformulated as maximizing the weighted 
likelihood estimate

Physics-Constrained Predictive Molecular Latent Space Discovery with Graph Scattering VAE
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Model Uncertainty

Physics-Constrained Predictive Molecular Latent Space Discovery with Graph Scattering VAE

v Since resampling weights                  are positive and since  

we can define a lower-bound on the weighted marginal log-likelihood               

v We can simulate approximately from the posterior distribution over θ
by repeated sampling from the posterior distribution 𝑝(𝝅|𝒢) and 
maximizing a weighted likelihood to calculate 𝜽"#$%.

v Using Monte Carlo estimation, we approximation this predictive 
distribution  
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Results

Physics-Constrained Predictive Molecular Latent Space Discovery with Graph Scattering VAE
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Molecule Sampling

Physics-Constrained Predictive Molecular Latent Space Discovery with Graph Scattering VAE

v We train the model on QM9 dataset (𝐾 = 600), containing small 
organic molecules with maximum 9 heavy atoms.

v Atoms include carbon, nitrogen, oxygen, and fluorine. 

v Example of molecules sampled using the generative model.

Algorithm 1 Predicting molecules using ancestral sampling.
Input Trained model p✓(z)p✓(G|z) and L the number of samples to be drawn.
for l = 1, . . . , L do

Generate a sample z(l) from p✓(z).
Draw sample G(l) from distribution p✓(G|z).

end for
Return G1:L.
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Quality Metrics

v The validity, uniqueness, and novelty of the generated molecules are 
basic quality metrics* of molecular generative models:

Physics-Constrained Predictive Molecular Latent Space Discovery with Graph Scattering VAE

Validity =
|valid(S)|

|S|
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T = Set of training molecules

S = Set of sampled molecules (with repeat)

S⇤ = Set of sampled molecules
<latexit sha1_base64="VJypRfq68sRyMnDztD/VIwyl1Z4="></latexit>

Quality metrics for graph sca3ering VAE

* Samanta, Bidisha, Abir De, Niloy Ganguly, and Manuel Gomez-Rodriguez. "Designing random graph models using variational autoencoders with applications to chemical 
design." arXiv preprint arXiv:1802.05283 (2018).

Type
Hval 3�member

cycle
Triple bond

cycle
Hunq HnvlTotal Valency Connectivity

Base 77.8% 15.9% 7.2% 3910 113 77.7% 86.3%
Constrained 89.9% 5.6% 4.6% 1745 35 71.1% 95.8%

<latexit sha1_base64="vO3qJ3gtTwL65kKvX6L7kSeUSLk="></latexit>
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Quality Metrics

Physics-Constrained Predictive Molecular Latent Space Discovery with Graph Scattering VAE

v We have compared performance of our model with baseline 
methods.

✦ Rafael Go ḿez-Bombarelli, Jennifer N. Wei, David Duvenaud, Jose ́ Miguel Herna ńdez-Lobato, Benjam ı́n Sa ńchez-Lengeling, Dennis Sheberla, Jorge Aguilera-Iparraguirre, 
Timothy D Hirzel, Ryan P Adams, and Ala ń Aspuru-Guzik. Automatic chemical design using a data-driven contin- uous representation of molecules. ACS central science, 
4(2):268–276, 2018. 
✷ Matt J. Kusner, Brooks Paige, and Jose ́ Miguel Herna ńdez-Lobato. Grammar variational autoen- coder. In Doina Precup and Yee Whye Teh (eds.), Proceedings of the 34th 
International Con- ference on Machine Learning, volume 70 of Proceedings of Machine Learning Research, pp. 1945–1954, International Convention Centre, Sydney, Australia, 
06–11 Aug 2017. PMLR. URL http://proceedings.mlr.press/v70/kusner17a.html. 
★ Martin Simonovsky and Nikos Komodakis. GraphVAE: Towards generation of small graphs using variational autoencoders. arXiv preprint arXiv:1802.03480, 2018. 
✤ Nicola De Cao and Thomas Kipf. MolGAN: An implicit generative model for small molecular graphs. arXiv preprint arXiv:1805.11973, 2018. 

Method Hval Hunq Hnvl

CVAE 10.3% 67.5% 90.0%
GVAE 60.2% 9.3% 80.9%
GraphVAE 55.7% 76.0% 61.6%
MolGAN 98.1% 10.4% 94.2%
GSVAE 77.8% 77.7% 86.3%
GSVAE 87.1% 82.6% 92.7%
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VAE Latent Space

Physics-Constrained Predictive Molecular Latent Space Discovery with Graph Scattering VAE

v Properties of of interest include
• Fraction of carbons with SP3 hybridization
• Number of rings
• Total Polar surface area
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Predictive Results

v The credible interval envelopes the reference solution (𝐾 = 10k).
Ø Polar Surface area

Ø LogP

Physics-Constrained Predictive Molecular Latent Space Discovery with Graph Scattering VAE
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K = 500
<latexit sha1_base64="GicWPkEarIxEkYdogWu074Digkc=">AAACAXicbVC7SgNBFJ31GddX1NJmMAhWYTci2gSDNoJNBDcJJEuYncwmQ+axzMwqIaTyA2y1trITWz/ATxC/wN9w8ihM4oELh3Pu5d57ooRRbTzv21lYXFpeWc2suesbm1vb2Z3dipapwiTAkklVi5AmjAoSGGoYqSWKIB4xUo26l0O/ekeUplLcml5CQo7agsYUI2Ol4Lp44nnNbM7LeyPAeeJPSO780y0mL19uuZn9abQkTjkRBjOkdd33EhP2kTIUMzJwG6kmCcJd1CZ1SwXiRIf90bEDeGiVFoylsiUMHKl/J/qIa93jke3kyHT0rDcU//PqqYnPwj4VSWqIwONFccqgkXD4OWxRRbBhPUsQVtTeCnEHKYSNzWdqC0+ZoUreD2wy/mwO86RSyPvH+cKNnytdgDEyYB8cgCPgg1NQAlegDAKAAQWP4Ak8Ow/Oq/PmvI9bF5zJzB6YgvPxC0cBmnk=</latexit>

K = 200
<latexit sha1_base64="cSEG0WZUhs8jw/ouVr3Pab4Tmi8=">AAACAXicbVC7SgNBFJ2NrxhfUUubwSBYhd1YaBMM2gg2EdwkkCxhdjKbDJnHMjOrhCWVH2CrtZWd2PoBfoL4Bf6Gk0dhEg9cOJxzL/feE8aMauO6305maXlldS27ntvY3Nreye/u1bRMFCY+lkyqRog0YVQQ31DDSCNWBPGQkXrYvxz59TuiNJXi1gxiEnDUFTSiGBkr+dflkuu28wW36I4BF4k3JYXzz1w5fvnKVdv5n1ZH4oQTYTBDWjc9NzZBipShmJFhrpVoEiPcR13StFQgTnSQjo8dwiOrdGAklS1h4Fj9O5EirvWAh7aTI9PT895I/M9rJiY6C1Iq4sQQgSeLooRBI+Hoc9ihimDDBpYgrKi9FeIeUggbm8/MFp4wQ5W8H9pkvPkcFkmtVPROiqUbr1C5ABNkwQE4BMfAA6egAq5AFfgAAwoewRN4dh6cV+fNeZ+0ZpzpzD6YgfPxC0IwmnY=</latexit>
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Predictive Results
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v LogP vs. MolWt chemical space

