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• Huge search space

• > 1070 configurations

• Expensive evaluations

• Each flow run can take hours

• Strong inter-stage dependencies

• Synthesis → Routing

• Domain knowledge in EDA manuals is
unused by Bayesian Optimization(BO)
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Motivation

• Complex parameter semantics: manual
context is critical for Parameter Tuning.

• Retriever + BO framework: retrieves exact
documentation instead of directly using
LLMs as surrogate model.

Engineering Impact

• Provides better feature engineering for
traditional BO.

• Avoids LLM hallucination when directly
using LLMs for config selection.

Design Choices:  

                         {io | die}                               

Related context:

Specifies the floorplan dimensions by size; or by die, I/O, 
or     core coordinates. The floorPlan command initializes 
the floorplan and calls the add_tracks command to create new 
routing tracks.                                              

Design Parameter: 

                        -coreMarginsBy                               

Related context:

Specifies whether the core margins are calculated using the 
core-to-IO boundary or the core-to-die boundary.                      
Default: io                                                         

 Design Stage:  
                          Floorplan                                 

Example documentation context.
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Stage 2
Retrieval-augmented Latent Embedding
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K = Embd · WK

Retrieval Causal Attention

Three-stage pipeline: retrieval, causal embedding, and latent BO.

The stages work collaboratively: retrieval provides domain context, causal embedding
models inter-stage dependencies, and latent BO optimizes efficiently in the learned space.
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1 Chunk EDA manuals into uniform text
segments.

2 Index parameter names via rule-based
parsing.

3 Gather matched chunks as parameter
contexts.

4 C-RAGa captures EDA-specific
terminology.

aRAG-2024iccad-pu.

LLM

❄

Stage 1
Gather context

EDA Tool
Manual Documents

1.1 Chunking 1.2 Indexing

1.3 Gathering

Param 2 

Param  1

Param 3 

8/15

1. Contextualized Retrieval

8/15



Feed-Forward Network

State-wise Causal 
Transformer Encoder

Values 
Encoder

Parameter Coupled Pairs
Value and Context 

<latexit sha1_base64="QAt/GBpBgLfJ5421DcpXbiKEchk=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJdFNy4r2Ae0Y8lk0jY0kwxJRi1D/8ONC0Xc+i/u/Bsz7Sy09UDI4Zx7yckJYs60cd1vp7Cyura+UdwsbW3v7O6V9w9aWiaK0CaRXKpOgDXlTNCmYYbTTqwojgJO28H4OvPbD1RpJsWdmcTUj/BQsAEj2FjpvhdIHupJZK/0adovV9yqOwNaJl5OKpCj0S9/9UJJkogKQzjWuuu5sfFTrAwjnE5LvUTTGJMxHtKupQJHVPvpLPUUnVglRAOp7BEGzdTfGymOdBbNTkbYjPSil4n/ed3EDC79lIk4MVSQ+UODhCMjUVYBCpmixPCJJZgoZrMiMsIKE2OLKtkSvMUvL5PWWdWrVWu355X6VV5HEY7gGE7Bgwuoww00oAkEFDzDK7w5j86L8+58zEcLTr5zCH/gfP4AVt6TFA==</latexit>x

<latexit sha1_base64="1JwuuY5wQglBTLldpcwTeO9TXLo=">AAAB9XicbVDLSgMxFL3js9ZX1aWbYBFclRmR6rLoxmUF+4B2LJlMpg3NJEOSUcrQ/3DjQhG3/os7/8ZMOwttPRByOOdecnKChDNtXPfbWVldW9/YLG2Vt3d29/YrB4dtLVNFaItILlU3wJpyJmjLMMNpN1EUxwGnnWB8k/udR6o0k+LeTBLqx3goWMQINlZ66AeSh3oS2yvrTgeVqltzZ0DLxCtIFQo0B5WvfihJGlNhCMda9zw3MX6GlWGE02m5n2qaYDLGQ9qzVOCYaj+bpZ6iU6uEKJLKHmHQTP29keFY59HsZIzNSC96ufif10tNdOVnTCSpoYLMH4pSjoxEeQUoZIoSwyeWYKKYzYrICCtMjC2qbEvwFr+8TNrnNa9eq99dVBvXRR0lOIYTOAMPLqEBt9CEFhBQ8Ayv8OY8OS/Ou/MxH11xip0j+APn8wcmPpL0</latexit>

X
<latexit sha1_base64="5fkqK8X9GrvKIw1XT3qUmmztm+8=">AAAB+nicbVBLSwMxGMz6rPW11aOXYBE8lV2R6rEogscK9gHtUrLZbBuax5JklbL2p3jxoIhXf4k3/43Zdg/aOhAyzHwfmUyYMKqN5307K6tr6xubpa3y9s7u3r5bOWhrmSpMWlgyqboh0oRRQVqGGka6iSKIh4x0wvF17nceiNJUinszSUjA0VDQmGJkrDRwK/1QskhPuL2yGx5G04Fb9WreDHCZ+AWpggLNgfvVjyROOREGM6R1z/cSE2RIGYoZmZb7qSYJwmM0JD1LBeJEB9ks+hSeWCWCsVT2CANn6u+NDHGdp7OTHJmRXvRy8T+vl5r4MsioSFJDBJ4/FKcMGgnzHmBEFcGGTSxBWFGbFeIRUggb21bZluAvfnmZtM9qfr1WvzuvNq6KOkrgCByDU+CDC9AAt6AJWgCDR/AMXsGb8+S8OO/Ox3x0xSl2DsEfOJ8/1CSUYw==</latexit>

