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<latexit sha1_base64="twI3W4tjaWZ8fnz2cyhVGLv39L0=">AAAB8nicbVDLSgNBEJyNrxhfUY9eBoPgKeyKr2PQi8cI5gHJEmYnvcmQ2dllplcMSz7DiwdFvPo13vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqDg0ey1i3A2ZACgUNFCihnWhgUSChFYxup37rEbQRsXrAcQJ+xAZKhIIztFKni/CEWWvIcNIrV9yqOwNdJl5OKiRHvVf+6vZjnkagkEtmTMdzE/QzplFwCZNSNzWQMD5iA+hYqlgExs9mJ0/oiVX6NIy1LYV0pv6eyFhkzDgKbGfEcGgWvan4n9dJMbz2M6GSFEHx+aIwlRRjOv2f9oUGjnJsCeNa2FspHzLNONqUSjYEb/HlZdI8q3qX1Yv780rtJo+jSI7IMTklHrkiNXJH6qRBOInJM3klbw46L8678zFvLTj5zCH5A+fzB9KMkZ8=</latexit> W
h
at <latexit sha1_base64="I+2LEeQPpTXeNwinb/HPebgipig=">AAAB8HicbVDLSgNBEJz1GeMr6tHLYhA8hV3xdQx68RjBPCRZwuykNxkyM7vM9IphyVd48aCIVz/Hm3/jJNmDJhY0FFXddHeFieAGPe/bWVpeWV1bL2wUN7e2d3ZLe/sNE6eaQZ3FItatkBoQXEEdOQpoJRqoDAU0w+HNxG8+gjY8Vvc4SiCQtK94xBlFKz10EJ4w42bcLZW9ijeFu0j8nJRJjlq39NXpxSyVoJAJakzb9xIMMqqRMwHjYic1kFA2pH1oW6qoBBNk04PH7rFVem4Ua1sK3an6eyKj0piRDG2npDgw895E/M9rpxhdBRlXSYqg2GxRlAoXY3fyvdvjGhiKkSWUaW5vddmAasrQZlS0IfjzLy+SxmnFv6ic352Vq9d5HAVySI7ICfHJJamSW1IjdcKIJM/klbw52nlx3p2PWeuSk88ckD9wPn8AafaQ0w==</latexit> is

<latexit sha1_base64="3ooSDrDHwVeGjjrIGkXbYi3Z03U=">AAAB8XicbVDLSgNBEJz1GeMr6tHLYBA8hV3xdQx68RjBPDBZwuykNxkyO7vM9IphyV948aCIV//Gm3/jJNmDJhY0FFXddHcFiRQGXffbWVpeWV1bL2wUN7e2d3ZLe/sNE6eaQ53HMtatgBmQQkEdBUpoJRpYFEhoBsObid98BG1ErO5xlIAfsb4SoeAMrfTQQXjCDAcw7pbKbsWdgi4SLydlkqPWLX11ejFPI1DIJTOm7bkJ+hnTKLiEcbGTGkgYH7I+tC1VLALjZ9OLx/TYKj0axtqWQjpVf09kLDJmFAW2M2I4MPPeRPzPa6cYXvmZUEmKoPhsUZhKijGdvE97QgNHObKEcS3srZQPmGYcbUhFG4I3//IiaZxWvIvK+d1ZuXqdx1Egh+SInBCPXJIquSU1UiecKPJMXsmbY5wX5935mLUuOfnMAfkD5/MHK/WRQg==</latexit> th
e

<latexit sha1_base64="5azgHMz8DGWleStKM41elCgnYjE=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRLxtSy6cVnBPqAJZTKdtEMnkzBzI5bQ33DjQhG3/ow7/8ZpmoW2Hhg4nHPPzJ0TJIJrdJxvq7Syura+Ud6sbG3v7O5V9w/aOk4VZS0ai1h1A6KZ4JK1kKNg3UQxEgWCdYLx7czvPDKleSwfcJIwPyJDyUNOCRrJ85A9YZbnpv1qzak7Oexl4hakBgWa/eqXN4hpGjGJVBCte66ToJ8RhZya+ypeqllC6JgMWc9QSSKm/SzfeWqfGGVgh7EyR6Kdq78TGYm0nkSBmYwIjvSiNxP/83ophtd+xmWSIpN0/lCYChtje1aAPeCKURQTQwhV3Oxq0xFRhKKpqWJKcBe/vEzaZ3X3sn5xf15r3BR1lOEIjuEUXLiCBtxBE1pAIYFneIU3K7VerHfrYz5asorMIfyB9fkD1B6SNw==</latexit> ti
tl
e

<latexit sha1_base64="rnSmFxPsHuBUYE1ewCtgF6ATsN0=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoJVgETyURv45FPXisYD+gDWWznbRLN5uwOxFr6C/x4kERr/4Ub/4bt20OWn0w8Hhvhpl5QSK4Rtf9sgpLyyura8X10sbm1nbZ3tlt6jhVDBosFrFqB1SD4BIayFFAO1FAo0BAKxhdTf3WPSjNY3mH4wT8iA4kDzmjaKSeXe4iPGB2DZopHsCkZ1fcqjuD85d4OamQHPWe/dntxyyNQCITVOuO5yboZ1QhZwImpW6qIaFsRAfQMVTSCLSfzQ6fOIdG6TthrExJdGbqz4mMRlqPo8B0RhSHetGbiv95nRTDCz/jMkkRJJsvClPhYOxMU3D6XAFDMTaEmsfNrQ4bUkUZmqxKJgRv8eW/pHlc9c6qp7cnldplHkeR7JMDckQ8ck5q5IbUSYMwkpIn8kJerUfr2Xqz3uetBSuf2SO/YH18A0xzk4U=</latexit> D
es
cr
ib
e

<latexit sha1_base64="3ooSDrDHwVeGjjrIGkXbYi3Z03U=">AAAB8XicbVDLSgNBEJz1GeMr6tHLYBA8hV3xdQx68RjBPDBZwuykNxkyO7vM9IphyV948aCIV//Gm3/jJNmDJhY0FFXddHcFiRQGXffbWVpeWV1bL2wUN7e2d3ZLe/sNE6eaQ53HMtatgBmQQkEdBUpoJRpYFEhoBsObid98BG1ErO5xlIAfsb4SoeAMrfTQQXjCDAcw7pbKbsWdgi4SLydlkqPWLX11ejFPI1DIJTOm7bkJ+hnTKLiEcbGTGkgYH7I+tC1VLALjZ9OLx/TYKj0axtqWQjpVf09kLDJmFAW2M2I4MPPeRPzPa6cYXvmZUEmKoPhsUZhKijGdvE97QgNHObKEcS3srZQPmGYcbUhFG4I3//IiaZxWvIvK+d1ZuXqdx1Egh+SInBCPXJIquSU1UiecKPJMXsmbY5wX5935mLUuOfnMAfkD5/MHK/WRQg==</latexit> th
e

<latexit sha1_base64="g1bvyxKhqhjfL+NOnjlXlB1qCmM=">AAAB83icbVDLSsNAFL3xWeur6tLNYBFclUR8LYtuXFawD2hCmUwnduhkEmZuxBL6G25cKOLWn3Hn3zhts9DWAxcO59w7c+8JUykMuu63s7S8srq2Xtoob25t7+xW9vZbJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8PhzcRvP3JtRKLucZTyIKYPSkSCUbSS7yN/wlxYkY97lapbc6cgi8QrSBUKNHqVL7+fsCzmCpmkxnQ9N8UgpxoFk3xc9jPDU8qG9vGupYrG3AT5dOcxObZKn0SJtqWQTNXfEzmNjRnFoe2MKQ7MvDcR//O6GUZXQS5UmiFXbPZRlEmCCZkEQPpCc4ZyZAllWthdCRtQTRnamMo2BG/+5EXSOq15F7Xzu7Nq/bqIowSHcAQn4MEl1OEWGtAEBik8wyu8OZnz4rw7H7PWJaeYOYA/cD5/AKS4khg=</latexit> im
ag
e

