
LLNL-PRES-841546-DRAFT
This work was performed under the auspices of the U.S. Department of Energy by Lawrence Livermore 
National Laboratory under contract DE-AC52-07NA27344. Lawrence Livermore National Security, LLC

A Unified Framework for Deep 
Symbolic Regression

Mikel Landajuela, Chak Lee, Jiachen Yang, Ruben 
Glatt, Claudio P. Santiago, Ignacio Aravena, Terrell N. 
Mundhenk, Garrett Mulcahy, Brenden K. Petersen

Thirty-sixth Conference on Neural Information Processing Systems 
Tue Nov 29th through Dec 1st, 2022. New Orleans, Louisiana, US



2
LLNL-PRES-841546-DRAFT

Symbolic Regression: A classical Problem

<latexit sha1_base64="w+ZDfSHLA5/u/xFWBZjhyEVcf+E="></latexit>

Given a dataset (X, y), where each point Xi 2 Rn and yi 2 R, find an
analytic expression f : Rn ! R such that f(Xi) ⇡ yi

§ Symbolic Regression (SR) leads to interpretable models with high performance and 
generalizability, even in the small dataset regime Broløs et al., 2021; Wilstrup et al., 2021

§ SR has received lot of attention in recent years Cranmer et al., 2020; Udrescu et al., 2020; Petersen et al., 
2021; Landajuela et al., 2021; Biggio et al., 2021 ; Kamienny et al., 2022 ; …
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Symbolic Regression as Discrete Optimization

§ Exponentially large search space        . SR is NP-hard (Virgolin et al., 
2022), i.e., the search for the best solution can be intractable.

|L|N

§ Using expression trees, the problem becomes a discrete optimization one: 

<latexit sha1_base64="1lQ5nGd81CzZ1JcHOoGZbTOkUqw=">AAAB8XicbVDLSgMxFL2pr1pfVZdugkVwVWaKqMuiCC4r2Ae2Q8mkmTY0kxmSjFiG/oUbF4q49W/c+Tdm2llo64HA4Zxzyb3HjwXXxnG+UWFldW19o7hZ2tre2d0r7x+0dJQoypo0EpHq+EQzwSVrGm4E68SKkdAXrO2PrzO//ciU5pG8N5OYeSEZSh5wSoyVHm6ebFpnbr9ccarODHiZuDmpQI5Gv/zVG0Q0CZk0VBCtu64TGy8lynAq2LTUSzSLCR2TIetaKknItJfONp7iE6sMcBAp+6TBM/X3REpCrSehb5MhMSO96GXif143McGll3IZJ4ZJOv8oSAQ2Ec7OxwOuGDViYgmhittdMR0RRaixJZVsCe7iycukVau659Wzu1qlfpXXUYQjOIZTcOEC6nALDWgCBQnP8ApvSKMX9I4+5tECymcO4Q/Q5w/qZJEV</latexit>

Expression
<latexit sha1_base64="GTcC8TLAN5EAKJQf+GFliXXop3E=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48V+gVtKJvttF262YTdjVBC/4IXD4p49Q9589+4aXPQ1gcDj/dmmJkXxIJr47rfTmFjc2t7p7hb2ts/ODwqH5+0dZQohi0WiUh1A6pRcIktw43AbqyQhoHATjC9z/zOEyrNI9k0sxj9kI4lH3FGTSY1FeKgXHGr7gJknXg5qUCOxqD81R9GLAlRGiao1j3PjY2fUmU4Ezgv9RONMWVTOsaepZKGqP10ceucXFhlSEaRsiUNWai/J1Iaaj0LA9sZUjPRq14m/uf1EjO69VMu48SgZMtFo0QQE5HscTLkCpkRM0soU9zeStiEKsqMjadkQ/BWX14n7VrVu65ePdYq9bs8jiKcwTlcggc3UIcHaEALGEzgGV7hzQmdF+fd+Vi2Fpx85hT+wPn8AQILjjk=</latexit>

Tree

<latexit sha1_base64="GxS3Fb1oi5aCou1ShqVyRbaF+o8=">AAAB+HicbVDLTgJBEJz1ifhg1aOXiWDiiewSox6JXjxilEcCGzI79MKE2dl1HiZI+BIvHjTGq5/izb9xgD0oWEknlarudHeFKWdKe963s7K6tr6xmdvKb+/s7hXc/YOGSoykUKcJT2QrJAo4E1DXTHNopRJIHHJohsPrqd98BKlYIu71KIUgJn3BIkaJtlLXLdzBgwFBAZc6mphS1y16ZW8GvEz8jBRRhlrX/er0EmpiEJpyolTb91IdjInUjHKY5DtGQUrokPShbakgMahgPDt8gk+s0sNRIm0JjWfq74kxiZUaxaHtjIkeqEVvKv7ntY2OLoMxE6nR9rn5oshwrBM8TQH3mASq+cgSQiWzt2I6IJJQbbPK2xD8xZeXSaNS9s/LZ7eVYvUqiyOHjtAxOkU+ukBVdINqqI4oMugZvaI358l5cd6dj3nripPNHKI/cD5/ANbcko8=</latexit>

Sequence ⌧

sinx

log x2

<latexit sha1_base64="rDHu8Szu03/nNhrkbG+gjX8vMko="></latexit>

Maintains 1:1 correspondence
between tree and sequence

<latexit sha1_base64="Dv+JuFL9z7M3c9pyAhRwuxTbDHs=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU0lE1GPRiwcPFewHpKFstpt26WY37E6UEvozvHhQxKu/xpv/xk2bg7Y+GHi8N8PMvDAR3IDrfjulldW19Y3yZmVre2d3r7p/0DYq1ZS1qBJKd0NimOCStYCDYN1EMxKHgnXC8U3udx6ZNlzJB5gkLIjJUPKIUwJW8nt3LAKitXqq9Ks1t+7OgJeJV5AaKtDsV796A0XTmEmgghjje24CQUY0cCrYtNJLDUsIHZMh8y2VJGYmyGYnT/GJVQY4UtqWBDxTf09kJDZmEoe2MyYwMoteLv7n+SlEV0HGZZICk3S+KEoFBoXz//GAa0ZBTCwhVHN7K6YjogkFm1Iegrf48jJpn9W9i/r5/XmtcV3EUUZH6BidIg9doga6RU3UQhQp9Ixe0ZsDzovz7nzMW0tOMXOI/sD5/AH0qJEN</latexit>( <latexit sha1_base64="S7ibyxlVUE7IvC9FVybEz4/x/rc=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5CRbBVUmkqMuiGxcuKtgHtKFMppN26GQmzNwoNRR/xY0LRdz6H+78GydtFtp64MLhnHu5954g5kyD635bhaXlldW14nppY3Nre8fe3WtqmShCG0RyqdoB1pQzQRvAgNN2rCiOAk5bwegq81v3VGkmxR2MY+pHeCBYyAgGI/Xsg+6NFANOQ1BsMASslHwo9eyyW3GncBaJl5MyylHv2V/dviRJRAUQjrXueG4MfooVMMLppNRNNI0xGeEB7RgqcES1n06vnzjHRuk7oVSmBDhT9fdEiiOtx1FgOiMMQz3vZeJ/XieB8MJPmYgToILMFoUJd0A6WRROnylKgI8NwUQxc6tDhlhhAiawLARv/uVF0jyteGeV6m21XLvM4yiiQ3SETpCHzlENXaM6aiCCHtEzekVv1pP1Yr1bH7PWgpXP7KM/sD5/ALXolWY=</latexit>()

<latexit sha1_base64="MeuDu77Sj5tJDtBUPyebQM1lA8c="></latexit>

argmax
nN,⌧1,...,⌧n

[R(ET(⌧1, . . . , ⌧n))] with ⌧i 2 L = {+, . . . , sin, . . . , x1 . . . }
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Solution Strategies for Symbolic Regression

§ Over the last few years, there are now several quite different approaches to SR:

§ Genetic Programming

§ Large Scale Pre-training

§ Linear Regression

Rapidly explores the search space
via genetic operators.