Embd

<latexit sha1_base64="J4AjrOzii0kJRu4XXiDikudkRCA=">AAAB+3icbVBPS8MwHE3nvzn/1Xn0EhyCp9GKTI9DLx4n2G2w1ZJm6RaWJiVJxVH6Vbx4UMSrX8Sb38Z060E3H4Q83vv9yMsLE0aVdpxvq7K2vrG5Vd2u7ezu7R/Yh/WuEqnExMOCCdkPkSKMcuJpqhnpJ5KgOGSkF05vCr/3SKSigt/rWUL8GI05jShG2kiBXR+Ggo3ULDZX5gXRA84Du+E0nTngKnFL0gAlOoH9NRwJnMaEa8yQUgPXSbSfIakpZiSvDVNFEoSnaEwGhnIUE+Vn8+w5PDXKCEZCmsM1nKu/NzIUqyKemYyRnqhlrxD/8wapjq78jPIk1YTjxUNRyqAWsCgCjqgkWLOZIQhLarJCPEESYW3qqpkS3OUvr5LuedNtNVt3F432dVlHFRyDE3AGXHAJ2uAWdIAHMHgCz+AVvFm59WK9Wx+L0YpV7hyBP7A+fwCWY5TQ</latexit>

Uc
f

<latexit sha1_base64="ZGFk+DEgVlJDJZ+wEpdIwIu6Bl0=">AAACIHicbVDLSsNAFJ3UV62vqEs3g0VwVRKR1o1QFMFlC/YBTQiTybQdOsmEmYlQQj7Fjb/ixoUiutOvcdJmUVsPDHM4517uvcePGZXKsr6N0tr6xuZWebuys7u3f2AeHnUlTwQmHcwZF30fScJoRDqKKkb6sSAo9Bnp+ZPb3O89EiEpjx7UNCZuiEYRHVKMlJY8s+H4nAVyGuovbWfwGi4Kd6EfZA4OuFpUe14788yqVbNmgKvELkgVFGh55pcTcJyEJFKYISkHthUrN0VCUcxIVnESSWKEJ2hEBppGKCTSTWcHZvBMKwEccqFfpOBMXexIUSjz5XRliNRYLnu5+J83SNTwyk1pFCeKRHg+aJgwqDjM04IBFQQrNtUEYUH1rhCPkUBY6UwrOgR7+eRV0r2o2fVavX1Zbd4UcZTBCTgF58AGDdAE96AFOgCDJ/AC3sC78Wy8Gh/G57y0ZBQ9x+APjJ9fFVSk0A==</latexit> Q
=

E
m

b
d

·W
Q

<latexit sha1_base64="tRVkZeJllS8jrZPJVjJ/Chi+zVE=">AAACIHicbVDLSsNAFJ3UV62vqEs3g0VwVRKR1o1QFEHopoJ9QBPCZDJth04yYWYilJBPceOvuHGhiO70a5y0WdTqgWEO59zLvff4MaNSWdaXUVpZXVvfKG9WtrZ3dvfM/YOu5InApIM546LvI0kYjUhHUcVIPxYEhT4jPX9ynfu9ByIk5dG9msbEDdEookOKkdKSZzYcn7NATkP9pa0MXsJF4Sb0g8zBAVeLas9rZZ5ZtWrWDPAvsQtSBQXanvnpBBwnIYkUZkjKgW3Fyk2RUBQzklWcRJIY4QkakYGmEQqJdNPZgRk80UoAh1zoFyk4Uxc7UhTKfDldGSI1lsteLv7nDRI1vHBTGsWJIhGeDxomDCoO87RgQAXBik01QVhQvSvEYyQQVjrTig7BXj75L+me1ex6rX53Xm1eFXGUwRE4BqfABg3QBLegDToAg0fwDF7Bm/FkvBjvxse8tGQUPYfgF4zvHwIipMQ=</latexit>

K = Embd · WK

<latexit sha1_base64="xE60HTg/YbfEyfXudXMTFxuSCNc=">AAACHXicbVDLSsNAFJ3UV62vqEs3g0VwVRIp1Y1QdOOygk0LTQiTybQdOsmEmYlQQn7Ejb/ixoUiLtyIf+OkzaK2HhjmcM693HtPkDAqlWX9GJW19Y3Nrep2bWd3b//APDxyJE8FJl3MGRf9AEnCaEy6iipG+okgKAoY6QWT28LvPRIhKY8f1DQhXoRGMR1SjJSWfLPpBpyFchrpL3NyeA0XhX7u4pCrRannO7lv1q2GNQNcJXZJ6qBExze/3JDjNCKxwgxJObCtRHkZEopiRvKam0qSIDxBIzLQNEYRkV42uy6HZ1oJ4ZAL/WIFZ+piR4YiWSynKyOkxnLZK8T/vEGqhldeRuMkVSTG80HDlEHFYREVDKkgWLGpJggLqneFeIwEwkoHWtMh2MsnrxLnomG3Gq37Zr19U8ZRBSfgFJwDG1yCNrgDHdAFGDyBF/AG3o1n49X4MD7npRWj7DkGf2B8/wLDVqOc</latexit> V
=

