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Introduction



• Transformation recipe is a sequence of synthesis transformations, which is
iteratively applied to the logic network.

• Optimality gap happens when the recipe is applied to different designs!

• Better transformation recipe enables better optimization!

Recipe in ABC.1

1https://github.com/berkeley-abc/abc/blob/master/abc.rc

Logic synthesis with Transformation Recipe
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Classification & Prediction
Classify or predict the final Quality-of-Result (QoR) of synthesis sequences.2

• A large dataset is required for training and evaluation.
• The accuracy is limited and uncertain.

QoR prediction.3

2Cunxi Yu, Houping Xiao, and Giovanni De Micheli (2018). “Developing synthesis flows without
human knowledge”. In: Proceedings of the 55th Annual Design Automation Conference, pp. 1–6.

3Nan Wu et al. (2022). “Hybrid graph models for logic optimization via spatio-temporal
information”. In: arXiv preprint arXiv:2201.08455.

Previous solutions
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Sequence Generation

Generate the sequence with specific optimization objectives by reinforcement learning
(RL)4, Bayesian optimization (BO)5 or with heuristics.

• RL and BO based methods are lack of enough exploration by performing in a
“forward” process, where the sequence is generated as trajectory and evaluated as a
whole.

• The methods with heuristics always explore in the reduced search space, which
results in local optimum.

4Keren Zhu et al. (2020). “Exploring logic optimizations with reinforcement learning and graph
convolutional network”. In: Proceedings of the 2020 ACM/IEEE Workshop on Machine Learning for
CAD, pp. 145–150.

5Walter Lau Neto et al. (2022). “FlowTune: End-to-end Automatic Logic Optimization
Exploration via Domain-specific Multi-armed Bandit”. In: IEEE Transactions on Computer-Aided
Design of Integrated Circuits and Systems.

Previous solutions (cont’d)
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Decision-making with search tree

Exploring the logic optimization sequences by constructing a search tree, and making
decision with the tree statistics.

• The performance of actions in different stages are aware, and hence balancing the act
between pushing forward and going back.

• The statistics summarized from the search tree is informative and convincing for the
final decision.

<latexit sha1_base64="auQk8gIXQvfBMSS7yxO6ZoW4TeQ=">AAAB8XicbVA9SwNBEN2LXzF+RS1tFoNgFe5E1MIiYGMZwXxgcoS9zVyyZG/v2J0Tw5F/YWOhiK3/xs5/4ya5QhMfDDzem2FmXpBIYdB1v53Cyura+kZxs7S1vbO7V94/aJo41RwaPJaxbgfMgBQKGihQQjvRwKJAQisY3Uz91iNoI2J1j+ME/IgNlAgFZ2ilhy7CEyJmwaRXrrhVdwa6TLycVEiOeq/81e3HPI1AIZfMmI7nJuhnTKPgEialbmogYXzEBtCxVLEIjJ/NLp7QE6v0aRhrWwrpTP09kbHImHEU2M6I4dAselPxP6+TYnjlZ0IlKYLi80VhKinGdPo+7QsNHOXYEsa1sLdSPmSacbQhlWwI3uLLy6R5VvUuqud355XadR5HkRyRY3JKPHJJauSW1EmDcKLIM3klb45xXpx352PeWnDymUPyB87nDzeAkUQ=</latexit>

b

<latexit sha1_base64="auQk8gIXQvfBMSS7yxO6ZoW4TeQ=">AAAB8XicbVA9SwNBEN2LXzF+RS1tFoNgFe5E1MIiYGMZwXxgcoS9zVyyZG/v2J0Tw5F/YWOhiK3/xs5/4ya5QhMfDDzem2FmXpBIYdB1v53Cyura+kZxs7S1vbO7V94/aJo41RwaPJaxbgfMgBQKGihQQjvRwKJAQisY3Uz91iNoI2J1j+ME/IgNlAgFZ2ilhy7CEyJmwaRXrrhVdwa6TLycVEiOeq/81e3HPI1AIZfMmI7nJuhnTKPgEialbmogYXzEBtCxVLEIjJ/NLp7QE6v0aRhrWwrpTP09kbHImHEU2M6I4dAselPxP6+TYnjlZ0IlKYLi80VhKinGdPo+7QsNHOXYEsa1sLdSPmSacbQhlWwI3uLLy6R5VvUuqud355XadR5HkRyRY3JKPHJJauSW1EmDcKLIM3klb45xXpx352PeWnDymUPyB87nDzeAkUQ=</latexit>

b
<latexit sha1_base64="gvXn9uQeoqfqcKVdjjuugPf+iYA=">AAAB8nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E1MIiYGMZwXzA5Qh7m02yZG/v2J1Tw5GfYWOhiK2/xs5/4ya5QhMfDDzem2FmXphIYdB1v53Cyura+kZxs7S1vbO7V94/aJo41Yw3WCxj3Q6p4VIo3kCBkrcTzWkUSt4KRzdTv/XAtRGxusdxwoOIDpToC0bRSn4H+RMiZvpx0i1X3Ko7A1kmXk4qkKPeLX91ejFLI66QSWqM77kJBhnVKJjkk1InNTyhbEQH3LdU0YibIJudPCEnVumRfqxtKSQz9fdERiNjxlFoOyOKQ7PoTcX/PD/F/lWQCZWkyBWbL+qnkmBMpv+TntCcoRxbQpkW9lbChlRThjalkg3BW3x5mTTPqt5F9fzuvFK7zuMowhEcwyl4cAk1uIU6NIBBDM/wCm8OOi/Ou/Mxby04+cwh/IHz+QMtnpHV</latexit>rw

<latexit sha1_base64="gvXn9uQeoqfqcKVdjjuugPf+iYA=">AAAB8nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E1MIiYGMZwXzA5Qh7m02yZG/v2J1Tw5GfYWOhiK2/xs5/4ya5QhMfDDzem2FmXphIYdB1v53Cyura+kZxs7S1vbO7V94/aJo41Yw3WCxj3Q6p4VIo3kCBkrcTzWkUSt4KRzdTv/XAtRGxusdxwoOIDpToC0bRSn4H+RMiZvpx0i1X3Ko7A1kmXk4qkKPeLX91ejFLI66QSWqM77kJBhnVKJjkk1InNTyhbEQH3LdU0YibIJudPCEnVumRfqxtKSQz9fdERiNjxlFoOyOKQ7PoTcX/PD/F/lWQCZWkyBWbL+qnkmBMpv+TntCcoRxbQpkW9lbChlRThjalkg3BW3x5mTTPqt5F9fzuvFK7zuMowhEcwyl4cAk1uIU6NIBBDM/wCm8OOi/Ou/Mxby04+cwh/IHz+QMtnpHV</latexit>rw