Leverages big data, learning from
many other problems by conditioning 
on the              data.

Quickly learn sparse coefficients
of a linear combination of basis
functions.

§ Neural-guided Search
Neural network learns to search over 
time, with the ability to incorporate 
in situ constraints.Bello et al., 2017; Petersen et al., 2021

Legendre,1805; Brunton et al., 2016; …

Biggio et al., 2021; Kamienny et al., 2022; …

§ Problem Simplification
Exploits               data to simplify a 
SR problem into lower-dimensional 
sub-problems.Udrescu et al., 2019 and 2020

<latexit sha1_base64="9eTafVSw0sWeHzGhfJTIlJwC59Q="></latexit>

(X, y)

<latexit sha1_base64="9eTafVSw0sWeHzGhfJTIlJwC59Q="></latexit>

(X, y)

Koza, 1994; Mundhenk et al., 2021; …
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uDSR: A Unified framework for Deep Symbolic 
Regression

<latexit sha1_base64="0ZvlucJd/zEOkql3C/YBU6oKvek=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBahgpREinosevFYwbSFNpTNdtMu3WzC7kYIob/BiwdFvPqDvPlv3KY5aOuDgcd7M8zM82POlLbtb6u0tr6xuVXeruzs7u0fVA+POipKJKEuiXgkez5WlDNBXc00p71YUhz6nHb96d3c7z5RqVgkHnUaUy/EY8ECRrA2klvvXaTnw2rNbtg50CpxClKDAu1h9WswikgSUqEJx0r1HTvWXoalZoTTWWWQKBpjMsVj2jdU4JAqL8uPnaEzo4xQEElTQqNc/T2R4VCpNPRNZ4j1RC17c/E/r5/o4MbLmIgTTQVZLAoSjnSE5p+jEZOUaJ4agolk5lZEJlhiok0+FROCs/zyKulcNpyrRvOhWWvdFnGU4QROoQ4OXEML7qENLhBg8Ayv8GYJ68V6tz4WrSWrmDmGP7A+fwDDso4D</latexit>

(X, y) <latexit sha1_base64="jFyyjNrYHkgFkiRbmN/bX65uemI=">AAAB7HicbVBNS8NAFHypX7V+VT16WSyCp5KIqMeiF48VTFtoQ9lsN+3SzSbsvggl9Dd48aCIV3+QN/+N2zYHbR1YGGbesO9NmEph0HW/ndLa+sbmVnm7srO7t39QPTxqmSTTjPsskYnuhNRwKRT3UaDknVRzGoeSt8Px3cxvP3FtRKIecZLyIKZDJSLBKFrJ7w0SNP1qza27c5BV4hWkBgWa/eqXzbEs5gqZpMZ0PTfFIKcaBZN8WullhqeUjemQdy1VNOYmyOfLTsmZVQYkSrR9Cslc/Z3IaWzMJA7tZExxZJa9mfif180wuglyodIMuWKLj6JMEkzI7HIyEJozlBNLKNPC7krYiGrK0PZTsSV4yyevktZF3buqXz5c1hq3RR1lOIFTOAcPrqEB99AEHxgIeIZXeHOU8+K8Ox+L0ZJTZI7hD5zPH/RWjss=</latexit>

...

<latexit sha1_base64="8N550CRiYUCa7+ESN49rnNw1yp8=">AAACBXicbVDJSgNBEO1xjXEb9aiHxiB4CjMS1GPQi8eIZoFMCD2dStKkZ6G7JhiGuXjxV7x4UMSr/+DNv7GzHDTxQcHjvSqq6vmxFBod59taWl5ZXVvPbeQ3t7Z3du29/ZqOEsWhyiMZqYbPNEgRQhUFSmjECljgS6j7g+uxXx+C0iIK73EUQytgvVB0BWdopLZ95CE8oArSu0gOgWZewLDPmUwrWdtt2wWn6ExAF4k7IwUyQ6Vtf3mdiCcBhMgl07rpOjG2UqZQcAlZ3ks0xIwPWA+ahoYsAN1KJ19k9MQoHdqNlKkQ6UT9PZGyQOtR4JvO8ZF63huL/3nNBLuXrVSEcYIQ8umibiIpRnQcCe0IBRzlyBDGlTC3Ut5ninE0weVNCO78y4ukdlZ0z4ul21KhfDWLI0cOyTE5JS65IGVyQyqkSjh5JM/klbxZT9aL9W59TFuXrNnMAfkD6/MHIy2Y+w==</latexit>

Solve P1

<latexit sha1_base64="jFyyjNrYHkgFkiRbmN/bX65uemI=">AAAB7HicbVBNS8NAFHypX7V+VT16WSyCp5KIqMeiF48VTFtoQ9lsN+3SzSbsvggl9Dd48aCIV3+QN/+N2zYHbR1YGGbesO9NmEph0HW/ndLa+sbmVnm7srO7t39QPTxqmSTTjPsskYnuhNRwKRT3UaDknVRzGoeSt8Px3cxvP3FtRKIecZLyIKZDJSLBKFrJ7w0SNP1qza27c5BV4hWkBgWa/eqXzbEs5gqZpMZ0PTfFIKcaBZN8WullhqeUjemQdy1VNOYmyOfLTsmZVQYkSrR9Cslc/Z3IaWzMJA7tZExxZJa9mfif180wuglyodIMuWKLj6JMEkzI7HIyEJozlBNLKNPC7krYiGrK0PZTsSV4yyevktZF3buqXz5c1hq3RR1lOIFTOAcPrqEB99AEHxgIeIZXeHOU8+K8Ox+L0ZJTZI7hD5zPH/RWjss=</latexit>

...