<latexit sha1_base64="WtRiDlvGZHI7LrCETiwqQa8Chrk=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eI5gHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSQ9hLeuWKW3VnIMvEy0kFctR75a9uP2ZpxBUySY3peG6CfkY1Cib5pNRNDU8oG9EB71iqaMSNn81OnZATq/RJGGtbCslM/T2R0ciYcRTYzoji0Cx6U/E/r5NieO1nQiUpcsXmi8JUEozJ9G/SF5ozlGNLKNPC3krYkGrK0KZTsiF4iy8vk+ZZ1busXtyfV2o3eRxFOIJjOAUPrqAGd1CHBjAYwDO8wpsjnRfn3fmYtxacfOYQ/sD5/AFTAI3X</latexit>

fp

<latexit sha1_base64="J5N8jeLA4oVlCz2b2Zb5MzCxd4M=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEr2PRi8cKpi20tWy2k3bpZhN2N0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZekAiujet+O4WV1bX1jeJmaWt7Z3evvH/Q0HGqGPosFrFqBVSj4BJ9w43AVqKQRoHAZjC6nfrNJ1Sax/LBjBPsRnQgecgZNVbyw0fVE71yxa26M5Bl4uWkAjnqvfJXpx+zNEJpmKBatz03Md2MKsOZwEmpk2pMKBvRAbYtlTRC3c1mx07IiVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif147NeF1N+MySQ1KNl8UpoKYmEw/J32ukBkxtoQyxe2thA2poszYfEo2BG/x5WXSOKt6l9WL+/NK7SaPowhHcAyn4MEV1OAO6uADAw7P8ApvjnRenHfnY95acPKZQ/gD5/MH1NuOtw==</latexit>

fr
l

Rank-based retrieval

<latexit sha1_base64="zSROQEpk5R2btvOJ+4eMqO7euBs=">AAAB/nicbVDLSgMxFM34rPVVFVdugkVwVWbE17IogssK9gHtUDLpbRuayQzJHbEMBX/FjQtF3Pod7vwb03YW2nogcDjnXO7NCWIpDLrut7OwuLS8sppby69vbG5tF3Z2ayZKNIcqj2SkGwEzIIWCKgqU0Ig1sDCQUA8G12O//gDaiEjd4zAGP2Q9JbqCM7RSu7DfQnjEtCbGCXqjeNQBPWoXim7JnYDOEy8jRZKh0i58tToRT0JQyCUzpum5Mfop0yi4hFG+lRiIGR+wHjQtVSwE46eT80f0yCod2o20fQrpRP09kbLQmGEY2GTIsG9mvbH4n9dMsHvpp0LFCYLi00XdRFKM6LgL2hEaOMqhJYxrYW+lvM8042gby9sSvNkvz5PaSck7L53dnRbLV1kdOXJADskx8cgFKZNbUiFVwklKnskreXOenBfn3fmYRhecbGaP/IHz+QOwiZX4</latexit>

Vision Encoder
Answer generation

<latexit sha1_base64="sNuEk6maho32TWy0BWRErT7XZH8=">AAAB9XicbVDJSgNBEO2JW4xb1KOXxiB4CjPidgx68aAQwSyQjKGnpyZp0rPQXaOGIf/hxYMiXv0Xb/6NneWgiQ8KHu9VUVXPS6TQaNvfVm5hcWl5Jb9aWFvf2Nwqbu/UdZwqDjUey1g1PaZBighqKFBCM1HAQk9Cw+tfjvzGAygt4ugOBwm4IetGIhCcoZHu2whPmF3f0B4wf9gpluyyPQadJ86UlMgU1U7xq+3HPA0hQi6Z1i3HTtDNmELBJQwL7VRDwnifdaFlaMRC0G42vnpID4zi0yBWpiKkY/X3RMZCrQehZzpDhj09643E/7xWisG5m4koSREiPlkUpJJiTEcRUF8o4CgHhjCuhLmV8h5TjKMJqmBCcGZfnif1o7JzWj65PS5VLqZx5Mke2SeHxCFnpEKuSJXUCCeKPJNX8mY9Wi/Wu/Uxac1Z05ld8gfW5w9jdZJ0</latexit>

LM head

<latexit sha1_base64="twI3W4tjaWZ8fnz2cyhVGLv39L0=">AAAB8nicbVDLSgNBEJyNrxhfUY9eBoPgKeyKr2PQi8cI5gHJEmYnvcmQ2dllplcMSz7DiwdFvPo13vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqDg0ey1i3A2ZACgUNFCihnWhgUSChFYxup37rEbQRsXrAcQJ+xAZKhIIztFKni/CEWWvIcNIrV9yqOwNdJl5OKiRHvVf+6vZjnkagkEtmTMdzE/QzplFwCZNSNzWQMD5iA+hYqlgExs9mJ0/oiVX6NIy1LYV0pv6eyFhkzDgKbGfEcGgWvan4n9dJMbz2M6GSFEHx+aIwlRRjOv2f9oUGjnJsCeNa2FspHzLNONqUSjYEb/HlZdI8q3qX1Yv780rtJo+jSI7IMTklHrkiNXJH6qRBOInJM3klbw46L8678zFvLTj5zCH5A+fzB9KMkZ8=</latexit> W
h
at <latexit sha1_base64="I+2LEeQPpTXeNwinb/HPebgipig=">AAAB8HicbVDLSgNBEJz1GeMr6tHLYhA8hV3xdQx68RjBPCRZwuykNxkyM7vM9IphyVd48aCIVz/Hm3/jJNmDJhY0FFXddHeFieAGPe/bWVpeWV1bL2wUN7e2d3ZLe/sNE6eaQZ3FItatkBoQXEEdOQpoJRqoDAU0w+HNxG8+gjY8Vvc4SiCQtK94xBlFKz10EJ4w42bcLZW9ijeFu0j8nJRJjlq39NXpxSyVoJAJakzb9xIMMqqRMwHjYic1kFA2pH1oW6qoBBNk04PH7rFVem4Ua1sK3an6eyKj0piRDG2npDgw895E/M9rpxhdBRlXSYqg2GxRlAoXY3fyvdvjGhiKkSWUaW5vddmAasrQZlS0IfjzLy+SxmnFv6ic352Vq9d5HAVySI7ICfHJJamSW1IjdcKIJM/klbw52nlx3p2PWeuSk88ckD9wPn8AafaQ0w==</latexit> is

<latexit sha1_base64="3ooSDrDHwVeGjjrIGkXbYi3Z03U=">AAAB8XicbVDLSgNBEJz1GeMr6tHLYBA8hV3xdQx68RjBPDBZwuykNxkyO7vM9IphyV948aCIV//Gm3/jJNmDJhY0FFXddHcFiRQGXffbWVpeWV1bL2wUN7e2d3ZLe/sNE6eaQ53HMtatgBmQQkEdBUpoJRpYFEhoBsObid98BG1ErO5xlIAfsb4SoeAMrfTQQXjCDAcw7pbKbsWdgi4SLydlkqPWLX11ejFPI1DIJTOm7bkJ+hnTKLiEcbGTGkgYH7I+tC1VLALjZ9OLx/TYKj0axtqWQjpVf09kLDJmFAW2M2I4MPPeRPzPa6cYXvmZUEmKoPhsUZhKijGdvE97QgNHObKEcS3srZQPmGYcbUhFG4I3//IiaZxWvIvK+d1ZuXqdx1Egh+SInBCPXJIquSU1UiecKPJMXsmbY5wX5935mLUuOfnMAfkD5/MHK/WRQg==</latexit> th
e

<latexit sha1_base64="5azgHMz8DGWleStKM41elCgnYjE=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRLxtSy6cVnBPqAJZTKdtEMnkzBzI5bQ33DjQhG3/ow7/8ZpmoW2Hhg4nHPPzJ0TJIJrdJxvq7Syura+Ud6sbG3v7O5V9w/aOk4VZS0ai1h1A6KZ4JK1kKNg3UQxEgWCdYLx7czvPDKleSwfcJIwPyJDyUNOCRrJ85A9YZbnpv1qzak7Oexl4hakBgWa/eqXN4hpGjGJVBCte66ToJ8RhZya+ypeqllC6JgMWc9QSSKm/SzfeWqfGGVgh7EyR6Kdq78TGYm0nkSBmYwIjvSiNxP/83ophtd+xmWSIpN0/lCYChtje1aAPeCKURQTQwhV3Oxq0xFRhKKpqWJKcBe/vEzaZ3X3sn5xf15r3BR1lOEIjuEUXLiCBtxBE1pAIYFneIU3K7VerHfrYz5asorMIfyB9fkD1B6SNw==</latexit> ti
tl
e <latexit sha1_base64="ybqrtgMFxrLoI/EyuQxcdFhMi0o=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr5tBLx4TMA9IljA76SRjZmeXmVkhLPkCLx4U8eonefNvnCR70MSChqKqm+6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR3dRvPqHSPJIPZhyjH9KB5H3OqLFS7aZbLLlldwayTLyMlCBDtVv86vQiloQoDRNU67bnxsZPqTKcCZwUOonGmLIRHWDbUklD1H46O3RCTqzSI/1I2ZKGzNTfEykNtR6Hge0MqRnqRW8q/ue1E9O/9lMu48SgZPNF/UQQE5Hp16THFTIjxpZQpri9lbAhVZQZm03BhuAtvrxMGmdl77J8UTsvVW6zOPJwBMdwCh5cQQXuoQp1YIDwDK/w5jw6L8678zFvzTnZzCH8gfP5A5MVjM0=</latexit> ?

