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Outline



• The Boolean satisfiability (SAT) problem involves finding a satisfying assignment for
a Boolean formula or proving that none exists.

• SAT has wide applications in circuit verification, test pattern generation, automatic
theorem proving, etc.

• SAT is the first problem proven NP-complete.
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Boolean Satisfiability (SAT)



• End-to-end solvers like NeuroSAT1: can only handle toy cases, lack of completeness.

• Learning-aided SAT solvers: use machine learning to improve a SAT solver’s
heuristics like variable branching2 and restart policy3.

1Daniel Selsam, Matthew Lamm, et al. (2018). “Learning a SAT Solver from Single-Bit
Supervision”. In: Proc. ICLR.

2Daniel Selsam and Nikolaj Bjørner (2019). “Guiding high-performance SAT solvers with
unsat-core predictions”. In: Proc. SAT, pp. 336–353.

3Jia Hui Liang et al. (2018). “Machine learning-based restart policy for CDCL SAT solvers”. In:
Proc. SAT, pp. 94–110.
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Learning for SAT



Clause deletion in CDCL solvers removes less useful learned clauses to manage
memory and computational resources.
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Clause Deletion



• Activity: Measures frequency of involvement in conflict analysis.

• Size: Counts the number of literals in the clause.

• Glue Value: Indicates diversity of decision levels involved in the clause.

Human-designed heuristics are utilized to guide clause deletion. Is it possible to develop a more
effective heuristic through learning?
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Clause Deletion Metrics in SAT Solvers



• Dynamic Solver State: A SAT solver’s state changes frequently as it navigates to a
new search space.

• Inter-clause Dependencies: The value of a learned clause depends on its interaction
with other chosen learned clauses.

• Clause Evaluation Cost: Direct clause evaluation demands model inferences for each
learned clause.

6 / 22

Hardness of Clause Evaluation Using ML
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From Clause Evaluation to Policy Evaluation



• Effectiveness of clause deletion depends on both characteristics of each learned
clause and the deletion policy.

• Clause deletion policy has a lifelong effect during SAT solving.

• Evaluating the deletion policy only requires one-time inference, it can be efficient
even on CPUs.
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Clause Deletion Policy Evaluation



• Step 1: Generate a Complementary Clause Deletion Policy

• Introduced a novel clause deletion metric based on the frequency of variable
propagation.

• Step 2: Select the Most Suitable Clause Deletion Policy

• Developed a classification network utilizing local message passing and global
attention mechanisms.
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Contributions
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Distribution of variable propagation frequency of a SAT instance from SAT competition 2022. Some
variables are propagated significantly more frequently than others.
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A New Clause Deletion Metric



~glue ~size
0313263

frequency~size~glue
02324434463

Default:

New:

The default learned clause scoring algorithm in Kissat vs. Our new learned clause scoring algorithm
considers variable propagation frequency.

c.frequency =
∑
v∈c

(fv > αfmax).

• fv indicates the frequency of variable v used to trigger propagation since the last
clause deletion.

• fmax represents the maximum propagation frequency among all variables.

• α is a hyperparameter between 0 and 1.
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A New Clause Deletion Policy
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Performance of New Clause Deletion Policy
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<latexit sha1_base64="zAJ5oklQbb3xCL8QzI/AKbPS9ZY=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSL0VBIV9Vjw4rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/ql33iuV3ao7A1kmXk7KkKPeK311+zFLI66QSWpMx3MT9DOqUTDJJ8VuanhC2YgOeMdSRSNu/Gx26oScWqVPwljbUkhm6u+JjEbGjKPAdkYUh2bRm4r/eZ0Uw2s/EypJkSs2XxSmkmBMpn+TvtCcoRxbQpkW9lbChlRThjadog3BW3x5mTTPqt5l1bu7KNcqeRwFOIYTqIAHV1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEI3o2O</latexit>