Physics-Constrained Predictive Molecular Latent Space Discovery with Graph Scattering VAE

K = 50
<latexit sha1_base64="Lso6wQyk1Bal5pMJJ0zVnmxRgWo=">AAACAHicbVC7SgNBFJ31GddX1NJmMAhWYTci2gSDNoJNBPOAZAmzk9lkyDyWmVklhDR+gK32NnZi6w/4CeIX+BvOJilM4oELh3Pu5d57wphRbTzv21lYXFpeWc2suesbm1vb2Z3dqpaJwqSCJZOqHiJNGBWkYqhhpB4rgnjISC3sXaZ+7Y4oTaW4Nf2YBBx1BI0oRiaVrosnXiub8/LeCHCe+BOSO/90i/HLl1tuZX+abYkTToTBDGnd8L3YBAOkDMWMDN1mokmMcA91SMNSgTjRwWB06xAeWqUNI6lsCQNH6t+JAeJa93loOzkyXT3rpeJ/XiMx0VkwoCJODBF4vChKGDQSpo/DNlUEG9a3BGFF7a0Qd5FC2Nh4prbwhBmq5P3QJuPP5jBPqoW8f5wv3Pi50gUYIwP2wQE4Aj44BSVwBcqgAjDogkfwBJ6dB+fVeXPex60LzmRmD0zB+fgF1FaaPw==</latexit>

K = 500
<latexit sha1_base64="GicWPkEarIxEkYdogWu074Digkc=">AAACAXicbVC7SgNBFJ31GddX1NJmMAhWYTci2gSDNoJNBDcJJEuYncwmQ+axzMwqIaTyA2y1trITWz/ATxC/wN9w8ihM4oELh3Pu5d57ooRRbTzv21lYXFpeWc2suesbm1vb2Z3dipapwiTAkklVi5AmjAoSGGoYqSWKIB4xUo26l0O/ekeUplLcml5CQo7agsYUI2Ol4Lp44nnNbM7LeyPAeeJPSO780y0mL19uuZn9abQkTjkRBjOkdd33EhP2kTIUMzJwG6kmCcJd1CZ1SwXiRIf90bEDeGiVFoylsiUMHKl/J/qIa93jke3kyHT0rDcU//PqqYnPwj4VSWqIwONFccqgkXD4OWxRRbBhPUsQVtTeCnEHKYSNzWdqC0+ZoUreD2wy/mwO86RSyPvH+cKNnytdgDEyYB8cgCPgg1NQAlegDAKAAQWP4Ak8Ow/Oq/PmvI9bF5zJzB6YgvPxC0cBmnk=</latexit>

Complete Dataset

⇠ 134k molecules
<latexit sha1_base64="kmufG77468t5QKKFw2/f0Sa/r+Q="></latexit>
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Conditional Design

v One of the popular applications of generative models, is to design 
molecules with desired properties.

v In a conditional generative task, we simultaneously train the model on 
the molecules and their corresponding properties.

v New molecules are generated by sampling from                             
and       .

v Given a target value 𝑦&, we sample the rest of the property values 
from                    .

Physics-Constrained Predictive Molecular Latent Space Discovery with Graph Scattering VAE

q�(z|G,y) = N(z;µ�(G,y),S�(G,y))
<latexit sha1_base64="JVFFtlVVImW9Xkn8Vj61HVhHxkE="></latexit>

p✓(G|z,y) = p✓(W ,f |z,y) = p✓(f |z,W ,y)p✓(W |z,y)
<latexit sha1_base64="bgqjN0D+QRVPuE7s0A9xTJ6vJC0="></latexit>

p(z)
<latexit sha1_base64="KRQv6Jy56zSEXnA+HrLkT3ie/5Q="></latexit>

p(y) = N(y;µy,Sy)
<latexit sha1_base64="sRhRm9xul85i6ZPLXX/bPZI+LZo="></latexit>

p(yl,l 6=i|yi)
<latexit sha1_base64="uqV9VDreaBiifKj1/tiSks70qzU="></latexit>
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Conditional Design

Physics-Constrained Predictive Molecular Latent Space Discovery with Graph Scattering VAE

v Target 1: LogP, 𝑦' = −1 (blue), 𝑦' = 2 (red).

v Target 2: PSA, 𝑦( = 40 (blue), 𝑦( = 60 (red).

K = 50
<latexit sha1_base64="Lso6wQyk1Bal5pMJJ0zVnmxRgWo=">AAACAHicbVC7SgNBFJ31GddX1NJmMAhWYTci2gSDNoJNBPOAZAmzk9lkyDyWmVklhDR+gK32NnZi6w/4CeIX+BvOJilM4oELh3Pu5d57wphRbTzv21lYXFpeWc2suesbm1vb2Z3dqpaJwqSCJZOqHiJNGBWkYqhhpB4rgnjISC3sXaZ+7Y4oTaW4Nf2YBBx1BI0oRiaVrosnXiub8/LeCHCe+BOSO/90i/HLl1tuZX+abYkTToTBDGnd8L3YBAOkDMWMDN1mokmMcA91SMNSgTjRwWB06xAeWqUNI6lsCQNH6t+JAeJa93loOzkyXT3rpeJ/XiMx0VkwoCJODBF4vChKGDQSpo/DNlUEG9a3BGFF7a0Qd5FC2Nh4prbwhBmq5P3QJuPP5jBPqoW8f5wv3Pi50gUYIwP2wQE4Aj44BSVwBcqgAjDogkfwBJ6dB+fVeXPex60LzmRmD0zB+fgF1FaaPw==</latexit>

K = 500
<latexit sha1_base64="GicWPkEarIxEkYdogWu074Digkc=">AAACAXicbVC7SgNBFJ31GddX1NJmMAhWYTci2gSDNoJNBDcJJEuYncwmQ+axzMwqIaTyA2y1trITWz/ATxC/wN9w8ihM4oELh3Pu5d57ooRRbTzv21lYXFpeWc2suesbm1vb2Z3dipapwiTAkklVi5AmjAoSGGoYqSWKIB4xUo26l0O/ekeUplLcml5CQo7agsYUI2Ol4Lp44nnNbM7LeyPAeeJPSO780y0mL19uuZn9abQkTjkRBjOkdd33EhP2kTIUMzJwG6kmCcJd1CZ1SwXiRIf90bEDeGiVFoylsiUMHKl/J/qIa93jke3kyHT0rDcU//PqqYnPwj4VSWqIwONFccqgkXD4OWxRRbBhPUsQVtTeCnEHKYSNzWdqC0+ZoUreD2wy/mwO86RSyPvH+cKNnytdgDEyYB8cgCPgg1NQAlegDAKAAQWP4Ak8Ow/Oq/PmvI9bF5zJzB6YgvPxC0cBmnk=</latexit>