<latexit sha1_base64="9IFigYT/GjsxCDNC2wVTq9kwiVQ=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEr2PRi8cKpi20tWy2k3bpZhN2N0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZekAiujet+O4WV1bX1jeJmaWt7Z3evvH/Q0HGqGPosFrFqBVSj4BJ9w43AVqKQRoHAZjC6nfrNJ1Sax/LBjBPsRnQgecgZNVbyw0faE71yxa26M5Bl4uWkAjnqvfJXpx+zNEJpmKBatz03Md2MKsOZwEmpk2pMKBvRAbYtlTRC3c1mx07IiVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif147NeF1N+MySQ1KNl8UpoKYmEw/J32ukBkxtoQyxe2thA2poszYfEo2BG/x5WXSOKt6l9WL+/NK7SaPowhHcAyn4MEV1OAO6uADAw7P8ApvjnRenHfnY95acPKZQ/gD5/MHuvWOpg==</latexit>

fa
l

<latexit sha1_base64="1mxeJ8dexKv6Q5S1Xa79SwoZn2U=">AAACBXicbVDLSgMxFM3UV62vqktdBIvgqsyIr2XRjSupYB/QlpJJb9vQTGZI7ohl6MaNv+LGhSJu/Qd3/o1pOwttvZBwOOceknP8SAqDrvvtZBYWl5ZXsqu5tfWNza389k7VhLHmUOGhDHXdZwakUFBBgRLqkQYW+BJq/uBqrNfuQRsRqjscRtAKWE+JruAMLdXO7zcRHjC5sRfFcACKWntH8LE6aucLbtGdDJ0HXgoKJJ1yO//V7IQ8DkAhl8yYhudG2EqYRsEljHLN2EDE+ID1oGGhYgGYVjJJMaKHlunQbqjtUUgn7G9HwgJjhoFvNwOGfTOrjcn/tEaM3YtWIlQUIyg+fagbS5uXjiuhHaGBoxxawLgW9q+U95lmHG1xOVuCNxt5HlSPi95Z8fT2pFC6TOvIkj1yQI6IR85JiVyTMqkQTh7JM3klb86T8+K8Ox/T1YyTenbJn3E+fwBIdJkX</latexit>

Next token prediction

<latexit sha1_base64="yCaTA9xu1JwBAPYTlts7WbBkq2A=">AAAB8XicbVDLSgNBEJz1GeMr6tHLYBA8hV3xdQx68RjBPDBZwuykNxkyO7vM9IphyV948aCIV//Gm3/jJNmDJhY0FFXddHcFiRQGXffbWVpeWV1bL2wUN7e2d3ZLe/sNE6eaQ53HMtatgBmQQkEdBUpoJRpYFEhoBsObid98BG1ErO5xlIAfsb4SoeAMrfTgdRCeMDM47pbKbsWdgi4SLydlkqPWLX11ejFPI1DIJTOm7bkJ+hnTKLiEcbGTGkgYH7I+tC1VLALjZ9OLx/TYKj0axtqWQjpVf09kLDJmFAW2M2I4MPPeRPzPa6cYXvmZUEmKoPhsUZhKijGdvE97QgNHObKEcS3srZQPmGYcbUhFG4I3//IiaZxWvIvK+d1ZuXqdx1Egh+SInBCPXJIquSU1UiecKPJMXsmbY5wX5935mLUuOfnMAfkD5/MH66iRGQ==</latexit>

1st
<latexit sha1_base64="aWgmpyvQDeOloz1gbn2CPWRuXSA=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSTFr2PRi8cK9gPbUDabTbt0swm7E7GE/gsvHhTx6r/x5r9x2+agrQ8GHu/NMDPPTwTX6DjfVmFldW19o7hZ2tre2d0r7x+0dJwqypo0FrHq+EQzwSVrIkfBOoliJPIFa/ujm6nffmRK81je4zhhXkQGkoecEjTSQ62H7AkzGUz65YpTdWawl4mbkwrkaPTLX70gpmnEJFJBtO66ToJeRhRyKtik1Es1SwgdkQHrGipJxLSXzS6e2CdGCewwVqYk2jP190RGIq3HkW86I4JDvehNxf+8borhlZdxmaTIJJ0vClNhY2xP37cDrhhFMTaEUMXNrTYdEkUompBKJgR38eVl0qpV3Yvq+d1ZpX6dx1GEIziGU3DhEupwCw1oAgUJz/AKb5a2Xqx362PeWrDymUP4A+vzB81HkQU=</latexit>

2nd
<latexit sha1_base64="ypTYfc22CbSoPaJNFajh1la2jtc=">AAAB8XicbVBNS8NAEN3Ur1q/qh69BIvgqSR+H4tePFawH9iGstlM2qWbTdidiCX0X3jxoIhX/403/43bNgdtfTDweG+GmXl+IrhGx/m2CkvLK6trxfXSxubW9k55d6+p41QxaLBYxKrtUw2CS2ggRwHtRAGNfAEtf3gz8VuPoDSP5T2OEvAi2pc85IyikR5OuwhPmKlg3CtXnKozhb1I3JxUSI56r/zVDWKWRiCRCap1x3US9DKqkDMB41I31ZBQNqR96BgqaQTay6YXj+0jowR2GCtTEu2p+nsio5HWo8g3nRHFgZ73JuJ/XifF8MrLuExSBMlmi8JU2Bjbk/ftgCtgKEaGUKa4udVmA6ooQxNSyYTgzr+8SJonVfeien53Vqld53EUyQE5JMfEJZekRm5JnTQII5I8k1fyZmnrxXq3PmatBSuf2Sd/YH3+ANTskQo=</latexit>

3rd

<latexit sha1_base64="gfEnqBgZ9JUjlYZ0gMTNfPlflvM=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiTia1nUhcsK9gFNCDfTSTt08mBmIoRQf8WNC0Xc+iHu/BsnbRbaemDgcM693DPHTziTyrK+jcrK6tr6RnWztrW9s7tn7h90ZZwKQjsk5rHo+yApZxHtKKY47SeCQuhz2vMnN4Xfe6RCsjh6UFlC3RBGEQsYAaUlz6w7t5QrwE4IauwHeW/qgWc2rKY1A14mdkkaqETbM7+cYUzSkEaKcJByYFuJcnMQihFOpzUnlTQBMoERHWgaQUilm8/CT/GxVoY4iIV+kcIz9fdGDqGUWejrySKjXPQK8T9vkKrgys1ZlKSKRmR+KEg5VjEumsBDJihRPNMEiGA6KyZjEECU7qumS7AXv7xMuqdN+6J5fn/WaF2XdVTRITpCJ8hGl6iF7lAbdRBBGXpGr+jNeDJejHfjYz5aMcqdOvoD4/MHhnKUtg==</latexit>