x3

<latexit sha1_base64="MJew4JbJU/wO92dtyPloP2pAv2k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBahp5IUUY8FLx4r2lZoQ9lsJ+3SzSbsbsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMTqIaAaBZfYMtwIfEgU0igQ2AnG1zO/84hK81jem0mCfkSHkoecUWOlu6d+vV+uuDV3DrJKvJxUIEezX/7qDWKWRigNE1Trrucmxs+oMpwJnJZ6qcaEsjEdYtdSSSPUfjY/dUrOrDIgYaxsSUPm6u+JjEZaT6LAdkbUjPSyNxP/87qpCa/8jMskNSjZYlGYCmJiMvubDLhCZsTEEsoUt7cSNqKKMmPTKdkQvOWXV0m7XvMuat7teaVRzeMowgmcQhU8uIQG3EATWsBgCM/wCm+OcF6cd+dj0Vpw8plj+APn8wcHWo2N</latexit>

x2

<latexit sha1_base64="X+bd4OIrendfcDkOjXGkKcr0Fb0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBahp5KIqMeCF48V7Qe0oWy2m3bpZhN2J2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbF6wEnC/YgOlQgFo2il+6e+1y9X3Jo7B1klXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+6pScWWVAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uw2s/EypJkSu2WBSmkmBMZn+TgdCcoZxYQpkW9lbCRlRThjadkg3BW355lbTOa95lzbu7qNSreRxFOIFTqIIHV1CHW2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gAF1o2M</latexit>

x1
<latexit sha1_base64="ddyY2IRgq9yE0MSfX9xhrZ8ow/I=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBahp5KIVI8FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD2zgDcoVt+YuQNaJl5MK5GgOyl/9YczSiCtkkhrT89wE/YxqFEzyWamfGp5QNqEj3rNU0YgbP1ucOiMXVhmSMNa2FJKF+nsio5Ex0yiwnRHFsVn15uJ/Xi/F8MbPhEpS5IotF4WpJBiT+d9kKDRnKKeWUKaFvZWwMdWUoU2nZEPwVl9eJ+3LmlevefdXlUY1j6MIZ3AOVfDgGhpwB01oAYMRPMMrvDnSeXHenY9la8HJZ07hD5zPH+XJjXc=</latexit>

c1

<latexit sha1_base64="fkSKkDLz4hQEcJ5f1yff7g79VMc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBahp5IUUY8FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpgQ3qg3LFrbkLkHXi5aQCOZqD8ld/GLM0QmmYoFr3PDcxfkaV4UzgrNRPNSaUTegIe5ZKGqH2s8WpM3JhlSEJY2VLGrJQf09kNNJ6GgW2M6JmrFe9ufif10tNeONnXCapQcmWi8JUEBOT+d9kyBUyI6aWUKa4vZWwMVWUGZtOyYbgrb68Ttr1mndV8+4vK41qHkcRzuAcquDBNTTgDprQAgYjeIZXeHOE8+K8Ox/L1oKTz5zCHzifP+dNjXg=</latexit>

c2

Message Passing

<latexit sha1_base64="zAJ5oklQbb3xCL8QzI/AKbPS9ZY=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSL0VBIV9Vjw4rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/ql33iuV3ao7A1kmXk7KkKPeK311+zFLI66QSWpMx3MT9DOqUTDJJ8VuanhC2YgOeMdSRSNu/Gx26oScWqVPwljbUkhm6u+JjEbGjKPAdkYUh2bRm4r/eZ0Uw2s/EypJkSs2XxSmkmBMpn+TvtCcoRxbQpkW9lbChlRThjadog3BW3x5mTTPqt5l1bu7KNcqeRwFOIYTqIAHV1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEI3o2O</latexit>

x3

<latexit sha1_base64="MJew4JbJU/wO92dtyPloP2pAv2k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBahp5IUUY8FLx4r2lZoQ9lsJ+3SzSbsbsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMTqIaAaBZfYMtwIfEgU0igQ2AnG1zO/84hK81jem0mCfkSHkoecUWOlu6d+vV+uuDV3DrJKvJxUIEezX/7qDWKWRigNE1Trrucmxs+oMpwJnJZ6qcaEsjEdYtdSSSPUfjY/dUrOrDIgYaxsSUPm6u+JjEZaT6LAdkbUjPSyNxP/87qpCa/8jMskNSjZYlGYCmJiMvubDLhCZsTEEsoUt7cSNqKKMmPTKdkQvOWXV0m7XvMuat7teaVRzeMowgmcQhU8uIQG3EATWsBgCM/wCm+OcF6cd+dj0Vpw8plj+APn8wcHWo2N</latexit>