<latexit sha1_base64="7E1+1HVedFtaA8UDSdiN9pq4Db8=">AAACBXicbVDJSgNBEO1xjXEb9aiHxiB4CjMS1GPQi8eIZoFMCD2dStKkZ6G7JhiGuXjxV7x4UMSr/+DNv7GzHDTxQcHjvSqq6vmxFBod59taWl5ZXVvPbeQ3t7Z3du29/ZqOEsWhyiMZqYbPNEgRQhUFSmjECljgS6j7g+uxXx+C0iIK73EUQytgvVB0BWdopLZ95CE8oArSu0gOgWZewLDPmUwrWVu07YJTdCagi8SdkQKZodK2v7xOxJMAQuSSad10nRhbKVMouIQs7yUaYsYHrAdNQ0MWgG6lky8yemKUDu1GylSIdKL+nkhZoPUo8E3n+Eg9743F/7xmgt3LVirCOEEI+XRRN5EUIzqOhHaEAo5yZAjjSphbKe8zxTia4PImBHf+5UVSOyu658XSbalQvprFkSOH5JicEpdckDK5IRVSJZw8kmfySt6sJ+vFerc+pq1L1mzmgPyB9fkDeA2ZMw==</latexit>

Solve Pi

<latexit sha1_base64="5rhwB217eyFohz9OpeQcIUADdQs=">AAACBXicbVA9SwNBEN3zM8avqKUWi0GwCncS1DJoYxnRfEASwt5mkizZvTt254LhuMbGv2JjoYit/8HOf+Pmo9DEBwOP92aYmedHUhh03W9naXlldW09s5Hd3Nre2c3t7VdNGGsOFR7KUNd9ZkCKACooUEI90sCUL6HmD67Hfm0I2ogwuMdRBC3FeoHoCs7QSu3cURPhAbVK7kI5BJo2FcM+ZzIpp23VzuXdgjsBXSTejOTJDOV27qvZCXmsIEAumTENz42wlTCNgktIs83YQMT4gPWgYWnAFJhWMvkipSdW6dBuqG0FSCfq74mEKWNGyred4yPNvDcW//MaMXYvW4kIohgh4NNF3VhSDOk4EtoRGjjKkSWMa2FvpbzPNONog8vaELz5lxdJ9azgnReKt8V86WoWR4YckmNySjxyQUrkhpRJhXDySJ7JK3lznpwX5935mLYuObOZA/IHzucPfh2ZNw==</latexit>

Solve Pm
<latexit sha1_base64="jFyyjNrYHkgFkiRbmN/bX65uemI=">AAAB7HicbVBNS8NAFHypX7V+VT16WSyCp5KIqMeiF48VTFtoQ9lsN+3SzSbsvggl9Dd48aCIV3+QN/+N2zYHbR1YGGbesO9NmEph0HW/ndLa+sbmVnm7srO7t39QPTxqmSTTjPsskYnuhNRwKRT3UaDknVRzGoeSt8Px3cxvP3FtRKIecZLyIKZDJSLBKFrJ7w0SNP1qza27c5BV4hWkBgWa/eqXzbEs5gqZpMZ0PTfFIKcaBZN8WullhqeUjemQdy1VNOYmyOfLTsmZVQYkSrR9Cslc/Z3IaWzMJA7tZExxZJa9mfif180wuglyodIMuWKLj6JMEkzI7HIyEJozlBNLKNPC7krYiGrK0PZTsSV4yyevktZF3buqXz5c1hq3RR1lOIFTOAcPrqEB99AEHxgIeIZXeHOU8+K8Ox+L0ZJTZI7hD5zPH/RWjss=</latexit>

...

<latexit sha1_base64="zYA27x8OG2VzuukSUYFEBJW/jwk="></latexit>

⌧ (1)

<latexit sha1_base64="842KoQ7G3R6IKi9gXL248nWIUb8="></latexit>

⌧ (m)

<latexit sha1_base64="mjKeKSvXZ0NJIuT+Y+xUYMoxadA="></latexit>

⌧?

<latexit sha1_base64="TtVCgxlJ9zWo1aHp8nqd6xiGjtY="></latexit>⌧GP

<latexit sha1_base64="4bPpsMb7k1tFkv0X9PiQxf/tYlk="></latexit>

⌧RNN [ ⌧GP

<latexit sha1_base64="gQwIcu2ZzIafXsArmAfVwr/rOe0="></latexit>

✓
<latexit sha1_base64="opz6RMPq6CMU+DCOSF9f/t9O5cw="></latexit>⌧RNN

<latexit sha1_base64="PIFel4gBgP0inT2LyVOBFG0DZ2M="></latexit>

 

<latexit sha1_base64="dUv7/83g3Xe6d24qbtI0qc/1WSg=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahgpRdKeqx6MVjBfsB7VKyabYNTbJLkhWWpT/CiwdFvPp7vPlvTNs9aOuDgcd7M8zMC2LOtHHdb6ewtr6xuVXcLu3s7u0flA+P2jpKFKEtEvFIdQOsKWeStgwznHZjRbEIOO0Ek7uZ33miSrNIPpo0pr7AI8lCRrCxUqfavUjPB2JQrrg1dw60SrycVCBHc1D+6g8jkggqDeFY657nxsbPsDKMcDot9RNNY0wmeER7lkosqPaz+blTdGaVIQojZUsaNFd/T2RYaJ2KwHYKbMZ62ZuJ/3m9xIQ3fsZknBgqyWJRmHBkIjT7HQ2ZosTw1BJMFLO3IjLGChNjEyrZELzll1dJ+7LmXdXqD/VK4zaPowgncApV8OAaGnAPTWgBgQk8wyu8ObHz4rw7H4vWgpPPHMMfOJ8/RdWO4w==</latexit>

(X, y)m

<latexit sha1_base64="ie4pE8MX9BkrN0A3OltfW25E1xQ=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahgpRdKeqx6MVjBfsB7VKyabYNTbJLkhWWpT/CiwdFvPp7vPlvTNs9aOuDgcd7M8zMC2LOtHHdb6ewtr6xuVXcLu3s7u0flA+P2jpKFKEtEvFIdQOsKWeStgwznHZjRbEIOO0Ek7uZ33miSrNIPpo0pr7AI8lCRrCxUqfavUjPB96gXHFr7hxolXg5qUCO5qD81R9GJBFUGsKx1j3PjY2fYWUY4XRa6ieaxphM8Ij2LJVYUO1n83On6MwqQxRGypY0aK7+nsiw0DoVge0U2Iz1sjcT//N6iQlv/IzJODFUksWiMOHIRGj2OxoyRYnhqSWYKGZvRWSMFSbGJlSyIXjLL6+S9mXNu6rVH+qVxm0eRxFO4BSq4ME1NOAemtACAhN4hld4c2LnxXl3PhatBSefOYY/cD5/AOrWjqc=</latexit>

(X, y)1

<latexit sha1_base64="6MwE3OiTgq8CZRxn7pm7IihbgUs=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahgpRdKeqx6MVjBfsB7VKyabYNTbJLkhWWpT/CiwdFvPp7vPlvTNs9aOuDgcd7M8zMC2LOtHHdb6ewtr6xuVXcLu3s7u0flA+P2jpKFKEtEvFIdQOsKWeStgwznHZjRbEIOO0Ek7uZ33miSrNIPpo0pr7AI8lCRrCxUqfavUjPB2xQrrg1dw60SrycVCBHc1D+6g8jkggqDeFY657nxsbPsDKMcDot9RNNY0wmeER7lkosqPaz+blTdGaVIQojZUsaNFd/T2RYaJ2KwHYKbMZ62ZuJ/3m9xIQ3fsZknBgqyWJRmHBkIjT7HQ2ZosTw1BJMFLO3IjLGChNjEyrZELzll1dJ+7LmXdXqD/VK4zaPowgncApV8OAaGnAPTWgBgQk8wyu8ObHz4rw7H4vWgpPPHMMfOJ8/P8WO3w==</latexit>

