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Demands under “Scaling Laws” of AIGC

Kaplan, Jared, et al. Scaling laws for neural language models. arXiv:2001.08361 (2020).

▶ New model architectures with lower complexity

▶ Parameter-efficient fine-tuning (PEFT) strategies
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Parameter-efficient Fine-tuning Methods
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”Prefix-Tuning: Optimizing Continuous
Prompts for Generation.” ACL 2021.
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LoRA: The Mainstream Adapter-based Strategy
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Hu, Edward J., et al. ”LoRA: Low-Rank
Adaptation of Large Language Models.”
ICLR 2022.
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▶ Structure Adjustment: adjust matrices’ ranks

▶ Initialization Improvement: mainly based on the SVD of weight matrices

▶ Parameter Quantization: lower bits, sparser matrices
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Is There A Bridge between LoRA and OFT?
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<latexit sha1_base64="XggpwBS7MzFF08toeMjza3tRzm0=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyI1C4LblxWsA9sS8mkd9rQTGZIMkIZ+hduXCji1r9x59+YaWehrQcCh3PuJecePxZcG9f9dgobm1vbO8Xd0t7+weFR+fikraNEMWyxSESq61ONgktsGW4EdmOFNPQFdvzpbeZ3nlBpHskHM4txENKx5AFn1FjpsR9SM/GDtDMflitu1V2ArBMvJxXI0RyWv/qjiCUhSsME1brnubEZpFQZzgTOS/1EY0zZlI6xZ6mkIepBukg8JxdWGZEgUvZJQxbq742UhlrPQt9OZgn1qpeJ/3m9xAT1QcplnBiUbPlRkAhiIpKdT0ZcITNiZgllitushE2ooszYkkq2BG/15HXSvqp6tWrt/rrSqOd1FOEMzuESPLiBBtxBE1rAQMIzvMKbo50X5935WI4WnHznFP7A+fwBy6SQ/A==</latexit>

W +
<latexit sha1_base64="OJlm2GOL2C0mvJttuQuSxmkVQO4=">AAAB8XicbVBNTwIxFHyLX4hfqEcvjcTEE9k1BjlivHjERJAIhHRLFxq63U371oRs+BdePGiMV/+NN/+NXdiDgpM0mcy8l84bP5bCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNlGiGW+xSEa641PDpVC8hQIl78Sa09CX/MGf3GT+wxPXRkTqHqcx74d0pEQgGEUrPfZCimM/SK9ng3LFrbpzkFXi5aQCOZqD8ldvGLEk5AqZpMZ0PTfGfko1Cib5rNRLDI8pm9AR71qqaMhNP50nnpEzqwxJEGn7FJK5+nsjpaEx09C3k1lCs+xl4n9eN8Gg3k+FihPkii0+ChJJMCLZ+WQoNGcop5ZQpoXNStiYasrQllSyJXjLJ6+S9kXVq1Vrd5eVRj2vowgncArn4MEVNOAWmtACBgqe4RXeHOO8OO/Ox2K04OQ7x/AHzucPqjaQ5g==</latexit>

A

<latexit sha1_base64="oP+Hl+2dH9Y2/Vs7kBsFnesAviY=">AAAB8XicbVBNTwIxFHyLX4hfqEcvjcTEE9k1BjkSvXjERJAIhHRLFxq63U371oRs+BdePGiMV/+NN/+NXdiDgpM0mcy8l84bP5bCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNlGiGW+xSEa641PDpVC8hQIl78Sa09CX/MGf3GT+wxPXRkTqHqcx74d0pEQgGEUrPfZCimM/SK9ng3LFrbpzkFXi5aQCOZqD8ldvGLEk5AqZpMZ0PTfGfko1Cib5rNRLDI8pm9AR71qqaMhNP50nnpEzqwxJEGn7FJK5+nsjpaEx09C3k1lCs+xl4n9eN8Gg3k+FihPkii0+ChJJMCLZ+WQoNGcop5ZQpoXNStiYasrQllSyJXjLJ6+S9kXVq1Vrd5eVRj2vowgncArn4MEVNOAWmtACBgqe4RXeHOO8OO/Ox2K04OQ7x/AHzucPq7uQ5w==</latexit>

B
<latexit sha1_base64="kmjtBeKQ5PQMWGDQ6AOZBQ1+7v8=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi1WPRi8cK9gPaUDbbTbt2sxt2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemAhu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVqyppUCaU7ITFMcMmayFGwTqIZiUPB2uH4dua3n5g2XMkHnCQsiMlQ8ohTglZq9ZDHzPTLFa/qzeGuEj8nFcjR6Je/egNF05hJpIIY0/W9BIOMaORUsGmplxqWEDomQ9a1VBK7JMjm107dM6sM3EhpWxLdufp7IiOxMZM4tJ0xwZFZ9mbif143xeg6yLhMUmSSLhZFqXBRubPX3QHXjKKYWEKo5vZWl46IJhRtQCUbgr/88ippXVT9WrV2f1mp3+RxFOEETuEcfLiCOtxBA5pA4RGe4RXeHOW8OO/Ox6K14OQzx/AHzucPub2PPw==</latexit>⇥<latexit sha1_base64="XggpwBS7MzFF08toeMjza3tRzm0=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyI1C4LblxWsA9sS8mkd9rQTGZIMkIZ+hduXCji1r9x59+YaWehrQcCh3PuJecePxZcG9f9dgobm1vbO8Xd0t7+weFR+fikraNEMWyxSESq61ONgktsGW4EdmOFNPQFdvzpbeZ3nlBpHskHM4txENKx5AFn1FjpsR9SM/GDtDMflitu1V2ArBMvJxXI0RyWv/qjiCUhSsME1brnubEZpFQZzgTOS/1EY0zZlI6xZ6mkIepBukg8JxdWGZEgUvZJQxbq742UhlrPQt9OZgn1qpeJ/3m9xAT1QcplnBiUbPlRkAhiIpKdT0ZcITNiZgllitushE2ooszYkkq2BG/15HXSvqp6tWrt/rrSqOd1FOEMzuESPLiBBtxBE1rAQMIzvMKbo50X5935WI4WnHznFP7A+fwBy6SQ/A==</latexit>

W
<latexit sha1_base64="mUeBJ/Ljlt2HfLjQxa1J1JyxZuk=">AAAB8XicbVBNTwIxFHyLX4hfqEcvjcTEE9k1BjmSePGIRpAIhHRLFxq63U371oRs+BdePGiMV/+NN/+NXdiDgpM0mcy8l84bP5bCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNlGiGW+xSEa641PDpVC8hQIl78Sa09CX/MGfXGf+wxPXRkTqHqcx74d0pEQgGEUrPfZCimM/SO9mg3LFrbpzkFXi5aQCOZqD8ldvGLEk5AqZpMZ0PTfGfko1Cib5rNRLDI8pm9AR71qqaMhNP50nnpEzqwxJEGn7FJK5+nsjpaEx09C3k1lCs+xl4n9eN8Gg3k+FihPkii0+ChJJMCLZ+WQoNGcop5ZQpoXNStiYasrQllSyJXjLJ6+S9kXVq1Vrt5eVRj2vowgncArn4MEVNOAGmtACBgqe4RXeHOO8OO/Ox2K04OQ7x/AHzucPxAuQ9w==</latexit>

R

?
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Householder Reflection: A Simple Orthogonal Transform

Alston Householder

<latexit sha1_base64="ALZyVa6hRhSaCArH/l2FZIDEUXI=">AAAB8XicbVDLSgMxFL3js9ZX1aWbYBFclRmR6rLoxmUF+8C2lEx6pw3NZIYko5Shf+HGhSJu/Rt3/o2ZdhbaeiBwOOdecu7xY8G1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZQohg0WiUi1fapRcIkNw43AdqyQhr7Alj++yfzWIyrNI3lvJjH2QjqUPOCMGis9dENqRn6QPk37pbJbcWcgy8TLSRly1Pulr+4gYkmI0jBBte54bmx6KVWGM4HTYjfRGFM2pkPsWCppiLqXzhJPyalVBiSIlH3SkJn6eyOlodaT0LeTWUK96GXif14nMcFVL+UyTgxKNv8oSAQxEcnOJwOukBkxsYQyxW1WwkZUUWZsSUVbgrd48jJpnle8aqV6d1GuXed1FOAYTuAMPLiEGtxCHRrAQMIzvMKbo50X5935mI+uOPnOEfyB8/kD/0aRJg==</latexit>w

<latexit sha1_base64="EY7uNvGW6/MNhShAoXwvsf1MxI4=">AAAB8nicdVBPS8MwHE3nvzn/TT16CQ7BU2m30e049LLjBDcHXRlplm5haVKSVBhlH8OLB0W8+mm8+W1Mtwoq+iDweO/3I+/3woRRpR3nwyptbG5t75R3K3v7B4dH1eOTgRKpxKSPBRNyGCJFGOWkr6lmZJhIguKQkbtwfp37d/dEKir4rV4kJIjRlNOIYqSN5I9ipGcYsay7HFdrju3Vmw23AR3bWSEn7Xar5UG3UGqgQG9cfR9NBE5jwjVmSCnfdRIdZEhqihlZVkapIgnCczQlvqEcxUQF2SryEl4YZQIjIc3jGq7U7xsZipVaxKGZzCOq314u/uX5qY7aQUZ5kmrC8fqjKGVQC5jfDydUEqzZwhCEJTVZIZ4hibA2LVVMCV+Xwv/JoG67nu3dNGudq6KOMjgD5+ASuKAFOqALeqAPMBDgATyBZ0tbj9aL9boeLVnFzin4AevtE82AkaA=</latexit>H <latexit sha1_base64="6Uu6Kr8fpO/g9Qjg7eglZCX7PeI="></latexit>

Hw

<latexit sha1_base64="SqxR/dngrFgjXee2CNveYot2SOE=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rGi/YA2lM120y7dbMLuRCmhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qnn9Uplt+LOQJaJl5My5Kj3Sl/dfszSiCtkkhrT8dwE/YxqFEzySbGbGp5QNqID3rFU0YgbP5udOiGnVumTMNa2FJKZ+nsio5Ex4yiwnRHFoVn0puJ/XifF8MrPhEpS5IrNF4WpJBiT6d+kLzRnKMeWUKaFvZWwIdWUoU2naEPwFl9eJs3ziletVO8uyrXrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AENvI2q</latexit>w1