<latexit sha1_base64="auQk8gIXQvfBMSS7yxO6ZoW4TeQ=">AAAB8XicbVA9SwNBEN2LXzF+RS1tFoNgFe5E1MIiYGMZwXxgcoS9zVyyZG/v2J0Tw5F/YWOhiK3/xs5/4ya5QhMfDDzem2FmXpBIYdB1v53Cyura+kZxs7S1vbO7V94/aJo41RwaPJaxbgfMgBQKGihQQjvRwKJAQisY3Uz91iNoI2J1j+ME/IgNlAgFZ2ilhy7CEyJmwaRXrrhVdwa6TLycVEiOeq/81e3HPI1AIZfMmI7nJuhnTKPgEialbmogYXzEBtCxVLEIjJ/NLp7QE6v0aRhrWwrpTP09kbHImHEU2M6I4dAselPxP6+TYnjlZ0IlKYLi80VhKinGdPo+7QsNHOXYEsa1sLdSPmSacbQhlWwI3uLLy6R5VvUuqud355XadR5HkRyRY3JKPHJJauSW1EmDcKLIM3klb45xXpx352PeWnDymUPyB87nDzeAkUQ=</latexit>

b
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<latexit sha1_base64="auQk8gIXQvfBMSS7yxO6ZoW4TeQ=">AAAB8XicbVA9SwNBEN2LXzF+RS1tFoNgFe5E1MIiYGMZwXxgcoS9zVyyZG/v2J0Tw5F/YWOhiK3/xs5/4ya5QhMfDDzem2FmXpBIYdB1v53Cyura+kZxs7S1vbO7V94/aJo41RwaPJaxbgfMgBQKGihQQjvRwKJAQisY3Uz91iNoI2J1j+ME/IgNlAgFZ2ilhy7CEyJmwaRXrrhVdwa6TLycVEiOeq/81e3HPI1AIZfMmI7nJuhnTKPgEialbmogYXzEBtCxVLEIjJ/NLp7QE6v0aRhrWwrpTP09kbHImHEU2M6I4dAselPxP6+TYnjlZ0IlKYLi80VhKinGdPo+7QsNHOXYEsa1sLdSPmSacbQhlWwI3uLLy6R5VvUuqud355XadR5HkRyRY3JKPHJJauSW1EmDcKLIM3klb45xXpx352PeWnDymUPyB87nDzeAkUQ=</latexit>

b
<latexit sha1_base64="gvXn9uQeoqfqcKVdjjuugPf+iYA=">AAAB8nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E1MIiYGMZwXzA5Qh7m02yZG/v2J1Tw5GfYWOhiK2/xs5/4ya5QhMfDDzem2FmXphIYdB1v53Cyura+kZxs7S1vbO7V94/aJo41Yw3WCxj3Q6p4VIo3kCBkrcTzWkUSt4KRzdTv/XAtRGxusdxwoOIDpToC0bRSn4H+RMiZvpx0i1X3Ko7A1kmXk4qkKPeLX91ejFLI66QSWqM77kJBhnVKJjkk1InNTyhbEQH3LdU0YibIJudPCEnVumRfqxtKSQz9fdERiNjxlFoOyOKQ7PoTcX/PD/F/lWQCZWkyBWbL+qnkmBMpv+TntCcoRxbQpkW9lbChlRThjalkg3BW3x5mTTPqt5F9fzuvFK7zuMowhEcwyl4cAk1uIU6NIBBDM/wCm8OOi/Ou/Mxby04+cwh/IHz+QMtnpHV</latexit>rw

Selection
Backtracking

<latexit sha1_base64="3WrAXKkJ5LGqMeEqsF5frRokEhM=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBbBU0lEVDwVvHisYD+gDWWznbZLN5uwOymW0H/ixYMiXv0n3vw3btsctPXBwOO9GWbmhYkUBj3v2ymsrW9sbhW3Szu7e/sH7uFRw8Sp5lDnsYx1K2QGpFBQR4ESWokGFoUSmuHobuY3x6CNiNUjThIIIjZQoi84Qyt1XbeD8ISIWcgkUxymXbfsVbw56Crxc1ImOWpd96vTi3kagUIumTFt30swyJhGwSVMS53UQML4iA2gbaliEZggm18+pWdW6dF+rG0ppHP190TGImMmUWg7I4ZDs+zNxP+8dor9myATKkkRFF8s6qeSYkxnMdCe0MBRTixhXAt7K+VDphlHG1bJhuAvv7xKGhcV/6py+XBZrt7mcRTJCTkl58Qn16RK7kmN1AknY/JMXsmbkzkvzrvzsWgtOPnMMfkD5/MHTDaUEw==</latexit>

balance
<latexit sha1_base64="VHBgpbJVCCFbuX9N20tDbpzYLpY=">AAAB+XicbVBNS8NAEN3Ur1q/oh69BIvgqSRSVDwVvHisYD+gDWWznbRLN5uwO6mW0H/ixYMiXv0n3vw3btsctPXBwOO9GWbmBYngGl332yqsrW9sbhW3Szu7e/sH9uFRU8epYtBgsYhVO6AaBJfQQI4C2okCGgUCWsHodua3xqA0j+UDThLwIzqQPOSMopF6tt1FeELETMGj4gjTnl12K+4czirxclImOeo9+6vbj1kagUQmqNYdz03Qz6hCzgRMS91UQ0LZiA6gY6ikEWg/m18+dc6M0nfCWJmS6MzV3xMZjbSeRIHpjCgO9bI3E//zOimG137GZZIiSLZYFKbCwdiZxeD0uQKGYmIIZeZxzhw2pIoyNGGVTAje8surpHlR8S4r1ftquXaTx1EkJ+SUnBOPXJEauSN10iCMjMkzeSVvVma9WO/Wx6K1YOUzx+QPrM8fqDyUTw==</latexit>