(X, y)i

<latexit sha1_base64="wn1Bga/NikvB5dfqkdlmgY6qcYs="></latexit> co
m
b
in
e

<latexit sha1_base64="v0oRvyR3O72TTMpvEfk87yeR1Rs="></latexit> ev
o
lv
e

<latexit sha1_base64="Qa5yCT2Z68wkImpvewMOh5SQun8="></latexit>

optimize
<latexit sha1_base64="7Wgyey8a1vxd14gnJz7e8Dd/uiE="></latexit>

train

<latexit sha1_base64="vpVXLKd0I9uLeQ2SggmBkwtRIC4="></latexit> co
n
d
it
io
n

<latexit sha1_base64="kijIpq2PiPStTQI6/VirSxg8MgE="></latexit> en
co

d
e

<latexit sha1_base64="i1jICY0RngVj2iHALXyuuN/14f4="></latexit> si
m
p
li
fy

<latexit sha1_base64="LIVSer2EGSnCLadXp0d5Ffo5Dzc="></latexit>

Encoder
<latexit sha1_base64="DWI2gAvgkz3OUa3QXKCA86rLH8Y="></latexit>

Controller

<latexit sha1_base64="RyIXp7Ce4zXPHXMqqxJ8gq1ZWjQ="></latexit> sa
m
p
le
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uDSR: A Unified framework for Deep Symbolic 
Regression

<latexit sha1_base64="meOHJ5pmR/lS4J5lfyAI/ByYuZA="></latexit>

AIF identifies multiplicative
separability, simplifying P
into P1 and P2

<latexit sha1_base64="qOgmDZ97eI40CN5pOfJQ3/GCSjU=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKqMeiF48V7Ae0S8mm2TY0yS5JVihL/4IXD4p49Q9589+YbfegrQ8GHu/NMDMvTAQ31vO+UWltfWNzq7xd2dnd2z+oHh61TZxqylo0FrHuhsQwwRVrWW4F6yaaERkK1gknd7nfeWLa8Fg92mnCAklGikecEptLfcPVoFrz6t4ceJX4BalBgeag+tUfxjSVTFkqiDE930tskBFtORVsVumnhiWETsiI9RxVRDITZPNbZ/jMKUMcxdqVsniu/p7IiDRmKkPXKYkdm2UvF//zeqmNboKMqyS1TNHFoigV2MY4fxwPuWbUiqkjhGrubsV0TDSh1sVTcSH4yy+vkvZF3b+qXz5c1hq3RRxlOIFTOAcfrqEB99CEFlAYwzO8whuS6AW9o49FawkVM8fwB+jzByQhjlE=</latexit>

sin

<latexit sha1_base64="QRlFKTdZFTH2TZmCLuq5ispBsxg=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8eK9gPaUDbbTbt0swm7E7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuTaiFg94DjhfkQHSoSCUbTS/VPP65UrbtWdgSwTLycVyFHvlb+6/ZilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fjY7dUJOrNInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tOyYbgLb68TJpnVe+ien53Xqld53EU4QiO4RQ8uIQa3EIdGsBgAM/wCm+OdF6cd+dj3lpw8plD+APn8wcOno2p</latexit>x1
<latexit sha1_base64="aKNuWiL2Rm6zQIcEvwokS9372Vg=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegF48RzAOSJcxOZpMh81hmZoWw5Be8eFDEqz/kzb9xNtmDJhY0FFXddHdFCWfG+v63V1pb39jcKm9Xdnb39g+qh0dto1JNaIsornQ3woZyJmnLMstpN9EUi4jTTjS5y/3OE9WGKflopwkNBR5JFjOCbS71iTKDas2v+3OgVRIUpAYFmoPqV3+oSCqotIRjY3qBn9gww9oywums0k8NTTCZ4BHtOSqxoCbM5rfO0JlThihW2pW0aK7+nsiwMGYqItcpsB2bZS8X//N6qY1vwozJJLVUksWiOOXIKpQ/joZMU2L51BFMNHO3IjLGGhPr4qm4EILll1dJ+6IeXNUvHy5rjdsijjKcwCmcQwDX0IB7aEILCIzhGV7hzRPei/fufSxaS14xcwx/4H3+ABxzjkw=</latexit>cos

<latexit sha1_base64="AR8bw1iLV+h/TJ1WtHIGvCZC5c0=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHYJUY9ELx4xyiOBDZkdemHC7OxmZtZICJ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzcxvPaLSPJYPZpygH9GB5CFn1Fjp/qlX6RVLbtmdg6wSLyMlyFDvFb+6/ZilEUrDBNW647mJ8SdUGc4ETgvdVGNC2YgOsGOppBFqfzI/dUrOrNInYaxsSUPm6u+JCY20HkeB7YyoGeplbyb+53VSE175Ey6T1KBki0VhKoiJyexv0ucKmRFjSyhT3N5K2JAqyoxNp2BD8JZfXiXNStm7KFfvqqXadRZHHk7gFM7Bg0uowS3UoQEMBvAMr/DmCOfFeXc+Fq05J5s5hj9wPn8AECKNqg==</latexit>x2

<latexit sha1_base64="2Z/HRk3KgXNlINrYB5BFzNP9ZF0=">AAAB+HicbVDLSgNBEJyNrxgfWfXoZTAInsJuEPUY9OIxgnlAsoTZSScZMvtgpleMS77EiwdFvPop3vwbZ5M9aGJBQ1HVPdNdfiyFRsf5tgpr6xubW8Xt0s7u3n7ZPjhs6ShRHJo8kpHq+EyDFCE0UaCETqyABb6Etj+5yfz2AygtovAepzF4ARuFYig4QyP17XIP4RE1T7MHmJr17YpTdeagq8TNSYXkaPTtr94g4kkAIXLJtO66ToxeyhQKLmFW6iUaYsYnbARdQ0MWgPbS+eIzemqUAR1GylSIdK7+nkhZoPU08E1nwHCsl71M/M/rJji88lIRxglCyBcfDRNJMaJZCnQgFHCUU0MYV8LsSvmYKcbRZFUyIbjLJ6+SVq3qXlTP72qV+nUeR5EckxNyRlxySerkljRIk3CSkGfySt6sJ+vFerc+Fq0FK585In9gff4AlW6Tsg==</latexit>