X
·W

V

<latexit sha1_base64="J4AjrOzii0kJRu4XXiDikudkRCA=">AAAB+3icbVBPS8MwHE3nvzn/1Xn0EhyCp9GKTI9DLx4n2G2w1ZJm6RaWJiVJxVH6Vbx4UMSrX8Sb38Z060E3H4Q83vv9yMsLE0aVdpxvq7K2vrG5Vd2u7ezu7R/Yh/WuEqnExMOCCdkPkSKMcuJpqhnpJ5KgOGSkF05vCr/3SKSigt/rWUL8GI05jShG2kiBXR+Ggo3ULDZX5gXRA84Du+E0nTngKnFL0gAlOoH9NRwJnMaEa8yQUgPXSbSfIakpZiSvDVNFEoSnaEwGhnIUE+Vn8+w5PDXKCEZCmsM1nKu/NzIUqyKemYyRnqhlrxD/8wapjq78jPIk1YTjxUNRyqAWsCgCjqgkWLOZIQhLarJCPEESYW3qqpkS3OUvr5LuedNtNVt3F432dVlHFRyDE3AGXHAJ2uAWdIAHMHgCz+AVvFm59WK9Wx+L0YpV7hyBP7A+fwCWY5TQ</latexit>

Uc
f

Causal Attention Block

Causal Attention 
Block

MLP

<latexit sha1_base64="J4AjrOzii0kJRu4XXiDikudkRCA=">AAAB+3icbVBPS8MwHE3nvzn/1Xn0EhyCp9GKTI9DLx4n2G2w1ZJm6RaWJiVJxVH6Vbx4UMSrX8Sb38Z060E3H4Q83vv9yMsLE0aVdpxvq7K2vrG5Vd2u7ezu7R/Yh/WuEqnExMOCCdkPkSKMcuJpqhnpJ5KgOGSkF05vCr/3SKSigt/rWUL8GI05jShG2kiBXR+Ggo3ULDZX5gXRA84Du+E0nTngKnFL0gAlOoH9NRwJnMaEa8yQUgPXSbSfIakpZiSvDVNFEoSnaEwGhnIUE+Vn8+w5PDXKCEZCmsM1nKu/NzIUqyKemYyRnqhlrxD/8wapjq78jPIk1YTjxUNRyqAWsCgCjqgkWLOZIQhLarJCPEESYW3qqpkS3OUvr5LuedNtNVt3F432dVlHFRyDE3AGXHAJ2uAWdIAHMHgCz+AVvFm59WK9Wx+L0YpV7hyBP7A+fwCWY5TQ</latexit>

Uc
f

<latexit sha1_base64="5fkqK8X9GrvKIw1XT3qUmmztm+8=">AAAB+nicbVBLSwMxGMz6rPW11aOXYBE8lV2R6rEogscK9gHtUrLZbBuax5JklbL2p3jxoIhXf4k3/43Zdg/aOhAyzHwfmUyYMKqN5307K6tr6xubpa3y9s7u3r5bOWhrmSpMWlgyqboh0oRRQVqGGka6iSKIh4x0wvF17nceiNJUinszSUjA0VDQmGJkrDRwK/1QskhPuL2yGx5G04Fb9WreDHCZ+AWpggLNgfvVjyROOREGM6R1z/cSE2RIGYoZmZb7qSYJwmM0JD1LBeJEB9ks+hSeWCWCsVT2CANn6u+NDHGdp7OTHJmRXvRy8T+vl5r4MsioSFJDBJ4/FKcMGgnzHmBEFcGGTSxBWFGbFeIRUggb21bZluAvfnmZtM9qfr1WvzuvNq6KOkrgCByDU+CDC9AAt6AJWgCDR/AMXsGb8+S8OO/Ox3x0xSl2DsEfOJ8/1CSUYw==</latexit>

Embd

Causal Transformer
 Encoder

<latexit sha1_base64="P4GArwQ3oaXEfJT4toixLcIzE8A=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qnn9Uplt+LOQJaJl5My5Kj3Sl/dfszSiCtkkhrT8dwE/YxqFEzySbGbGp5QNqID3rFU0YgbP5udOiGnVumTMNa2FJKZ+nsio5Ex4yiwnRHFoVn0puJ/XifF8MrPhEpS5IrNF4WpJBiT6d+kLzRnKMeWUKaFvZWwIdWUoU2naEPwFl9eJs3ziletVO8uyrXrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEPQo2r</latexit>x1
<latexit sha1_base64="0qSiA+TXOQEOvRSqdJWQbG5jZ2U=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHaJQY9ELx4xyiOBDZkdemHC7OxmZtZICJ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzcxvPaLSPJYPZpygH9GB5CFn1Fjp/qlX6RVLbtmdg6wSLyMlyFDvFb+6/ZilEUrDBNW647mJ8SdUGc4ETgvdVGNC2YgOsGOppBFqfzI/dUrOrNInYaxsSUPm6u+JCY20HkeB7YyoGeplbyb+53VSE175Ey6T1KBki0VhKoiJyexv0ucKmRFjSyhT3N5K2JAqyoxNp2BD8JZfXiXNStmrlqt3F6XadRZHHk7gFM7Bg0uowS3UoQEMBvAMr/DmCOfFeXc+Fq05J5s5hj9wPn8AEMaNrA==</latexit>x2