x2

<latexit sha1_base64="X+bd4OIrendfcDkOjXGkKcr0Fb0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBahp5KIqMeCF48V7Qe0oWy2m3bpZhN2J2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbF6wEnC/YgOlQgFo2il+6e+1y9X3Jo7B1klXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+6pScWWVAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uw2s/EypJkSu2WBSmkmBMZn+TgdCcoZxYQpkW9lbCRlRThjadkg3BW355lbTOa95lzbu7qNSreRxFOIFTqIIHV1CHW2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gAF1o2M</latexit>
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HGT Layer HGT Layer Node Embeddings

MLP
<latexit sha1_base64="rIh8rU0H8IEVMQB5alrvfZEPkqs=">AAACGXicbVDLSsNAFJ34rPEVdelmsAhdlSSKiiAU3LisYB/QhDCZTtqhk0mYmYgl9Dfc+CtuXCjiUlf+jdM2irae1eGcc7n3njBlVCrb/jQWFpeWV1ZLa+b6xubWtrWz25RJJjBp4IQloh0iSRjlpKGoYqSdCoLikJFWOLgc+61bIiRN+I0apsSPUY/TiGKktBRYNg6c8wuPkx68Cxzo6bwmLvQ8Ewfuj+N+O0eBVbar9gRwnjgFKYMC9cB697oJzmLCFWZIyo5jp8rPkVAUMzIyvUySFOEB6pGOphzFRPr55LMRPNRKF0Z6dZRwBSfq74kcxVIO41AnY6T6ctYbi/95nUxFZ35OeZopwvF0UZQxqBI4rgl2qSBYsaEmCAuqb4W4jwTCSpdp6hKc2ZfnSdOtOidV5/q4XKsUdZTAPjgAFeCAU1ADV6AOGgCDe/AInsGL8WA8Ga/G2zS6YBQze+APjI8vueSdkA==</latexit>

c1 := ¬x1 _ x2

c2 := ¬x2 _ x3

Overview of NeuroSelect.

• Every SAT instance is represented as a weighted bipartite graph.

• The weight is -1 when the variable is negated in the clause.
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Overview



<latexit sha1_base64="zAJ5oklQbb3xCL8QzI/AKbPS9ZY=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSL0VBIV9Vjw4rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/ql33iuV3ao7A1kmXk7KkKPeK311+zFLI66QSWpMx3MT9DOqUTDJJ8VuanhC2YgOeMdSRSNu/Gx26oScWqVPwljbUkhm6u+JjEbGjKPAdkYUh2bRm4r/eZ0Uw2s/EypJkSs2XxSmkmBMpn+TvtCcoRxbQpkW9lbChlRThjadog3BW3x5mTTPqt5l1bu7KNcqeRwFOIYTqIAHV1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEI3o2O</latexit>

x3

<latexit sha1_base64="MJew4JbJU/wO92dtyPloP2pAv2k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBahp5IUUY8FLx4r2lZoQ9lsJ+3SzSbsbsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMTqIaAaBZfYMtwIfEgU0igQ2AnG1zO/84hK81jem0mCfkSHkoecUWOlu6d+vV+uuDV3DrJKvJxUIEezX/7qDWKWRigNE1Trrucmxs+oMpwJnJZ6qcaEsjEdYtdSSSPUfjY/dUrOrDIgYaxsSUPm6u+JjEZaT6LAdkbUjPSyNxP/87qpCa/8jMskNSjZYlGYCmJiMvubDLhCZsTEEsoUt7cSNqKKMmPTKdkQvOWXV0m7XvMuat7teaVRzeMowgmcQhU8uIQG3EATWsBgCM/wCm+OcF6cd+dj0Vpw8plj+APn8wcHWo2N</latexit>