<latexit sha1_base64="/Kk747pHupFGgxrVmWlVqhDjAxQ=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHaJQY9ELx4xyiOBDZkdemHC7OxmZlZDCJ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzcxvPaLSPJYPZpygH9GB5CFn1Fjp/qlX6RVLbtmdg6wSLyMlyFDvFb+6/ZilEUrDBNW647mJ8SdUGc4ETgvdVGNC2YgOsGOppBFqfzI/dUrOrNInYaxsSUPm6u+JCY20HkeB7YyoGeplbyb+53VSE175Ey6T1KBki0VhKoiJyexv0ucKmRFjSyhT3N5K2JAqyoxNp2BD8JZfXiXNStmrlqt3F6XadRZHHk7gFM7Bg0uowS3UoQEMBvAMr/DmCOfFeXc+Fq05J5s5hj9wPn8AD0CNqw==</latexit>w2
<latexit sha1_base64="+7Y+mbaigftZyW4HrIlyB8Q4C84=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZquP1S2a24c5BV4uWkDDnq/dJXbxCzNEJpmKBadz03MX5GleFM4LTYSzUmlI3pELuWShqh9rP5oVNybpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxWvWqk2rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBfKuMvw==</latexit>

0

H = I − 2uu⊤, u ∈ Sd−1 (1)
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Householder Reflection Adaptation (HRA)
▶ Implement OFT by a chain of Householder reflections

z = W
(∏r

i=1
Hi

)
︸ ︷︷ ︸

H(r)

x = W
(∏r

i=1
(I − 2uiu

⊤
i )

)
x, with {ui ∈ Sd−1}ri=1.

(2)

<latexit sha1_base64="MobDUxOzzDZfhHAOBLBO1va0R4E=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQircuiG5cV7AOaUCbTSTt0MgnzEErob7hxoYhbf8adf+OkzUJbDwwczrmXe+aEKWdKu+63U9rY3NreKe9W9vYPDo+qxyddlRhJaIckPJH9ECvKmaAdzTSn/VRSHIec9sLpXe73nqhULBGPepbSIMZjwSJGsLaS78dYT8IoM/OhHFZrbt1dAK0TryA1KNAeVr/8UUJMTIUmHCs18NxUBxmWmhFO5xXfKJpiMsVjOrBU4JiqIFtknqMLq4xQlEj7hEYL9fdGhmOlZnFoJ/OMatXLxf+8gdHRTZAxkRpNBVkeigxHOkF5AWjEJCWazyzBRDKbFZEJlphoW1PFluCtfnmddK/qXqPeeLiutW6LOspwBudwCR40oQX30IYOEEjhGV7hzTHOi/PufCxHS06xcwp/4Hz+AIvhkgk=</latexit>ur
<latexit sha1_base64="NtkTar0wxbOJ9f/2GlH11RAPyrY=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiRFqsuiG5cV7AOaUCbTSTt0MgnzEErob7hxoYhbf8adf+OkzUJbDwwczrmXe+aEKWdKu+63U9rY3NreKe9W9vYPDo+qxyddlRhJaIckPJH9ECvKmaAdzTSn/VRSHIec9sLpXe73nqhULBGPepbSIMZjwSJGsLaS78dYT8IoM/NhY1ituXV3AbROvILUoEB7WP3yRwkxMRWacKzUwHNTHWRYakY4nVd8o2iKyRSP6cBSgWOqgmyReY4urDJCUSLtExot1N8bGY6VmsWhncwzqlUvF//zBkZHN0HGRGo0FWR5KDIc6QTlBaARk5RoPrMEE8lsVkQmWGKibU0VW4K3+uV10m3UvWa9+XBVa90WdZThDM7hEjy4hhbcQxs6QCCFZ3iFN8c4L86787EcLTnFzin8gfP5Ayrhkck=</latexit>u2

<latexit sha1_base64="IMa5FqgjKqnTUmGREAFj1JAptyI=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQircuiG5cV7AOaUCbTSTt0MgnzEErob7hxoYhbf8adf+OkzUJbDwwczrmXe+aEKWdKu+63U9rY3NreKe9W9vYPDo+qxyddlRhJaIckPJH9ECvKmaAdzTSn/VRSHIec9sLpXe73nqhULBGPepbSIMZjwSJGsLaS78dYT8IoM/OhN6zW3Lq7AFonXkFqUKA9rH75o4SYmApNOFZq4LmpDjIsNSOcziu+UTTFZIrHdGCpwDFVQbbIPEcXVhmhKJH2CY0W6u+NDMdKzeLQTuYZ1aqXi/95A6OjmyBjIjWaCrI8FBmOdILyAtCISUo0n1mCiWQ2KyITLDHRtqaKLcFb/fI66V7VvUa98XBda90WdZThDM7hEjxoQgvuoQ0dIJDCM7zCm2OcF+fd+ViOlpxi5xT+wPn8ASldkcg=</latexit>u1

<latexit sha1_base64="kmjtBeKQ5PQMWGDQ6AOZBQ1+7v8=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi1WPRi8cK9gPaUDbbTbt2sxt2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemAhu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVqyppUCaU7ITFMcMmayFGwTqIZiUPB2uH4dua3n5g2XMkHnCQsiMlQ8ohTglZq9ZDHzPTLFa/qzeGuEj8nFcjR6Je/egNF05hJpIIY0/W9BIOMaORUsGmplxqWEDomQ9a1VBK7JMjm107dM6sM3EhpWxLdufp7IiOxMZM4tJ0xwZFZ9mbif143xeg6yLhMUmSSLhZFqXBRubPX3QHXjKKYWEKo5vZWl46IJhRtQCUbgr/88ippXVT9WrV2f1mp3+RxFOEETuEcfLiCOtxBA5pA4RGe4RXeHOW8OO/Ox6K14OQzx/AHzucPub2PPw==</latexit>⇥ <latexit sha1_base64="kmjtBeKQ5PQMWGDQ6AOZBQ1+7v8=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi1WPRi8cK9gPaUDbbTbt2sxt2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemAhu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVqyppUCaU7ITFMcMmayFGwTqIZiUPB2uH4dua3n5g2XMkHnCQsiMlQ8ohTglZq9ZDHzPTLFa/qzeGuEj8nFcjR6Je/egNF05hJpIIY0/W9BIOMaORUsGmplxqWEDomQ9a1VBK7JMjm107dM6sM3EhpWxLdufp7IiOxMZM4tJ0xwZFZ9mbif143xeg6yLhMUmSSLhZFqXBRubPX3QHXjKKYWEKo5vZWl46IJhRtQCUbgr/88ippXVT9WrV2f1mp3+RxFOEETuEcfLiCOtxBA5pA4RGe4RXeHOW8OO/Ox6K14OQzx/AHzucPub2PPw==</latexit>⇥ ……
<latexit sha1_base64="BXnqRcE0kw3IeLJf7k/AJ6eE1iE=">AAACFHicbZDLSsNAFIYn9VbrLerSzWARBLEkRWqXBTe6q2Av0MYwmU7aoZNJmJkIJeQh3Pgqblwo4taFO9/GSRuhtv4w8PGfc5hzfi9iVCrL+jYKK6tr6xvFzdLW9s7unrl/0JZhLDBp4ZCFoushSRjlpKWoYqQbCYICj5GON77K6p0HIiQN+Z2aRMQJ0JBTn2KktOWaZ/0AqZHnJzfpefWX49S15/k+6aswSl2zbFWsqeAy2DmUQa6ma371ByGOA8IVZkjKnm1FykmQUBQzkpb6sSQRwmM0JD2NHAVEOsn0qBSeaGcA/VDoxxWcuvMTCQqknASe7sxWlYu1zPyv1ouVX3cSyqNYEY5nH/kxgyqEWUJwQAXBik00ICyo3hXiERIIK51jSYdgL568DO1qxa5VarcX5UY9j6MIjsAxOAU2uAQNcA2aoAUweATP4BW8GU/Gi/FufMxaC0Y+cwj+yPj8AfK1n2M=</latexit>

I � 2u1u
>
1

<latexit sha1_base64="1GKZ1TKA6bs3iKvOcBv9dzYlizE=">AAACFHicbZDLSsNAFIYn9VbrLerSzWARBLEkRWqXBTe6q2Av0MYwmU7aoZNJmJkIJeQh3Pgqblwo4taFO9/GSRuhtv4w8PGfc5hzfi9iVCrL+jYKK6tr6xvFzdLW9s7unrl/0JZhLDBp4ZCFoushSRjlpKWoYqQbCYICj5GON77K6p0HIiQN+Z2aRMQJ0JBTn2KktOWaZ/0AqZHnJzfpefWX49QV83yf9FUYpa5ZtirWVHAZ7BzKIFfTNb/6gxDHAeEKMyRlz7Yi5SRIKIoZSUv9WJII4TEakp5GjgIinWR6VApPtDOAfij04wpO3fmJBAVSTgJPd2arysVaZv5X68XKrzsJ5VGsCMezj/yYQRXCLCE4oIJgxSYaEBZU7wrxCAmElc6xpEOwF09ehna1YtcqtduLcqOex1EER+AYnAIbXIIGuAZN0AIYPIJn8ArejCfjxXg3PmatBSOfOQR/ZHz+AL5mn+U=</latexit>

I � 2uru
>
r

<latexit sha1_base64="ByqeqMPLkTHOuYwWpF1jRK5SQlk=">AAACFHicbZDLSsNAFIYn9VbrLerSzWARBLEkRWqXBTe6q2Av0MYwmU7aoZNJmJkIJeQh3Pgqblwo4taFO9/GSRvBtv4w8PGfc5hzfi9iVCrL+jYKK6tr6xvFzdLW9s7unrl/0JZhLDBp4ZCFoushSRjlpKWoYqQbCYICj5GON77K6p0HIiQN+Z2aRMQJ0JBTn2KktOWaZ/0AqZHnJzfpefWX49Sd4/ukr8Iodc2yVbGmgstg51AGuZqu+dUfhDgOCFeYISl7thUpJ0FCUcxIWurHkkQIj9GQ9DRyFBDpJNOjUniinQH0Q6EfV3Dq/p1IUCDlJPB0Z7aqXKxl5n+1Xqz8upNQHsWKcDz7yI8ZVCHMEoIDKghWbKIBYUH1rhCPkEBY6RxLOgR78eRlaFcrdq1Su70oN+p5HEVwBI7BKbDBJWiAa9AELYDBI3gGr+DNeDJejHfjY9ZaMPKZQzAn4/MH9defZQ==</latexit>