K = 200
<latexit sha1_base64="cSEG0WZUhs8jw/ouVr3Pab4Tmi8=">AAACAXicbVC7SgNBFJ2NrxhfUUubwSBYhd1YaBMM2gg2EdwkkCxhdjKbDJnHMjOrhCWVH2CrtZWd2PoBfoL4Bf6Gk0dhEg9cOJxzL/feE8aMauO6305maXlldS27ntvY3Nreye/u1bRMFCY+lkyqRog0YVQQ31DDSCNWBPGQkXrYvxz59TuiNJXi1gxiEnDUFTSiGBkr+dflkuu28wW36I4BF4k3JYXzz1w5fvnKVdv5n1ZH4oQTYTBDWjc9NzZBipShmJFhrpVoEiPcR13StFQgTnSQjo8dwiOrdGAklS1h4Fj9O5EirvWAh7aTI9PT895I/M9rJiY6C1Iq4sQQgSeLooRBI+Hoc9ihimDDBpYgrKi9FeIeUggbm8/MFp4wQ5W8H9pkvPkcFkmtVPROiqUbr1C5ABNkwQE4BMfAA6egAq5AFfgAAwoewRN4dh6cV+fNeZ+0ZpzpzD6YgfPxC0IwmnY=</latexit>

K = 50
<latexit sha1_base64="Lso6wQyk1Bal5pMJJ0zVnmxRgWo=">AAACAHicbVC7SgNBFJ31GddX1NJmMAhWYTci2gSDNoJNBPOAZAmzk9lkyDyWmVklhDR+gK32NnZi6w/4CeIX+BvOJilM4oELh3Pu5d57wphRbTzv21lYXFpeWc2suesbm1vb2Z3dqpaJwqSCJZOqHiJNGBWkYqhhpB4rgnjISC3sXaZ+7Y4oTaW4Nf2YBBx1BI0oRiaVrosnXiub8/LeCHCe+BOSO/90i/HLl1tuZX+abYkTToTBDGnd8L3YBAOkDMWMDN1mokmMcA91SMNSgTjRwWB06xAeWqUNI6lsCQNH6t+JAeJa93loOzkyXT3rpeJ/XiMx0VkwoCJODBF4vChKGDQSpo/DNlUEG9a3BGFF7a0Qd5FC2Nh4prbwhBmq5P3QJuPP5jBPqoW8f5wv3Pi50gUYIwP2wQE4Aj44BSVwBcqgAjDogkfwBJ6dB+fVeXPex60LzmRmD0zB+fgF1FaaPw==</latexit>

K = 500
<latexit sha1_base64="GicWPkEarIxEkYdogWu074Digkc=">AAACAXicbVC7SgNBFJ31GddX1NJmMAhWYTci2gSDNoJNBDcJJEuYncwmQ+axzMwqIaTyA2y1trITWz/ATxC/wN9w8ihM4oELh3Pu5d57ooRRbTzv21lYXFpeWc2suesbm1vb2Z3dipapwiTAkklVi5AmjAoSGGoYqSWKIB4xUo26l0O/ekeUplLcml5CQo7agsYUI2Ol4Lp44nnNbM7LeyPAeeJPSO780y0mL19uuZn9abQkTjkRBjOkdd33EhP2kTIUMzJwG6kmCcJd1CZ1SwXiRIf90bEDeGiVFoylsiUMHKl/J/qIa93jke3kyHT0rDcU//PqqYnPwj4VSWqIwONFccqgkXD4OWxRRbBhPUsQVtTeCnEHKYSNzWdqC0+ZoUreD2wy/mwO86RSyPvH+cKNnytdgDEyYB8cgCPgg1NQAlegDAKAAQWP4Ak8Ow/Oq/PmvI9bF5zJzB6YgvPxC0cBmnk=</latexit>

K = 200
<latexit sha1_base64="cSEG0WZUhs8jw/ouVr3Pab4Tmi8=">AAACAXicbVC7SgNBFJ2NrxhfUUubwSBYhd1YaBMM2gg2EdwkkCxhdjKbDJnHMjOrhCWVH2CrtZWd2PoBfoL4Bf6Gk0dhEg9cOJxzL/feE8aMauO6305maXlldS27ntvY3Nreye/u1bRMFCY+lkyqRog0YVQQ31DDSCNWBPGQkXrYvxz59TuiNJXi1gxiEnDUFTSiGBkr+dflkuu28wW36I4BF4k3JYXzz1w5fvnKVdv5n1ZH4oQTYTBDWjc9NzZBipShmJFhrpVoEiPcR13StFQgTnSQjo8dwiOrdGAklS1h4Fj9O5EirvWAh7aTI9PT895I/M9rJiY6C1Iq4sQQgSeLooRBI+Hoc9ihimDDBpYgrKi9FeIeUggbm8/MFp4wQ5W8H9pkvPkcFkmtVPROiqUbr1C5ABNkwQE4BMfAA6egAq5AFfgAAwoewRN4dh6cV+fNeZ+0ZpzpzD6YgfPxC0IwmnY=</latexit>
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Thanks!

Physics-Constrained Predictive Molecular Latent Space Discovery with Graph Scattering VAE
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L = D �W
<latexit sha1_base64="r1APEj1xjIstLzzaxygV8CTbD7g=">AAAB7nicbVA9SwNBEJ3zM8avqKXNYhBsDHdR0EYIamFhEcHkAskR9jZ7yZLdvWN3TwhHfoSNhSK2/h47/42b5ApNfDDweG+GmXlhwpk2rvvtLC2vrK6tFzaKm1vbO7ulvf2mjlNFaIPEPFatEGvKmaQNwwynrURRLEJO/XB4M/H9J6o0i+WjGSU0ELgvWcQINlby79EVuj31u6WyW3GnQIvEy0kZctS7pa9OLyapoNIQjrVue25iggwrwwin42In1TTBZIj7tG2pxILqIJueO0bHVumhKFa2pEFT9fdEhoXWIxHaToHNQM97E/E/r52a6DLImExSQyWZLYpSjkyMJr+jHlOUGD6yBBPF7K2IDLDCxNiEijYEb/7lRdKsVryzSvXhvFy7zuMowCEcwQl4cAE1uIM6NIDAEJ7hFd6cxHlx3p2PWeuSk88cwB84nz9zf45V</latexit>

Laplacian
Diagonal degree

matrix

Weight matrix

v In a weighted graph, in addition, a number (weight) is assigned to 
each edge, which shows the relation of the nodes depending on the 
given problem.