rewrite

Suboptimal path

Positive path

<latexit sha1_base64="gvXn9uQeoqfqcKVdjjuugPf+iYA=">AAAB8nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E1MIiYGMZwXzA5Qh7m02yZG/v2J1Tw5GfYWOhiK2/xs5/4ya5QhMfDDzem2FmXphIYdB1v53Cyura+kZxs7S1vbO7V94/aJo41Yw3WCxj3Q6p4VIo3kCBkrcTzWkUSt4KRzdTv/XAtRGxusdxwoOIDpToC0bRSn4H+RMiZvpx0i1X3Ko7A1kmXk4qkKPeLX91ejFLI66QSWqM77kJBhnVKJjkk1InNTyhbEQH3LdU0YibIJudPCEnVumRfqxtKSQz9fdERiNjxlFoOyOKQ7PoTcX/PD/F/lWQCZWkyBWbL+qnkmBMpv+TntCcoRxbQpkW9lbChlRThjalkg3BW3x5mTTPqt5F9fzuvFK7zuMowhEcwyl4cAk1uIU6NIBBDM/wCm8OOi/Ou/Mxby04+cwh/IHz+QMtnpHV</latexit>rw

Search Tree and forward search.

Our solution

7/22



Framework



• Customized MCTS.

• Stable Learning Strategies.

• Acceleration for MCTS.

Selection Expand & 
Evaluation Backpropagation

BackTracking

Resource Allocator Async. Parallelization

Synthesis Tools Neural Network

Selection
BackTracking

Decision Making
<latexit sha1_base64="0elw6W6VrXQnnm4BNVUuS3VDifs=">AAAB+nicbVDLTsMwEHTKq5RXCkcuFhUSpypBCDhWcOFYJPqQ0qhyXKe16jiRvQGq0E/hwgGEuPIl3PgbnDYHaJnVSqOZXXk9QSK4Bsf5tkorq2vrG+XNytb2zu6eXd1v6zhVlLVoLGLVDYhmgkvWAg6CdRPFSBQI1gnG17nfuWdK81jewSRhfkSGkoecEjBS3672gD1CEGZeD+flT/t2zak7M+Bl4hakhgo0+/ZXbxDTNGISqCBae66TgJ8RBZwKNq30Us0SQsdkyDxDJYmY9rPZ6VN8bJQBDmNlWgKeqb83MhJpPYkCMxkRGOlFLxf/87wUwks/4zJJgUk6fyhMBYYY5zngAVeMgpgYQqji5lZMR0QRCiatignBXfzyMmmf1t3z+tntWa1xVcRRRofoCJ0gF12gBrpBTdRCFD2gZ/SK3qwn68V6tz7moyWr2DlAf2B9/gBbCpNr</latexit>

[ ]

Overview of AlphaSyn.

Framework Overview
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SynUCT:
at = argmax

a∈A
(Qt,a + Rt,a + Ut,a). (1)

Qt,a: long-term return. Rt,a: immediate reward. Ut,a: balance mechanism:

Ut,a = cpuct · Pt,a ·
√

Nt

Nt,a + 1
. (2)

<latexit sha1_base64="Dj2IKX3vNrD9+FWUvHT2WP4pFtw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8eK9gPaWDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuLaiFg94DjhfkQHSoSCUbTSvXl0e+WKW3VnIMvEy0kFctR75a9uP2ZpxBUySY3peG6CfkY1Cib5pNRNDU8oG9EB71iqaMSNn81OnZATq/RJGGtbCslM/T2R0ciYcRTYzoji0Cx6U/E/r5NieOVnQiUpcsXmi8JUEozJ9G/SF5ozlGNLKNPC3krYkGrK0KZTsiF4iy8vk+ZZ1buont+dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnRfn3fmYtxacfOYQ/sD5/AED942i</latexit>

s0
<latexit sha1_base64="ykJ6jwC+kZjitSu2ppeSE7ScGyo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8eK9gPaWDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuLaiFg94DjhfkQHSoSCUbTSvXn0euWKW3VnIMvEy0kFctR75a9uP2ZpxBUySY3peG6CfkY1Cib5pNRNDU8oG9EB71iqaMSNn81OnZATq/RJGGtbCslM/T2R0ciYcRTYzoji0Cx6U/E/r5NieOVnQiUpcsXmi8JUEozJ9G/SF5ozlGNLKNPC3krYkGrK0KZTsiF4iy8vk+ZZ1buont+dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnRfn3fmYtxacfOYQ/sD5/AEFe42j</latexit>

s1

<latexit sha1_base64="vqyRInPFwL8oozdOpjHlYcuseZU=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHYJUY9ELx4xyiOBlcwOszBhdnYz02tCCJ/gxYPGePWLvPk3DrAHBSvppFLVne6uIJHCoOt+O7m19Y3Nrfx2YWd3b/+geHjUNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbmZ+64lrI2L1gOOE+xEdKBEKRtFK9+ax0iuW3LI7B1klXkZKkKHeK351+zFLI66QSWpMx3MT9CdUo2CSTwvd1PCEshEd8I6likbc+JP5qVNyZpU+CWNtSyGZq78nJjQyZhwFtjOiODTL3kz8z+ukGF75E6GSFLlii0VhKgnGZPY36QvNGcqxJZRpYW8lbEg1ZWjTKdgQvOWXV0mzUvYuytW7aql2ncWRhxM4hXPw4BJqcAt1aACDATzDK7w50nlx3p2PRWvOyWaO4Q+czx8G/42k</latexit>

s2

<latexit sha1_base64="imjyQ+Xj+5KYmfVf1NHZ+qzbcJg=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHaVqEeiF48Y5ZHASmaHASbMzm5mek3Ihk/w4kFjvPpF3vwbB9iDgpV0UqnqTndXEEth0HW/ndzK6tr6Rn6zsLW9s7tX3D9omCjRjNdZJCPdCqjhUiheR4GSt2LNaRhI3gxGN1O/+cS1EZF6wHHM/ZAOlOgLRtFK9+bxvFssuWV3BrJMvIyUIEOtW/zq9CKWhFwhk9SYtufG6KdUo2CSTwqdxPCYshEd8Laliobc+Ons1Ak5sUqP9CNtSyGZqb8nUhoaMw4D2xlSHJpFbyr+57UT7F/5qVBxglyx+aJ+IglGZPo36QnNGcqxJZRpYW8lbEg1ZWjTKdgQvMWXl0njrOxdlCt3lVL1OosjD0dwDKfgwSVU4RZqUAcGA3iGV3hzpPPivDsf89ack80cwh84nz8Ig42l</latexit>

s3 Suboptimal path

Search tree state

Leaf node

<latexit sha1_base64="s8/qbN7E6idaeuA1LPI1k9/guPk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlpu6XK27VnYOsEi8nFcjR6Je/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSvqh6l9Vas1ap3+RxFOEETuEcPLiCOtxBA1rAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MH4ZONAA==</latexit>s

SynUCT

Selection in the customized MCTS.