I � 2u2u
>
2

<latexit sha1_base64="XggpwBS7MzFF08toeMjza3tRzm0=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyI1C4LblxWsA9sS8mkd9rQTGZIMkIZ+hduXCji1r9x59+YaWehrQcCh3PuJecePxZcG9f9dgobm1vbO8Xd0t7+weFR+fikraNEMWyxSESq61ONgktsGW4EdmOFNPQFdvzpbeZ3nlBpHskHM4txENKx5AFn1FjpsR9SM/GDtDMflitu1V2ArBMvJxXI0RyWv/qjiCUhSsME1brnubEZpFQZzgTOS/1EY0zZlI6xZ6mkIepBukg8JxdWGZEgUvZJQxbq742UhlrPQt9OZgn1qpeJ/3m9xAT1QcplnBiUbPlRkAhiIpKdT0ZcITNiZgllitushE2ooszYkkq2BG/15HXSvqp6tWrt/rrSqOd1FOEMzuESPLiBBtxBE1rAQMIzvMKbo50X5935WI4WnHznFP7A+fwBy6SQ/A==</latexit>

W

▶ Implement WH(r)x with low complexity (O(d(r + dout)) for W ∈ Rdout×d)

1) x(j+1) = x(j) − 2⟨ur−j ,x
(j)⟩ur−j , for j = 0, ..., r − 1. 2) z = Wx(r). (3)
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Householder Reflection Adaptation (HRA)
▶ Implement OFT by a chain of Householder reflections

z = W
(∏r

i=1
Hi

)
︸ ︷︷ ︸

H(r)

x = W
(∏r

i=1
(I − 2uiu

⊤
i )

)
x, with {ui ∈ Sd−1}ri=1.

(2)

<latexit sha1_base64="MobDUxOzzDZfhHAOBLBO1va0R4E=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQircuiG5cV7AOaUCbTSTt0MgnzEErob7hxoYhbf8adf+OkzUJbDwwczrmXe+aEKWdKu+63U9rY3NreKe9W9vYPDo+qxyddlRhJaIckPJH9ECvKmaAdzTSn/VRSHIec9sLpXe73nqhULBGPepbSIMZjwSJGsLaS78dYT8IoM/OhHFZrbt1dAK0TryA1KNAeVr/8UUJMTIUmHCs18NxUBxmWmhFO5xXfKJpiMsVjOrBU4JiqIFtknqMLq4xQlEj7hEYL9fdGhmOlZnFoJ/OMatXLxf+8gdHRTZAxkRpNBVkeigxHOkF5AWjEJCWazyzBRDKbFZEJlphoW1PFluCtfnmddK/qXqPeeLiutW6LOspwBudwCR40oQX30IYOEEjhGV7hzTHOi/PufCxHS06xcwp/4Hz+AIvhkgk=</latexit>ur
<latexit sha1_base64="NtkTar0wxbOJ9f/2GlH11RAPyrY=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiRFqsuiG5cV7AOaUCbTSTt0MgnzEErob7hxoYhbf8adf+OkzUJbDwwczrmXe+aEKWdKu+63U9rY3NreKe9W9vYPDo+qxyddlRhJaIckPJH9ECvKmaAdzTSn/VRSHIec9sLpXe73nqhULBGPepbSIMZjwSJGsLaS78dYT8IoM/NhY1ituXV3AbROvILUoEB7WP3yRwkxMRWacKzUwHNTHWRYakY4nVd8o2iKyRSP6cBSgWOqgmyReY4urDJCUSLtExot1N8bGY6VmsWhncwzqlUvF//zBkZHN0HGRGo0FWR5KDIc6QTlBaARk5RoPrMEE8lsVkQmWGKibU0VW4K3+uV10m3UvWa9+XBVa90WdZThDM7hEjy4hhbcQxs6QCCFZ3iFN8c4L86787EcLTnFzin8gfP5Ayrhkck=</latexit>u2

<latexit sha1_base64="IMa5FqgjKqnTUmGREAFj1JAptyI=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQircuiG5cV7AOaUCbTSTt0MgnzEErob7hxoYhbf8adf+OkzUJbDwwczrmXe+aEKWdKu+63U9rY3NreKe9W9vYPDo+qxyddlRhJaIckPJH9ECvKmaAdzTSn/VRSHIec9sLpXe73nqhULBGPepbSIMZjwSJGsLaS78dYT8IoM/OhN6zW3Lq7AFonXkFqUKA9rH75o4SYmApNOFZq4LmpDjIsNSOcziu+UTTFZIrHdGCpwDFVQbbIPEcXVhmhKJH2CY0W6u+NDMdKzeLQTuYZ1aqXi/95A6OjmyBjIjWaCrI8FBmOdILyAtCISUo0n1mCiWQ2KyITLDHRtqaKLcFb/fI66V7VvUa98XBda90WdZThDM7hEjxoQgvuoQ0dIJDCM7zCm2OcF+fd+ViOlpxi5xT+wPn8ASldkcg=</latexit>u1

<latexit sha1_base64="kmjtBeKQ5PQMWGDQ6AOZBQ1+7v8=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi1WPRi8cK9gPaUDbbTbt2sxt2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemAhu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVqyppUCaU7ITFMcMmayFGwTqIZiUPB2uH4dua3n5g2XMkHnCQsiMlQ8ohTglZq9ZDHzPTLFa/qzeGuEj8nFcjR6Je/egNF05hJpIIY0/W9BIOMaORUsGmplxqWEDomQ9a1VBK7JMjm107dM6sM3EhpWxLdufp7IiOxMZM4tJ0xwZFZ9mbif143xeg6yLhMUmSSLhZFqXBRubPX3QHXjKKYWEKo5vZWl46IJhRtQCUbgr/88ippXVT9WrV2f1mp3+RxFOEETuEcfLiCOtxBA5pA4RGe4RXeHOW8OO/Ox6K14OQzx/AHzucPub2PPw==</latexit>⇥ <latexit sha1_base64="kmjtBeKQ5PQMWGDQ6AOZBQ1+7v8=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi1WPRi8cK9gPaUDbbTbt2sxt2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemAhu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVqyppUCaU7ITFMcMmayFGwTqIZiUPB2uH4dua3n5g2XMkHnCQsiMlQ8ohTglZq9ZDHzPTLFa/qzeGuEj8nFcjR6Je/egNF05hJpIIY0/W9BIOMaORUsGmplxqWEDomQ9a1VBK7JMjm107dM6sM3EhpWxLdufp7IiOxMZM4tJ0xwZFZ9mbif143xeg6yLhMUmSSLhZFqXBRubPX3QHXjKKYWEKo5vZWl46IJhRtQCUbgr/88ippXVT9WrV2f1mp3+RxFOEETuEcfLiCOtxBA5pA4RGe4RXeHOW8OO/Ox6K14OQzx/AHzucPub2PPw==</latexit>⇥ ……
<latexit sha1_base64="BXnqRcE0kw3IeLJf7k/AJ6eE1iE=">AAACFHicbZDLSsNAFIYn9VbrLerSzWARBLEkRWqXBTe6q2Av0MYwmU7aoZNJmJkIJeQh3Pgqblwo4taFO9/GSRuhtv4w8PGfc5hzfi9iVCrL+jYKK6tr6xvFzdLW9s7unrl/0JZhLDBp4ZCFoushSRjlpKWoYqQbCYICj5GON77K6p0HIiQN+Z2aRMQJ0JBTn2KktOWaZ/0AqZHnJzfpefWX49S15/k+6aswSl2zbFWsqeAy2DmUQa6ma371ByGOA8IVZkjKnm1FykmQUBQzkpb6sSQRwmM0JD2NHAVEOsn0qBSeaGcA/VDoxxWcuvMTCQqknASe7sxWlYu1zPyv1ouVX3cSyqNYEY5nH/kxgyqEWUJwQAXBik00ICyo3hXiERIIK51jSYdgL568DO1qxa5VarcX5UY9j6MIjsAxOAU2uAQNcA2aoAUweATP4BW8GU/Gi/FufMxaC0Y+cwj+yPj8AfK1n2M=</latexit>

I � 2u1u
>
1

<latexit sha1_base64="1GKZ1TKA6bs3iKvOcBv9dzYlizE=">AAACFHicbZDLSsNAFIYn9VbrLerSzWARBLEkRWqXBTe6q2Av0MYwmU7aoZNJmJkIJeQh3Pgqblwo4taFO9/GSRuhtv4w8PGfc5hzfi9iVCrL+jYKK6tr6xvFzdLW9s7unrl/0JZhLDBp4ZCFoushSRjlpKWoYqQbCYICj5GON77K6p0HIiQN+Z2aRMQJ0JBTn2KktOWaZ/0AqZHnJzfpefWX49QV83yf9FUYpa5ZtirWVHAZ7BzKIFfTNb/6gxDHAeEKMyRlz7Yi5SRIKIoZSUv9WJII4TEakp5GjgIinWR6VApPtDOAfij04wpO3fmJBAVSTgJPd2arysVaZv5X68XKrzsJ5VGsCMezj/yYQRXCLCE4oIJgxSYaEBZU7wrxCAmElc6xpEOwF09ehna1YtcqtduLcqOex1EER+AYnAIbXIIGuAZN0AIYPIJn8ArejCfjxXg3PmatBSOfOQR/ZHz+AL5mn+U=</latexit>

I � 2uru
>
r

<latexit sha1_base64="ByqeqMPLkTHOuYwWpF1jRK5SQlk=">AAACFHicbZDLSsNAFIYn9VbrLerSzWARBLEkRWqXBTe6q2Av0MYwmU7aoZNJmJkIJeQh3Pgqblwo4taFO9/GSRvBtv4w8PGfc5hzfi9iVCrL+jYKK6tr6xvFzdLW9s7unrl/0JZhLDBp4ZCFoushSRjlpKWoYqQbCYICj5GON77K6p0HIiQN+Z2aRMQJ0JBTn2KktOWaZ/0AqZHnJzfpefWX49Sd4/ukr8Iodc2yVbGmgstg51AGuZqu+dUfhDgOCFeYISl7thUpJ0FCUcxIWurHkkQIj9GQ9DRyFBDpJNOjUniinQH0Q6EfV3Dq/p1IUCDlJPB0Z7aqXKxl5n+1Xqz8upNQHsWKcDz7yI8ZVCHMEoIDKghWbKIBYUH1rhCPkEBY6RxLOgR78eRlaFcrdq1Su70oN+p5HEVwBI7BKbDBJWiAa9AELYDBI3gGr+DNeDJejHfjY9ZaMPKZQzAn4/MH9defZQ==</latexit>