1
<latexit sha1_base64="TtIgPQprnJE4HSS++PuM3etxya8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlptcvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukXat6F9Va87JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPe+uMuQ==</latexit>

2
<latexit sha1_base64="jk/1fpohXujb3eq/tOFNvjxoFrw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZq1frrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqq15mWlfpPHUYQTOIVz8OAK6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8ffW+Mug==</latexit>

4
<latexit sha1_base64="WqJ6Lk3Ioj0kJGz21f+UCQW7454=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaRRI9ELx4hkUcCGzI79MLI7OxmZtaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfju7nffkKleSwfzCRBP6JDyUPOqLFSo9ovltyyuwBZJ15GSpCh3i9+9QYxSyOUhgmqdddzE+NPqTKcCZwVeqnGhLIxHWLXUkkj1P50ceiMXFhlQMJY2ZKGLNTfE1MaaT2JAtsZUTPSq95c/M/rpia88adcJqlByZaLwlQQE5P512TAFTIjJpZQpri9lbARVZQZm03BhuCtvrxOWpWyd1WuNKql2m0WRx7O4BwuwYNrqME91KEJDBCe4RXenEfnxXl3PpatOSebOYU/cD5/AIB3jLw=</latexit>

3
<latexit sha1_base64="LNUgVcgcWmrkAqMqFwJgrNe8JZM=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHbBRI9ELx4hkUcCGzI79MLI7OxmZtaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfju7nffkKleSwfzCRBP6JDyUPOqLFSo9ovltyyuwBZJ15GSpCh3i9+9QYxSyOUhgmqdddzE+NPqTKcCZwVeqnGhLIxHWLXUkkj1P50ceiMXFhlQMJY2ZKGLNTfE1MaaT2JAtsZUTPSq95c/M/rpia88adcJqlByZaLwlQQE5P512TAFTIjJpZQpri9lbARVZQZm03BhuCtvrxOWpWyVy1XGlel2m0WRx7O4BwuwYNrqME91KEJDBCe4RXenEfnxXl3PpatOSebOYU/cD5/AH7zjLs=</latexit>

4
<latexit sha1_base64="WqJ6Lk3Ioj0kJGz21f+UCQW7454=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaRRI9ELx4hkUcCGzI79MLI7OxmZtaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfju7nffkKleSwfzCRBP6JDyUPOqLFSo9ovltyyuwBZJ15GSpCh3i9+9QYxSyOUhgmqdddzE+NPqTKcCZwVeqnGhLIxHWLXUkkj1P50ceiMXFhlQMJY2ZKGLNTfE1MaaT2JAtsZUTPSq95c/M/rpia88adcJqlByZaLwlQQE5P512TAFTIjJpZQpri9lbARVZQZm03BhuCtvrxOWpWyd1WuNKql2m0WRx7O4BwuwYNrqME91KEJDBCe4RXenEfnxXl3PpatOSebOYU/cD5/AIB3jLw=</latexit>

1
<latexit sha1_base64="TtIgPQprnJE4HSS++PuM3etxya8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlptcvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukXat6F9Va87JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPe+uMuQ==</latexit>

5
<latexit sha1_base64="AhcfTCM0SoNzrW5wWWD2fdOk/P0=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHZRo0eiF4+QyCOBDZkdemFkdnYzM2tCCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3cxvPaHSPJYPZpygH9GB5CFn1FipftUrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa88SdcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmpWyd1Gu1C9L1dssjjycwCmcgwfXUIV7qEEDGCA8wyu8OY/Oi/PufCxac042cwx/4Hz+AIH7jL0=</latexit>

W =
<latexit sha1_base64="rz5plZxxl+jNaBld/sFtfHZBA7U=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9CIUvXisYj+gDWWznbRLN5uwuxFK6D/w4kERr/4jb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWMbqd+6wmV5rF8NOME/YgOJA85o8ZKD63rXqnsVtwZyDLxclKGHPVe6avbj1kaoTRMUK07npsYP6PKcCZwUuymGhPKRnSAHUsljVD72ezSCTm1Sp+EsbIlDZmpvycyGmk9jgLbGVEz1IveVPzP66QmvPIzLpPUoGTzRWEqiInJ9G3S5wqZEWNLKFPc3krYkCrKjA2naEPwFl9eJs1qxTuvVO8vyrWbPI4CHMMJnIEHl1CDO6hDAxiE8Ayv8OaMnBfn3fmYt644+cwR/IHz+QM3QY0m</latexit>

Wi,j 2 R+
<latexit sha1_base64="o7hk5GWcIbYVF1+3z/zlBoTM4K4=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARBKUkVdBl0Y3LKvYBTQyT6aQdO5mEmYlQQtz4K25cKOLWv3Dn3zhps9DqgQuHc+7l3nv8mFGpLOvLKM3NLywulZcrK6tr6xvm5lZbRonApIUjFomujyRhlJOWooqRbiwICn1GOv7oIvc790RIGvEbNY6JG6IBpwHFSGnJM3c6XkqP7jKHcidEauj76XV2mx5mnlm1atYE8C+xC1IFBZqe+en0I5yEhCvMkJQ924qVmyKhKGYkqziJJDHCIzQgPU05Col008kHGdzXSh8GkdDFFZyoPydSFEo5Dn3dmV8pZ71c/M/rJSo4c1PK40QRjqeLgoRBFcE8DtingmDFxpogLKi+FeIhEggrHVpFh2DPvvyXtOs1+7hWvzqpNs6LOMpgF+yBA2CDU9AAl6AJWgCDB/AEXsCr8Wg8G2/G+7S1ZBQz2+AXjI9vvw2XFA==</latexit>

G = (V,E,W )
<latexit sha1_base64="EGg1xuhej0BSAVmOCjFLGB6+6n4=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBahQilJFfQiFEX0WMF+QBrKZrtpl242YXcilNCf4cWDIl79Nd78N27bHLT1wcDjvRlm5vmx4Bps+9vKrayurW/kNwtb2zu7e8X9g5aOEkVZk0YiUh2faCa4ZE3gIFgnVoyEvmBtf3Qz9dtPTGkeyUcYx8wLyUDygFMCRnLvrsqtCr6t4PZpr1iyq/YMeJk4GSmhDI1e8avbj2gSMglUEK1dx47BS4kCTgWbFLqJZjGhIzJgrqGShEx76ezkCT4xSh8HkTIlAc/U3xMpCbUeh77pDAkM9aI3Ff/z3ASCSy/lMk6ASTpfFCQCQ4Sn/+M+V4yCGBtCqOLmVkyHRBEKJqWCCcFZfHmZtGpV56xaezgv1a+zOPLoCB2jMnLQBaqje9RATURRhJ7RK3qzwHqx3q2PeWvOymYO0R9Ynz9HjI9L</latexit>

d(i) =
X

j2N (i,1)

Wi,j

<latexit sha1_base64="f1H3EY8ezPcia7u36y/u6nPw4FQ=">AAACEHicbVBNS8NAEN3Ur1q/oh69BIvYQilJFfQiFL14kgq2FZoQNpttu+1mE3Y3Qgn5CV78K148KOLVozf/jZs2B219MPB4b4aZeV5EiZCm+a0VlpZXVteK66WNza3tHX13ryPCmCPcRiEN+b0HBaaE4bYkkuL7iGMYeBR3vfFV5ncfMBckZHdyEmEngANG+gRBqSRXP/YrpHphizhwk5FNmB1AOUSQJjdphdSsatp1E1Ibpa5eNuvmFMYisXJSBjlarv5l+yGKA8wkolCInmVG0kkglwRRnJbsWOAIojEc4J6iDAZYOMn0odQ4Uopv9EOuikljqv6eSGAgxCTwVGd2r5j3MvE/rxfL/rmTEBbFEjM0W9SPqSFDI0vH8AnHSNKJIhBxom410BByiKTKsKRCsOZfXiSdRt06qTduT8vNyzyOIjgAh6ACLHAGmuAatEAbIPAInsEreNOetBftXfuYtRa0fGYf/IH2+QPUf5x1</latexit>
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v Fourier transform on graphs is defined as as an expansion in the 
Laplacian eigenvector basis