Selection

10/22



Define the reward RT :

RT = sgn(OT −1 −OT ) ·
√
|OT −1 −OT |

baseline
. (3)

Multi-objecitves reward:

RT = (1− β) · RT
1 + β · RT

2 . (4)

Then new nodes are expanded with initial statistics:

{NT ,a = 0,QT ,a = 0,PT ,a = pT ,a}. (5)

Expansion & Evaluation

11/22



Update the node visit count:
Nt ←− Nt + 1. (6)

Update the long-term return Qt, all t < T :

Qt ←− λ ·max
a∈A

(Qt,a + Rt,a). (7)

The exploration-exploitation trade-off:

• Accumulated Q prioritizes the exploration in the shallow levels.

• Deeper exploitation is also encouraged in promising directions.

Backpropagation

12/22



Take action Ti depends on the statistics:

Ti = argmax
a∈A

(Q0,a + R0,a). (8)

<latexit sha1_base64="GMqn5jT0mH9ZaFkiyQcq/f66CrE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRgx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzdRvPaHSPJaPZpygH9GB5CFn1Fjp4bbn9soVt+rOQJaJl5MK5Kj3yl/dfszSCKVhgmrd8dzE+BlVhjOBk1I31ZhQNqID7FgqaYTaz2anTsiJVfokjJUtachM/T2R0UjrcRTYzoiaoV70puJ/Xic14ZWfcZmkBiWbLwpTQUxMpn+TPlfIjBhbQpni9lbChlRRZmw6JRuCt/jyMmmeVb2L6vn9eaV2ncdRhCM4hlPw4BJqcAd1aACDATzDK7w5wnlx3p2PeWvByWcO4Q+czx/CZY13</latexit>

G0
<latexit sha1_base64="Y2AJOPFykYN+pCeNE2ldqiDByLw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRgx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzdRvPaHSPJaPZpygH9GB5CFn1Fjp4bbn9coVt+rOQJaJl5MK5Kj3yl/dfszSCKVhgmrd8dzE+BlVhjOBk1I31ZhQNqID7FgqaYTaz2anTsiJVfokjJUtachM/T2R0UjrcRTYzoiaoV70puJ/Xic14ZWfcZmkBiWbLwpTQUxMpn+TPlfIjBhbQpni9lbChlRRZmw6JRuCt/jyMmmeVb2L6vn9eaV2ncdRhCM4hlPw4BJqcAd1aACDATzDK7w5wnlx3p2PeWvByWcO4Q+czx/D6Y14</latexit>

G1
<latexit sha1_base64="bPY15z40Glgb00Unoi2aacY0l9k=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGoB6DHvQY0TwgWcLsZDYZMju7zPQKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkQKg6777eTW1jc2t/LbhZ3dvf2D4uFR08SpZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lYwupn5rSeujYjVI44T7kd0oEQoGEUrPdz2Kr1iyS27c5BV4mWkBBnqveJXtx+zNOIKmaTGdDw3QX9CNQom+bTQTQ1PKBvRAe9YqmjEjT+ZnzolZ1bpkzDWthSSufp7YkIjY8ZRYDsjikOz7M3E/7xOiuGVPxEqSZErtlgUppJgTGZ/k77QnKEcW0KZFvZWwoZUU4Y2nYINwVt+eZU0K2Xvoly9r5Zq11kceTiBUzgHDy6hBndQhwYwGMAzvMKbI50X5935WLTmnGzmGP7A+fwBxW2NeQ==</latexit>

G2

<latexit sha1_base64="0elw6W6VrXQnnm4BNVUuS3VDifs=">AAAB+nicbVDLTsMwEHTKq5RXCkcuFhUSpypBCDhWcOFYJPqQ0qhyXKe16jiRvQGq0E/hwgGEuPIl3PgbnDYHaJnVSqOZXXk9QSK4Bsf5tkorq2vrG+XNytb2zu6eXd1v6zhVlLVoLGLVDYhmgkvWAg6CdRPFSBQI1gnG17nfuWdK81jewSRhfkSGkoecEjBS3672gD1CEGZeD+flT/t2zak7M+Bl4hakhgo0+/ZXbxDTNGISqCBae66TgJ8RBZwKNq30Us0SQsdkyDxDJYmY9rPZ6VN8bJQBDmNlWgKeqb83MhJpPYkCMxkRGOlFLxf/87wUwks/4zJJgUk6fyhMBYYY5zngAVeMgpgYQqji5lZMR0QRCiatignBXfzyMmmf1t3z+tntWa1xVcRRRofoCJ0gF12gBrpBTdRCFD2gZ/SK3qwn68V6tz7moyWr2DlAf2B9/gBbCpNr</latexit>

[ ]
<latexit sha1_base64="0elw6W6VrXQnnm4BNVUuS3VDifs=">AAAB+nicbVDLTsMwEHTKq5RXCkcuFhUSpypBCDhWcOFYJPqQ0qhyXKe16jiRvQGq0E/hwgGEuPIl3PgbnDYHaJnVSqOZXXk9QSK4Bsf5tkorq2vrG+XNytb2zu6eXd1v6zhVlLVoLGLVDYhmgkvWAg6CdRPFSBQI1gnG17nfuWdK81jewSRhfkSGkoecEjBS3672gD1CEGZeD+flT/t2zak7M+Bl4hakhgo0+/ZXbxDTNGISqCBae66TgJ8RBZwKNq30Us0SQsdkyDxDJYmY9rPZ6VN8bJQBDmNlWgKeqb83MhJpPYkCMxkRGOlFLxf/87wUwks/4zJJgUk6fyhMBYYY5zngAVeMgpgYQqji5lZMR0QRCiatignBXfzyMmmf1t3z+tntWa1xVcRRRofoCJ0gF12gBrpBTdRCFD2gZ/SK3qwn68V6tz7moyWr2DlAf2B9/gBbCpNr</latexit>

[ ]