�Wa

<latexit sha1_base64="aXA+8i6H5NN9VuZF2pEWWv1lmpo=">AAAB/HicbVDLSsNAFL2pr1pf0S7dDBbBVUnE17KoC5cV7AOaECbTSTt08mBmIoRQf8WNC0Xc+iHu/BsnbRbaemDgcM693DPHTziTyrK+jcrK6tr6RnWztrW9s7tn7h90ZZwKQjsk5rHo+1hSziLaUUxx2k8ExaHPac+f3BR+75EKyeLoQWUJdUM8iljACFZa8sy6c0u5wsgJsRr7Qd6besIzG1bTmgEtE7skDSjR9swvZxiTNKSRIhxLObCtRLk5FooRTqc1J5U0wWSCR3SgaYRDKt18Fn6KjrUyREEs9IsUmqm/N3IcSpmFvp4sMspFrxD/8wapCq7cnEVJqmhE5oeClCMVo6IJNGSCEsUzTTARTGdFZIwFJkr3VdMl2ItfXibd06Z90Ty/P2u0rss6qnAIR3ACNlxCC+6gDR0gkMEzvMKb8WS8GO/Gx3y0YpQ7dfgD4/MHoDaUxw==</latexit>

�Wr

<latexit sha1_base64="mSR41lI900vevmeXimLi66GrwQ4=">AAAB/XicbVDJSgNBEO1xjXGLy81LYxA8hRlxOwa9eIxgFkhC6OmpJE16eobuGjEOwV/x4kERr/6HN//GTjIHTXxQ8Hiviqp6fiyFQdf9dhYWl5ZXVnNr+fWNza3tws5uzUSJ5lDlkYx0w2cGpFBQRYESGrEGFvoS6v7geuzX70EbEak7HMbQDllPia7gDK3UKey3EB4w7YsgAEUNMgQz6hSKbsmdgM4TLyNFkqHSKXy1gognISjkkhnT9NwY2ynTKLiEUb6VGIgZH7AeNC1VLATTTifXj+iRVQLajbQthXSi/p5IWWjMMPRtZ8iwb2a9sfif10ywe9lOhYoTBMWni7qJpBjRcRQ0EBo4yqEljGthb6W8zzTjaAPL2xC82ZfnSe2k5J2Xzm5Pi+WrLI4cOSCH5Jh45IKUyQ2pkCrh5JE8k1fy5jw5L8678zFtXXCymT3yB87nDy+OlbY=</latexit>

hidden states
<latexit sha1_base64="g9A0RkBpwQ2/M4iX7JdbiXjP0ic=">AAAB+nicbVDLTsMwEHR4lvJK4cglokLiVCWI17GCC8ci0YfURpXjblurjhPZG6AK/RQuHECIK1/Cjb/BaXOAlpFsjWZ2tbsTxIJrdN1va2l5ZXVtvbBR3Nza3tm1S3sNHSWKQZ1FIlKtgGoQXEIdOQpoxQpoGAhoBqPrzG/eg9I8knc4jsEP6UDyPmcUjdS1Sx2ER0yzz8FoBHLStctuxZ3CWSReTsokR61rf3V6EUtCkMgE1brtuTH6KVXImYBJsZNoiCkb0QG0DZU0BO2n09UnzpFRek4/UuZJdKbq746UhlqPw8BUhhSHet7LxP+8doL9Sz/lMk4QJJsN6ifCHOlkOTg9roChGBtCmeJmV4cNqaIMTVpFE4I3f/IiaZxUvPPK2e1puXqVx1EgB+SQHBOPXJAquSE1UieMPJBn8krerCfrxXq3PmalS1bes0/+wPr8Af+YlH4=</latexit>

text token
<latexit sha1_base64="O4PkIjdkKC7dX3GH1XkQ0O8gQ4s=">AAAB+3icbVBNS8NAEN34WetXrEcvwSJ4Kon4dSx68VjBfkAbymY7sUs3m7A7kZaQv+LFgyJe/SPe/Ddu2xy09cHA470ZZuYFieAaXffbWlldW9/YLG2Vt3d29/btg0pLx6li0GSxiFUnoBoEl9BEjgI6iQIaBQLaweh26refQGkeywecJOBH9FHykDOKRurblR7CGDNuZHAwHoHM+3bVrbkzOMvEK0iVFGj07a/eIGZpBBKZoFp3PTdBP6MKOROQl3uphoSykVnRNVTSCLSfzW7PnROjDJwwVqYkOjP190RGI60nUWA6I4pDvehNxf+8borhtZ9xmaQIks0XhakwTzrTIJwBV8BQTAyhTHFzq8OGVFGGJq6yCcFbfHmZtM5q3mXt4v68Wr8p4iiRI3JMTolHrkid3JEGaRJGxuSZvJI3K7derHfrY966YhUzh+QPrM8fiIaUxg==</latexit>

image token

<latexit sha1_base64="mw05RLq06JrY68+qdnO+evZt6Tc=">AAACAXicbVDJSgNBFOyJW4zbqBfBS2MQPIUZcTsGvXiIEMEskAyhp/OSNOlZ6H4jhiFe/BUvHhTx6l9482/sLAdNLGgoqurx+pUfS6HRcb6tzMLi0vJKdjW3tr6xuWVv71R1lCgOFR7JSNV9pkGKECooUEI9VsACX0LN71+N/No9KC2i8A4HMXgB64aiIzhDI7XsvSbCA6a6xxS0aal0QyUbmPywZeedgjMGnSfulOTJFOWW/dVsRzwJIEQumdYN14nRS5lCwSUMc81EQ8x4n3WhYWjIAtBeOr5gSA+N0qadSJkXIh2rvydSFmg9CHyTDBj29Kw3Ev/zGgl2LrxUhHGCEPLJok4iKUZ0VAdtCwUc5cAQxpUwf6XcdME4mhJypgR39uR5Uj0uuGeF09uTfPFyWkeW7JMDckRcck6K5JqUSYVw8kieySt5s56sF+vd+phEM9Z0Zpf8gfX5A3imluo=</latexit>

shared LLM layers

Encode query

<latexit sha1_base64="6EZtvD2mqIqPxYzD0xr9czrVI3Q=">AAACG3icbVDLSgNBEJyNrxhfUY9eBoPgKeyKr2PQi8cIJgYyIcxOepPB2dllplcMS/7Di7/ixYMingQP/o2TGMFXQUNR1U13V5gqadH3373CzOzc/EJxsbS0vLK6Vl7faNokMwIaIlGJaYXcgpIaGihRQSs1wONQwWV4dTr2L6/BWJnoCxym0Il5X8tICo5O6pb3KFMQYZWF0Jc6jzkaeTMqUcYmxUD3vkRmZH+AbNQtV/yqPwH9S4IpqZAp6t3yK+slIotBo1Dc2nbgp9jJuUEpFIxKLLOQcnHF+9B2VPMYbCef/DaiO07p0SgxrjTSifp9IuextcM4dJ3uzoH97Y3F/7x2htFxJ5c6zRC0+FwUZYpiQsdB0Z40IFANHeHCSHcrFQNuuEAXZ8mFEPx++S9p7lWDw+rB+X6ldjKNo0i2yDbZJQE5IjVyRuqkQQS5JffkkTx5d96D9+y9fLYWvOnMJvkB7+0DkNWhLQ==</latexit>�

<latexit sha1_base64="zSROQEpk5R2btvOJ+4eMqO7euBs=">AAAB/nicbVDLSgMxFM34rPVVFVdugkVwVWbE17IogssK9gHtUDLpbRuayQzJHbEMBX/FjQtF3Pod7vwb03YW2nogcDjnXO7NCWIpDLrut7OwuLS8sppby69vbG5tF3Z2ayZKNIcqj2SkGwEzIIWCKgqU0Ig1sDCQUA8G12O//gDaiEjd4zAGP2Q9JbqCM7RSu7DfQnjEtCbGCXqjeNQBPWoXim7JnYDOEy8jRZKh0i58tToRT0JQyCUzpum5Mfop0yi4hFG+lRiIGR+wHjQtVSwE46eT80f0yCod2o20fQrpRP09kbLQmGEY2GTIsG9mvbH4n9dMsHvpp0LFCYLi00XdRFKM6LgL2hEaOMqhJYxrYW+lvM8042gby9sSvNkvz5PaSck7L53dnRbLV1kdOXJADskx8cgFKZNbUiFVwklKnskreXOenBfn3fmYRhecbGaP/IHz+QOwiZX4</latexit>