I � 2u2u
>
2

<latexit sha1_base64="XggpwBS7MzFF08toeMjza3tRzm0=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyI1C4LblxWsA9sS8mkd9rQTGZIMkIZ+hduXCji1r9x59+YaWehrQcCh3PuJecePxZcG9f9dgobm1vbO8Xd0t7+weFR+fikraNEMWyxSESq61ONgktsGW4EdmOFNPQFdvzpbeZ3nlBpHskHM4txENKx5AFn1FjpsR9SM/GDtDMflitu1V2ArBMvJxXI0RyWv/qjiCUhSsME1brnubEZpFQZzgTOS/1EY0zZlI6xZ6mkIepBukg8JxdWGZEgUvZJQxbq742UhlrPQt9OZgn1qpeJ/3m9xAT1QcplnBiUbPlRkAhiIpKdT0ZcITNiZgllitushE2ooszYkkq2BG/15HXSvqp6tWrt/rrSqOd1FOEMzuESPLiBBtxBE1rAQMIzvMKbo50X5935WI4WnHznFP7A+fwBy6SQ/A==</latexit>

W

▶ Implement WH(r)x with low complexity (O(d(r + dout)) for W ∈ Rdout×d)

1) x(j+1) = x(j) − 2⟨ur−j ,x
(j)⟩ur−j , for j = 0, ..., r − 1. 2) z = Wx(r). (3)
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Comparisons with Existing OFTs

Method OFT BOFT Our HRA

Implementation R(b) = diag({Ri}d/bi=1) B(m,b) =
∏m

i=1 B
(b)
i H(r) =

∏r
i=1 I − 2uiu

⊤
i

Illustration

<latexit sha1_base64="giX4jazC00QEvlGE4BNHI9hZ9xE=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqBP1S2a24c5BV4uWkDDnq/dJXbxCzNEJpmKBadz03MX5GleFM4LTYSzUmlI3pELuWShqh9rP5oVNybpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxWvWqk2rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwByHOM8Q==</latexit>

b

<latexit sha1_base64="kmjtBeKQ5PQMWGDQ6AOZBQ1+7v8=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi1WPRi8cK9gPaUDbbTbt2sxt2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemAhu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVqyppUCaU7ITFMcMmayFGwTqIZiUPB2uH4dua3n5g2XMkHnCQsiMlQ8ohTglZq9ZDHzPTLFa/qzeGuEj8nFcjR6Je/egNF05hJpIIY0/W9BIOMaORUsGmplxqWEDomQ9a1VBK7JMjm107dM6sM3EhpWxLdufp7IiOxMZM4tJ0xwZFZ9mbif143xeg6yLhMUmSSLhZFqXBRubPX3QHXjKKYWEKo5vZWl46IJhRtQCUbgr/88ippXVT9WrV2f1mp3+RxFOEETuEcfLiCOtxBA5pA4RGe4RXeHOW8OO/Ox6K14OQzx/AHzucPub2PPw==</latexit>⇥<latexit sha1_base64="kmjtBeKQ5PQMWGDQ6AOZBQ1+7v8=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi1WPRi8cK9gPaUDbbTbt2sxt2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemAhu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVqyppUCaU7ITFMcMmayFGwTqIZiUPB2uH4dua3n5g2XMkHnCQsiMlQ8ohTglZq9ZDHzPTLFa/qzeGuEj8nFcjR6Je/egNF05hJpIIY0/W9BIOMaORUsGmplxqWEDomQ9a1VBK7JMjm107dM6sM3EhpWxLdufp7IiOxMZM4tJ0xwZFZ9mbif143xeg6yLhMUmSSLhZFqXBRubPX3QHXjKKYWEKo5vZWl46IJhRtQCUbgr/88ippXVT9WrV2f1mp3+RxFOEETuEcfLiCOtxBA5pA4RGe4RXeHOW8OO/Ox6K14OQzx/AHzucPub2PPw==</latexit>⇥

<latexit sha1_base64="giX4jazC00QEvlGE4BNHI9hZ9xE=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqBP1S2a24c5BV4uWkDDnq/dJXbxCzNEJpmKBadz03MX5GleFM4LTYSzUmlI3pELuWShqh9rP5oVNybpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxWvWqk2rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwByHOM8Q==</latexit>

b <latexit sha1_base64="kmjtBeKQ5PQMWGDQ6AOZBQ1+7v8=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi1WPRi8cK9gPaUDbbTbt2sxt2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemAhu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVqyppUCaU7ITFMcMmayFGwTqIZiUPB2uH4dua3n5g2XMkHnCQsiMlQ8ohTglZq9ZDHzPTLFa/qzeGuEj8nFcjR6Je/egNF05hJpIIY0/W9BIOMaORUsGmplxqWEDomQ9a1VBK7JMjm107dM6sM3EhpWxLdufp7IiOxMZM4tJ0xwZFZ9mbif143xeg6yLhMUmSSLhZFqXBRubPX3QHXjKKYWEKo5vZWl46IJhRtQCUbgr/88ippXVT9WrV2f1mp3+RxFOEETuEcfLiCOtxBA5pA4RGe4RXeHOW8OO/Ox6K14OQzx/AHzucPub2PPw==</latexit>⇥

<latexit sha1_base64="K7phoZ3QXjUefl86G9MfI08I0Ys=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgxbArEj0GvXhMwDwgWcLspDcZMzu7zMwKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGdzO/9YRK81g+mHGCfkQHkoecUWOl+kWvWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rwxp9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6WvUq5Ur8qVW+zOPJwAqdwDh5cQxXuoQYNYIDwDK/w5jw6L86787FozTnZzDH8gfP5A3gfjLw=</latexit>�<latexit sha1_base64="2fvfthwg1mRLBhwA3jth0GTm+tU=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaJQY9ELx4hkUcCGzI79MLI7OxmZtaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfju7nffkKleSwfzCRBP6JDyUPOqLFSo9IvltyyuwBZJ15GSpCh3i9+9QYxSyOUhgmqdddzE+NPqTKcCZwVeqnGhLIxHWLXUkkj1P50ceiMXFhlQMJY2ZKGLNTfE1MaaT2JAtsZUTPSq95c/M/rpia88adcJqlByZaLwlQQE5P512TAFTIjJpZQpri9lbARVZQZm03BhuCtvrxOWpWyVy1XG1el2m0WRx7O4BwuwYNrqME91KEJDBCe4RXenEfnxXl3PpatOSebOYU/cD5/AH+zjME=</latexit>

2
<latexit sha1_base64="9ezT5NMKboksKsfKb1g6/AGkY7I=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Ae0oWy2m3bpZhN3J0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilTg9FxA3R/XLFrbpzkFXi5aQCORr98ldvELM04gqZpMZ0PTdBP6MaBZN8WuqlhieUjemQdy1V1K7xs/m9U3JmlQEJY21LIZmrvycyGhkziQLbGVEcmWVvJv7ndVMMr/1MqCRFrthiUZhKgjGZPU8GQnOGcmIJZVrYWwkbUU0Z2ohKNgRv+eVV0rqoerVq7f6yUr/J4yjCCZzCOXhwBXW4gwY0gYGEZ3iFN+fReXHenY9Fa8HJZ47hD5zPH+YOj+U=</latexit>⇥r

<latexit sha1_base64="uazS7Lu4zhJ4iMV+eWB9b2waMzo=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJdFN7qrYB/YlpJJM21oJjMkd4Qy9C/cuFDErX/jzr8x085CqwcCh3PuJeceP5bCoOt+OYWV1bX1jeJmaWt7Z3evvH/QMlGiGW+ySEa641PDpVC8iQIl78Sa09CXvO1PrjO//ci1EZG6x2nM+yEdKREIRtFKD72Q4tgP0tvZoFxxq+4c5C/xclKBHI1B+bM3jFgScoVMUmO6nhtjP6UaBZN8VuolhseUTeiIdy1VNOSmn84Tz8iJVYYkiLR9Cslc/bmR0tCYaejbySyhWfYy8T+vm2Bw2U+FihPkii0+ChJJMCLZ+WQoNGcop5ZQpoXNStiYasrQllSyJXjLJ/8lrbOqV6vW7s4r9au8jiIcwTGcggcXUIcbaEATGCh4ghd4dYzz7Lw574vRgpPvHMIvOB/fuWCQ+A==</latexit>

I

#Parameters d(b−1)
2 ∼ db dm(b−1)

2 ∼ dmb rd

Complexity O(d(b2 + b+ dout))
O(d((b2 + b)m+ dout)) ∼ O(d(r + dout))O(d((b2 + d)m+ dout))

Cayley Transform: R = (I −A)(I +A)−1

Cover Od×d b = d {B(m=log d,b=2)
i }d−1

i=1 {ui}d−1
i=1

Have potentials to be more efficient in practice.
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Comparisons with Existing OFTs

Method OFT BOFT Our HRA

Implementation R(b) = diag({Ri}d/bi=1) B(m,b) =
∏m

i=1 B
(b)
i H(r) =

∏r
i=1 I − 2uiu

⊤
i

Illustration

<latexit sha1_base64="giX4jazC00QEvlGE4BNHI9hZ9xE=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqBP1S2a24c5BV4uWkDDnq/dJXbxCzNEJpmKBadz03MX5GleFM4LTYSzUmlI3pELuWShqh9rP5oVNybpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxWvWqk2rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwByHOM8Q==</latexit>

b

<latexit sha1_base64="kmjtBeKQ5PQMWGDQ6AOZBQ1+7v8=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi1WPRi8cK9gPaUDbbTbt2sxt2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemAhu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVqyppUCaU7ITFMcMmayFGwTqIZiUPB2uH4dua3n5g2XMkHnCQsiMlQ8ohTglZq9ZDHzPTLFa/qzeGuEj8nFcjR6Je/egNF05hJpIIY0/W9BIOMaORUsGmplxqWEDomQ9a1VBK7JMjm107dM6sM3EhpWxLdufp7IiOxMZM4tJ0xwZFZ9mbif143xeg6yLhMUmSSLhZFqXBRubPX3QHXjKKYWEKo5vZWl46IJhRtQCUbgr/88ippXVT9WrV2f1mp3+RxFOEETuEcfLiCOtxBA5pA4RGe4RXeHOW8OO/Ox6K14OQzx/AHzucPub2PPw==</latexit>⇥<latexit sha1_base64="kmjtBeKQ5PQMWGDQ6AOZBQ1+7v8=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi1WPRi8cK9gPaUDbbTbt2sxt2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemAhu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVqyppUCaU7ITFMcMmayFGwTqIZiUPB2uH4dua3n5g2XMkHnCQsiMlQ8ohTglZq9ZDHzPTLFa/qzeGuEj8nFcjR6Je/egNF05hJpIIY0/W9BIOMaORUsGmplxqWEDomQ9a1VBK7JMjm107dM6sM3EhpWxLdufp7IiOxMZM4tJ0xwZFZ9mbif143xeg6yLhMUmSSLhZFqXBRubPX3QHXjKKYWEKo5vZWl46IJhRtQCUbgr/88ippXVT9WrV2f1mp3+RxFOEETuEcfLiCOtxBA5pA4RGe4RXeHOW8OO/Ox6K14OQzx/AHzucPub2PPw==</latexit>⇥