Spectral Graph Filters

Physics-Constrained Predictive Molecular Latent Space Discovery with Graph Scattering VAE

L�` = �`�`
<latexit sha1_base64="CrdIgw84KMHammvqvuREQscNPXk=">AAACGXicbVC7TsMwFHXKq5RXgJHFokJiqpKCBAtSBQsDQ5HoQ2qiyHGc1qrjRLaDVEX5DRZ+hYUBhBhh4m9w2gyl5UiWjs+599r3+AmjUlnWj1FZWV1b36hu1ra2d3b3zP2DroxTgUkHxywWfR9JwignHUUVI/1EEBT5jPT88U3h9x6JkDTmD2qSEDdCQ05DipHSkmdaToTUCCOW3eUOHlEvcwhj+ZXD9IwAldc5xzPrVsOaAi4TuyR1UKLtmV9OEOM0IlxhhqQc2Fai3AwJRTEjec1JJUkQHqMhGWjKUUSkm003y+GJVgIYxkIfruBUne/IUCTlJPJ1ZbGHXPQK8T9vkKrw0s0oT1JFOJ49FKYMqhgWMcGACoIVm2iCsKD6rxCPkEBY6TBrOgR7ceVl0m027LNG8/683rou46iCI3AMToENLkAL3II26AAMnsALeAPvxrPxanwYn7PSilH2HII/ML5/AaXVofM=</latexit>

r2f = �k2f
<latexit sha1_base64="TD2l2soxJ0WHRQd0RCVLOclyHxs=">AAACFXicbZDLSgMxFIYz9VbrbVRcuQkWwY1lpgq6EYpuXFawF2hrOZNm2tBMMiQZoQx9Dtdu9RnciVvXPoJvYabtQlt/CHz85xzOyR/EnGnjeV9Obml5ZXUtv17Y2Nza3nF39+paJorQGpFcqmYAmnImaM0ww2kzVhSigNNGMLzJ6o1HqjST4t6MYtqJoC9YyAgYa3Xdg7aAgMNDGYf4Cp/iIc6w6xa9kjcRXgR/BkU0U7Xrfrd7kiQRFYZw0Lrle7HppKAMI5yOC+1E0xjIEPq0ZVFARHUnnZw/xsfW6eFQKvuEwRP390QKkdajKLCdEZiBnq9l5r+1zDFScj13gAkvOykTcWKoINP9YcKxkTiLCPeYosTwkQUgitkvYDIABcTYIAs2G38+iUWol0v+Wal8d16sXM9SyqNDdIROkI8uUAXdoiqqIYJS9Ixe0Kvz5Lw5787HtDXnzGb20R85nz+v3J04</latexit>

f̂(⇠) := hf, e2⇡i⇠ti =
Z

R
f(t)e�2⇡it⇠dt

<latexit sha1_base64="PdljEYD8hjX80AnxBvbfeAgC9KY="></latexit>

Euclidean
Domain

Graph
Domain

f̂(�`) := hf,�`i
<latexit sha1_base64="WmqkVur37eZlBQOeuamtRWgOI4g="></latexit>

�
<latexit sha1_base64="/cFMvLkH2d3Fp8rJ768w0iMbVcY=">AAACGXicbVC7TsMwFHV4lvAKMHaJqJCYqqQMsCAqWBiLRB9SE1WO47RWHTuyHaCKOvAdjAys8AlMIFYGxBfwG7hpB9pypCsdnfs6OkFCiVSO820sLC4tr6wW1sz1jc2tbWtntyF5KhCuI065aAVQYkoYriuiKG4lAsM4oLgZ9C9G/eYNFpJwdq0GCfZj2GUkIggqLXWsopffyAQOh54g3Z6+ECkoBL+VHavklJ0c9jxxJ6R09maeJo9fZq1j/XghR2mMmUIUStl2nUT5GRSKIIqHppdKnEDUh13c1pTBGEs/yw0M7QOthHbEhS6m7Fz9u5HBWMpBHOjJGKqenO2NxP967VRFJ35GWJIqzND4UZRSW3F7lIgdEoGRogNNIBJEe7VRDwqIlM5t6svd2Kpp6mTc2RzmSaNSdo/KlSunVD0HYxRAEeyDQ+CCY1AFl6AG6gCBe/AEnsGL8WC8Gu/Gx3h0wZjs7IEpGJ+/mMmlAQ==</latexit>

F
<latexit sha1_base64="LBKfsZCd724R6vuqP6BGBpj4XvQ=">AAACB3icbVDLSgMxFM34rOOr6tJNsAiuykxd6EYsCuKygn3AdCiZNNOGZpIhyYhl6Af4AW514Qe4E7eu/ATxC/wNM50ubOuBwOGce7knJ4gZVdpxvq2FxaXlldXCmr2+sbm1XdzZbSiRSEzqWDAhWwFShFFO6ppqRlqxJCgKGGkGg8vMb94Rqajgt3oYEz9CPU5DipE2kteOkO5jxNKrUadYcsrOGHCeuBNSOv+0z+KXL7vWKf60uwInEeEaM6SU5zqx9lMkNcWMjOx2okiM8AD1iGcoRxFRfjqOPIKHRunCUEjzuIZj9e9GiiKlhlFgJrOIatbLxP88L9HhqZ9SHieacJwfChMGtYDZ/2GXSoI1GxqCsKQmK8R9JBHWpqWpK/d5VNs2zbizPcyTRqXsHpcrN06pegFyFMA+OABHwAUnoAquQQ3UAQYCPIIn8Gw9WK/Wm/Wejy5Yk509MAXr4xcjGJ0z</latexit>

F�1
<latexit sha1_base64="jBH5Ga6DWom70WNBLyzMYjoGHag=">AAACDnicbVDLSsNAFJ3UV42vqEs3g0VwY0nqQjdiURCXFewD2lgm00k7dDIJM5NiCf0HP8Cd6Ce4E5f6B+IX+BtOmi5s64ELh3Pu5R6OFzEqlW1/G7mFxaXllfyquba+sbllbe/UZBgLTKo4ZKFoeEgSRjmpKqoYaUSCoMBjpO71L1O/PiBC0pDfqmFE3AB1OfUpRkpLbctqBUj1MGLJ1eguOXJGbatgF+0x4DxxJqRw/mGeRU9fZqVt/bQ6IY4DwhVmSMqmY0fKTZBQFDMyMluxJBHCfdQlTU05Coh0k3HyETzQSgf6odDDFRyrfy8SFEg5DDy9meaUs14q/uc1Y+WfugnlUawIx9kjP2ZQhTCtAXaoIFixoSYIC6qzQtxDAmGly5r6cp9FNU3djDPbwzyplYrOcbF0YxfKFyBDHuyBfXAIHHACyuAaVEAVYDAAj+AZvBgPxqvxZrxnqzljcrMLpmB8/gIpVJ9K</latexit>