<latexit sha1_base64="8ZTPrPfKchAK5gctMLgcZ+HsVfA=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHbVoEeiF48Y5ZHAhswOA0yYnd3M9BrJhk/w4kFjvPpF3vwbB9iDgpV0UqnqTndXEEth0HW/ndzK6tr6Rn6zsLW9s7tX3D9omCjRjNdZJCPdCqjhUiheR4GSt2LNaRhI3gxGN1O/+ci1EZF6wHHM/ZAOlOgLRtFK90/d826x5JbdGcgy8TJSggy1bvGr04tYEnKFTFJj2p4bo59SjYJJPil0EsNjykZ0wNuWKhpy46ezUyfkxCo90o+0LYVkpv6eSGlozDgMbGdIcWgWvan4n9dOsH/lp0LFCXLF5ov6iSQYkenfpCc0ZyjHllCmhb2VsCHVlKFNp2BD8BZfXiaNs7JXKVfuLkrV6yyOPBzBMZyCB5dQhVuoQR0YDOAZXuHNkc6L8+58zFtzTjZzCH/gfP4AEkqNrQ==</latexit>x3
<latexit sha1_base64="BaMF3PkaAsnZA0xVzTPLAY+indM=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHYNQY9ELx4xyiOBDZkdemHC7OxmZtZICJ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzcxvPaLSPJYPZpygH9GB5CFn1Fjp/qlX6RVLbtmdg6wSLyMlyFDvFb+6/ZilEUrDBNW647mJ8SdUGc4ETgvdVGNC2YgOsGOppBFqfzI/dUrOrNInYaxsSUPm6u+JCY20HkeB7YyoGeplbyb+53VSE175Ey6T1KBki0VhKoiJyexv0ucKmRFjSyhT3N5K2JAqyoxNp2BD8JZfXiXNi7JXLVfvKqXadRZHHk7gFM7Bg0uowS3UoQEMBvAMr/DmCOfFeXc+Fq05J5s5hj9wPn8AE86Nrg==</latexit>x4

<latexit sha1_base64="e4VOlXH9grcpmGrJDzGLO/oO0WE=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHaNokeiF48Y5ZHAhswOA0yYnd3M9BrJhk/w4kFjvPpF3vwbB9iDgpV0UqnqTndXEEth0HW/ndzK6tr6Rn6zsLW9s7tX3D9omCjRjNdZJCPdCqjhUiheR4GSt2LNaRhI3gxGN1O/+ci1EZF6wHHM/ZAOlOgLRtFK90/di26x5JbdGcgy8TJSggy1bvGr04tYEnKFTFJj2p4bo59SjYJJPil0EsNjykZ0wNuWKhpy46ezUyfkxCo90o+0LYVkpv6eSGlozDgMbGdIcWgWvan4n9dOsH/lp0LFCXLF5ov6iSQYkenfpCc0ZyjHllCmhb2VsCHVlKFNp2BD8BZfXiaNs7JXKVfuzkvV6yyOPBzBMZyCB5dQhVuoQR0YDOAZXuHNkc6L8+58zFtzTjZzCH/gfP4AFVKNrw==</latexit>x5
<latexit sha1_base64="9QHVrNiWfz9J3iAYHaeoOO5k9Og=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrnFa9aqd5dlGvXeRwFOIYTOAMPLqEGt1CHBjAYwDO8wpsjnRfn3fmYt644+cwR/IHz+QMW1o2w</latexit>x6

<latexit sha1_base64="4mi9t1cb2Rrojovw7Et5fnVQ9Lg=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHaNAY9ELx4xyiOBDZkdZmHC7OxmptdICJ/gxYPGePWLvPk3DrAHBSvppFLVne6uIJHCoOt+O7m19Y3Nrfx2YWd3b/+geHjUNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbmZ+65FrI2L1gOOE+xEdKBEKRtFK90+9aq9YcsvuHGSVeBkpQYZ6r/jV7ccsjbhCJqkxHc9N0J9QjYJJPi10U8MTykZ0wDuWKhpx40/mp07JmVX6JIy1LYVkrv6emNDImHEU2M6I4tAsezPxP6+TYnjlT4RKUuSKLRaFqSQYk9nfpC80ZyjHllCmhb2VsCHVlKFNp2BD8JZfXiXNi7JXKVfuLku16yyOPJzAKZyDB1WowS3UoQEMBvAMr/DmSOfFeXc+Fq05J5s5hj9wPn8AGFqNsQ==</latexit>x7
<latexit sha1_base64="rxE71u1sitH+g9vzueWDWBSv8BQ=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY5ELx4xyiOBDZkdemHC7OxmZtZICJ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzcxvPaLSPJYPZpygH9GB5CFn1Fjp/qlX7RVLbtmdg6wSLyMlyFDvFb+6/ZilEUrDBNW647mJ8SdUGc4ETgvdVGNC2YgOsGOppBFqfzI/dUrOrNInYaxsSUPm6u+JCY20HkeB7YyoGeplbyb+53VSE1b9CZdJalCyxaIwFcTEZPY36XOFzIixJZQpbm8lbEgVZcamU7AheMsvr5LmRdmrlCt3l6XadRZHHk7gFM7BgyuowS3UoQEMBvAMr/DmCOfFeXc+Fq05J5s5hj9wPn8AGd6Nsg==</latexit>x8