x2

<latexit sha1_base64="X+bd4OIrendfcDkOjXGkKcr0Fb0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBahp5KIqMeCF48V7Qe0oWy2m3bpZhN2J2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbF6wEnC/YgOlQgFo2il+6e+1y9X3Jo7B1klXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+6pScWWVAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uw2s/EypJkSu2WBSmkmBMZn+TgdCcoZxYQpkW9lbCRlRThjadkg3BW355lbTOa95lzbu7qNSreRxFOIFTqIIHV1CHW2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gAF1o2M</latexit>

x1
<latexit sha1_base64="ddyY2IRgq9yE0MSfX9xhrZ8ow/I=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBahp5KIVI8FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD2zgDcoVt+YuQNaJl5MK5GgOyl/9YczSiCtkkhrT89wE/YxqFEzyWamfGp5QNqEj3rNU0YgbP1ucOiMXVhmSMNa2FJKF+nsio5Ex0yiwnRHFsVn15uJ/Xi/F8MbPhEpS5IotF4WpJBiT+d9kKDRnKKeWUKaFvZWwMdWUoU2nZEPwVl9eJ+3LmlevefdXlUY1j6MIZ3AOVfDgGhpwB01oAYMRPMMrvDnSeXHenY9la8HJZ07hD5zPH+XJjXc=</latexit>

c1

<latexit sha1_base64="fkSKkDLz4hQEcJ5f1yff7g79VMc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBahp5IUUY8FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpgQ3qg3LFrbkLkHXi5aQCOZqD8ld/GLM0QmmYoFr3PDcxfkaV4UzgrNRPNSaUTegIe5ZKGqH2s8WpM3JhlSEJY2VLGrJQf09kNNJ6GgW2M6JmrFe9ufif10tNeONnXCapQcmWi8JUEBOT+d9kyBUyI6aWUKa4vZWwMVWUGZtOyYbgrb68Ttr1mndV8+4vK41qHkcRzuAcquDBNTTgDprQAgYjeIZXeHOE8+K8Ox/L1oKTz5zCHzifP+dNjXg=</latexit>

c2

Message Passing

<latexit sha1_base64="zAJ5oklQbb3xCL8QzI/AKbPS9ZY=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSL0VBIV9Vjw4rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/ql33iuV3ao7A1kmXk7KkKPeK311+zFLI66QSWpMx3MT9DOqUTDJJ8VuanhC2YgOeMdSRSNu/Gx26oScWqVPwljbUkhm6u+JjEbGjKPAdkYUh2bRm4r/eZ0Uw2s/EypJkSs2XxSmkmBMpn+TvtCcoRxbQpkW9lbChlRThjadog3BW3x5mTTPqt5l1bu7KNcqeRwFOIYTqIAHV1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEI3o2O</latexit>

x3

<latexit sha1_base64="MJew4JbJU/wO92dtyPloP2pAv2k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBahp5IUUY8FLx4r2lZoQ9lsJ+3SzSbsbsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMTqIaAaBZfYMtwIfEgU0igQ2AnG1zO/84hK81jem0mCfkSHkoecUWOlu6d+vV+uuDV3DrJKvJxUIEezX/7qDWKWRigNE1Trrucmxs+oMpwJnJZ6qcaEsjEdYtdSSSPUfjY/dUrOrDIgYaxsSUPm6u+JjEZaT6LAdkbUjPSyNxP/87qpCa/8jMskNSjZYlGYCmJiMvubDLhCZsTEEsoUt7cSNqKKMmPTKdkQvOWXV0m7XvMuat7teaVRzeMowgmcQhU8uIQG3EATWsBgCM/wCm+OcF6cd+dj0Vpw8plj+APn8wcHWo2N</latexit>

x2

<latexit sha1_base64="X+bd4OIrendfcDkOjXGkKcr0Fb0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBahp5KIqMeCF48V7Qe0oWy2m3bpZhN2J2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbF6wEnC/YgOlQgFo2il+6e+1y9X3Jo7B1klXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+6pScWWVAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uw2s/EypJkSu2WBSmkmBMZn+TgdCcoZxYQpkW9lbCRlRThjadkg3BW355lbTOa95lzbu7qNSreRxFOIFTqIIHV1CHW2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gAF1o2M</latexit>

x1

Linear Attention

-1

-1
1

1

Hybrid Graph Transformer (HGT) Layer

Every HGT layer consists of a message-passing layer and a linear attention layer.