Time
Domain

Frequency
Domain

i
<latexit sha1_base64="IX1V0tsMMv4ZASyIV1QcJ+9hBn0=">AAAB/3icbVDLSgNBEJz1GeMr6tHLYBA8hd0o6DHoxWMC5gHJEmYnvcmQ2Z1lplcISw6eveo3eBOvfoqf4F84SfagiQUNRVU33V1BIoVB1/1y1tY3Nre2CzvF3b39g8PS0XHLqFRzaHIlle4EzIAUMTRRoIROooFFgYR2ML6b+e1H0Eao+AEnCfgRG8YiFJyhlRqiXyq7FXcOukq8nJRJjnq/9N0bKJ5GECOXzJiu5yboZ0yj4BKmxV5qIGF8zIbQtTRmERg/mx86pedWGdBQaVsx0rn6eyJjkTGTKLCdEcORWfZm4r/eTEGlpFk6AMMbPxNxkiLEfLE/TCVFRWdh0IHQwFFOLGFcC/sC5SOmGUcbWdFm4y0nsUpa1Yp3Wak2rsq12zylAjklZ+SCeOSa1Mg9qZMm4QTIM3khr86T8+a8Ox+L1jUnnzkhf+B8/gBPkJbN</latexit>

�`
<latexit sha1_base64="4Bi/UQEyOhCi015mddXlWAq+y9Q=">AAACDHicbVDLSgMxFM34rPVVdekmWARXZaYKuiy6cVnBPqAdSyZzpw3NJEOSEcrQX3DtVr/Bnbj1H/wE/8JMOwttPRA4nHMu9+YECWfauO6Xs7K6tr6xWdoqb+/s7u1XDg7bWqaKQotKLlU3IBo4E9AyzHDoJgpIHHDoBOOb3O88gtJMinszScCPyVCwiFFirPTQ5zYakkHWB86ng0rVrbkz4GXiFaSKCjQHle9+KGkagzCUE617npsYPyPKMMphWu6nGhJCx2QIPUsFiUH72ezqKT61SogjqewTBs/U3xMZibWexIFNxsSM9KKXi/96uWKk5HrhABNd+RkTSWpA0Pn+KOXYSJw3g0OmgBo+sYRQxewXMB0RRaix/ZVtN95iE8ukXa9557X63UW1cV20VELH6ASdIQ9doga6RU3UQhQp9Ixe0Kvz5Lw5787HPLriFDNH6A+czx/Jk5yT</latexit>�

<latexit sha1_base64="/cFMvLkH2d3Fp8rJ768w0iMbVcY=">AAACGXicbVC7TsMwFHV4lvAKMHaJqJCYqqQMsCAqWBiLRB9SE1WO47RWHTuyHaCKOvAdjAys8AlMIFYGxBfwG7hpB9pypCsdnfs6OkFCiVSO820sLC4tr6wW1sz1jc2tbWtntyF5KhCuI065aAVQYkoYriuiKG4lAsM4oLgZ9C9G/eYNFpJwdq0GCfZj2GUkIggqLXWsopffyAQOh54g3Z6+ECkoBL+VHavklJ0c9jxxJ6R09maeJo9fZq1j/XghR2mMmUIUStl2nUT5GRSKIIqHppdKnEDUh13c1pTBGEs/yw0M7QOthHbEhS6m7Fz9u5HBWMpBHOjJGKqenO2NxP967VRFJ35GWJIqzND4UZRSW3F7lIgdEoGRogNNIBJEe7VRDwqIlM5t6svd2Kpp6mTc2RzmSaNSdo/KlSunVD0HYxRAEeyDQ+CCY1AFl6AG6gCBe/AEnsGL8WC8Gu/Gx3h0wZjs7IEpGJ+/mMmlAQ==</latexit>

F
<latexit sha1_base64="LBKfsZCd724R6vuqP6BGBpj4XvQ=">AAACB3icbVDLSgMxFM34rOOr6tJNsAiuykxd6EYsCuKygn3AdCiZNNOGZpIhyYhl6Af4AW514Qe4E7eu/ATxC/wNM50ubOuBwOGce7knJ4gZVdpxvq2FxaXlldXCmr2+sbm1XdzZbSiRSEzqWDAhWwFShFFO6ppqRlqxJCgKGGkGg8vMb94Rqajgt3oYEz9CPU5DipE2kteOkO5jxNKrUadYcsrOGHCeuBNSOv+0z+KXL7vWKf60uwInEeEaM6SU5zqx9lMkNcWMjOx2okiM8AD1iGcoRxFRfjqOPIKHRunCUEjzuIZj9e9GiiKlhlFgJrOIatbLxP88L9HhqZ9SHieacJwfChMGtYDZ/2GXSoI1GxqCsKQmK8R9JBHWpqWpK/d5VNs2zbizPcyTRqXsHpcrN06pegFyFMA+OABHwAUnoAquQQ3UAQYCPIIn8Gw9WK/Wm/Wejy5Yk509MAXr4xcjGJ0z</latexit>

F�1
<latexit sha1_base64="jBH5Ga6DWom70WNBLyzMYjoGHag=">AAACDnicbVDLSsNAFJ3UV42vqEs3g0VwY0nqQjdiURCXFewD2lgm00k7dDIJM5NiCf0HP8Cd6Ce4E5f6B+IX+BtOmi5s64ELh3Pu5R6OFzEqlW1/G7mFxaXllfyquba+sbllbe/UZBgLTKo4ZKFoeEgSRjmpKqoYaUSCoMBjpO71L1O/PiBC0pDfqmFE3AB1OfUpRkpLbctqBUj1MGLJ1eguOXJGbatgF+0x4DxxJqRw/mGeRU9fZqVt/bQ6IY4DwhVmSMqmY0fKTZBQFDMyMluxJBHCfdQlTU05Coh0k3HyETzQSgf6odDDFRyrfy8SFEg5DDy9meaUs14q/uc1Y+WfugnlUawIx9kjP2ZQhTCtAXaoIFixoSYIC6qzQtxDAmGly5r6cp9FNU3djDPbwzyplYrOcbF0YxfKFyBDHuyBfXAIHHACyuAaVEAVYDAAj+AZvBgPxqvxZrxnqzljcrMLpmB8/gIpVJ9K</latexit>

Vertex
Domain

Spectral
Domain

⇠
<latexit sha1_base64="EDofjMRIGavBzgaN3UySY2ciWGQ=">AAACAXicbVDLSgNBEOyNrxhfUY9eBoPgKexGQY9BLx4jmgckS5idzCZDZmeWmVkxLDl59qrf4E28+iV+gn/hbLIHTSxoKKq66e4KYs60cd0vp7Cyura+UdwsbW3v7O6V9w9aWiaK0CaRXKpOgDXlTNCmYYbTTqwojgJO28H4OvPbD1RpJsW9mcTUj/BQsJARbKx013tk/XLFrbozoGXi5aQCORr98ndvIEkSUWEIx1p3PTc2foqVYYTTaamXaBpjMsZD2rVU4IhqP52dOkUnVhmgUCpbwqCZ+nsixZHWkyiwnRE2I73oZeK/XqYYKbleOMCEl37KRJwYKsh8f5hwZCTK4kADpigxfGIJJorZFxAZYYWJsaGVbDbeYhLLpFWremfV2u15pX6Vp1SEIziGU/DgAupwAw1oAoEhPMMLvDpPzpvz7nzMWwtOPnMIf+B8/gDvI5e1</latexit>