<latexit sha1_base64="YwuniXOVBuGh2hpgiN7Ug9U606U=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGoB6DXjxGzAuSJcxOepMhs7PLzKwQQj7BiwdFvPpF3vwbJ8keNLGgoajqprsrSATXxnW/ndzG5tb2Tn63sLd/cHhUPD5p6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/fbT6g0j2XDTBL0IzqUPOSMGis9NvqVfrHklt0FyDrxMlKCDPV+8as3iFkaoTRMUK27npsYf0qV4UzgrNBLNSaUjekQu5ZKGqH2p4tTZ+TCKgMSxsqWNGSh/p6Y0kjrSRTYzoiakV715uJ/Xjc14Y0/5TJJDUq2XBSmgpiYzP8mA66QGTGxhDLF7a2EjaiizNh0CjYEb/XlddKqlL2rcvWhWqrdZnHk4QzO4RI8uIYa3EMdmsBgCM/wCm+OcF6cd+dj2ZpzsplT+APn8wfZO42G</latexit>

T2<latexit sha1_base64="0elw6W6VrXQnnm4BNVUuS3VDifs=">AAAB+nicbVDLTsMwEHTKq5RXCkcuFhUSpypBCDhWcOFYJPqQ0qhyXKe16jiRvQGq0E/hwgGEuPIl3PgbnDYHaJnVSqOZXXk9QSK4Bsf5tkorq2vrG+XNytb2zu6eXd1v6zhVlLVoLGLVDYhmgkvWAg6CdRPFSBQI1gnG17nfuWdK81jewSRhfkSGkoecEjBS3672gD1CEGZeD+flT/t2zak7M+Bl4hakhgo0+/ZXbxDTNGISqCBae66TgJ8RBZwKNq30Us0SQsdkyDxDJYmY9rPZ6VN8bJQBDmNlWgKeqb83MhJpPYkCMxkRGOlFLxf/87wUwks/4zJJgUk6fyhMBYYY5zngAVeMgpgYQqji5lZMR0QRCiatignBXfzyMmmf1t3z+tntWa1xVcRRRofoCJ0gF12gBrpBTdRCFD2gZ/SK3qwn68V6tz7moyWr2DlAf2B9/gBbCpNr</latexit>

[ ]

<latexit sha1_base64="fGzojAlck5eGlX9zdL468y9XeUE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8eK/YI2lM120y7dbMLuRCihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63U1hb39jcKm6Xdnb39g/Kh0ctE6ea8SaLZaw7ATVcCsWbKFDyTqI5jQLJ28H4bua3n7g2IlYNnCTcj+hQiVAwilZ6bPS9frniVt05yCrxclKBHPV++as3iFkacYVMUmO6npugn1GNgkk+LfVSwxPKxnTIu5YqGnHjZ/NTp+TMKgMSxtqWQjJXf09kNDJmEgW2M6I4MsveTPzP66YY3viZUEmKXLHFojCVBGMy+5sMhOYM5cQSyrSwtxI2opoytOmUbAje8surpHVR9a6qlw+XldptHkcRTuAUzsGDa6jBPdShCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwDXt42F</latexit>

T1

<latexit sha1_base64="qjuj3YXjenoazBXU7Nrc9GTuTb4=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeKF48VTFtoY9lsN+3SzSbsToRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNEmmGfdZIhPdDqnhUijuo0DJ26nmNA4lb4Wj25nfeuLaiEQ94DjlQUwHSkSCUbSSbx7dntsrV9yqOwdZJV5OKpCj0St/dfsJy2KukElqTMdzUwwmVKNgkk9L3czwlLIRHfCOpYrG3AST+bFTcmaVPokSbUshmau/JyY0NmYch7Yzpjg0y95M/M/rZBhdBxOh0gy5YotFUSYJJmT2OekLzRnKsSWUaWFvJWxINWVo8ynZELzll1dJ86LqXVZr97VK/SaPowgncArn4MEV1OEOGuADAwHP8ApvjnJenHfnY9FacPKZY/gD5/MHKKiORA==</latexit>

s0
0

<latexit sha1_base64="Xs7sZLXEEY9SFXrbheiD/GeObMg=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeKF48VTFtoY9lsN+3SzSbsToRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNEmmGfdZIhPdDqnhUijuo0DJ26nmNA4lb4Wj25nfeuLaiEQ94DjlQUwHSkSCUbSSbx7dntcrV9yqOwdZJV5OKpCj0St/dfsJy2KukElqTMdzUwwmVKNgkk9L3czwlLIRHfCOpYrG3AST+bFTcmaVPokSbUshmau/JyY0NmYch7Yzpjg0y95M/M/rZBhdBxOh0gy5YotFUSYJJmT2OekLzRnKsSWUaWFvJWxINWVo8ynZELzll1dJ86LqXVZr97VK/SaPowgncArn4MEV1OEOGuADAwHP8ApvjnJenHfnY9FacPKZY/gD5/MHKiyORQ==</latexit>

s0
1

<latexit sha1_base64="+5DSbjKdUALwp223NuVicTNC5PM=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4Kkkp6rHixWMF0xbaWDbbTbt0swm7E6GU/gYvHhTx6g/y5r9x2+agrQ8GHu/NMDMvTKUw6Lrfztr6xubWdmGnuLu3f3BYOjpumiTTjPsskYluh9RwKRT3UaDk7VRzGoeSt8LR7cxvPXFtRKIecJzyIKYDJSLBKFrJN49ur9orld2KOwdZJV5OypCj0St9dfsJy2KukElqTMdzUwwmVKNgkk+L3czwlLIRHfCOpYrG3AST+bFTcm6VPokSbUshmau/JyY0NmYch7Yzpjg0y95M/M/rZBhdBxOh0gy5YotFUSYJJmT2OekLzRnKsSWUaWFvJWxINWVo8ynaELzll1dJs1rxLiu1+1q5fpPHUYBTOIML8OAK6nAHDfCBgYBneIU3RzkvzrvzsWhdc/KZE/gD5/MHK7CORg==</latexit>

s0
2

<latexit sha1_base64="x8R5ybvr8uT0hkh9oCUIzo0MPuE=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexqUI9BLx4j5gXJEmYnvcmQ2dllZlYIIZ/gxYMiXv0ib/6Nk2QPmljQUFR1090VJIJr47rfTm5tfWNzK79d2Nnd2z8oHh41dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/mtJ1Sax7Juxgn6ER1IHnJGjZUe673LXrHklt05yCrxMlKCDLVe8avbj1kaoTRMUK07npsYf0KV4UzgtNBNNSaUjegAO5ZKGqH2J/NTp+TMKn0SxsqWNGSu/p6Y0EjrcRTYzoiaoV72ZuJ/Xic14Y0/4TJJDUq2WBSmgpiYzP4mfa6QGTG2hDLF7a2EDamizNh0CjYEb/nlVdK8KHtX5cpDpVS9zeLIwwmcwjl4cA1VuIcaNIDBAJ7hFd4c4bw4787HojXnZDPH8AfO5w/av42H</latexit>