<latexit sha1_base64="giX4jazC00QEvlGE4BNHI9hZ9xE=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqBP1S2a24c5BV4uWkDDnq/dJXbxCzNEJpmKBadz03MX5GleFM4LTYSzUmlI3pELuWShqh9rP5oVNybpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxWvWqk2rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwByHOM8Q==</latexit>

b <latexit sha1_base64="kmjtBeKQ5PQMWGDQ6AOZBQ1+7v8=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi1WPRi8cK9gPaUDbbTbt2sxt2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemAhu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVqyppUCaU7ITFMcMmayFGwTqIZiUPB2uH4dua3n5g2XMkHnCQsiMlQ8ohTglZq9ZDHzPTLFa/qzeGuEj8nFcjR6Je/egNF05hJpIIY0/W9BIOMaORUsGmplxqWEDomQ9a1VBK7JMjm107dM6sM3EhpWxLdufp7IiOxMZM4tJ0xwZFZ9mbif143xeg6yLhMUmSSLhZFqXBRubPX3QHXjKKYWEKo5vZWl46IJhRtQCUbgr/88ippXVT9WrV2f1mp3+RxFOEETuEcfLiCOtxBA5pA4RGe4RXeHOW8OO/Ox6K14OQzx/AHzucPub2PPw==</latexit>⇥

<latexit sha1_base64="K7phoZ3QXjUefl86G9MfI08I0Ys=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgxbArEj0GvXhMwDwgWcLspDcZMzu7zMwKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGdzO/9YRK81g+mHGCfkQHkoecUWOl+kWvWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rwxp9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6WvUq5Ur8qVW+zOPJwAqdwDh5cQxXuoQYNYIDwDK/w5jw6L86787FozTnZzDH8gfP5A3gfjLw=</latexit>�<latexit sha1_base64="2fvfthwg1mRLBhwA3jth0GTm+tU=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaJQY9ELx4hkUcCGzI79MLI7OxmZtaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfju7nffkKleSwfzCRBP6JDyUPOqLFSo9IvltyyuwBZJ15GSpCh3i9+9QYxSyOUhgmqdddzE+NPqTKcCZwVeqnGhLIxHWLXUkkj1P50ceiMXFhlQMJY2ZKGLNTfE1MaaT2JAtsZUTPSq95c/M/rpia88adcJqlByZaLwlQQE5P512TAFTIjJpZQpri9lbARVZQZm03BhuCtvrxOWpWyVy1XG1el2m0WRx7O4BwuwYNrqME91KEJDBCe4RXenEfnxXl3PpatOSebOYU/cD5/AH+zjME=</latexit>

2
<latexit sha1_base64="9ezT5NMKboksKsfKb1g6/AGkY7I=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Ae0oWy2m3bpZhN3J0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilTg9FxA3R/XLFrbpzkFXi5aQCORr98ldvELM04gqZpMZ0PTdBP6MaBZN8WuqlhieUjemQdy1V1K7xs/m9U3JmlQEJY21LIZmrvycyGhkziQLbGVEcmWVvJv7ndVMMr/1MqCRFrthiUZhKgjGZPU8GQnOGcmIJZVrYWwkbUU0Z2ohKNgRv+eVV0rqoerVq7f6yUr/J4yjCCZzCOXhwBXW4gwY0gYGEZ3iFN+fReXHenY9Fa8HJZ47hD5zPH+YOj+U=</latexit>⇥r

<latexit sha1_base64="uazS7Lu4zhJ4iMV+eWB9b2waMzo=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJdFN7qrYB/YlpJJM21oJjMkd4Qy9C/cuFDErX/jzr8x085CqwcCh3PuJeceP5bCoOt+OYWV1bX1jeJmaWt7Z3evvH/QMlGiGW+ySEa641PDpVC8iQIl78Sa09CXvO1PrjO//ci1EZG6x2nM+yEdKREIRtFKD72Q4tgP0tvZoFxxq+4c5C/xclKBHI1B+bM3jFgScoVMUmO6nhtjP6UaBZN8VuolhseUTeiIdy1VNOSmn84Tz8iJVYYkiLR9Cslc/bmR0tCYaejbySyhWfYy8T+vm2Bw2U+FihPkii0+ChJJMCLZ+WQoNGcop5ZQpoXNStiYasrQllSyJXjLJ/8lrbOqV6vW7s4r9au8jiIcwTGcggcXUIcbaEATGCh4ghd4dYzz7Lw574vRgpPvHMIvOB/fuWCQ+A==</latexit>

I

#Parameters d(b−1)
2 ∼ db dm(b−1)

2 ∼ dmb rd

Complexity O(d(b2 + b+ dout))
O(d((b2 + b)m+ dout)) ∼ O(d(r + dout))O(d((b2 + d)m+ dout))

Cayley Transform: R = (I −A)(I +A)−1

Cover Od×d b = d {B(m=log d,b=2)
i }d−1

i=1 {ui}d−1
i=1

Have potentials to be more efficient in practice.
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Comparisons with Existing OFTs

Method OFT BOFT Our HRA

Implementation R(b) = diag({Ri}d/bi=1) B(m,b) =
∏m

i=1 B
(b)
i H(r) =

∏r
i=1 I − 2uiu

⊤
i
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<latexit sha1_base64="kmjtBeKQ5PQMWGDQ6AOZBQ1+7v8=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi1WPRi8cK9gPaUDbbTbt2sxt2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemAhu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVqyppUCaU7ITFMcMmayFGwTqIZiUPB2uH4dua3n5g2XMkHnCQsiMlQ8ohTglZq9ZDHzPTLFa/qzeGuEj8nFcjR6Je/egNF05hJpIIY0/W9BIOMaORUsGmplxqWEDomQ9a1VBK7JMjm107dM6sM3EhpWxLdufp7IiOxMZM4tJ0xwZFZ9mbif143xeg6yLhMUmSSLhZFqXBRubPX3QHXjKKYWEKo5vZWl46IJhRtQCUbgr/88ippXVT9WrV2f1mp3+RxFOEETuEcfLiCOtxBA5pA4RGe4RXeHOW8OO/Ox6K14OQzx/AHzucPub2PPw==</latexit>⇥<latexit sha1_base64="kmjtBeKQ5PQMWGDQ6AOZBQ1+7v8=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi1WPRi8cK9gPaUDbbTbt2sxt2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemAhu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVqyppUCaU7ITFMcMmayFGwTqIZiUPB2uH4dua3n5g2XMkHnCQsiMlQ8ohTglZq9ZDHzPTLFa/qzeGuEj8nFcjR6Je/egNF05hJpIIY0/W9BIOMaORUsGmplxqWEDomQ9a1VBK7JMjm107dM6sM3EhpWxLdufp7IiOxMZM4tJ0xwZFZ9mbif143xeg6yLhMUmSSLhZFqXBRubPX3QHXjKKYWEKo5vZWl46IJhRtQCUbgr/88ippXVT9WrV2f1mp3+RxFOEETuEcfLiCOtxBA5pA4RGe4RXeHOW8OO/Ox6K14OQzx/AHzucPub2PPw==</latexit>⇥

<latexit sha1_base64="giX4jazC00QEvlGE4BNHI9hZ9xE=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqBP1S2a24c5BV4uWkDDnq/dJXbxCzNEJpmKBadz03MX5GleFM4LTYSzUmlI3pELuWShqh9rP5oVNybpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxWvWqk2rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwByHOM8Q==</latexit>

b <latexit sha1_base64="kmjtBeKQ5PQMWGDQ6AOZBQ1+7v8=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi1WPRi8cK9gPaUDbbTbt2sxt2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemAhu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVqyppUCaU7ITFMcMmayFGwTqIZiUPB2uH4dua3n5g2XMkHnCQsiMlQ8ohTglZq9ZDHzPTLFa/qzeGuEj8nFcjR6Je/egNF05hJpIIY0/W9BIOMaORUsGmplxqWEDomQ9a1VBK7JMjm107dM6sM3EhpWxLdufp7IiOxMZM4tJ0xwZFZ9mbif143xeg6yLhMUmSSLhZFqXBRubPX3QHXjKKYWEKo5vZWl46IJhRtQCUbgr/88ippXVT9WrV2f1mp3+RxFOEETuEcfLiCOtxBA5pA4RGe4RXeHOW8OO/Ox6K14OQzx/AHzucPub2PPw==</latexit>⇥

<latexit sha1_base64="K7phoZ3QXjUefl86G9MfI08I0Ys=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgxbArEj0GvXhMwDwgWcLspDcZMzu7zMwKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGdzO/9YRK81g+mHGCfkQHkoecUWOl+kWvWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rwxp9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6WvUq5Ur8qVW+zOPJwAqdwDh5cQxXuoQYNYIDwDK/w5jw6L86787FozTnZzDH8gfP5A3gfjLw=</latexit>�<latexit sha1_base64="2fvfthwg1mRLBhwA3jth0GTm+tU=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaJQY9ELx4hkUcCGzI79MLI7OxmZtaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfju7nffkKleSwfzCRBP6JDyUPOqLFSo9IvltyyuwBZJ15GSpCh3i9+9QYxSyOUhgmqdddzE+NPqTKcCZwVeqnGhLIxHWLXUkkj1P50ceiMXFhlQMJY2ZKGLNTfE1MaaT2JAtsZUTPSq95c/M/rpia88adcJqlByZaLwlQQE5P512TAFTIjJpZQpri9lbARVZQZm03BhuCtvrxOWpWyVy1XG1el2m0WRx7O4BwuwYNrqME91KEJDBCe4RXenEfnxXl3PpatOSebOYU/cD5/AH+zjME=</latexit>