Vision Encoder

<latexit sha1_base64="VW6HMuQsNbOBICI/uj4NzfBdT5w=">AAACFXicbVC7SgNBFJ2NrxhfUUubwSBYSNgVX2XQRsFC0WggCWF2cpMMmZ1dZu6qYdmfsPFXbCwUsRXs/BtnkxS+DgwczjmXO/f4kRQGXffTyU1MTk3P5GcLc/MLi0vF5ZUrE8aaQ5WHMtQ1nxmQQkEVBUqoRRpY4Eu49vtHmX99A9qIUF3iIIJmwLpKdARnaKVWcauBcIfJiULQjGdaShtadHvItA5v6UUrGSVOT9K0VSy5ZXcI+pd4Y1IiY5y1ih+NdsjjABRyyYype26EzYRpFFxCWmjEBiLG+6wLdUsVC8A0k+FVKd2wSpt2Qm2fQjpUv08kLDBmEPg2GTDsmd9eJv7n1WPsHDQToaIYQfHRok4sKYY0q4i2hQaOcmAJ41rYv1LeY1k9tsiCLcH7ffJfcrVd9vbKu+c7pcrhuI48WSPrZJN4ZJ9UyDE5I1XCyT15JM/kxXlwnpxX520UzTnjmVXyA877F3OhoEM=</latexit>

Interaction ! SLI

<latexit sha1_base64="gfEnqBgZ9JUjlYZ0gMTNfPlflvM=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiTia1nUhcsK9gFNCDfTSTt08mBmIoRQf8WNC0Xc+iHu/BsnbRbaemDgcM693DPHTziTyrK+jcrK6tr6RnWztrW9s7tn7h90ZZwKQjsk5rHo+yApZxHtKKY47SeCQuhz2vMnN4Xfe6RCsjh6UFlC3RBGEQsYAaUlz6w7t5QrwE4IauwHeW/qgWc2rKY1A14mdkkaqETbM7+cYUzSkEaKcJByYFuJcnMQihFOpzUnlTQBMoERHWgaQUilm8/CT/GxVoY4iIV+kcIz9fdGDqGUWejrySKjXPQK8T9vkKrgys1ZlKSKRmR+KEg5VjEumsBDJihRPNMEiGA6KyZjEECU7qumS7AXv7xMuqdN+6J5fn/WaF2XdVTRITpCJ8hGl6iF7lAbdRBBGXpGr+jNeDJejHfjYz5aMcqdOvoD4/MHhnKUtg==</latexit>

�Wa

<latexit sha1_base64="qHMTEGlRIieEwH0fzwxunWYKbhg=">AAAB+nicbVDLSgMxFM3UV62vqS7dBIvgqsyIr2XRjYsKFewD2qFk0kwbmskMyR21jP0UNy4UceuXuPNvTNtZaOuBwOGcc7k3x48F1+A431ZuaXlldS2/XtjY3NresYu7DR0lirI6jUSkWj7RTHDJ6sBBsFasGAl9wZr+8GriN++Z0jySdzCKmReSvuQBpwSM1LWLHWCPkFarN1iQkQmOu3bJKTtT4EXiZqSEMtS69lenF9EkZBKoIFq3XScGLyUKOBVsXOgkmsWEDkmftQ2VJGTaS6enj/GhUXo4iJR5EvBU/T2RklDrUeibZEhgoOe9ifif104guPBSLuMEmKSzRUEiMER40gPuccUoiJEhhCpubsV0QBShYEoomBLc+S8vksZx2T0rn96elCqXWR15tI8O0BFy0TmqoGtUQ3VE0QN6Rq/ozXqyXqx362MWzVnZzB76A+vzB0/dlA0=</latexit>

LLM layers

Essential Thailand 10 Days

<latexit sha1_base64="e+c5hQ8XzxIVuJKhm2TeVSCmLhQ=">AAAB9XicbVBNS8NAEN3Ur1q/qh69BIvgqSTiF56qXjxWsB/QxrLZTtqlm03YnVhL6P/w4kERr/4Xb/4bt20OWn0w8Hhvhpl5fiy4Rsf5snILi0vLK/nVwtr6xuZWcXunrqNEMaixSESq6VMNgkuoIUcBzVgBDX0BDX9wPfEbD6A0j+QdjmLwQtqTPOCMopHu2wiPmF5KPQR1Me4US07ZmcL+S9yMlEiGaqf42e5GLAlBIhNU65brxOilVCFnAsaFdqIhpmxAe9AyVNIQtJdOrx7bB0bp2kGkTEm0p+rPiZSGWo9C33SGFPt63puI/3mtBINzL+UyThAkmy0KEmFjZE8isLtcAUMxMoQyxc2tNutTRRmaoAomBHf+5b+kflR2T8snt8elylUWR57skX1ySFxyRirkhlRJjTCiyBN5Ia/W0Hq23qz3WWvOymZ2yS9YH9/1vZLT</latexit>

Answer:

<latexit sha1_base64="L+yZC/lSfaI7CGyAqBe5WGKScnA=">AAAB+HicbVDLSgMxFM3UV62Pjrp0EyyCG8uM+FoW3bisYB/QDiWTZtrYTDIkd8Q69EvcuFDErZ/izr8xfSy09cCFwzn3JveeMBHcgOd9O7ml5ZXVtfx6YWNza7vo7uzWjUo1ZTWqhNLNkBgmuGQ14CBYM9GMxKFgjXBwPfYbD0wbruQdDBMWxKQnecQpASt13GIb2CNk9qHjRKv7UccteWVvArxI/BkpoRmqHfer3VU0jZkEKogxLd9LIMiIBk4FGxXaqWEJoQPSYy1LJYmZCbLJ4iN8aJUujpS2JQFP1N8TGYmNGcah7YwJ9M28Nxb/81opRJdBxmWSApN0+lGUCgwKj1PAXa4ZBTG0hFDN7a6Y9okmFGxWBRuCP3/yIqmflP3z8tntaalyNYsjj/bRATpCPrpAFXSDqqiGKErRM3pFb86T8+K8Ox/T1pwzm9lDf+B8/gBUP5OK</latexit>

col-proj

Top-3 
Retrieved:

Sequential 
Encode Image

<latexit sha1_base64="CroTyVikRSbmrNsSldYCjhsLdNE=">AAACAnicbVDLSgNBEJz1GeMr6km8DAbBU9gVX8egF48RzAOSEGZnO8mQ2dllplcMS/Dir3jxoIhXv8Kbf+Mk2YMmFjQUVd0z3eXHUhh03W9nYXFpeWU1t5Zf39jc2i7s7NZMlGgOVR7JSDd8ZkAKBVUUKKERa2ChL6HuD67Hfv0etBGRusNhDO2Q9ZToCs7QSp3CfgvhAVPJDNK+CAJQ1CBDMKNOoeiW3AnoPPEyUiQZKp3CVyuIeBKCQm7fM03PjbGdMo2CSxjlW4mBmPEB60HTUsVCMO10csKIHlkloN1I21JIJ+rviZSFxgxD33aGDPtm1huL/3nNBLuX7VSoOEFQfPpRN5EUIzrOgwZCA0c5tIRxLeyulPeZZhxtankbgjd78jypnZS889LZ7WmxfJXFkSMH5JAcE49ckDK5IRVSJZw8kmfySt6cJ+fFeXc+pq0LTjazR/7A+fwB2b2XvA==</latexit>

last hidden states

<latexit sha1_base64="EJKabxh2MbkW2ejaN+VFUfSKcZc=">AAACBHicbZC7SgNBFIZn4y3GW9QyzWAQrMKueCuDNhYRIpgLJCHMTk6SIbOzy8xZMSwpbHwVGwtFbH0IO9/GyaXQxB8GPv5zDmfO70dSGHTdbye1tLyyupZez2xsbm3vZHf3qiaMNYcKD2Wo6z4zIIWCCgqUUI80sMCXUPMHV+N67R60EaG6w2EErYD1lOgKztBa7WyuifCASYnpHtASU72YWbgJOyBH7WzeLbgT0UXwZpAnM5Xb2a9mJ+RxAAq5ZMY0PDfCVsI0Ci5hlGnGBiLGB3ZFw6JiAZhWMjliRA+t06HdUNunkE7c3xMJC4wZBr7tDBj2zXxtbP5Xa8TYvWglQkUxguLTRd1YUgzpOBHaERo4yqEFxrWwf6W8zzTjaHPL2BC8+ZMXoXpc8M4Kp7cn+eLlLI40yZEDckQ8ck6K5JqUSYVw8kieySt5c56cF+fd+Zi2ppzZzD75I+fzB6asmBw=</latexit>