t
<latexit sha1_base64="70f6g1ZA0JmPOzyfSFWJDqI3xUY=">AAAB/3icbVDLSgNBEJz1GeMr6tHLYBA8hd0o6DHoxWMC5gHJEmYnvcmQ2Z1lplcISw6eveo3eBOvfoqf4F84SfagiQUNRVU33V1BIoVB1/1y1tY3Nre2CzvF3b39g8PS0XHLqFRzaHIlle4EzIAUMTRRoIROooFFgYR2ML6b+e1H0Eao+AEnCfgRG8YiFJyhlRrYL5XdijsHXSVeTsokR71f+u4NFE8jiJFLZkzXcxP0M6ZRcAnTYi81kDA+ZkPoWhqzCIyfzQ+d0nOrDGiotK0Y6Vz9PZGxyJhJFNjOiOHILHsz8V9vpqBS0iwdgOGNn4k4SRFivtgfppKiorMw6EBo4CgnljCuhX2B8hHTjKONrGiz8ZaTWCWtasW7rFQbV+XabZ5SgZySM3JBPHJNauSe1EmTcALkmbyQV+fJeXPenY9F65qTz5yQP3A+fwBhOZbY</latexit>

✤ Hammond, David K., Pierre Vandergheynst, and Rémi Gribonval. "Wavelets on graphs via spectral graph theory." Applied and Computa/onal Harmonic Analysis 30, no. 2 (2011): 129-150.
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Spectral Graph Filters

v Spectrum of each graph consists of eigenvalues of its Laplacian.

v We form spectrum adapted kernels✤ to increases the discriminatory 
power of the encoding network 

v Filters are adapted based on cumulative spectral density function

Physics-Constrained Predictive Molecular Latent Space Discovery with Graph Scattering VAE

✤ Shuman, David I., Christoph Wiesmeyr, Nicki Holighaus, and Pierre Vandergheynst. "Spectrum-adapted tight graph wavelet and vertex-frequency frames." IEEE Transactions on Signal 
Processing 63, no. 16 (2015): 4223-4235.

�̃
<latexit sha1_base64="WrYkfcy34Z7EbUgrxyI0Bt4ixlQ="></latexit>

�̃
<latexit sha1_base64="WrYkfcy34Z7EbUgrxyI0Bt4ixlQ="></latexit>�̃

<latexit sha1_base64="WrYkfcy34Z7EbUgrxyI0Bt4ixlQ="></latexit>

F
re
q
u
en

cy
<latexit sha1_base64="B4ylC/ggQ15bhnGqlyaazOnoRTs="></latexit>

p(
�̃
)

<latexit sha1_base64="FlQiCUQQK9GUt6m9l8QzIL3Z2ks="></latexit>

ĝ(
�̃
)

<latexit sha1_base64="dxFbHxwJm3I4EjITqzpYeuimuyE="></latexit>

L = �⇤�⇤
<latexit sha1_base64="DJ85oeHb+k9G/nV6c3av8NSrFUU="></latexit>

Pl̃ (s) :=
1

NK

K

Â
i=1

N�1

Ầ
=0

1{l̃ (i)
`  s}

<latexit sha1_base64="NqJyzT1fk7+Xi95+uXJng42mGDE="></latexit>

L̃ = ��1/2L��1/2
<latexit sha1_base64="byCpRaky09fFhYnjI9HR6wc3Z9I="></latexit>
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Physical Constraint

v The constrained optimization problem is

v This can be transformed to an unconstrained optimization problem using 
Lagrange multipliers methods

v In the constraint term, marginalization is performed to generalize the 
Lagrangian function for an infinite constraint set.

v The regularization method differs in that rather than solving for 
multipliers, regularization coefficients are changed to get desired result in 
terms of validity of the molecular graphs.

subject to
<latexit sha1_base64="p5DCp79yapkIebheyoA0H8Tq+PM="></latexit>
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VAE objec7ve

Constraints

min
✓,�

�LELBO(✓,�;G ) +
RX

r=1

µr

✓Z
C
(r)
+ (z,✓)2p(z)dz

◆ 1
2

<latexit sha1_base64="5P5ukKYUY/PjX4o5lf3mOMJQsTs="></latexit>

min
✓,�

�LELBO(✓,�;G )
<latexit sha1_base64="IGyT4xoquca+ETzfxWX2b3FV85E="></latexit>

for almost all z ⇠ p(z)
<latexit sha1_base64="3224fHt4ojENDT0l0+iXJW0xpFs="></latexit>

C1(✓, z)  0, . . . ,CR(✓, z)  0
<latexit sha1_base64="S/1WU0b66pnkzmQrPn7nB4gIb28="></latexit>

Z
C+(z, ✓)

2p(z)dz ⇡ 1

L

LX

l=1

C+(z
(l), ✓)2, with z(l) ⇠ p(z)

<latexit sha1_base64="osv43QBGdl467Y4u0ht/Iup4/VY="></latexit>



35

Physical Constraint

v Imposed constraints include:
Ø Connectivity
Ø Valency
v While the above constraints result in valid Lewis structures, not all 

such molecules are feasible. One aspect that is overlooked in the 
literature is that many of these valid combinations would be 
energetically unstable.

Ø 3−member cycles
Ø Cycles with triple bonds

Physics-Constrained Predictive Molecular Latent Space Discovery with Graph Scattering VAE



36

Physical Constraint

Ø Valence
v This regularization term penalizes the network when the sum of the 

orders of the bonds connected to an atom exceeds the valency of 
that atom.

v Since only the positive values of the term ∑)𝑌*,) − 𝑈* are not 
desirable, we define the regularization term as

Probability of edge 𝜺𝒊𝒋
having type k

Capacity of 
bond type k

Valence of 
atom type k

Probability of node 𝒗𝒊
having type k

Expected capacity
of edge 𝜺𝒊𝒋

Expected valency
of node 𝒗𝒊

Um =
X

k

ukf̃m,k

<latexit sha1_base64="guWIAguGkAegNOwORWT5VvoQHmA="></latexit>

Ym,n =
X

k

ykW̃m,n,k

<latexit sha1_base64="F8fCdzh97tWYBtm8CWhuiZzszfc="></latexit>

G (1)
m (✓, z)+ = max

⇣ NX

n=1,n 6=m

Ym,n � Um, 0
⌘

<latexit sha1_base64="Ltyli+oUmaiqShRYPbJKx3Qv7PE="></latexit>
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Physical Constraint

Ai,j = 1� W̃i,j,0
<latexit sha1_base64="/NiLO23wVm2H9vjml+4HkZjLvVs=">AAACBHicbVDLSsNAFJ3UV62vqMtuBovgopakCroRqm5cVrAPaEOYTCbt2MkkzEyEErJw46+4caGIWz/CnX/jNO1CWw9cOJxzL/fe48WMSmVZ30ZhaXllda24XtrY3NreMXf32jJKBCYtHLFIdD0kCaOctBRVjHRjQVDoMdLxRtcTv/NAhKQRv1PjmDghGnAaUIyUllyzfOmmtHqfXdjHfUWZT9JOlitVK3PNilWzcsBFYs9IBczQdM2vvh/hJCRcYYak7NlWrJwUCUUxI1mpn0gSIzxCA9LTlKOQSCfNn8jgoVZ8GERCF1cwV39PpCiUchx6ujNEaijnvYn4n9dLVHDupJTHiSIcTxcFCYMqgpNEoE8FwYqNNUFYUH0rxEMkEFY6t5IOwZ5/eZG06zX7pFa/Pa00rmZxFEEZHIAjYIMz0AA3oAlaAINH8AxewZvxZLwY78bHtLVgzGb2wR8Ynz+CP5de</latexit>