2
<latexit sha1_base64="9ezT5NMKboksKsfKb1g6/AGkY7I=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Ae0oWy2m3bpZhN3J0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilTg9FxA3R/XLFrbpzkFXi5aQCORr98ldvELM04gqZpMZ0PTdBP6MaBZN8WuqlhieUjemQdy1V1K7xs/m9U3JmlQEJY21LIZmrvycyGhkziQLbGVEcmWVvJv7ndVMMr/1MqCRFrthiUZhKgjGZPU8GQnOGcmIJZVrYWwkbUU0Z2ohKNgRv+eVV0rqoerVq7f6yUr/J4yjCCZzCOXhwBXW4gwY0gYGEZ3iFN+fReXHenY9Fa8HJZ47hD5zPH+YOj+U=</latexit>⇥r

<latexit sha1_base64="uazS7Lu4zhJ4iMV+eWB9b2waMzo=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJdFN7qrYB/YlpJJM21oJjMkd4Qy9C/cuFDErX/jzr8x085CqwcCh3PuJeceP5bCoOt+OYWV1bX1jeJmaWt7Z3evvH/QMlGiGW+ySEa641PDpVC8iQIl78Sa09CXvO1PrjO//ci1EZG6x2nM+yEdKREIRtFKD72Q4tgP0tvZoFxxq+4c5C/xclKBHI1B+bM3jFgScoVMUmO6nhtjP6UaBZN8VuolhseUTeiIdy1VNOSmn84Tz8iJVYYkiLR9Cslc/bmR0tCYaejbySyhWfYy8T+vm2Bw2U+FihPkii0+ChJJMCLZ+WQoNGcop5ZQpoXNStiYasrQllSyJXjLJ/8lrbOqV6vW7s4r9au8jiIcwTGcggcXUIcbaEATGCh4ghd4dYzz7Lw574vRgpPvHMIvOB/fuWCQ+A==</latexit>
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<latexit sha1_base64="giX4jazC00QEvlGE4BNHI9hZ9xE=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqBP1S2a24c5BV4uWkDDnq/dJXbxCzNEJpmKBadz03MX5GleFM4LTYSzUmlI3pELuWShqh9rP5oVNybpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxWvWqk2rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwByHOM8Q==</latexit>
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b <latexit sha1_base64="kmjtBeKQ5PQMWGDQ6AOZBQ1+7v8=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi1WPRi8cK9gPaUDbbTbt2sxt2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemAhu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVqyppUCaU7ITFMcMmayFGwTqIZiUPB2uH4dua3n5g2XMkHnCQsiMlQ8ohTglZq9ZDHzPTLFa/qzeGuEj8nFcjR6Je/egNF05hJpIIY0/W9BIOMaORUsGmplxqWEDomQ9a1VBK7JMjm107dM6sM3EhpWxLdufp7IiOxMZM4tJ0xwZFZ9mbif143xeg6yLhMUmSSLhZFqXBRubPX3QHXjKKYWEKo5vZWl46IJhRtQCUbgr/88ippXVT9WrV2f1mp3+RxFOEETuEcfLiCOtxBA5pA4RGe4RXeHOW8OO/Ox6K14OQzx/AHzucPub2PPw==</latexit>⇥

<latexit sha1_base64="K7phoZ3QXjUefl86G9MfI08I0Ys=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgxbArEj0GvXhMwDwgWcLspDcZMzu7zMwKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGdzO/9YRK81g+mHGCfkQHkoecUWOl+kWvWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rwxp9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6WvUq5Ur8qVW+zOPJwAqdwDh5cQxXuoQYNYIDwDK/w5jw6L86787FozTnZzDH8gfP5A3gfjLw=</latexit>�<latexit sha1_base64="2fvfthwg1mRLBhwA3jth0GTm+tU=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaJQY9ELx4hkUcCGzI79MLI7OxmZtaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfju7nffkKleSwfzCRBP6JDyUPOqLFSo9IvltyyuwBZJ15GSpCh3i9+9QYxSyOUhgmqdddzE+NPqTKcCZwVeqnGhLIxHWLXUkkj1P50ceiMXFhlQMJY2ZKGLNTfE1MaaT2JAtsZUTPSq95c/M/rpia88adcJqlByZaLwlQQE5P512TAFTIjJpZQpri9lbARVZQZm03BhuCtvrxOWpWyVy1XG1el2m0WRx7O4BwuwYNrqME91KEJDBCe4RXenEfnxXl3PpatOSebOYU/cD5/AH+zjME=</latexit>

2
<latexit sha1_base64="9ezT5NMKboksKsfKb1g6/AGkY7I=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Ae0oWy2m3bpZhN3J0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilTg9FxA3R/XLFrbpzkFXi5aQCORr98ldvELM04gqZpMZ0PTdBP6MaBZN8WuqlhieUjemQdy1V1K7xs/m9U3JmlQEJY21LIZmrvycyGhkziQLbGVEcmWVvJv7ndVMMr/1MqCRFrthiUZhKgjGZPU8GQnOGcmIJZVrYWwkbUU0Z2ohKNgRv+eVV0rqoerVq7f6yUr/J4yjCCZzCOXhwBXW4gwY0gYGEZ3iFN+fReXHenY9Fa8HJZ47hD5zPH+YOj+U=</latexit>⇥r

<latexit sha1_base64="uazS7Lu4zhJ4iMV+eWB9b2waMzo=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJdFN7qrYB/YlpJJM21oJjMkd4Qy9C/cuFDErX/jzr8x085CqwcCh3PuJeceP5bCoOt+OYWV1bX1jeJmaWt7Z3evvH/QMlGiGW+ySEa641PDpVC8iQIl78Sa09CXvO1PrjO//ci1EZG6x2nM+yEdKREIRtFKD72Q4tgP0tvZoFxxq+4c5C/xclKBHI1B+bM3jFgScoVMUmO6nhtjP6UaBZN8VuolhseUTeiIdy1VNOSmn84Tz8iJVYYkiLR9Cslc/bmR0tCYaejbySyhWfYy8T+vm2Bw2U+FihPkii0+ChJJMCLZ+WQoNGcop5ZQpoXNStiYasrQllSyJXjLJ/8lrbOqV6vW7s4r9au8jiIcwTGcggcXUIcbaEATGCh4ghd4dYzz7Lw574vRgpPvHMIvOB/fuWCQ+A==</latexit>

I

#Parameters d(b−1)
2 ∼ db dm(b−1)

2 ∼ dmb rd

Complexity O(d(b2 + b+ dout))
O(d((b2 + b)m+ dout)) ∼ O(d(r + dout))O(d((b2 + d)m+ dout))

Cayley Transform: R = (I −A)(I +A)−1

Cover Od×d b = d {B(m=log d,b=2)
i }d−1

i=1 {ui}d−1
i=1

Have potentials to be more efficient in practice.
9 / 19



Connections to LoRA: HRA is An Adaptive LoRA

▶ Reformulation of the HR chain:

H(r) =
∏r

i=1
(I − 2uiu

⊤
i ) = I +UrΓrU

⊤
r , (4)

▶ Γr = [γij ] ∈ Rr×r is a upper-triangular matrix, and its upper-riangular element is

γij =

{
−2 i = j

(−2)j−i+1
∏j−1

i=1
⟨ui,ui+1⟩ i < j.

(5)

▶ HRA is equivalent to an adaptive LoRA, making Range(W ) unchanged.

WH(r) = W +WUrΓr︸ ︷︷ ︸
AW ,U

U⊤
r . (6)
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Orthogonality: The Key of Balancing Expressiveness and Regularity

<latexit sha1_base64="MobDUxOzzDZfhHAOBLBO1va0R4E=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQircuiG5cV7AOaUCbTSTt0MgnzEErob7hxoYhbf8adf+OkzUJbDwwczrmXe+aEKWdKu+63U9rY3NreKe9W9vYPDo+qxyddlRhJaIckPJH9ECvKmaAdzTSn/VRSHIec9sLpXe73nqhULBGPepbSIMZjwSJGsLaS78dYT8IoM/OhHFZrbt1dAK0TryA1KNAeVr/8UUJMTIUmHCs18NxUBxmWmhFO5xXfKJpiMsVjOrBU4JiqIFtknqMLq4xQlEj7hEYL9fdGhmOlZnFoJ/OMatXLxf+8gdHRTZAxkRpNBVkeigxHOkF5AWjEJCWazyzBRDKbFZEJlphoW1PFluCtfnmddK/qXqPeeLiutW6LOspwBudwCR40oQX30IYOEEjhGV7hzTHOi/PufCxHS06xcwp/4Hz+AIvhkgk=</latexit>ur
<latexit sha1_base64="NtkTar0wxbOJ9f/2GlH11RAPyrY=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiRFqsuiG5cV7AOaUCbTSTt0MgnzEErob7hxoYhbf8adf+OkzUJbDwwczrmXe+aEKWdKu+63U9rY3NreKe9W9vYPDo+qxyddlRhJaIckPJH9ECvKmaAdzTSn/VRSHIec9sLpXe73nqhULBGPepbSIMZjwSJGsLaS78dYT8IoM/NhY1ituXV3AbROvILUoEB7WP3yRwkxMRWacKzUwHNTHWRYakY4nVd8o2iKyRSP6cBSgWOqgmyReY4urDJCUSLtExot1N8bGY6VmsWhncwzqlUvF//zBkZHN0HGRGo0FWR5KDIc6QTlBaARk5RoPrMEE8lsVkQmWGKibU0VW4K3+uV10m3UvWa9+XBVa90WdZThDM7hEjy4hhbcQxs6QCCFZ3iFN8c4L86787EcLTnFzin8gfP5Ayrhkck=</latexit>u2