Large Language Model

<latexit sha1_base64="EVv7y19awWsepTR6cva+R71gN3E=">AAAB8XicbVDJSgNBEK2JW4xb1KOXxiB4CjPidhAJevEYwSyYDKGn05M06ekZumvEMOQvvHhQxKt/482/sbMcNPqg4PFeFVX1gkQKg6775eQWFpeWV/KrhbX1jc2t4vZO3cSpZrzGYhnrZkANl0LxGgqUvJloTqNA8kYwuB77jQeujYjVHQ4T7ke0p0QoGEUr3V+0kT9iZkaXnWLJLbsTkL/Em5ESzFDtFD/b3ZilEVfIJDWm5bkJ+hnVKJjko0I7NTyhbEB7vGWpohE3fja5eEQOrNIlYaxtKSQT9edERiNjhlFgOyOKfTPvjcX/vFaK4bmfCZWkyBWbLgpTSTAm4/dJV2jOUA4toUwLeythfaopQxtSwYbgzb/8l9SPyt5p+eT2uFS5msWRhz3Yh0Pw4AwqcANVqAEDBU/wAq+OcZ6dN+d92ppzZjO78AvOxzeq6JDu</latexit> <
s
>

<latexit sha1_base64="twI3W4tjaWZ8fnz2cyhVGLv39L0=">AAAB8nicbVDLSgNBEJyNrxhfUY9eBoPgKeyKr2PQi8cI5gHJEmYnvcmQ2dllplcMSz7DiwdFvPo13vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqDg0ey1i3A2ZACgUNFCihnWhgUSChFYxup37rEbQRsXrAcQJ+xAZKhIIztFKni/CEWWvIcNIrV9yqOwNdJl5OKiRHvVf+6vZjnkagkEtmTMdzE/QzplFwCZNSNzWQMD5iA+hYqlgExs9mJ0/oiVX6NIy1LYV0pv6eyFhkzDgKbGfEcGgWvan4n9dJMbz2M6GSFEHx+aIwlRRjOv2f9oUGjnJsCeNa2FspHzLNONqUSjYEb/HlZdI8q3qX1Yv780rtJo+jSI7IMTklHrkiNXJH6qRBOInJM3klbw46L8678zFvLTj5zCH5A+fzB9KMkZ8=</latexit> W
h
at <latexit sha1_base64="I+2LEeQPpTXeNwinb/HPebgipig=">AAAB8HicbVDLSgNBEJz1GeMr6tHLYhA8hV3xdQx68RjBPCRZwuykNxkyM7vM9IphyVd48aCIVz/Hm3/jJNmDJhY0FFXddHeFieAGPe/bWVpeWV1bL2wUN7e2d3ZLe/sNE6eaQZ3FItatkBoQXEEdOQpoJRqoDAU0w+HNxG8+gjY8Vvc4SiCQtK94xBlFKz10EJ4w42bcLZW9ijeFu0j8nJRJjlq39NXpxSyVoJAJakzb9xIMMqqRMwHjYic1kFA2pH1oW6qoBBNk04PH7rFVem4Ua1sK3an6eyKj0piRDG2npDgw895E/M9rpxhdBRlXSYqg2GxRlAoXY3fyvdvjGhiKkSWUaW5vddmAasrQZlS0IfjzLy+SxmnFv6ic352Vq9d5HAVySI7ICfHJJamSW1IjdcKIJM/klbw52nlx3p2PWeuSk88ckD9wPn8AafaQ0w==</latexit> is

<latexit sha1_base64="3ooSDrDHwVeGjjrIGkXbYi3Z03U=">AAAB8XicbVDLSgNBEJz1GeMr6tHLYBA8hV3xdQx68RjBPDBZwuykNxkyO7vM9IphyV948aCIV//Gm3/jJNmDJhY0FFXddHcFiRQGXffbWVpeWV1bL2wUN7e2d3ZLe/sNE6eaQ53HMtatgBmQQkEdBUpoJRpYFEhoBsObid98BG1ErO5xlIAfsb4SoeAMrfTQQXjCDAcw7pbKbsWdgi4SLydlkqPWLX11ejFPI1DIJTOm7bkJ+hnTKLiEcbGTGkgYH7I+tC1VLALjZ9OLx/TYKj0axtqWQjpVf09kLDJmFAW2M2I4MPPeRPzPa6cYXvmZUEmKoPhsUZhKijGdvE97QgNHObKEcS3srZQPmGYcbUhFG4I3//IiaZxWvIvK+d1ZuXqdx1Egh+SInBCPXJIquSU1UiecKPJMXsmbY5wX5935mLUuOfnMAfkD5/MHK/WRQg==</latexit> th
e

<latexit sha1_base64="5azgHMz8DGWleStKM41elCgnYjE=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRLxtSy6cVnBPqAJZTKdtEMnkzBzI5bQ33DjQhG3/ow7/8ZpmoW2Hhg4nHPPzJ0TJIJrdJxvq7Syura+Ud6sbG3v7O5V9w/aOk4VZS0ai1h1A6KZ4JK1kKNg3UQxEgWCdYLx7czvPDKleSwfcJIwPyJDyUNOCRrJ85A9YZbnpv1qzak7Oexl4hakBgWa/eqXN4hpGjGJVBCte66ToJ8RhZya+ypeqllC6JgMWc9QSSKm/SzfeWqfGGVgh7EyR6Kdq78TGYm0nkSBmYwIjvSiNxP/83ophtd+xmWSIpN0/lCYChtje1aAPeCKURQTQwhV3Oxq0xFRhKKpqWJKcBe/vEzaZ3X3sn5xf15r3BR1lOEIjuEUXLiCBtxBE1pAIYFneIU3K7VerHfrYz5asorMIfyB9fkD1B6SNw==</latexit> ti
tl
e <latexit sha1_base64="ybqrtgMFxrLoI/EyuQxcdFhMi0o=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr5tBLx4TMA9IljA76SRjZmeXmVkhLPkCLx4U8eonefNvnCR70MSChqKqm+6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR3dRvPqHSPJIPZhyjH9KB5H3OqLFS7aZbLLlldwayTLyMlCBDtVv86vQiloQoDRNU67bnxsZPqTKcCZwUOonGmLIRHWDbUklD1H46O3RCTqzSI/1I2ZKGzNTfEykNtR6Hge0MqRnqRW8q/ue1E9O/9lMu48SgZPNF/UQQE5Hp16THFTIjxpZQpri9lbAhVZQZm03BhuAtvrxMGmdl77J8UTsvVW6zOPJwBMdwCh5cQQXuoQp1YIDwDK/w5jw6L8678zFvzTnZzCH8gfP5A5MVjM0=</latexit> ?

<latexit sha1_base64="gfEnqBgZ9JUjlYZ0gMTNfPlflvM=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiTia1nUhcsK9gFNCDfTSTt08mBmIoRQf8WNC0Xc+iHu/BsnbRbaemDgcM693DPHTziTyrK+jcrK6tr6RnWztrW9s7tn7h90ZZwKQjsk5rHo+yApZxHtKKY47SeCQuhz2vMnN4Xfe6RCsjh6UFlC3RBGEQsYAaUlz6w7t5QrwE4IauwHeW/qgWc2rKY1A14mdkkaqETbM7+cYUzSkEaKcJByYFuJcnMQihFOpzUnlTQBMoERHWgaQUilm8/CT/GxVoY4iIV+kcIz9fdGDqGUWejrySKjXPQK8T9vkKrgys1ZlKSKRmR+KEg5VjEumsBDJihRPNMEiGA6KyZjEECU7qumS7AXv7xMuqdN+6J5fn/WaF2XdVTRITpCJ8hGl6iF7lAbdRBBGXpGr+jNeDJejHfjYz5aMcqdOvoD4/MHhnKUtg==</latexit>