T3

<latexit sha1_base64="0elw6W6VrXQnnm4BNVUuS3VDifs=">AAAB+nicbVDLTsMwEHTKq5RXCkcuFhUSpypBCDhWcOFYJPqQ0qhyXKe16jiRvQGq0E/hwgGEuPIl3PgbnDYHaJnVSqOZXXk9QSK4Bsf5tkorq2vrG+XNytb2zu6eXd1v6zhVlLVoLGLVDYhmgkvWAg6CdRPFSBQI1gnG17nfuWdK81jewSRhfkSGkoecEjBS3672gD1CEGZeD+flT/t2zak7M+Bl4hakhgo0+/ZXbxDTNGISqCBae66TgJ8RBZwKNq30Us0SQsdkyDxDJYmY9rPZ6VN8bJQBDmNlWgKeqb83MhJpPYkCMxkRGOlFLxf/87wUwks/4zJJgUk6fyhMBYYY5zngAVeMgpgYQqji5lZMR0QRCiatignBXfzyMmmf1t3z+tntWa1xVcRRRofoCJ0gF12gBrpBTdRCFD2gZ/SK3qwn68V6tz7moyWr2DlAf2B9/gBbCpNr</latexit>

[ ]

<latexit sha1_base64="PuEQf2gIh7Dny7yK8ReAIZCJskw=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BD3pMwDwgWcLspDcZMzu7zMwKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGtzO/9YRK81g+mHGCfkQHkoecUWOl+l2vWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rw2p9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UvctypV4pVW+yOPJwAqdwDh5cQRXuoQYNYIDwDK/w5jw6L86787FozTnZzDH8gfP5A57jjNQ=</latexit>

G
<latexit sha1_base64="xOra1flrqf7FD7e/7ECUaWQ39nw=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BLx4TyAuSJcxOepMxs7PLzKwQQr7AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/ndzG5tb2Tn63sLd/cHhUPD5p6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8P/fbT6g0j2XDTBL0IzqUPOSMGivVG/1iyS27C5B14mWkBBlq/eJXbxCzNEJpmKBadz03Mf6UKsOZwFmhl2pMKBvTIXYtlTRC7U8Xh87IhVUGJIyVLWnIQv09MaWR1pMosJ0RNSO96s3F/7xuasJbf8plkhqUbLkoTAUxMZl/TQZcITNiYgllittbCRtRRZmx2RRsCN7qy+ukdVX2rsuVeqVUvcviyMMZnMMleHADVXiAGjSBAcIzvMKb8+i8OO/Ox7I152Qzp/AHzucPspeM4Q==</latexit>

T
AIG
Transformation

Subtree

Distribution

<latexit sha1_base64="0zJYeC3ktHSI+3Bmprm5XrcnxV4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPFi8eK9gPaWDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuLaiFg94DjhfkQHSoSCUbTSvXl0e+WKW3VnIMvEy0kFctR75a9uP2ZpxBUySY3peG6CfkY1Cib5pNRNDU8oG9EB71iqaMSNn81OnZATq/RJGGtbCslM/T2R0ciYcRTYzoji0Cx6U/E/r5NieOVnQiUpcsXmi8JUEozJ9G/SF5ozlGNLKNPC3krYkGrK0KZTsiF4iy8vk+ZZ1buont+dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnRfn3fmYtxacfOYQ/sD5/AEDqo2h</latexit>

s0 Tree root state

Decision making in AlphaSyn.

Decision Making
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Collecting data via self-syn, the accumulated Q and exponential distribution of
(Q+R) are stored:

π0,a =
(Q0,a + R0,a)1/κ

∑
b∈A(Q0,b + R0,b)1/κ . (9)

Input and Output of the model PQnet (fθ):

(pT ,QT
es) = fθ(sTi , aT −1

i , (T − 1) + i). (10)

Loss function:
Ltotal = LCE(p0,π0) + LMSE(Q0

es,Q0). (11)