<latexit sha1_base64="P4GArwQ3oaXEfJT4toixLcIzE8A=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qnn9Uplt+LOQJaJl5My5Kj3Sl/dfszSiCtkkhrT8dwE/YxqFEzySbGbGp5QNqID3rFU0YgbP5udOiGnVumTMNa2FJKZ+nsio5Ex4yiwnRHFoVn0puJ/XifF8MrPhEpS5IrNF4WpJBiT6d+kLzRnKMeWUKaFvZWwIdWUoU2naEPwFl9eJs3ziletVO8uyrXrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEPQo2r</latexit>x1
<latexit sha1_base64="0qSiA+TXOQEOvRSqdJWQbG5jZ2U=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHaJQY9ELx4xyiOBDZkdemHC7OxmZtZICJ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzcxvPaLSPJYPZpygH9GB5CFn1Fjp/qlX6RVLbtmdg6wSLyMlyFDvFb+6/ZilEUrDBNW647mJ8SdUGc4ETgvdVGNC2YgOsGOppBFqfzI/dUrOrNInYaxsSUPm6u+JCY20HkeB7YyoGeplbyb+53VSE175Ey6T1KBki0VhKoiJyexv0ucKmRFjSyhT3N5K2JAqyoxNp2BD8JZfXiXNStmrlqt3F6XadRZHHk7gFM7Bg0uowS3UoQEMBvAMr/DmCOfFeXc+Fq05J5s5hj9wPn8AEMaNrA==</latexit>x2
<latexit sha1_base64="8ZTPrPfKchAK5gctMLgcZ+HsVfA=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHbVoEeiF48Y5ZHAhswOA0yYnd3M9BrJhk/w4kFjvPpF3vwbB9iDgpV0UqnqTndXEEth0HW/ndzK6tr6Rn6zsLW9s7tX3D9omCjRjNdZJCPdCqjhUiheR4GSt2LNaRhI3gxGN1O/+ci1EZF6wHHM/ZAOlOgLRtFK90/d826x5JbdGcgy8TJSggy1bvGr04tYEnKFTFJj2p4bo59SjYJJPil0EsNjykZ0wNuWKhpy46ezUyfkxCo90o+0LYVkpv6eSGlozDgMbGdIcWgWvan4n9dOsH/lp0LFCXLF5ov6iSQYkenfpCc0ZyjHllCmhb2VsCHVlKFNp2BD8BZfXiaNs7JXKVfuLkrV6yyOPBzBMZyCB5dQhVuoQR0YDOAZXuHNkc6L8+58zFtzTjZzCH/gfP4AEkqNrQ==</latexit>x3
<latexit sha1_base64="BaMF3PkaAsnZA0xVzTPLAY+indM=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHYNQY9ELx4xyiOBDZkdemHC7OxmZtZICJ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzcxvPaLSPJYPZpygH9GB5CFn1Fjp/qlX6RVLbtmdg6wSLyMlyFDvFb+6/ZilEUrDBNW647mJ8SdUGc4ETgvdVGNC2YgOsGOppBFqfzI/dUrOrNInYaxsSUPm6u+JCY20HkeB7YyoGeplbyb+53VSE175Ey6T1KBki0VhKoiJyexv0ucKmRFjSyhT3N5K2JAqyoxNp2BD8JZfXiXNi7JXLVfvKqXadRZHHk7gFM7Bg0uowS3UoQEMBvAMr/DmCOfFeXc+Fq05J5s5hj9wPn8AE86Nrg==</latexit>x4
<latexit sha1_base64="e4VOlXH9grcpmGrJDzGLO/oO0WE=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHaNokeiF48Y5ZHAhswOA0yYnd3M9BrJhk/w4kFjvPpF3vwbB9iDgpV0UqnqTndXEEth0HW/ndzK6tr6Rn6zsLW9s7tX3D9omCjRjNdZJCPdCqjhUiheR4GSt2LNaRhI3gxGN1O/+ci1EZF6wHHM/ZAOlOgLRtFK90/di26x5JbdGcgy8TJSggy1bvGr04tYEnKFTFJj2p4bo59SjYJJPil0EsNjykZ0wNuWKhpy46ezUyfkxCo90o+0LYVkpv6eSGlozDgMbGdIcWgWvan4n9dOsH/lp0LFCXLF5ov6iSQYkenfpCc0ZyjHllCmhb2VsCHVlKFNp2BD8BZfXiaNs7JXKVfuzkvV6yyOPBzBMZyCB5dQhVuoQR0YDOAZXuHNkc6L8+58zFtzTjZzCH/gfP4AFVKNrw==</latexit>x5
<latexit sha1_base64="9QHVrNiWfz9J3iAYHaeoOO5k9Og=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrnFa9aqd5dlGvXeRwFOIYTOAMPLqEGt1CHBjAYwDO8wpsjnRfn3fmYt644+cwR/IHz+QMW1o2w</latexit>x6
<latexit sha1_base64="4mi9t1cb2Rrojovw7Et5fnVQ9Lg=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHaNAY9ELx4xyiOBDZkdZmHC7OxmptdICJ/gxYPGePWLvPk3DrAHBSvppFLVne6uIJHCoOt+O7m19Y3Nrfx2YWd3b/+geHjUNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbmZ+65FrI2L1gOOE+xEdKBEKRtFK90+9aq9YcsvuHGSVeBkpQYZ6r/jV7ccsjbhCJqkxHc9N0J9QjYJJPi10U8MTykZ0wDuWKhpx40/mp07JmVX6JIy1LYVkrv6emNDImHEU2M6I4tAsezPxP6+TYnjlT4RKUuSKLRaFqSQYk9nfpC80ZyjHllCmhb2VsCHVlKFNp2BD8JZfXiXNi7JXKVfuLku16yyOPJzAKZyDB1WowS3UoQEMBvAMr/DmSOfFeXc+Fq05J5s5hj9wPn8AGFqNsQ==</latexit>x7
<latexit sha1_base64="rxE71u1sitH+g9vzueWDWBSv8BQ=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY5ELx4xyiOBDZkdemHC7OxmZtZICJ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzcxvPaLSPJYPZpygH9GB5CFn1Fjp/qlX7RVLbtmdg6wSLyMlyFDvFb+6/ZilEUrDBNW647mJ8SdUGc4ETgvdVGNC2YgOsGOppBFqfzI/dUrOrNInYaxsSUPm6u+JCY20HkeB7YyoGeplbyb+53VSE1b9CZdJalCyxaIwFcTEZPY36XOFzIixJZQpbm8lbEgVZcamU7AheMsvr5LmRdmrlCt3l6XadRZHHk7gFM7BgyuowS3UoQEMBvAMr/DmCOfFeXc+Fq05J5s5hj9wPn8AGd6Nsg==</latexit>x8