�Wa

<latexit sha1_base64="sNuEk6maho32TWy0BWRErT7XZH8=">AAAB9XicbVDJSgNBEO2JW4xb1KOXxiB4CjPidgx68aAQwSyQjKGnpyZp0rPQXaOGIf/hxYMiXv0Xb/6NneWgiQ8KHu9VUVXPS6TQaNvfVm5hcWl5Jb9aWFvf2Nwqbu/UdZwqDjUey1g1PaZBighqKFBCM1HAQk9Cw+tfjvzGAygt4ugOBwm4IetGIhCcoZHu2whPmF3f0B4wf9gpluyyPQadJ86UlMgU1U7xq+3HPA0hQi6Z1i3HTtDNmELBJQwL7VRDwnifdaFlaMRC0G42vnpID4zi0yBWpiKkY/X3RMZCrQehZzpDhj09643E/7xWisG5m4koSREiPlkUpJJiTEcRUF8o4CgHhjCuhLmV8h5TjKMJqmBCcGZfnif1o7JzWj65PS5VLqZx5Mke2SeHxCFnpEKuSJXUCCeKPJNX8mY9Wi/Wu/Uxac1Z05ld8gfW5w9jdZJ0</latexit>

LM head

<latexit sha1_base64="zSROQEpk5R2btvOJ+4eMqO7euBs=">AAAB/nicbVDLSgMxFM34rPVVFVdugkVwVWbE17IogssK9gHtUDLpbRuayQzJHbEMBX/FjQtF3Pod7vwb03YW2nogcDjnXO7NCWIpDLrut7OwuLS8sppby69vbG5tF3Z2ayZKNIcqj2SkGwEzIIWCKgqU0Ig1sDCQUA8G12O//gDaiEjd4zAGP2Q9JbqCM7RSu7DfQnjEtCbGCXqjeNQBPWoXim7JnYDOEy8jRZKh0i58tToRT0JQyCUzpum5Mfop0yi4hFG+lRiIGR+wHjQtVSwE46eT80f0yCod2o20fQrpRP09kbLQmGEY2GTIsG9mvbH4n9dMsHvpp0LFCYLi00XdRFKM6LgL2hEaOMqhJYxrYW+lvM8042gby9sSvNkvz5PaSck7L53dnRbLV1kdOXJADskx8cgFKZNbUiFVwklKnskreXOenBfn3fmYRhecbGaP/IHz+QOwiZX4</latexit>

Vision Encoder

RELATIONSHIP 
BUILDING & PM

<latexit sha1_base64="/CztnS9TzH160g1aS1DOkbsFBYc=">AAACA3icbVDLSgMxFM3UV62vUXe6CRbBjWVGfC2LunAjVLAPaIeSSTNtaCYzJHfEMhTc+CtuXCji1p9w59+YtrPQ1gOBwzn3cHOPHwuuwXG+rdzc/MLiUn65sLK6tr5hb27VdJQoyqo0EpFq+EQzwSWrAgfBGrFiJPQFq/v9y5Ffv2dK80jewSBmXki6kgecEjBS295pAXuA9CYRwA9j0mX4KqJJyCQM23bRKTlj4FniZqSIMlTa9lerk4WpIFo3XScGLyUKOBVsWGglmsWE9s2WpqGShEx76fiGId43SgcHkTJPAh6rvxMpCbUehL6ZDAn09LQ3Ev/zmgkE517KZZwAk3SyKEgEhgiPCsEdrhgFMTCEUMXNXzHtEUUomNoKpgR3+uRZUjsquaelk9vjYvkiqyOPdtEeOkAuOkNldI0qqIooekTP6BW9WU/Wi/VufUxGc1aW2UZ/YH3+AGgqmAY=</latexit>

Multi-page Document

What follows content 
creation in the flow chart?

<latexit sha1_base64="Hd74gIu1Bhw21P8oOIPibxDPYCw=">AAAB+HicbVDJSgNBEO1xjXHJqEcvjUHwFGbE7Rj04jEBs0AyhJ5OJWnSs9BdI8YhX+LFgyJe/RRv/o09yRw08UHB470qqur5sRQaHefbWlldW9/YLGwVt3d290r2/kFTR4ni0OCRjFTbZxqkCKGBAiW0YwUs8CW0/PFt5rceQGkRhfc4icEL2DAUA8EZGqlnl7oIj5jWE9CZMO3ZZafizECXiZuTMslR69lf3X7EkwBC5JJp3XGdGL2UKRRcwrTYTTTEjI/ZEDqGhiwA7aWzw6f0xCh9OoiUqRDpTP09kbJA60ngm86A4Ugvepn4n9dJcHDtpSKME4SQzxcNEkkxolkKtC8UcJQTQxhXwtxK+YgpxtFkVTQhuIsvL5PmWcW9rFzUz8vVmzyOAjkix+SUuOSKVMkdqZEG4SQhz+SVvFlP1ov1bn3MW1esfOaQ/IH1+QOgzpO8</latexit>

Question

<latexit sha1_base64="5jU/s0K2mxTiGacvsAt2F/RrLz4=">AAAB9HicbVBNT8JAEN3iF+IX6tFLIzHxRFrj1xH14hET+UigIdtlChu227o7RUnD7/DiQWO8+mO8+W9coAcFXzLJy3szmZnnx4JrdJxvK7e0vLK6ll8vbGxube8Ud/fqOkoUgxqLRKSaPtUguIQachTQjBXQ0BfQ8Ac3E78xBKV5JO9xFIMX0p7kAWcUjeS1EZ4wvZL6EdS4Uyw5ZWcKe5G4GSmRDNVO8avdjVgSgkQmqNYt14nRS6lCzgSMC+1EQ0zZgPagZaikIWgvnR49to+M0rWDSJmSaE/V3xMpDbUehb7pDCn29bw3Ef/zWgkGl17KZZwgSDZbFCTCxsieJGB3uQKGYmQIZYqbW23Wp4oyNDkVTAju/MuLpH5Sds/LZ3enpcp1FkeeHJBDckxcckEq5JZUSY0w8kCeySt5s4bWi/Vufcxac1Y2s0/+wPr8AXOTko8=</latexit>

Answer

<latexit sha1_base64="yhW/w76AFz2A1yDGtvUMFFxSCwE=">AAAB/XicbVDJSgNBEO1xjXGLy81LYxA8hRlxOwZF8BjBLJAMoaenJmnSs9BdE4xD8Fe8eFDEq//hzb+xsxw08UHD472q6qrnJVJotO1va2FxaXllNbeWX9/Y3Nou7OzWdJwqDlUey1g1PKZBigiqKFBCI1HAQk9C3etdj/x6H5QWcXSPgwTckHUiEQjO0Ejtwn4L4QGzm77wIeJAK6wDw3ahaJfsMeg8caakSKaotAtfLT/maQgRcsm0bjp2gm7GFAouYZhvpRoSxntmeNPQiIWg3Wy8/ZAeGcWnQazMi5CO1d8dGQu1HoSeqQwZdvWsNxL/85opBpduJqIkRXPb5KMglRRjOoqC+kIBRzkwhHElzK6Ud5liHE1geROCM3vyPKmdlJzz0tndabF8NY0jRw7IITkmDrkgZXJLKqRKOHkkz+SVvFlP1ov1bn1MShesac8e+QPr8wecYZVW</latexit>

Evidence Page

<latexit sha1_base64="4ZbI9AESofJZ2LsMw2rzJr8onzA=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSTi17HoxYOFCvYD21A22027dLMJuxOxhP4LLx4U8eq/8ea/cdvmoK0PBh7vzTAzz48F1+g431ZuaXlldS2/XtjY3NreKe7uNXSUKMrqNBKRavlEM8ElqyNHwVqxYiT0BWv6w+uJ33xkSvNI3uMoZl5I+pIHnBI00kMH2ROmt9XquFssOWVnCnuRuBkpQYZat/jV6UU0CZlEKojWbdeJ0UuJQk4FGxc6iWYxoUPSZ21DJQmZ9tLpxWP7yCg9O4iUKYn2VP09kZJQ61Hom86Q4EDPexPxP6+dYHDppVzGCTJJZ4uCRNgY2ZP37R5XjKIYGUKo4uZWmw6IIhRNSAUTgjv/8iJpnJTd8/LZ3WmpcpXFkYcDOIRjcOECKnADNagDBQnP8ApvlrZerHfrY9aas7KZffgD6/MHoTSQ5w==</latexit>