linear

<latexit sha1_base64="2DfdF1l21+C75cp/xOVABOCQskw=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Ae0oWy2m3btZhN2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilVg9FxE2/XHGr7hxklXg5qUCORr/81RvELI24QiapMV3PTdDPqEbBJJ+WeqnhCWVjOuRdSxW1S/xsfu2UnFllQMJY21JI5urviYxGxkyiwHZGFEdm2ZuJ/3ndFMNrPxMqSZErtlgUppJgTGavk4HQnKGcWEKZFvZWwkZUU4Y2oJINwVt+eZW0LqreZbV2X6vUb/I4inACp3AOHlxBHe6gAU1g8AjP8ApvTuy8OO/Ox6K14OQzx/AHzucPuRmPPQ==</latexit>⇥
<latexit sha1_base64="VNTzn3iCoQ+ubKQNgtGe3LWjjXo=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Ae0oWw2m3bp7ibsbgol9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5QcKZNq777ZQ2Nre2d8q7lb39g8Oj6vFJR8epIrRNYh6rXoA15UzStmGG016iKBYBp91gcp/73SlVmsXyycwS6gs8kixiBJtcGoRsOqzW3Lq7AFonXkFqUKA1rH4NwpikgkpDONa677mJ8TOsDCOcziuDVNMEkwke0b6lEguq/Wxx6xxdWCVEUaxsSYMW6u+JDAutZyKwnQKbsV71cvE/r5+a6NbPmExSQyVZLopSjkyM8sdRyBQlhs8swUQxeysiY6wwMTaeig3BW315nXSu6t51vfHYqDXvijjKcAbncAke3EATHqAFbSAwhmd4hTdHOC/Ou/OxbC05xcwp/IHz+QMZZ45K</latexit>÷

<latexit sha1_base64="FKJz179qPk43xyvGKYgmjM2rxP8=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0VwVRIRdVl047KifUATwmQ6aYdOHszciCVk68ZfceNCEbf+gTv/xkmbhbYeGDiccy9zz/ETwRVY1rdRWVpeWV2rrtc2Nre2d8zdvY6KU0lZm8Yilj2fKCZ4xNrAQbBeIhkJfcG6/viq8Lv3TCoeR3cwSZgbkmHEA04JaMkzsQPsAbLbWKSFgCHGuRMSGFEislbu2Z5ZtxrWFHiR2CWpoxItz/xyBjFNQxYBFUSpvm0l4GZEAqeC5TUnVSwhdEyGrK9pREKm3GyaJMdHWhngIJb6RYCn6u+NjIRKTUJfTxZHqnmvEP/z+ikEF27GoyQFFtHZR0EqirxFLXjAJaMgJpoQKrm+FdMRkYSCLq+mS7DnIy+SzknDPmuc3pzWm5dlHVV0gA7RMbLROWqia9RCbUTRI3pGr+jNeDJejHfjYzZaMcqdffQHxucPIDyamw==</latexit> S
ol
u
ti
on

to
P
1

<latexit sha1_base64="aickM5UnAYbb2DVoBzGzqAPyJmw=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0VwVZJS1GXRjcuK9gFtCJPppB06eTBzI5aQrRt/xY0LRdz6B+78GydtFtp6YOBwzr3MPceLBVdgWd9GaWV1bX2jvFnZ2t7Z3TP3DzoqSiRlbRqJSPY8opjgIWsDB8F6sWQk8ATrepOr3O/eM6l4FN7BNGZOQEYh9zkloCXXxANgD5DeRiLJBQwRzgYBgTElIm1lbt01q1bNmgEvE7sgVVSg5Zpfg2FEk4CFQAVRqm9bMTgpkcCpYFllkCgWEzohI9bXNCQBU046S5LhE60MsR9J/ULAM/X3RkoCpaaBpyfzI9Wil4v/ef0E/Asn5WGcAAvp/CM/EXnevBY85JJREFNNCJVc34rpmEhCQZdX0SXYi5GXSades89qjZtGtXlZ1FFGR+gYnSIbnaMmukYt1EYUPaJn9IrejCfjxXg3PuajJaPYOUR/YHz+ACHAmpw=</latexit> S
ol
u
ti
on

to
P
2

<latexit sha1_base64="ZCuz3RGNUtCDFUbO21hk3xjnZJY=">AAACGXicbVDLSsNAFJ3UV62vqEs3g0WoICWRoi6LblxWsQ9oYphMp+3QySTMTIQQ8htu/BU3LhRxqSv/xkmbhbYeuHA4517uvcePGJXKsr6N0tLyyupaeb2ysbm1vWPu7nVkGAtM2jhkoej5SBJGOWkrqhjpRYKgwGek60+ucr/7QISkIb9TSUTcAI04HVKMlJY806r1TpJjz4YO5dAJkBr7fnqb3ac8g46iAZFzqmdWrbo1BVwkdkGqoEDLMz+dQYjjgHCFGZKyb1uRclMkFMWMZBUnliRCeIJGpK8pR3qnm04/y+CRVgZwGApdXMGp+nsiRYGUSeDrzvxKOe/l4n9eP1bDCzelPIoV4Xi2aBgzqEKYxwQHVBCsWKIJwoLqWyEeI4Gw0mFWdAj2/MuLpHNat8/qjZtGtXlZxFEGB+AQ1IANzkETXIMWaAMMHsEzeAVvxpPxYrwbH7PWklHM7IM/ML5+AOfaoFM=</latexit>

(X, y)1 2 Rn ⇥ Rn

<latexit sha1_base64="dApdzz2UUcfa+6pg30XDgejdH1c="></latexit>

Solution to P1 is
found by DSR

<latexit sha1_base64="nvOYjMc7dYVSnDMqr1ER8+MPzTM=">AAACG3icbVDLSsNAFJ3UV62vWJduBlvBVUmKqLgqunFZwT6gDWEymbRDJ5MwMyktoZ+iW/0Pd+LWhb/hFzhps7CtBwYO59x753C8mFGpLOvbKGxsbm3vFHdLe/sHh0fmcbkto0Rg0sIRi0TXQ5IwyklLUcVINxYEhR4jHW90n/mdMRGSRvxJTWPihGjAaUAxUlpyzXK1HyI1xIilzZlrV+EtdM2KVbPmgOvEzkkF5Gi65k/fj3ASEq4wQ1L2bCtWToqEopiRWamfSBIjPEID0tOUo5BIJ51nn8FzrfgwiIR+XMG5+ncjRaGU09DTk1lQuepl4n9eL1HBjZNSHieKcLz4KEgYVBHMioA+FQQrNtUEYUF1VoiHSCCsdF1Ll/wxjWWeerKIXdIl2auVrJN2vWZf1S4f65XGXV5XEZyCM3ABbHANGuABNEELYDABL+AVvBnPxrvxYXwuRgtGvnMClmB8/QLYVaD2</latexit>

P1 :

<latexit sha1_base64="SIpjPIqexevZKNyd7QWc3YmGqMc=">AAACIXicbVDLSsNAFJ34rPUVdelmsAgVpCSlaJdFNy6r2Ac0sUym03boZBJmJkII+RU3/oobF4p0J/6MkzYL23rgwuGce7n3Hi9kVCrL+jbW1jc2t7YLO8Xdvf2DQ/PouC2DSGDSwgELRNdDkjDKSUtRxUg3FAT5HiMdb3Kb+Z1nIiQN+KOKQ+L6aMTpkGKktNQ36+XuZXzRr0KHcuj4SI09L3lInxLuKOoTCaspzNmCm/bNklWxZoCrxM5JCeRo9s2pMwhw5BOuMENS9mwrVG6ChKKYkbToRJKECE/QiPQ05UjvdJPZhyk818oADgOhiys4U/9OJMiXMvY93ZldKZe9TPzP60VqWHcTysNIEY7ni4YRgyqAWVxwQAXBisWaICyovhXiMRIIKx1qUYdgL7+8StrVin1Vqd3XSo2bPI4COAVnoAxscA0a4A40QQtg8ALewAf4NF6Nd+PLmM5b14x85gQswPj5Bemro3Q=</latexit>