<latexit sha1_base64="P4GArwQ3oaXEfJT4toixLcIzE8A=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qnn9Uplt+LOQJaJl5My5Kj3Sl/dfszSiCtkkhrT8dwE/YxqFEzySbGbGp5QNqID3rFU0YgbP5udOiGnVumTMNa2FJKZ+nsio5Ex4yiwnRHFoVn0puJ/XifF8MrPhEpS5IrNF4WpJBiT6d+kLzRnKMeWUKaFvZWwIdWUoU2naEPwFl9eJs3ziletVO8uyrXrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEPQo2r</latexit>x1
<latexit sha1_base64="0qSiA+TXOQEOvRSqdJWQbG5jZ2U=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHaJQY9ELx4xyiOBDZkdemHC7OxmZtZICJ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzcxvPaLSPJYPZpygH9GB5CFn1Fjp/qlX6RVLbtmdg6wSLyMlyFDvFb+6/ZilEUrDBNW647mJ8SdUGc4ETgvdVGNC2YgOsGOppBFqfzI/dUrOrNInYaxsSUPm6u+JCY20HkeB7YyoGeplbyb+53VSE175Ey6T1KBki0VhKoiJyexv0ucKmRFjSyhT3N5K2JAqyoxNp2BD8JZfXiXNStmrlqt3F6XadRZHHk7gFM7Bg0uowS3UoQEMBvAMr/DmCOfFeXc+Fq05J5s5hj9wPn8AEMaNrA==</latexit>x2

<latexit sha1_base64="8ZTPrPfKchAK5gctMLgcZ+HsVfA=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHbVoEeiF48Y5ZHAhswOA0yYnd3M9BrJhk/w4kFjvPpF3vwbB9iDgpV0UqnqTndXEEth0HW/ndzK6tr6Rn6zsLW9s7tX3D9omCjRjNdZJCPdCqjhUiheR4GSt2LNaRhI3gxGN1O/+ci1EZF6wHHM/ZAOlOgLRtFK90/d826x5JbdGcgy8TJSggy1bvGr04tYEnKFTFJj2p4bo59SjYJJPil0EsNjykZ0wNuWKhpy46ezUyfkxCo90o+0LYVkpv6eSGlozDgMbGdIcWgWvan4n9dOsH/lp0LFCXLF5ov6iSQYkenfpCc0ZyjHllCmhb2VsCHVlKFNp2BD8BZfXiaNs7JXKVfuLkrV6yyOPBzBMZyCB5dQhVuoQR0YDOAZXuHNkc6L8+58zFtzTjZzCH/gfP4AEkqNrQ==</latexit>x3
<latexit sha1_base64="BaMF3PkaAsnZA0xVzTPLAY+indM=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHYNQY9ELx4xyiOBDZkdemHC7OxmZtZICJ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzcxvPaLSPJYPZpygH9GB5CFn1Fjp/qlX6RVLbtmdg6wSLyMlyFDvFb+6/ZilEUrDBNW647mJ8SdUGc4ETgvdVGNC2YgOsGOppBFqfzI/dUrOrNInYaxsSUPm6u+JCY20HkeB7YyoGeplbyb+53VSE175Ey6T1KBki0VhKoiJyexv0ucKmRFjSyhT3N5K2JAqyoxNp2BD8JZfXiXNi7JXLVfvKqXadRZHHk7gFM7Bg0uowS3UoQEMBvAMr/DmCOfFeXc+Fq05J5s5hj9wPn8AE86Nrg==</latexit>x4

<latexit sha1_base64="e4VOlXH9grcpmGrJDzGLO/oO0WE=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHaNokeiF48Y5ZHAhswOA0yYnd3M9BrJhk/w4kFjvPpF3vwbB9iDgpV0UqnqTndXEEth0HW/ndzK6tr6Rn6zsLW9s7tX3D9omCjRjNdZJCPdCqjhUiheR4GSt2LNaRhI3gxGN1O/+ci1EZF6wHHM/ZAOlOgLRtFK90/di26x5JbdGcgy8TJSggy1bvGr04tYEnKFTFJj2p4bo59SjYJJPil0EsNjykZ0wNuWKhpy46ezUyfkxCo90o+0LYVkpv6eSGlozDgMbGdIcWgWvan4n9dOsH/lp0LFCXLF5ov6iSQYkenfpCc0ZyjHllCmhb2VsCHVlKFNp2BD8BZfXiaNs7JXKVfuzkvV6yyOPBzBMZyCB5dQhVuoQR0YDOAZXuHNkc6L8+58zFtzTjZzCH/gfP4AFVKNrw==</latexit>x5
<latexit sha1_base64="9QHVrNiWfz9J3iAYHaeoOO5k9Og=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrnFa9aqd5dlGvXeRwFOIYTOAMPLqEGt1CHBjAYwDO8wpsjnRfn3fmYt644+cwR/IHz+QMW1o2w</latexit>x6