• The message-passing comprehends the structural information of the CNF formula.

• The linear attention captures long-term dependencies between variables.

• Linear attention reduces traditional self-attention complexity from quadratic to
linear.
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Hybrid Graph Transformer



Assume the input node embedding of the linear attention layer is denoted by Z ∈ RN×d.
The linear attention function4 is defined as

Q = fQ (Z) , Q̃ =
Q

∥Q∥F
, V = fV (Z) ,

K = fK (Z) , K̃ =
K

∥K∥F
, D = diag

(
1 +

1
N

Q̃
(
K̃⊤1

))
,

(1)

where fQ, fK, and fV are linear feed-forward layers to encode the query, key, and value
matrix. Subsequently, we have the output of the global attention layer in the format of

Zout = LinearAttn (Z) = D−1
[

V +
1
N

Q̃
(
K̃⊤V

)]
. (2)

4Qitian Wu et al. (2023). “SGFormer: Simplifying and Empowering Transformers for
Large-Graph Representations”. In: Proc. NIPS.
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Zout = LinearAttn (Z) = D−1
[

V +
1
N

Q̃
(

K̃⊤V
)]

. (3)

• The dimension of K̃⊤ is d × N and the dimension of V is N × d.

• The complexity of K̃⊤V is N × d2.

• Give d2 ≪ N, the complexity is linear to N.
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Table: Statistics of the training and test datasets from SAT competitions.

Data Type Year # CNFs # Variables # Clauses

Training

2016 74 16,649 86,186
2017 124 12,863 99,896
2018 148 13,407 93,094
2019 131 12,237 68,900
2020 123 16,921 85,808
2021 136 16,219 97,434

Test 2022 144 19,807 104,472

• An SAT instance is labeled as ‘1’ if it sees at least a 2% reduction in propagations with
the new deletion policy compared to the default policy in Kissat; otherwise, it is
labeled as ‘0’.

• Any formula whose graph conversion exceeds 400,000 nodes is excluded to adhere to
GPU memory limitations.

17 / 22

Datasets



Table: Performance of different SAT classification models.

precison recall F1 accuracy
NeuroSAT5 47.27% 44.07% 45.61% 56.94%
G4SATBench6 43.48% 33.90% 38.10% 54.86%
NeuroSelect w/o attention 56.45% 58.33% 57.38% 63.89%
NeuroSelect 66.00% 55.00% 60.50% 69.44%

5Daniel Selsam, Matthew Lamm, et al. (2018). “Learning a SAT Solver from Single-Bit
Supervision”. In: Proc. ICLR.

6Zhaoyu Li, Jinpei Guo, and Xujie Si (2023). “G4SATBench: Benchmarking and Advancing SAT
Solving with Graph Neural Networks”. In: arXiv preprint arXiv:2309.16941.
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Comparisons between NeuroSelect-Kissat and Kissat on SAT competition 2022 instances.
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Table: Runtime statistics of Kissat and NeuroSelect-Kissat on SAT competition 2022
instances.

solved median (s) average (s)
Kissat7 274 307.02 713.28

NeuroSelect-Kissat 274 271.34 671.73

Both NeuroSelect-Kissat and Kissat solved 274 instances within the time limit.
However, NeuroSelet-Kissat has a shorter average runtime, leading to a 5.8%
improvement.

7Armin Biere and Mathias Fleury (2022). “Gimsatul, IsaSAT and Kissat entering the SAT
Competition 2022”. In: Proc. of SAT Competition.
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0 0.5 1 1.5 2 2.5
Box plot of model inference time (s)

Inference time varies between 0.01 and 2.22 seconds on the CPU, which can be
ignored compared with SAT solving time.
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Thanks!
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