(X, y)2 2 Rn⇥2 ⇥ Rn<latexit sha1_base64="YR/Jy9DjyIxRLcwS9rc2tOFKHgI=">AAACG3icbVDLSsNAFJ3UV62vWJduBlvBVUmKqLgqunFZwT6gDWEymbRDJ5MwMyktoZ+iW/0Pd+LWhb/hFzhps7CtBwYO59x753C8mFGpLOvbKGxsbm3vFHdLe/sHh0fmcbkto0Rg0sIRi0TXQ5IwyklLUcVINxYEhR4jHW90n/mdMRGSRvxJTWPihGjAaUAxUlpyzXK1HyI1xIilzZlbr8Jb6JoVq2bNAdeJnZMKyNF0zZ++H+EkJFxhhqTs2VasnBQJRTEjs1I/kSRGeIQGpKcpRyGRTjrPPoPnWvFhEAn9uIJz9e9GikIpp6GnJ7OgctXLxP+8XqKCGyelPE4U4XjxUZAwqCKYFQF9KghWbKoJwoLqrBAPkUBY6bqWLvljGss89WQRu6RLslcrWSftes2+ql0+1iuNu7yuIjgFZ+AC2OAaNMADaIIWwGACXsAreDOejXfjw/hcjBaMfOcELMH4+gXZ/aD3</latexit>

P2 :
<latexit sha1_base64="8kqxlsXOWQB8pVzyM+1mEyNDMeo="></latexit>

DSR, conditioned on P2 data (X, y)2 via
LSPT, samples candidate solutions to P2

<latexit sha1_base64="gQwIcu2ZzIafXsArmAfVwr/rOe0="></latexit>

✓
<latexit sha1_base64="PIFel4gBgP0inT2LyVOBFG0DZ2M="></latexit>

 
<latexit sha1_base64="g3XOPMthRPC6nphiZpQTVvZ9iug="></latexit>

Encoder

<latexit sha1_base64="MhUtqTRYpv/3ivLIDJ+OLT3lhFc="></latexit> sa
m
p
le

<latexit sha1_base64="4sS7STyEA9OJtRPS9DF9deMRJm0="></latexit> en
co
d
e

<latexit sha1_base64="kC3Y70djc5DS4kokmH8GesrzHiI="></latexit> co
n
d
it
io
n

<latexit sha1_base64="aDc7e7ZRQtgsNvdEWrSE3WKgpOQ="></latexit>

Controller

<latexit sha1_base64="gQwIcu2ZzIafXsArmAfVwr/rOe0="></latexit>

✓
<latexit sha1_base64="PIFel4gBgP0inT2LyVOBFG0DZ2M="></latexit>

 
<latexit sha1_base64="g3XOPMthRPC6nphiZpQTVvZ9iug="></latexit>

Encoder

<latexit sha1_base64="MhUtqTRYpv/3ivLIDJ+OLT3lhFc="></latexit> sa
m
p
le

<latexit sha1_base64="4sS7STyEA9OJtRPS9DF9deMRJm0="></latexit> en
co
d
e

<latexit sha1_base64="kC3Y70djc5DS4kokmH8GesrzHiI="></latexit> co
n
d
it
io
n

<latexit sha1_base64="aDc7e7ZRQtgsNvdEWrSE3WKgpOQ="></latexit>

Controller

<latexit sha1_base64="aKNuWiL2Rm6zQIcEvwokS9372Vg=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegF48RzAOSJcxOZpMh81hmZoWw5Be8eFDEqz/kzb9xNtmDJhY0FFXddHdFCWfG+v63V1pb39jcKm9Xdnb39g+qh0dto1JNaIsornQ3woZyJmnLMstpN9EUi4jTTjS5y/3OE9WGKflopwkNBR5JFjOCbS71iTKDas2v+3OgVRIUpAYFmoPqV3+oSCqotIRjY3qBn9gww9oywums0k8NTTCZ4BHtOSqxoCbM5rfO0JlThihW2pW0aK7+nsiwMGYqItcpsB2bZS8X//N6qY1vwozJJLVUksWiOOXIKpQ/joZMU2L51BFMNHO3IjLGGhPr4qm4EILll1dJ+6IeXNUvHy5rjdsijjKcwCmcQwDX0IB7aEILCIzhGV7hzRPei/fufSxaS14xcwx/4H3+ABxzjkw=</latexit>cos

<latexit sha1_base64="AR8bw1iLV+h/TJ1WtHIGvCZC5c0=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHYJUY9ELx4xyiOBDZkdemHC7OxmZtZICJ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzcxvPaLSPJYPZpygH9GB5CFn1Fjp/qlX6RVLbtmdg6wSLyMlyFDvFb+6/ZilEUrDBNW647mJ8SdUGc4ETgvdVGNC2YgOsGOppBFqfzI/dUrOrNInYaxsSUPm6u+JCY20HkeB7YyoGeplbyb+53VSE175Ey6T1KBki0VhKoiJyexv0ucKmRFjSyhT3N5K2JAqyoxNp2BD8JZfXiXNStm7KFfvqqXadRZHHk7gFM7Bg0uowS3UoQEMBvAMr/DmCOfFeXc+Fq05J5s5hj9wPn8AECKNqg==</latexit>x2

<latexit sha1_base64="2Z/HRk3KgXNlINrYB5BFzNP9ZF0=">AAAB+HicbVDLSgNBEJyNrxgfWfXoZTAInsJuEPUY9OIxgnlAsoTZSScZMvtgpleMS77EiwdFvPop3vwbZ5M9aGJBQ1HVPdNdfiyFRsf5tgpr6xubW8Xt0s7u3n7ZPjhs6ShRHJo8kpHq+EyDFCE0UaCETqyABb6Etj+5yfz2AygtovAepzF4ARuFYig4QyP17XIP4RE1T7MHmJr17YpTdeagq8TNSYXkaPTtr94g4kkAIXLJtO66ToxeyhQKLmFW6iUaYsYnbARdQ0MWgPbS+eIzemqUAR1GylSIdK7+nkhZoPU08E1nwHCsl71M/M/rJji88lIRxglCyBcfDRNJMaJZCnQgFHCUU0MYV8LsSvmYKcbRZFUyIbjLJ6+SVq3qXlTP72qV+nUeR5EckxNyRlxySerkljRIk3CSkGfySt6sJ+vFerc+Fq0FK585In9gff4AlW6Tsg==</latexit>

linear

<latexit sha1_base64="VNTzn3iCoQ+ubKQNgtGe3LWjjXo=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Ae0oWw2m3bp7ibsbgol9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5QcKZNq777ZQ2Nre2d8q7lb39g8Oj6vFJR8epIrRNYh6rXoA15UzStmGG016iKBYBp91gcp/73SlVmsXyycwS6gs8kixiBJtcGoRsOqzW3Lq7AFonXkFqUKA1rH4NwpikgkpDONa677mJ8TOsDCOcziuDVNMEkwke0b6lEguq/Wxx6xxdWCVEUaxsSYMW6u+JDAutZyKwnQKbsV71cvE/r5+a6NbPmExSQyVZLopSjkyM8sdRyBQlhs8swUQxeysiY6wwMTaeig3BW315nXSu6t51vfHYqDXvijjKcAbncAke3EATHqAFbSAwhmd4hTdHOC/Ou/OxbC05xcwp/IHz+QMZZ45K</latexit>