<latexit sha1_base64="4mi9t1cb2Rrojovw7Et5fnVQ9Lg=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHaNAY9ELx4xyiOBDZkdZmHC7OxmptdICJ/gxYPGePWLvPk3DrAHBSvppFLVne6uIJHCoOt+O7m19Y3Nrfx2YWd3b/+geHjUNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbmZ+65FrI2L1gOOE+xEdKBEKRtFK90+9aq9YcsvuHGSVeBkpQYZ6r/jV7ccsjbhCJqkxHc9N0J9QjYJJPi10U8MTykZ0wDuWKhpx40/mp07JmVX6JIy1LYVkrv6emNDImHEU2M6I4tAsezPxP6+TYnjlT4RKUuSKLRaFqSQYk9nfpC80ZyjHllCmhb2VsCHVlKFNp2BD8JZfXiXNi7JXKVfuLku16yyOPJzAKZyDB1WowS3UoQEMBvAMr/DmSOfFeXc+Fq05J5s5hj9wPn8AGFqNsQ==</latexit>x7
<latexit sha1_base64="rxE71u1sitH+g9vzueWDWBSv8BQ=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY5ELx4xyiOBDZkdemHC7OxmZtZICJ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzcxvPaLSPJYPZpygH9GB5CFn1Fjp/qlX7RVLbtmdg6wSLyMlyFDvFb+6/ZilEUrDBNW647mJ8SdUGc4ETgvdVGNC2YgOsGOppBFqfzI/dUrOrNInYaxsSUPm6u+JCY20HkeB7YyoGeplbyb+53VSE1b9CZdJalCyxaIwFcTEZPY36XOFzIixJZQpbm8lbEgVZcamU7AheMsvr5LmRdmrlCt3l6XadRZHHk7gFM7BgyuowS3UoQEMBvAMr/DmCOfFeXc+Fq05J5s5hj9wPn8AGd6Nsg==</latexit>x8

<latexit sha1_base64="P4GArwQ3oaXEfJT4toixLcIzE8A=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qnn9Uplt+LOQJaJl5My5Kj3Sl/dfszSiCtkkhrT8dwE/YxqFEzySbGbGp5QNqID3rFU0YgbP5udOiGnVumTMNa2FJKZ+nsio5Ex4yiwnRHFoVn0puJ/XifF8MrPhEpS5IrNF4WpJBiT6d+kLzRnKMeWUKaFvZWwIdWUoU2naEPwFl9eJs3ziletVO8uyrXrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEPQo2r</latexit>x1
<latexit sha1_base64="0qSiA+TXOQEOvRSqdJWQbG5jZ2U=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHaJQY9ELx4xyiOBDZkdemHC7OxmZtZICJ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzcxvPaLSPJYPZpygH9GB5CFn1Fjp/qlX6RVLbtmdg6wSLyMlyFDvFb+6/ZilEUrDBNW647mJ8SdUGc4ETgvdVGNC2YgOsGOppBFqfzI/dUrOrNInYaxsSUPm6u+JCY20HkeB7YyoGeplbyb+53VSE175Ey6T1KBki0VhKoiJyexv0ucKmRFjSyhT3N5K2JAqyoxNp2BD8JZfXiXNStmrlqt3F6XadRZHHk7gFM7Bg0uowS3UoQEMBvAMr/DmCOfFeXc+Fq05J5s5hj9wPn8AEMaNrA==</latexit>x2
<latexit sha1_base64="8ZTPrPfKchAK5gctMLgcZ+HsVfA=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHbVoEeiF48Y5ZHAhswOA0yYnd3M9BrJhk/w4kFjvPpF3vwbB9iDgpV0UqnqTndXEEth0HW/ndzK6tr6Rn6zsLW9s7tX3D9omCjRjNdZJCPdCqjhUiheR4GSt2LNaRhI3gxGN1O/+ci1EZF6wHHM/ZAOlOgLRtFK90/d826x5JbdGcgy8TJSggy1bvGr04tYEnKFTFJj2p4bo59SjYJJPil0EsNjykZ0wNuWKhpy46ezUyfkxCo90o+0LYVkpv6eSGlozDgMbGdIcWgWvan4n9dOsH/lp0LFCXLF5ov6iSQYkenfpCc0ZyjHllCmhb2VsCHVlKFNp2BD8BZfXiaNs7JXKVfuLkrV6yyOPBzBMZyCB5dQhVuoQR0YDOAZXuHNkc6L8+58zFtzTjZzCH/gfP4AEkqNrQ==</latexit>x3
<latexit sha1_base64="BaMF3PkaAsnZA0xVzTPLAY+indM=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHYNQY9ELx4xyiOBDZkdemHC7OxmZtZICJ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzcxvPaLSPJYPZpygH9GB5CFn1Fjp/qlX6RVLbtmdg6wSLyMlyFDvFb+6/ZilEUrDBNW647mJ8SdUGc4ETgvdVGNC2YgOsGOppBFqfzI/dUrOrNInYaxsSUPm6u+JCY20HkeB7YyoGeplbyb+53VSE175Ey6T1KBki0VhKoiJyexv0ucKmRFjSyhT3N5K2JAqyoxNp2BD8JZfXiXNi7JXLVfvKqXadRZHHk7gFM7Bg0uowS3UoQEMBvAMr/DmCOfFeXc+Fq05J5s5hj9wPn8AE86Nrg==</latexit>x4
<latexit sha1_base64="e4VOlXH9grcpmGrJDzGLO/oO0WE=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHaNokeiF48Y5ZHAhswOA0yYnd3M9BrJhk/w4kFjvPpF3vwbB9iDgpV0UqnqTndXEEth0HW/ndzK6tr6Rn6zsLW9s7tX3D9omCjRjNdZJCPdCqjhUiheR4GSt2LNaRhI3gxGN1O/+ci1EZF6wHHM/ZAOlOgLRtFK90/di26x5JbdGcgy8TJSggy1bvGr04tYEnKFTFJj2p4bo59SjYJJPil0EsNjykZ0wNuWKhpy46ezUyfkxCo90o+0LYVkpv6eSGlozDgMbGdIcWgWvan4n9dOsH/lp0LFCXLF5ov6iSQYkenfpCc0ZyjHllCmhb2VsCHVlKFNp2BD8BZfXiaNs7JXKVfuzkvV6yyOPBzBMZyCB5dQhVuoQR0YDOAZXuHNkc6L8+58zFtzTjZzCH/gfP4AFVKNrw==</latexit>x5
<latexit sha1_base64="9QHVrNiWfz9J3iAYHaeoOO5k9Og=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrnFa9aqd5dlGvXeRwFOIYTOAMPLqEGt1CHBjAYwDO8wpsjnRfn3fmYt644+cwR/IHz+QMW1o2w</latexit>x6
<latexit sha1_base64="4mi9t1cb2Rrojovw7Et5fnVQ9Lg=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHaNAY9ELx4xyiOBDZkdZmHC7OxmptdICJ/gxYPGePWLvPk3DrAHBSvppFLVne6uIJHCoOt+O7m19Y3Nrfx2YWd3b/+geHjUNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbmZ+65FrI2L1gOOE+xEdKBEKRtFK90+9aq9YcsvuHGSVeBkpQYZ6r/jV7ccsjbhCJqkxHc9N0J9QjYJJPi10U8MTykZ0wDuWKhpx40/mp07JmVX6JIy1LYVkrv6emNDImHEU2M6I4tAsezPxP6+TYnjlT4RKUuSKLRaFqSQYk9nfpC80ZyjHllCmhb2VsCHVlKFNp2BD8JZfXiXNi7JXKVfuLku16yyOPJzAKZyDB1WowS3UoQEMBvAMr/DmSOfFeXc+Fq05J5s5hj9wPn8AGFqNsQ==</latexit>x7
<latexit sha1_base64="rxE71u1sitH+g9vzueWDWBSv8BQ=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY5ELx4xyiOBDZkdemHC7OxmZtZICJ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzcxvPaLSPJYPZpygH9GB5CFn1Fjp/qlX7RVLbtmdg6wSLyMlyFDvFb+6/ZilEUrDBNW647mJ8SdUGc4ETgvdVGNC2YgOsGOppBFqfzI/dUrOrNInYaxsSUPm6u+JCY20HkeB7YyoGeplbyb+53VSE1b9CZdJalCyxaIwFcTEZPY36XOFzIixJZQpbm8lbEgVZcamU7AheMsvr5LmRdmrlCt3l6XadRZHHk7gFM7BgyuowS3UoQEMBvAMr/DmCOfFeXc+Fq05J5s5hj9wPn8AGd6Nsg==</latexit>x8