LMM
<latexit sha1_base64="Iejq8BTqEa+NDk5J0nMVq2Tdnc8=">AAACAHicbVC7TsMwFHXKq5RXgIGBJaJCYqFKEK+xgoWxCPqQ2qhyHKe16jiRfYOIoiz8CgsDCLHyGWz8DW6bAVqOZOnonHuvdY4Xc6bAtr+N0sLi0vJKebWytr6xuWVu77RUlEhCmyTikex4WFHOBG0CA047saQ49Dhte6Prsd9+oFKxSNxDGlM3xAPBAkYwaKlv7vWAPkJ2x0LGsWSQHo+v+XnfrNo1ewJrnjgFqaICjb751fMjkoRUAOFYqa5jx+BmWAIjnOaVXqJojMkID2hXU4FDqtxsEiC3DrXiW0Ek9RNgTdTfGxkOlUpDT0+GGIZq1huL/3ndBIJLN2MiToAKMv0oSLgFkTVuw/KZpAR4qgkmOj4jFhliiQnoziq6BGc28jxpndSc89rZ7Wm1flXUUUb76AAdIQddoDq6QQ3URATl6Bm9ojfjyXgx3o2P6WjJKHZ20R8Ynz+K6ZcH</latexit>

Similarity-based
<latexit sha1_base64="P+iTYtZTFnoX23hztanEwEm8Uag=">AAAB+XicbVBNS8NAEN3Ur1q/oh69BIvgqSTi17HoxWMV+wFtKJvtpF262YTdSbGE/hMvHhTx6j/x5r9x2+agrQ8GHu/NMDMvSATX6LrfVmFldW19o7hZ2tre2d2z9w8aOk4VgzqLRaxaAdUguIQ6chTQShTQKBDQDIa3U785AqV5LB9xnIAf0b7kIWcUjdS17Q7CE2YPgIrDiIpJ1y67FXcGZ5l4OSmTHLWu/dXpxSyNQCITVOu25yboZ1QhZwImpU6qIaFsSPvQNlTSCLSfzS6fOCdG6TlhrExJdGbq74mMRlqPo8B0RhQHetGbiv957RTDaz/jMkkRJJsvClPhYOxMY3B6XAFDMTaEMsXNrQ4bUEUZmrBKJgRv8eVl0jireJeVi/vzcvUmj6NIjsgxOSUeuSJVckdqpE4YGZFn8krerMx6sd6tj3lrwcpnDskfWJ8/TlSUHA==</latexit>

Retrieval

<latexit sha1_base64="d1SheUN08/DxuCyH3674xSvligk=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16CRbBU0nEr2PRgx4r2A9oS9lsp+3SzSbsTtQS+1O8eFDEq7/Em//GbZqDtj4YeLw3w8w8PxJco+t+W7ml5ZXVtfx6YWNza3vHLu7WdRgrBjUWilA1fapBcAk15CigGSmggS+g4Y+upn7jHpTmobzDcQSdgA4k73NG0Uhdu9hGeMTkGiSoVJp07ZJbdlM4i8TLSIlkqHbtr3YvZHEAEpmgWrc8N8JOQhVyJmBSaMcaIspGdAAtQyUNQHeS9PSJc2iUntMPlSmJTqr+nkhooPU48E1nQHGo572p+J/XirF/0Um4jGIEyWaL+rFwMHSmOTg9roChGBtCmeLmVocNqaIMTVoFE4I3//IiqR+XvbPy6e1JqXKZxZEn++SAHBGPnJMKuSFVUiOMPJBn8krerCfrxXq3PmatOSub2SN/YH3+AAfzlIQ=</latexit>

Generation

<latexit sha1_base64="4ZbI9AESofJZ2LsMw2rzJr8onzA=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSTi17HoxYOFCvYD21A22027dLMJuxOxhP4LLx4U8eq/8ea/cdvmoK0PBh7vzTAzz48F1+g431ZuaXlldS2/XtjY3NreKe7uNXSUKMrqNBKRavlEM8ElqyNHwVqxYiT0BWv6w+uJ33xkSvNI3uMoZl5I+pIHnBI00kMH2ROmt9XquFssOWVnCnuRuBkpQYZat/jV6UU0CZlEKojWbdeJ0UuJQk4FGxc6iWYxoUPSZ21DJQmZ9tLpxWP7yCg9O4iUKYn2VP09kZJQ61Hom86Q4EDPexPxP6+dYHDppVzGCTJJZ4uCRNgY2ZP37R5XjKIYGUKo4uZWmw6IIhRNSAUTgjv/8iJpnJTd8/LZ3WmpcpXFkYcDOIRjcOECKnADNagDBQnP8ApvlrZerHfrY9aas7KZffgD6/MHoTSQ5w==</latexit>

LMM
<latexit sha1_base64="PWgyQPRe9BNdFxhlrB+9MfK4JfQ=">AAAB9XicbVBNS8NAEN34WetX1aOXYBE8lUT8OhZF8FjBfkAby2YzaZduNmF3opbQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZub5ieAaHefbWlhcWl5ZLawV1zc2t7ZLO7sNHaeKQZ3FIlYtn2oQXEIdOQpoJQpo5Ato+oOrsd98AKV5LO9wmIAX0Z7kIWcUjXTfQXjC7FqyOAA16pbKTsWZwJ4nbk7KJEetW/rqBDFLI5DIBNW67ToJehlVyJmAUbGTakgoG9AetA2VNALtZZOrR/ahUQI7jJUpifZE/T2R0UjrYeSbzohiX896Y/E/r51ieOFlXCYpgmTTRWEqbIztcQR2wBUwFENDKFPc3GqzPlWUoQmqaEJwZ1+eJ43jintWOb09KVcv8zgKZJ8ckCPiknNSJTekRuqEEUWeySt5sx6tF+vd+pi2Llj5zB75A+vzBxbrkuk=</latexit>

Encoder

Introduction 

We present SV-RAG, a two-step framework that 
empowers multimodal LLMs to understand long, 
visually-rich documents. Existing approaches 
suffer from high memory costs due to the long 
token sequences required by self-attention, as 
well as latency from OCR pipelines and the 
limitations of text-only understanding. SV-RAG 
addresses these by customizing the MLLM as 
both a retriever and reader—first selecting 
relevant pages, then answering questions—
achieving state-of-the-art results on public 
benchmarks.

Methods 
SV-RAG consists of two stages: retrieval and answer generation. 
Retrieval: We finetune the MLLM as an encoder using contrastive learning. Given an image and a query string, we 
separately input them into the MLLM and extract hidden states as embedding sequences. Sequence-to-sequence similarity 
is computed as the matching score, and the model is trained to maximize similarity between relevant pages and queries. 

Answer Generation: We apply LoRA-based finetuning on the MLLM, using the retrieved evidence page and query as 
input, and the answer as output.

Preliminary (MLLM) 

An MLLM consists of a vision encoder and a 
language model. The vision encoder divides the 
image into patches and encodes them as visual 
tokens, which are prepended to the text prompt. 
The combined sequence is processed by the LLM 
transformer, producing hidden states at each 
layer. The last hidden state is used for next-word 
prediction.

Contextualized late interaction 
Unlike single-vector encoders like CLIP, we uses a 
sequence interaction score to capture fine-grained 
similarity between text and image feature seqs. 
Given Eq and Ev, the score is defined as:

Contrastive Loss 
The model is trained to maximize the score between a 
question and its evidence image (positive pair), while 
minimizing the score for the most similar yet unrelated 
image in the batch (hard negative). Since there is only 
one negative pair per sample, the InfoCE loss can be 
simplified to the Softplus form.

Retrieval Results 
We evaluated Col-retrieval on SlideVQA, MMLongBench-
Doc, SPDocVQA, and VisR-Bench, comparing it with OCR-
based text-only baselines and multimodal encoders. 
Retrieval accuracy results on four datasets indicate that Col-
retrieval outperforms all baselines. achieving more than 98% 
in top-5 retrieval accuracy on the SlideVQA dataset.

Our model, with only 4 billion parameters, outperforms all 
open-source LMMs and achieves performance 
comparable to private models, Claude-3 Opus and 
Gemini-1.5-Pro.

QA Results 
SV-RAG consistently outperforms InternVL2-8B (uses all 
pages), primarily because long documents overload 
LMMs with excessive visual tokens, causing high memory 
usage and distracted attention.

Efficiency 
SV-RAG maintains time and memory efficiency in both the 
retrieval and question answering phases.