÷

<latexit sha1_base64="1Tj2m9UrgDUayK69RBAU3SS2Utk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Ae0oWy2k3bpZhN2N2Ip/QtePCji1T/kzX/jps1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4NvPbj6g0j+WDmSToR3QoecgZNZnUw6ekX664VXcOskq8nFQgR6Nf/uoNYpZGKA0TVOuu5ybGn1JlOBM4K/VSjQllYzrErqWSRqj96fzWGTmzyoCEsbIlDZmrvyemNNJ6EgW2M6JmpJe9TPzP66YmvPanXCapQckWi8JUEBOT7HEy4AqZERNLKFPc3krYiCrKjI2nZEPwll9eJa2LqndZrd3XKvWbPI4inMApnIMHV1CHO2hAExiM4Ble4c2JnBfn3flYtBacfOYY/sD5/AEooI5U</latexit>exp

<latexit sha1_base64="oHKEjBPa1NpTI9acyZHKjpoa4aI=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHaVqEeiF48Y5ZHAhswOA0yYnd3M9BrJhk/w4kFjvPpF3vwbB9iDgpV0UqnqTndXEEth0HW/ndzK6tr6Rn6zsLW9s7tX3D9omCjRjNdZJCPdCqjhUiheR4GSt2LNaRhI3gxGN1O/+ci1EZF6wHHM/ZAOlOgLRtFK90/d826x5JbdGcgy8TJSggy1bvGr04tYEnKFTFJj2p4bo59SjYJJPil0EsNjykZ0wNuWKhpy46ezUyfkxCo90o+0LYVkpv6eSGlozDgMbGdIcWgWvan4n9dOsH/lp0LFCXLF5ov6iSQYkenfpCc0ZyjHllCmhb2VsCHVlKFNp2BD8BZfXiaNs7J3Ua7cVUrV6yyOPBzBMZyCB5dQhVuoQR0YDOAZXuHNkc6L8+58zFtzTjZzCH/gfP4AEaaNqw==</latexit>x3

<latexit sha1_base64="swyh5o6EMt6F/aethEBNGa4KQDg=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegF48RzAOSJcxOZpMh81hmZoWw5Be8eFDEqz/kzb9xNtmDJhY0FFXddHdFCWfG+v63V1pb39jcKm9Xdnb39g+qh0dto1JNaIsornQ3woZyJmnLMstpN9EUi4jTTjS5y/3OE9WGKflopwkNBR5JFjOCbS71uRoNqjW/7s+BVklQkBoUaA6qX/2hIqmg0hKOjekFfmLDDGvLCKezSj81NMFkgke056jEgpowm986Q2dOGaJYaVfSorn6eyLDwpipiFynwHZslr1c/M/rpTa+CTMmk9RSSRaL4pQjq1D+OBoyTYnlU0cw0czdisgYa0ysi6fiQgiWX14l7Yt6cFW/fLisNW6LOMpwAqdwDgFcQwPuoQktIDCGZ3iFN094L96797FoLXnFzDH8gff5Axf5jkk=</latexit>

log
<latexit sha1_base64="TPO1t+soVr8p8cYQbknFtOnM8I4=">AAAB7nicbVBNSwMxEJ31s9avqkcvwSJUkLJbinosevFYwX5Au5Rsmm1Ds9mQZIVl6Y/w4kERr/4eb/4b03YP2vpg4PHeDDPzAsmZNq777aytb2xubRd2irt7+weHpaPjto4TRWiLxDxW3QBrypmgLcMMp12pKI4CTjvB5G7md56o0iwWjyaV1I/wSLCQEWys1Kl0L9OLQW1QKrtVdw60SryclCFHc1D66g9jkkRUGMKx1j3PlcbPsDKMcDot9hNNJSYTPKI9SwWOqPaz+blTdG6VIQpjZUsYNFd/T2Q40jqNAtsZYTPWy95M/M/rJSa88TMmZGKoIItFYcKRidHsdzRkihLDU0swUczeisgYK0yMTahoQ/CWX14l7VrVu6rWH+rlxm0eRwFO4Qwq4ME1NOAemtACAhN4hld4c6Tz4rw7H4vWNSefOYE/cD5/AOxajqg=</latexit>

(X, y)2

<latexit sha1_base64="TPO1t+soVr8p8cYQbknFtOnM8I4=">AAAB7nicbVBNSwMxEJ31s9avqkcvwSJUkLJbinosevFYwX5Au5Rsmm1Ds9mQZIVl6Y/w4kERr/4eb/4b03YP2vpg4PHeDDPzAsmZNq777aytb2xubRd2irt7+weHpaPjto4TRWiLxDxW3QBrypmgLcMMp12pKI4CTjvB5G7md56o0iwWjyaV1I/wSLCQEWys1Kl0L9OLQW1QKrtVdw60SryclCFHc1D66g9jkkRUGMKx1j3PlcbPsDKMcDot9hNNJSYTPKI9SwWOqPaz+blTdG6VIQpjZUsYNFd/T2Q40jqNAtsZYTPWy95M/M/rJSa88TMmZGKoIItFYcKRidHsdzRkihLDU0swUczeisgYK0yMTahoQ/CWX14l7VrVu6rWH+rlxm0eRwFO4Qwq4ME1NOAemtACAhN4hld4c6Tz4rw7H4vWNSefOYE/cD5/AOxajqg=</latexit>

(X, y)2

<latexit sha1_base64="oHKEjBPa1NpTI9acyZHKjpoa4aI=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHaVqEeiF48Y5ZHAhswOA0yYnd3M9BrJhk/w4kFjvPpF3vwbB9iDgpV0UqnqTndXEEth0HW/ndzK6tr6Rn6zsLW9s7tX3D9omCjRjNdZJCPdCqjhUiheR4GSt2LNaRhI3gxGN1O/+ci1EZF6wHHM/ZAOlOgLRtFK90/d826x5JbdGcgy8TJSggy1bvGr04tYEnKFTFJj2p4bo59SjYJJPil0EsNjykZ0wNuWKhpy46ezUyfkxCo90o+0LYVkpv6eSGlozDgMbGdIcWgWvan4n9dOsH/lp0LFCXLF5ov6iSQYkenfpCc0ZyjHllCmhb2VsCHVlKFNp2BD8BZfXiaNs7J3Ua7cVUrV6yyOPBzBMZyCB5dQhVuoQR0YDOAZXuHNkc6L8+58zFtzTjZzCH/gfP4AEaaNqw==</latexit>x3