• Retrieval context vectors + parameter values.

• Stage-wise causal mask enforces inter-stage dependencies.

• Produces compact latent embeddings for BO.

Physical Design Irreversibility

RCNet’s causal mask ensures later-stage embeddings do not influence earlier-stage embeddings,
modeling this one-way dependency.
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2. RCNet: Causality-Aware Embedding

9/15



Standard BO

1 Surrogate Model (GP)

2 Acquisition Function

3 Evaluate

RABO (Our Method)

1 RA: Retrieve documentation context

2 RCNet: Build causal latent embedding

3 Surrogate Model (DGP) in latent space

4 Acquisition Function (Thompson sampling)

5 Evaluate & Update latent space

Values

Embeddings

Values

Embeddings

Hidden States
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h0
n

Hidden States

Stage 3
Retrieval-augmented Bayesian Optimization

RCNet

!

• RA injects domain knowledge before
optimization.

• Latent space updated iteratively with
evaluated QoR.
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3. Retrieval-augmented Bayesian Optimization
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Experiments
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Hypervolume convergence.

• Up to 33% HV improvement vs. best
baseline.

• Faster convergence: RATuner reaches
higher HV with fewer iterations.

• Better sample efficiency: achieves superior
QoR with similar or fewer expensive flow
evaluations.

• Consistent gains across all three
benchmarks.
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Main Results
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Table: HV improvements on RISCV_32I.

Method HV MPI1 (%) MPI2 (%) MAI (%)

FIST 1.57 3.16 3.90 5.47
REMOTune 1.75 4.38 6.27 7.45
RankTuner 1.84 13.64 5.04 5.12
RATuner (Ours) 2.05 15.54 8.48 7.44

• +11.4% HV vs. RankTuner (best baseline).

• +17.1% HV vs. REMOTune.

• +30.6% HV vs. FIST.
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Key Results: RISCV_32I
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Table: HV improvements on RISCV_Rocket.

Method HV MPI1 (%) MPI2 (%) MAI (%)

FIST 1.47 12.38 -0.51 -1.01
REMOTune 1.61 16.11 1.57 -1.31
RankTuner 1.67 13.00 5.09 -0.96
RATuner (Ours) 1.73 13.85 6.69 -0.96

• +3.6% HV vs. RankTuner (best baseline).

• +7.5% HV vs. REMOTune.

• +17.7% HV vs. FIST.
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Key Results: RISCV_Rocket
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THANK YOU!
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