Data Collection and Training

14/22



We design the PQnet based on SAGEConv6 and the self-attention pooling
SAGPool7.
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<latexit sha1_base64="7R+YWTUa/PMnSOHbc5DfCVwalLQ=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyGoB4DXjxGMA9JljA7mU2GzGOZmRXCkq/w4kERr36ON//GSbIHTSxoKKq66e6KEs6M9f1vr7CxubW9U9wt7e0fHB6Vj0/aRqWa0BZRXOluhA3lTNKWZZbTbqIpFhGnnWhyO/c7T1QbpuSDnSY0FHgkWcwItk567EdspBKemkG54lf9BdA6CXJSgRzNQfmrP1QkFVRawrExvcBPbJhhbRnhdFbqp4YmmEzwiPYclVhQE2aLg2fowilDFCvtSlq0UH9PZFgYMxWR6xTYjs2qNxf/83qpjW/CjMkktVSS5aI45cgqNP8eDZmmxPKpI5ho5m5FZIw1JtZlVHIhBKsvr5N2rRpcVev39UqjlsdRhDM4h0sI4BoacAdNaAEBAc/wCm+e9l68d+9j2Vrw8plT+APv8wcVHJCO</latexit>M
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<latexit sha1_base64="7R+YWTUa/PMnSOHbc5DfCVwalLQ=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyGoB4DXjxGMA9JljA7mU2GzGOZmRXCkq/w4kERr36ON//GSbIHTSxoKKq66e6KEs6M9f1vr7CxubW9U9wt7e0fHB6Vj0/aRqWa0BZRXOluhA3lTNKWZZbTbqIpFhGnnWhyO/c7T1QbpuSDnSY0FHgkWcwItk567EdspBKemkG54lf9BdA6CXJSgRzNQfmrP1QkFVRawrExvcBPbJhhbRnhdFbqp4YmmEzwiPYclVhQE2aLg2fowilDFCvtSlq0UH9PZFgYMxWR6xTYjs2qNxf/83qpjW/CjMkktVSS5aI45cgqNP8eDZmmxPKpI5ho5m5FZIw1JtZlVHIhBKsvr5N2rRpcVev39UqjlsdRhDM4h0sI4BoacAdNaAEBAc/wCm+e9l68d+9j2Vrw8plT+APv8wcVHJCO</latexit>M
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<latexit sha1_base64="7R+YWTUa/PMnSOHbc5DfCVwalLQ=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyGoB4DXjxGMA9JljA7mU2GzGOZmRXCkq/w4kERr36ON//GSbIHTSxoKKq66e6KEs6M9f1vr7CxubW9U9wt7e0fHB6Vj0/aRqWa0BZRXOluhA3lTNKWZZbTbqIpFhGnnWhyO/c7T1QbpuSDnSY0FHgkWcwItk567EdspBKemkG54lf9BdA6CXJSgRzNQfmrP1QkFVRawrExvcBPbJhhbRnhdFbqp4YmmEzwiPYclVhQE2aLg2fowilDFCvtSlq0UH9PZFgYMxWR6xTYjs2qNxf/83qpjW/CjMkktVSS5aI45cgqNP8eDZmmxPKpI5ho5m5FZIw1JtZlVHIhBKsvr5N2rRpcVev39UqjlsdRhDM4h0sI4BoacAdNaAEBAc/wCm+e9l68d+9j2Vrw8plT+APv8wcVHJCO</latexit>M
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<latexit sha1_base64="1j5MtzZXJkXWiPQRL2d3bO/YoP8=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCF48t2A9oQ9lsJ+3azSbsboQS+h+8eFDEq//Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip3RxkqGeDcsWtuguQdeLlpAI5GoPyV38YszRCaZigWvc8NzF+RpXhTOCs1E81JpRN6Ah7lkoaofazxbUzcmGVIQljZUsaslB/T2Q00noaBbYzomasV725+J/XS01462dcJqlByZaLwlQQE5P562TIFTIjppZQpri9lbAxVZQZG1DJhuCtvrxO2ldV77paa9YqdTePowhncA6X4MEN1OEeGtACBo/wDK/w5sTOi/PufCxbC04+cwp/4Hz+ALZgjy0=</latexit>

Qes

<latexit sha1_base64="1nKtI8qbijPf6p7Xw7QYlUAFdBU=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqsxIUZcFNy4r2Ae0Y8lkMm1oJhmSjFKG/ocbF4q49V/c+Tdm2llo64GQwzn3kpMTJJxp47rfTmltfWNzq7xd2dnd2z+oHh51tEwVoW0iuVS9AGvKmaBtwwynvURRHAecdoPJTe53H6nSTIp7M02oH+ORYBEj2FjpYRBIHuppbK8smQ2rNbfuzoFWiVeQGhRoDatfg1CSNKbCEI617ntuYvwMK8MIp7PKINU0wWSCR7RvqcAx1X42Tz1DZ1YJUSSVPcKgufp7I8OxzqPZyRibsV72cvE/r5+a6NrPmEhSQwVZPBSlHBmJ8gpQyBQlhk8twUQxmxWRMVaYGFtUxZbgLX95lXQu6t5lvXHXqDXdoo4ynMApnIMHV9CEW2hBGwgoeIZXeHOenBfn3flYjJacYucY/sD5/AFEqJL4</latexit>

p

AIG

The overview of PQnet.

6Will Hamilton, Zhitao Ying, and Jure Leskovec (2017). “Inductive representation learning on
large graphs”. In: Advances in neural information processing systems 30.

7Junhyun Lee, Inyeop Lee, and Jaewoo Kang (2019). “Self-attention graph pooling”. In:
International conference on machine learning. PMLR, pp. 3734–3743.

Network Architecture
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Conditional path-blocking-releasing Asynchronous Parallelization, Par-SynUCT:

at
par = argmax

a∈A
(Qt,a + Rt,a + Ut,a + Bt,a). (12)

Based on conditions on the tree branch, Par-SynUCT acts differently:
• When no thread is selecting: tree branch is accessed.

• When a thread is selecting: tree branch is blocked and unaccessed.

• After selecting: tree branch is released.

Asynchronous Parallelization

16/22



Experiments



Table: Comparison with FlowTune8 for logic optimization. Comparison with MLCAD’209

and ICCAD’2110 for logic optimization.

Design
Flowtune AlphaSyn w/o nn AlphaSyn w/ nn

#N rt (s) #̄N r̄t (s) #̂N #̄N r̄t (s)

bfly 22740 495.81 22619.9 223.60 22381 22582.7 537.39

dscg 22258 482.35 22225.2 210.20 22000 22155.9 557.09

fir 21807 488.67 21611.6 211.40 21544 21591.5 543.77

ode 13038 260.16 12935.9 112.98 12736 12768.7 472.55

or1200 10316 118.80 10266.9 74.16 10194 10195.2 420.02

syn2 23633 504.19 23547.1 242.00 23233 23535.7 587.01

Average 18965.3 391.66 18867.8 179.06 18689.5 18805.0 519.64

Ratio 1.000 1.000 0.995 0.457 0.985 0.992 1.327

Design
9 10 AlphaSyn w/o nn AlphaSyn w/ nn

#N #N #̄N r̄t (s) #̂N #̄N r̄t (s)

C1355 386.2 386 386 19.24 386 386 360.93

C6288 1870 1870 1870 24.35 1870 1870 454.89

C5315 1337.4 1315 1291.2 20.87 1287 1289.4 450.44

dalu 1039.8 1085 1008.4 21.22 1007 1008.4 475.94

k2 1128.4 1137 1045.9 22.66 1035 1041.3 451.69

mainpla 3438.4 3461 3406.3 24.81 3386 3390.2 462.66

apex1 1921.6 1885 1892 22.89 1881 1883 453.62

bc0 819.4 831 803.2 23.14 795 798 464.43

Average 1492.7 1496.3 1462.9 22.40 1455.88 1458.3 446.83

Ratio 1.000 1.002 0.980 - 0.975 0.977 -

8Walter Lau Neto et al. (2022). “FlowTune: End-to-end Automatic Logic Optimization
Exploration via Domain-specific Multi-armed Bandit”. In: IEEE Transactions on Computer-Aided
Design of Integrated Circuits and Systems.