A0 = I, A1 = A, An+1 = �(AnA), n = 1, . . . , N � 2
<latexit sha1_base64="sW+uKqsDogs5VcV/KXqtsXXBDuY="></latexit>

Ø Connectivity
v This regularization term penalizes the network if the output of the 

network is not a single connected graph.
v The 𝑛-th power of an adjacency matrix shows if there is a path of 

length 𝑛 between nodes 𝑣& and 𝑣,.

v For a connected graph, the sum of all powers of matrix up to 𝑁 − 1
should only have non-zero elements.

v This constraint encourages that the output is a single connected graph

C = �(
N�1X

n=0

An)
<latexit sha1_base64="KDHdi8J+RWJfY3pv4NBnQL//uNY=">AAACCHicbVC7SgNBFJ2Nrxhfq5YWDgYhFobdKGgTiKaxkgjmAdkkzE4myZCZ2WVmVgjLljb+io2FIrZ+gp1/4+RRaOKBC4dz7uXee/yQUaUd59tKLS2vrK6l1zMbm1vbO/buXk0FkcSkigMWyIaPFGFUkKqmmpFGKAniPiN1f1ge+/UHIhUNxL0ehaTFUV/QHsVIG6ljH5ZhEXqK9jnKeSrinVgUnaQd3566yVVbnHTsrJN3JoCLxJ2RLJih0rG/vG6AI06Exgwp1XSdULdiJDXFjCQZL1IkRHiI+qRpqECcqFY8eSSBx0bpwl4gTQkNJ+rviRhxpUbcN50c6YGa98bif14z0r3LVkxFGGki8HRRL2JQB3CcCuxSSbBmI0MQltTcCvEASYS1yS5jQnDnX14ktULePcsX7s6zpetZHGlwAI5ADrjgApTADaiAKsDgETyDV/BmPVkv1rv1MW1NWbOZffAH1ucPbmSYVQ==</latexit>

qi = 1� f̃i,0
<latexit sha1_base64="c0pTMUNsF9HPv3lusyZGQ2/X5hE=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEF1qSKuhGKLpxWcE+oA1hMrlph04ezkyEEgL+ihsXirj1O9z5N07bLLR64MLhnHu59x4v4Uwqy/oySguLS8sr5dXK2vrG5pa5vdOWcSootGjMY9H1iATOImgppjh0EwEk9Dh0vNH1xO88gJAsju7UOAEnJIOIBYwSpSXX3Lt32aV90leM+5AFuZuxYyt3zapVs6bAf4ldkCoq0HTNz74f0zSESFFOpOzZVqKcjAjFKIe80k8lJISOyAB6mkYkBOlk0/NzfKgVHwex0BUpPFV/TmQklHIcerozJGoo572J+J/XS1Vw4WQsSlIFEZ0tClKOVYwnWWCfCaCKjzUhVDB9K6ZDIghVOrGKDsGef/kvaddr9mmtfntWbVwVcZTRPjpAR8hG56iBblATtRBFGXpCL+jVeDSejTfjfdZaMoqZXfQLxsc3k0GVPQ==</latexit>

,				whereG (2)
m,n(✓, z) = qmqn · [1� 2Cm,n] + Cm,n

<latexit sha1_base64="8T5g3jDNDuWGN+nHzHSLGk50a1w="></latexit>

𝑣#

𝑣$

𝑣%
𝑣&𝑣'

𝑣(
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Physical Constraint

v Let 𝑨 represent the adjacency matrix of graph 𝒢.
v We can find the number of the 3−member cycles of graph by 

summing the diagonal elements

v Using the generative model, instead of an adjacency matrix, we have 
a probabilistic representation of the weight matrix 𝑝𝜽(𝑾 . |𝒛(.)), 
where 𝒛(.)~ 𝑝(𝒛)

v Using the relation for the number of the 3−member cycles, we can 
formulate the constraint term

Physics-Constrained Predictive Molecular Latent Space Discovery with Graph Scattering VAE

C(1)(✓, z) =
1

6
tr(Ā

3
)

<latexit sha1_base64="vTtdpDgEa48zvjMkZpvCNACcr2I="></latexit>

Ām,n = 1� p✓(Wm,n = ?|z)
<latexit sha1_base64="36gfF4b4g03lJGpfoADUIEZYApk="></latexit>

1

6
tr(A3) =

1

6

X

m

(A3)m,m

<latexit sha1_base64="TGdZeoe6k6yeRI8yoqEP2CoWM4o="></latexit>
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Physical Constraint

v This constraint is specified by two terms: 
Ø A function to inspect membership in a cycle                                         .
Ø An indicator function for triple bonds              .
v Using these, we can formulate the constraint as                                       

v We can define a probabilistic version of               as

v Using these matrices, we can reformulate and obtain the constraint
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C(2)(✓, z) =
NX

m=1

NX

n=1
n>m

D̄m,n(B̄"m,n)m,n

<latexit sha1_base64="TPu5CY2enwOw7wH33/UUKwmIwJo="></latexit>

D̄m,n := p✓(Wm,n = III|z)
<latexit sha1_base64="jE6UgA3vUKI+mw5nF55kn8Ir+7E="></latexit>

IIII(Wm,n)(B"m,n)m,n  0, 8m 6= n
<latexit sha1_base64="gBKQqbwiDg+hfMCgkT5nc02XzmM="></latexit>

B"m,n := (I � 1

N
A"m,n)

�1

<latexit sha1_base64="dyzLGh+rzq173puXrBwfxD2f/A4="></latexit>

IIII(W )
<latexit sha1_base64="mrzmVj1nMSGJzokfcjAV4tBWq18="></latexit>

IIII(W )
<latexit sha1_base64="mrzmVj1nMSGJzokfcjAV4tBWq18="></latexit>
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Model Uncertainty

v 𝝅 has prior distribution

v Bootstrap methods work under the assumption that all distinct values 
in     have been observed. 

v This leads to the posterior
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p(⇡) = Dir(⇡;↵), with ↵ = [0, . . . , 0] 2 RK
<latexit sha1_base64="Mg0wS+1EHuh888ydxjg9yP6uKgE="></latexit>

G
<latexit sha1_base64="91Lzr6++HMrX4ak3Ci6+uwx6f/U="></latexit>

p(⇡|G ) = Dir(⇡;↵0), with ↵0 = [1, . . . , 1] 2 RK
<latexit sha1_base64="krm+NM2VpW04eNHx5TMYzeP3ExU="></latexit>

p(⇡|G ) / p(G |⇡)p(⇡)

/
Y

k
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k

Y

k

⇡↵k�1
k

/
Y

k

⇡nk+↵k�1
k .

<latexit sha1_base64="giqkHvlKgPwQOO1zVmw7oyziIk8="></latexit>