<latexit sha1_base64="IMa5FqgjKqnTUmGREAFj1JAptyI=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQircuiG5cV7AOaUCbTSTt0MgnzEErob7hxoYhbf8adf+OkzUJbDwwczrmXe+aEKWdKu+63U9rY3NreKe9W9vYPDo+qxyddlRhJaIckPJH9ECvKmaAdzTSn/VRSHIec9sLpXe73nqhULBGPepbSIMZjwSJGsLaS78dYT8IoM/OhN6zW3Lq7AFonXkFqUKA9rH75o4SYmApNOFZq4LmpDjIsNSOcziu+UTTFZIrHdGCpwDFVQbbIPEcXVhmhKJH2CY0W6u+NDMdKzeLQTuYZ1aqXi/95A6OjmyBjIjWaCrI8FBmOdILyAtCISUo0n1mCiWQ2KyITLDHRtqaKLcFb/fI66V7VvUa98XBda90WdZThDM7hEjxoQgvuoQ0dIJDCM7zCm2OcF+fd+ViOlpxi5xT+wPn8ASldkcg=</latexit>u1

<latexit sha1_base64="kmjtBeKQ5PQMWGDQ6AOZBQ1+7v8=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi1WPRi8cK9gPaUDbbTbt2sxt2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemAhu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVqyppUCaU7ITFMcMmayFGwTqIZiUPB2uH4dua3n5g2XMkHnCQsiMlQ8ohTglZq9ZDHzPTLFa/qzeGuEj8nFcjR6Je/egNF05hJpIIY0/W9BIOMaORUsGmplxqWEDomQ9a1VBK7JMjm107dM6sM3EhpWxLdufp7IiOxMZM4tJ0xwZFZ9mbif143xeg6yLhMUmSSLhZFqXBRubPX3QHXjKKYWEKo5vZWl46IJhRtQCUbgr/88ippXVT9WrV2f1mp3+RxFOEETuEcfLiCOtxBA5pA4RGe4RXeHOW8OO/Ox6K14OQzx/AHzucPub2PPw==</latexit>⇥ <latexit sha1_base64="kmjtBeKQ5PQMWGDQ6AOZBQ1+7v8=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi1WPRi8cK9gPaUDbbTbt2sxt2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemAhu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVqyppUCaU7ITFMcMmayFGwTqIZiUPB2uH4dua3n5g2XMkHnCQsiMlQ8ohTglZq9ZDHzPTLFa/qzeGuEj8nFcjR6Je/egNF05hJpIIY0/W9BIOMaORUsGmplxqWEDomQ9a1VBK7JMjm107dM6sM3EhpWxLdufp7IiOxMZM4tJ0xwZFZ9mbif143xeg6yLhMUmSSLhZFqXBRubPX3QHXjKKYWEKo5vZWl46IJhRtQCUbgr/88ippXVT9WrV2f1mp3+RxFOEETuEcfLiCOtxBA5pA4RGe4RXeHOW8OO/Ox6K14OQzx/AHzucPub2PPw==</latexit>⇥ ……

<latexit sha1_base64="IMa5FqgjKqnTUmGREAFj1JAptyI=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQircuiG5cV7AOaUCbTSTt0MgnzEErob7hxoYhbf8adf+OkzUJbDwwczrmXe+aEKWdKu+63U9rY3NreKe9W9vYPDo+qxyddlRhJaIckPJH9ECvKmaAdzTSn/VRSHIec9sLpXe73nqhULBGPepbSIMZjwSJGsLaS78dYT8IoM/OhN6zW3Lq7AFonXkFqUKA9rH75o4SYmApNOFZq4LmpDjIsNSOcziu+UTTFZIrHdGCpwDFVQbbIPEcXVhmhKJH2CY0W6u+NDMdKzeLQTuYZ1aqXi/95A6OjmyBjIjWaCrI8FBmOdILyAtCISUo0n1mCiWQ2KyITLDHRtqaKLcFb/fI66V7VvUa98XBda90WdZThDM7hEjxoQgvuoQ0dIJDCM7zCm2OcF+fd+ViOlpxi5xT+wPn8ASldkcg=</latexit>u1
<latexit sha1_base64="NtkTar0wxbOJ9f/2GlH11RAPyrY=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiRFqsuiG5cV7AOaUCbTSTt0MgnzEErob7hxoYhbf8adf+OkzUJbDwwczrmXe+aEKWdKu+63U9rY3NreKe9W9vYPDo+qxyddlRhJaIckPJH9ECvKmaAdzTSn/VRSHIec9sLpXe73nqhULBGPepbSIMZjwSJGsLaS78dYT8IoM/NhY1ituXV3AbROvILUoEB7WP3yRwkxMRWacKzUwHNTHWRYakY4nVd8o2iKyRSP6cBSgWOqgmyReY4urDJCUSLtExot1N8bGY6VmsWhncwzqlUvF//zBkZHN0HGRGo0FWR5KDIc6QTlBaARk5RoPrMEE8lsVkQmWGKibU0VW4K3+uV10m3UvWa9+XBVa90WdZThDM7hEjy4hhbcQxs6QCCFZ3iFN8c4L86787EcLTnFzin8gfP5Ayrhkck=</latexit>u2

<latexit sha1_base64="MobDUxOzzDZfhHAOBLBO1va0R4E=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQircuiG5cV7AOaUCbTSTt0MgnzEErob7hxoYhbf8adf+OkzUJbDwwczrmXe+aEKWdKu+63U9rY3NreKe9W9vYPDo+qxyddlRhJaIckPJH9ECvKmaAdzTSn/VRSHIec9sLpXe73nqhULBGPepbSIMZjwSJGsLaS78dYT8IoM/OhHFZrbt1dAK0TryA1KNAeVr/8UUJMTIUmHCs18NxUBxmWmhFO5xXfKJpiMsVjOrBU4JiqIFtknqMLq4xQlEj7hEYL9fdGhmOlZnFoJ/OMatXLxf+8gdHRTZAxkRpNBVkeigxHOkF5AWjEJCWazyzBRDKbFZEJlphoW1PFluCtfnmddK/qXqPeeLiutW6LOspwBudwCR40oQX30IYOEEjhGV7hzTHOi/PufCxHS06xcwp/4Hz+AIvhkgk=</latexit>ur

<latexit sha1_base64="BXnqRcE0kw3IeLJf7k/AJ6eE1iE=">AAACFHicbZDLSsNAFIYn9VbrLerSzWARBLEkRWqXBTe6q2Av0MYwmU7aoZNJmJkIJeQh3Pgqblwo4taFO9/GSRuhtv4w8PGfc5hzfi9iVCrL+jYKK6tr6xvFzdLW9s7unrl/0JZhLDBp4ZCFoushSRjlpKWoYqQbCYICj5GON77K6p0HIiQN+Z2aRMQJ0JBTn2KktOWaZ/0AqZHnJzfpefWX49S15/k+6aswSl2zbFWsqeAy2DmUQa6ma371ByGOA8IVZkjKnm1FykmQUBQzkpb6sSQRwmM0JD2NHAVEOsn0qBSeaGcA/VDoxxWcuvMTCQqknASe7sxWlYu1zPyv1ouVX3cSyqNYEY5nH/kxgyqEWUJwQAXBik00ICyo3hXiERIIK51jSYdgL568DO1qxa5VarcX5UY9j6MIjsAxOAU2uAQNcA2aoAUweATP4BW8GU/Gi/FufMxaC0Y+cwj+yPj8AfK1n2M=</latexit>

I � 2u1u
>
1

<latexit sha1_base64="1GKZ1TKA6bs3iKvOcBv9dzYlizE=">AAACFHicbZDLSsNAFIYn9VbrLerSzWARBLEkRWqXBTe6q2Av0MYwmU7aoZNJmJkIJeQh3Pgqblwo4taFO9/GSRuhtv4w8PGfc5hzfi9iVCrL+jYKK6tr6xvFzdLW9s7unrl/0JZhLDBp4ZCFoushSRjlpKWoYqQbCYICj5GON77K6p0HIiQN+Z2aRMQJ0JBTn2KktOWaZ/0AqZHnJzfpefWX49QV83yf9FUYpa5ZtirWVHAZ7BzKIFfTNb/6gxDHAeEKMyRlz7Yi5SRIKIoZSUv9WJII4TEakp5GjgIinWR6VApPtDOAfij04wpO3fmJBAVSTgJPd2arysVaZv5X68XKrzsJ5VGsCMezj/yYQRXCLCE4oIJgxSYaEBZU7wrxCAmElc6xpEOwF09ehna1YtcqtduLcqOex1EER+AYnAIbXIIGuAZN0AIYPIJn8ArejCfjxXg3PmatBSOfOQR/ZHz+AL5mn+U=</latexit>

I � 2uru
>
r

<latexit sha1_base64="ByqeqMPLkTHOuYwWpF1jRK5SQlk=">AAACFHicbZDLSsNAFIYn9VbrLerSzWARBLEkRWqXBTe6q2Av0MYwmU7aoZNJmJkIJeQh3Pgqblwo4taFO9/GSRvBtv4w8PGfc5hzfi9iVCrL+jYKK6tr6xvFzdLW9s7unrl/0JZhLDBp4ZCFoushSRjlpKWoYqQbCYICj5GON77K6p0HIiQN+Z2aRMQJ0JBTn2KktOWaZ/0AqZHnJzfpefWX49Sd4/ukr8Iodc2yVbGmgstg51AGuZqu+dUfhDgOCFeYISl7thUpJ0FCUcxIWurHkkQIj9GQ9DRyFBDpJNOjUniinQH0Q6EfV3Dq/p1IUCDlJPB0Z7aqXKxl5n+1Xqz8upNQHsWKcDz7yI8ZVCHMEoIDKghWbKIBYUH1rhCPkEBY6RxLOgR78eRlaFcrdq1Su70oN+p5HEVwBI7BKbDBJWiAa9AELYDBI3gGr+DNeDJejHfjY9ZaMPKZQzAn4/MH9defZQ==</latexit>

I � 2u2u
>
2

<latexit sha1_base64="v6VollxxZQwpydw58tlluQjDVy8=">AAACB3icbZDNSsNAFIUn/tb6F3UpyGAR3FiSIrXLghvdVTBtoYllMp20QyeTMDMRSsjOja/ixoUibn0Fd76NkzaCth4Y+Dj3Xube48eMSmVZX8bS8srq2nppo7y5tb2za+7tt2WUCEwcHLFIdH0kCaOcOIoqRrqxICj0Gen448u83rknQtKI36pJTLwQDTkNKEZKW33zyA2RGvlBep2d1X7YcbK71FVRnPXNilW1poKLYBdQAYVaffPTHUQ4CQlXmCEpe7YVKy9FQlHMSFZ2E0lihMdoSHoaOQqJ9NLpHRk80c4ABpHQjys4dX9PpCiUchL6ujPfVM7XcvO/Wi9RQcNLKY8TRTiefRQkDKoI5qHAARUEKzbRgLCgeleIR0ggrHR0ZR2CPX/yIrRrVbterd+cV5qNIo4SOATH4BTY4AI0wRVoAQdg8ACewAt4NR6NZ+PNeJ+1LhnFzAH4I+PjG4inmbs=</latexit>