9Keren Zhu et al. (2020). “Exploring logic optimizations with reinforcement learning and graph
convolutional network”. In: Proceedings of the 2020 ACM/IEEE Workshop on Machine Learning for
CAD, pp. 145–150.

10Yasasvi V Peruvemba et al. (2021). “RL-guided runtime-constrained heuristic exploration for
logic synthesis”. In: 2021 IEEE/ACM International Conference On Computer Aided Design (ICCAD).
IEEE, pp. 1–9.
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Table: Comparison with FlowTune11 for technology mapping on Nangate 45nm library
and ASAP 7nm library.

Design
Flowtune AlphaSyn w/o nn AlphaSyn w/ nn

Area rt ¯Area r̄t ˆArea ¯Area r̄t

(µm2) (s) (µm2) (s) (µm2) (µm2) (s)

bfly 16881.8 969.95 16089.0 450.78 15493 15959.2 830.20

dscg 16393.2 913.20 16142.2 411.80 15743 16097.1 958.01

fir 16323.5 922.73 15876.9 431.70 15336 15724.4 896.26

ode 9302.5 479.77 9138.4 272.59 9101 9151.2 710.97

or1200 6731.4 228.24 6756.6 153.92 6689.6 6729.1 531.53

syn2 17246.4 880.14 16410.6 490.37 16051.5 16078.1 943.32

Average 13813.1 732.34 13402.3 368.53 13069.0 13289.9 811.72

Ratio 1.000 1.000 0.970 0.503 0.946 0.962 1.108

Design
Flowtune AlphaSyn w/o nn AlphaSyn w/ nn

Area rt ¯Area r̄t ˆArea ¯Area r̄t

(µm2) (s) (µm2) (s) (µm2) (µm2) (s)

bfly 16934.2 2111.12 15586.7 1396.17 14837.7 15059.7 1520.04

dscg 15722.3 1865.30 15537.2 1261.43 15031 15164 1329.71

fir 16109 1784.02 16225.8 1060.90 15301 15471 1294.33

ode 9193.4 979.36 8319.8 763.16 8123 8257.3 919.07

or1200 4107.6 442.80 4241.9 584.95 4191.3 4201.1 719.72

syn2 18501.4 1812.36 15728.9 1254.69 15217.3 15370.2 1480.61

Average 13428 1499.16 12606.7 1053.55 12116.9 12253.9 1210.58

Ratio 1.000 1.000 0.939 0.703 0.902 0.913 0.808

11Walter Lau Neto et al. (2022). “FlowTune: End-to-end Automatic Logic Optimization
Exploration via Domain-specific Multi-armed Bandit”. In: IEEE Transactions on Computer-Aided
Design of Integrated Circuits and Systems.
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Table: Comparison with FlowTune12 , DRiLLS13 and ASPDAC’2314 for FPGA mapping.

Design
Flowtune AlphaSyn w/o nn AlphaSyn w/ nn

LUTs rt (s) ¯LUTs r̄t (s) ˆLUTs ¯LUTs r̄t (s)

bfly 8187 1511.40 7974.6 945.39 7889 7949.9 1148.27

dscg 8191 1481.99 8018.9 1005.74 7965 7972.9 1065.17

fir 7958 1422.34 7815.6 952.29 7728 7778.1 1036.73

ode 5022 708.07 5010.7 593.29 4973 4995.2 830.44

or1200 2751 401.295 2725.2 300.62 2714 2720.6 564.46

syn2 8316 1510.25 8215.4 968.38 8172 8189.7 1142.71

Average 6737.5 1172.56 6626.7 794.27 6573.5 6601.1 964.63

Ratio 1.000 1.000 0.984 0.677 0.976 0.980 0.823

Design
13 14 AlphaSyn w/o nn AlphaSyn w/ nn

LUTs LUTs ¯LUTs r̄t (s) ˆLUTs ¯LUTs r̄t (s)

max 694 687.8 680.5 74.59 674 680 342.56

adder 244 244 244 62.74 244 244 368.74

cavlc 112.2 111.3 106.8 53.14 106 106 321.12

ctrl 28 28 28 38.81 28 28 341

int2float 42.6 42.3 39.2 56.62 39 39 332.82

router 70.1 69.5 65.6 24.59 65 65 320.43

priority 133.4 142.9 135.6 59.15 131 135 350.11

i2c 292.1 289.32 280.6 47.78 272 280 373.46

sin 1441.5 1438 1439.7 91.02 1435 1438 406.19

square 3889.4 3889 3877 166.27 3875 3877 523.26

sqrt 4708 4685.3 4415 269.59 4415 4415 589.93

log2 7583.6 7580.1 7580 365.77 7580 7580 706.96

multiplier 5678 5672 5687.5 245.75 5670.5 5672 620.53

voter 1834.7 1678.1 1538.8 111.44 1534 1537.4 470.64

div 7944.4 7807.1 6685.3 244.04 5088.4 6650.1 712.57

mem_ctrl 10527.6 10309.7 9567.7 71.63 9211.5 9513.2 659.67

Average 2826.5 2792.2 2648.2 123.93 2523.0 2641.2 464.99

Ratio 1.000 0.988 0.937 - 0.893 0.934 -

12Walter Lau Neto et al. (2022). “FlowTune: End-to-end Automatic Logic Optimization
Exploration via Domain-specific Multi-armed Bandit”. In: IEEE Transactions on Computer-Aided
Design of Integrated Circuits and Systems.

13Abdelrahman Hosny et al. (2020). “DRiLLS: Deep reinforcement learning for logic synthesis”.
In: 2020 25th Asia and South Pacific Design Automation Conference (ASP-DAC). IEEE, pp. 581–586.

14Guanglei Zhou and Jason H Anderson (2023). “Area-Driven FPGA Logic Synthesis Using
Reinforcement Learning”. In: Proceedings of the 28th Asia and South Pacific Design Automation
Conference, pp. 159–165.
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Experienment is also conducted for Multi-objective Synthesis. Bule points are
100000 randomly generated sequences.

22,400 22,800 23,200 23,600

65

70

75

80

85

and node

l
e
v
e
l

Random Search
FlowTune
AlphaSyn
AlphaSyn node

By tuning the weight between and_node and level, a Pareto front has been formed by AlphaSyn’s
results. The result on objective of pure and_node minimization is specially marked
(“AlphaSyn_node”) for fair comparison with FlowTune.
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THANK YOU!
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