<latexit sha1_base64="ZUFIXlaqXr2xwrOG3ruOWbBzFM0="></latexit>

GP crossover
operator
recombines
the candidates
to form P2

<latexit sha1_base64="UpcCPqgH1VLTY5S4OkW1vz9w6FE="></latexit>

Solve for � using sparse
linear regression

<latexit sha1_base64="gO1wtfPI/Yz7ngBCSql4Lw1fRek=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGE3iHoMevGYgHlAsoTZSW8yZnZ2mZkVQsgXePGgiFc/yZt/4yTZgyYWNBRV3XR3BYng2rjut5NbW9/Y3MpvF3Z29/YPiodHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7mZ+6wmV5rF8MOME/YgOJA85o8ZK9YteseSW3TnIKvEyUoIMtV7xq9uPWRqhNExQrTuemxh/QpXhTOC00E01JpSN6AA7lkoaofYn80On5MwqfRLGypY0ZK7+npjQSOtxFNjOiJqhXvZm4n9eJzXhjT/hMkkNSrZYFKaCmJjMviZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv+eVV0qyUvavyZb1Sqt5mceThBE7hHDy4hircQw0awADhGV7hzXl0Xpx352PRmnOymWP4A+fzB3PTjLY=</latexit>

+

<latexit sha1_base64="0HEGXKXq6nbLyOQ0z9UbV/r2yMQ="></latexit>

The final linear
token is given by:

<latexit sha1_base64="UGkm41dtUVyRL5omiTeQyEhOrj8=">AAACIXicbVDLTsJAFJ3iC+ur6sKFm4nExISkaRHFJdGNS0zkkUBtptMpTJg+MjMlEMLXsNUPcWfcGT/DH3CALgQ8yU1Ozn3MmeMljAppWV9abmNza3snv6vv7R8cHhnHJw0RpxyTOo5ZzFseEoTRiNQllYy0Ek5Q6DHS9PoPs35zQLigcfQsRwlxQtSNaEAxkkpyjbOhW3opFS3zBiqm6hoWoWVWXKNgmdYccJ3YGSmADDXX+On4MU5DEknMkBBt20qkM0ZcUszIRO+kgiQI91GXtBWNUEiEM55/YAIvleLDIOaqIgnn6t+NMQqFGIWemgyR7InV3kz8r9dOZXDnjGmUpJJEePFQkDIoYzhLA/qUEyzZSBGEOVVeIe4hjrBUmS1d8gc0EZnr4cK2rquU7NVM1kmjZNq3ZvmpXKjeZ3nlwTm4AFfABhVQBY+gBuoAgwmYglfwpk21d+1D+1yM5rRs5xQsQfv+BffZoRQ=</latexit>

x2
2 + 0.5x2x3 + 0.7

<latexit sha1_base64="jGMAe4z5vfDPH9rjismYEJzF6Tc="></latexit>=<latexit sha1_base64="2Z/HRk3KgXNlINrYB5BFzNP9ZF0=">AAAB+HicbVDLSgNBEJyNrxgfWfXoZTAInsJuEPUY9OIxgnlAsoTZSScZMvtgpleMS77EiwdFvPop3vwbZ5M9aGJBQ1HVPdNdfiyFRsf5tgpr6xubW8Xt0s7u3n7ZPjhs6ShRHJo8kpHq+EyDFCE0UaCETqyABb6Etj+5yfz2AygtovAepzF4ARuFYig4QyP17XIP4RE1T7MHmJr17YpTdeagq8TNSYXkaPTtr94g4kkAIXLJtO66ToxeyhQKLmFW6iUaYsYnbARdQ0MWgPbS+eIzemqUAR1GylSIdK7+nkhZoPU08E1nwHCsl71M/M/rJji88lIRxglCyBcfDRNJMaJZCnQgFHCUU0MYV8LsSvmYKcbRZFUyIbjLJ6+SVq3qXlTP72qV+nUeR5EckxNyRlxySerkljRIk3CSkGfySt6sJ+vFerc+Fq0FK585In9gff4AlW6Tsg==</latexit>

linear

<latexit sha1_base64="1o5k999jJUCBZRwoTb92JA4od3I="></latexit>2

4
| | | | | |
1 x2 x2

2 x2x3 . . . x3
2

| | | | | |

3

5

2

64
�1
...
�k

3

75 =

2

64
f̄�1 (y1)

...
f̄�1 (yn)

3

75

<latexit sha1_base64="jnuzHG6BfMdY+z+mCNdX/50tMcA="></latexit>

y = sin(x1)⇥
cos(x2)

x2
2 + 0.5x2x3 + 0.7

<latexit sha1_base64="y3BO4zNjZd9ha/4fSttnPw2e5EE=">AAACHHicbVDLSgMxFM34rPVV69JNsAiuykwRFVdFQVxWsA9oh5LJ3GlDM5khyZSWob/SrX6IO3Er+B3+gGk7C9t6IXA495ybw/FizpS27W9rY3Nre2c3t5ffPzg8Oi6cFBsqSiSFOo14JFseUcCZgLpmmkMrlkBCj0PTGzzM9s0hSMUi8aLHMbgh6QkWMEq0obqF4iMThGMYGZeaqe5wt1Cyy/Z88DpwMlBC2dS6hZ+OH9EkBKEpJ0q1HTvWbkqkZpTDJN9JFMSEDkgP2gYKEoJy03n2Cb4wjI+DSJonNJ6zfx0pCZUah55RhkT31epuRv63ayc6uHVTJuJEg6CLj4KEYx3hWRHYZxKo5mMDCJXMZMW0TySh2tS1dMkfslhlqUeL2Pm8aclZ7WQdNCpl57p89VwpVe+zvnLoDJ2jS+SgG1RFT6iG6oiiEZqiV/RmTa1368P6XEg3rMxzipbG+voF6Fqh6g==</latexit>

Final expression:

<latexit sha1_base64="nmvAJmYHqePJGBZt2pUhX7OQoRA="></latexit>

Solve the solution to
P2 for the linear token,
yielding f̄�1(y)

<latexit sha1_base64="Ajt+q5Hk+OYGK6C5KnDAeEiikLA="></latexit>

1

<latexit sha1_base64="p857jKGD5ajvdtz2QkVt+mOUss0="></latexit>

2

<latexit sha1_base64="+VhehVSpJkQCoM7xC4L/dZL+HMA="></latexit>

3

<latexit sha1_base64="rHu4zrk9gLpnKnyhuKArXPPJnCQ="></latexit>

4
<latexit sha1_base64="WpIswIK1RICfGqvbhDv1sOTFZJg="></latexit>

5
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Results on SRBench

§ Benchmarking using the open-source pipeline SRBench (La Cava et al.,2021) (252 datasets 
from PMLB):
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§ uDSR outperforms all other 14 benchmarked methods in 
symbolic and accuracy recovery for ground-truth problems

§ uDSR falls on the Pareto frontier (accuracy-complexity) on black-box SR problems
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