I � 2UU>

Strength of 
Orthogonality 

<latexit sha1_base64="XggpwBS7MzFF08toeMjza3tRzm0=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyI1C4LblxWsA9sS8mkd9rQTGZIMkIZ+hduXCji1r9x59+YaWehrQcCh3PuJecePxZcG9f9dgobm1vbO8Xd0t7+weFR+fikraNEMWyxSESq61ONgktsGW4EdmOFNPQFdvzpbeZ3nlBpHskHM4txENKx5AFn1FjpsR9SM/GDtDMflitu1V2ArBMvJxXI0RyWv/qjiCUhSsME1brnubEZpFQZzgTOS/1EY0zZlI6xZ6mkIepBukg8JxdWGZEgUvZJQxbq742UhlrPQt9OZgn1qpeJ/3m9xAT1QcplnBiUbPlRkAhiIpKdT0ZcITNiZgllitushE2ooszYkkq2BG/15HXSvqp6tWrt/rrSqOd1FOEMzuESPLiBBtxBE1rAQMIzvMKbo50X5935WI4WnHznFP7A+fwBy6SQ/A==</latexit>

W
<latexit sha1_base64="XggpwBS7MzFF08toeMjza3tRzm0=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyI1C4LblxWsA9sS8mkd9rQTGZIMkIZ+hduXCji1r9x59+YaWehrQcCh3PuJecePxZcG9f9dgobm1vbO8Xd0t7+weFR+fikraNEMWyxSESq61ONgktsGW4EdmOFNPQFdvzpbeZ3nlBpHskHM4txENKx5AFn1FjpsR9SM/GDtDMflitu1V2ArBMvJxXI0RyWv/qjiCUhSsME1brnubEZpFQZzgTOS/1EY0zZlI6xZ6mkIepBukg8JxdWGZEgUvZJQxbq742UhlrPQt9OZgn1qpeJ/3m9xAT1QcplnBiUbPlRkAhiIpKdT0ZcITNiZgllitushE2ooszYkkq2BG/15HXSvqp6tWrt/rrSqOd1FOEMzuESPLiBBtxBE1rAQMIzvMKbo50X5935WI4WnHznFP7A+fwBy6SQ/A==</latexit>

W
<latexit sha1_base64="kmjtBeKQ5PQMWGDQ6AOZBQ1+7v8=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi1WPRi8cK9gPaUDbbTbt2sxt2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemAhu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVqyppUCaU7ITFMcMmayFGwTqIZiUPB2uH4dua3n5g2XMkHnCQsiMlQ8ohTglZq9ZDHzPTLFa/qzeGuEj8nFcjR6Je/egNF05hJpIIY0/W9BIOMaORUsGmplxqWEDomQ9a1VBK7JMjm107dM6sM3EhpWxLdufp7IiOxMZM4tJ0xwZFZ9mbif143xeg6yLhMUmSSLhZFqXBRubPX3QHXjKKYWEKo5vZWl46IJhRtQCUbgr/88ippXVT9WrV2f1mp3+RxFOEETuEcfLiCOtxBA5pA4RGe4RXeHOW8OO/Ox6K14OQzx/AHzucPub2PPw==</latexit>⇥
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∥Ir − (U (l)

r )⊤U (l)
r ∥2F︸ ︷︷ ︸

Orthogonal regularizer

,
(7)

▶ λ ∈ [0,∞): Normalization

▶ λ = ∞: (Modified) Gram-Schmidt Orthogonalization
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Experiments: NLP Tasks

Table: Results (%) of various methods on GLUE development set.

Method #Param MNLI SST-2 CoLA QQP QNLI RTE MRPC STS-B All

Full Fine-tune 184M 89.90 95.63 69.19 92.40 94.03 83.75 89.46 91.60 88.25

BitFit 0.10M 89.37 94.84 66.96 88.41 92.24 78.70 87.75 91.35 86.20

H-Adapter 1.22M 90.13 95.53 68.64 91.91 94.11 84.48 89.95 91.48 88.28

P-Adapter 1.18M 90.33 95.61 68.77 92.04 94.29 85.20 89.46 91.54 88.41

LoRAr=8 1.33M 90.65 94.95 69.82 91.99 93.87 85.20 89.95 91.60 88.50

AdaLoRA 1.27M 90.76 96.10 71.45 92.23 94.55 88.09 90.69 91.84 89.46

OFTb=16 0.79M 90.33 96.33 73.91 92.10 94.07 87.36 92.16 91.91 89.77

BOFTm=2
b=8 0.75M 90.25 96.44 72.95 92.10 94.23 88.81 92.40 91.92 89.89

HRAr=8,λ=0 0.66M 90.70 96.45 73.70 91.29 94.66 88.45 93.69 91.86 90.10

HRAr=8,λ=10−5 0.66M 90.43 96.79 71.91 91.02 94.44 89.53 94.10 91.74 90.00

HRAr=8,λ=∞ 0.66M 90.52 95.87 70.71 90.71 94.12 87.00 92.59 91.54 89.13
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Experiments: Controllable Text-to-Image Generation

a [V] teapot on top of a purple rug in a forest

a [V] teapot floating on top of water

Original Images LoRA OFT HRA7,0 HRA7,10−3 HRA7,∞

Figure: Qualitative results on subject-driven generation.
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Experiments: Controllable Text-to-Image Generation
Ref. Img Control LoRA OFT HRA8,0 HRA8,10−5 HRA8,∞

Prompt: A baseball game being played.

Prompt: A man smiling for the camera.

Prompt: A tree stump.

Figure: Comparisons for various adaptation methods on controllable generation, in which the
control signals include Canny edges, face landmarks, and semantic segmentation results of
reference images.
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Experiments: Controllable Text-to-Image Generation

Table: Results of various methods on subject-driven generation and controllable generation.

Method
#Param

Subject-driven generation
#Param

Controllable generation

(M)
Image fidelity Text fidelity Diversity

(M)
C2I S2I L2F

DINO↑ CLIP-I↑ CLIP-T↑ LPIPS↑ IoU↑ F1↑ mIoU↑ mAcc↑ aAcc↑ Error↓
Real Images - 0.764 0.890 - 0.562 - - - - - - -

DreamBooth 859.52 0.614 0.778 0.239 0.737 859.52 0.049 0.093 7.72 14.40 33.61 146.19

ControlNet - - - - - 361.30 0.189 0.317 20.88 30.91 61.42 7.61

T2I-Adapter - - - - - 77.00 0.078 0.143 16.38 26.31 51.63 23.75

LoRA 0.8 0.613 0.765 0.237 0.744 1.25 0.168 0.286 22.98 35.52 58.03 7.68

COFT b=4 23.3 0.630 0.783 0.235 0.744 26.40 0.195 0.325 26.92 40.08 62.96 6.92

OFTb=4 23.3 0.632 0.785 0.237 0.746 26.40 0.193 0.323 27.06 40.09 62.42 7.07

BOFTm=4
r=8 - - - - - 20.76 - - 28.83 41.24 67.74 5.67

HRAr=8,λ=0 0.69 0.670 0.803 0.238 0.758 0.89 0.213 0.350 29.45 42.02 66.83 5.56

HRAr=8,λ=10−3 0.69 0.661 0.799 0.255 0.760 0.89 0.205 0.339 29.27 40.89 67.86 5.46

HRAr=8,λ=∞ 0.69 0.651 0.794 0.274 0.778 0.89 0.201 0.334 28.15 40.22 64.95 11.11
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Experiments: Mathematical Reasoning

Method Param. Ratio GSM8K MATH

LLaMA2-7B - 14.6 2.5

LoRAr=32 0.25% 50.2 7.8

OFTb=16 0.13% 50.1 8.4

BOFTm=2
b=8 0.12% 50.6 8.6

PiSSA 4.75% 53.1 7.4

HRAr=8,λ=0 0.03% 47.1 6.6

HRAr=16,λ=0 0.06% 52.1 8.1

HRAr=32,λ=0 0.12% 55.8 9.0

HRAr=32,λ=∞ 0.12% 52.8 9.2

HRAr=32,λ=10−4 0.12% 56.3 9.3

48.0

48.5

49.0

48.29%
48.52%

48.97%
GSM8K
MATH

10 5 10 4 10 36.0
6.2
6.4
6.6
6.8
7.0

Ac
cu

ra
cy

6.92% 6.88%

6.54%

Method Param. Ratio ARC HellaSwag MMLU Winogrande HumanEval

LLaMA2-7B - 49.74 58.90 45.92 74.11 12.80

LoRAr=16 0.12% 48.81 56.89 40.60 71.27 11.59

HRAr=32,λ=10−4 0.12% 49.57 57.72 41.20 73.32 13.41
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Discussion: From Model Adaptation to Model Design

▶ Householder reflection Hx = x− 2uu⊤x can work as a (restricted) ResNet.
▶ |x| can be treated as an adaptive Householder reflection transform.

▶ Stacking HRs leads to a Lipschitz-1 Network.
▶ Support deeper networks without other tricks (LayerNorm, ResNet connection, ...)
▶ Robust to attack because of its Lipschitz-1 property.
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Roles of “Traditional” Algorithms in The Era of AIGC

Discrete Algorithms
(Computer Science)

▶ Sorting, Searching, Discrete
Optimization, ...

Continuous Algorithms
(Scientific Computing)

▶ SVD, Eigenproblem Solver,
Equation Solver, ...

▶ Ironically, everyone admits the significance of algorithms, while few of them fully
exploit the power of algorithms in their research:(

▶ “Traditional” algorithm matters!
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Summary

Householder Reflection Adaptation

▶ Bridge the gap between low-rank and orthogonal adaptation

▶ An typical and effective application of algorithm to model adaptation

▶ Have potentials to model design

Resources

▶ Paper: https://arxiv.org/pdf/2405.17484

▶ Code: https://github.com/DaShenZi721/HRA

▶ Email: hongtengxu@ruc.edu.cn

Thanks! Q & A
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