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What Are SNARGs?

<latexit sha1_base64="oMCHME0Kk/kg2wdvcdCKCXgHxNs=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8SNgViR6DXjxGNA9IQpid9CZDZmeXmVk1LPkELx4U8eoXefNvnCR70MSChqKqm+4uPxZcG9f9dpaWV1bX1nMb+c2t7Z3dwt5+XUeJYlhjkYhU06caBZdYM9wIbMYKaegLbPjD64nfeECleSTvzSjGTkj7kgecUWOlu6fTx26h6JbcKcgi8TJShAzVbuGr3YtYEqI0TFCtW54bm05KleFM4DjfTjTGlA1pH1uWShqi7qTTU8fk2Co9EkTKljRkqv6eSGmo9Sj0bWdIzUDPexPxP6+VmOCyk3IZJwYlmy0KEkFMRCZ/kx5XyIwYWUKZ4vZWwgZUUWZsOnkbgjf/8iKpn5W8cql8e16sXGVx5OAQjuAEPLiACtxAFWrAoA/P8ApvjnBenHfnY9a65GQzB/AHzucPK9uNvg==</latexit>x,w <latexit sha1_base64="vtUhjvouiS6k76ttA9H6+OxdfEI=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx4hkUcCGzI79MLI7OxmZtZICF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaLSPJb3ZpygH9GB5CFn1Fip/tQrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdlr1Ku1C9L1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+AOnLjQc=</latexit>x

(Succinct Non-interac/ve Arguments)

Succinctness:
<latexit sha1_base64="OPIhnxsw3mMaj8rAwOxeQ/rDt/Q=">AAAB+XicbVBNS8NAEJ34WetX1KOXxSJ4kJKIVI9FLx4r2A9oQ9lsN+3SzSbsbqol6T/x4kERr/4Tb/4bt20O2vpg4PHeDDPz/JgzpR3n21pZXVvf2CxsFbd3dvf27YPDhooSSWidRDySLR8rypmgdc00p61YUhz6nDb94e3Ub46oVCwSD3ocUy/EfcECRrA2Ute2s07Msg7nKHvKzrPHrGuXnLIzA1ombk5KkKPWtb86vYgkIRWacKxU23Vi7aVYakY4nRQ7iaIxJkPcp21DBQ6p8tLZ5RN0apQeCiJpSmg0U39PpDhUahz6pjPEeqAWvan4n9dOdHDtpUzEiaaCzBcFCUc6QtMYUI9JSjQfG4KJZOZWRAZYYqJNWEUTgrv48jJpXJTdSrlyf1mq3uRxFOAYTuAMXLiCKtxBDepAYATP8ApvVmq9WO/Wx7x1xcpnjuAPrM8f89ST4g==</latexit>

|⇡| ⌧ |x|, |w|



What Are SNARGs?

<latexit sha1_base64="oMCHME0Kk/kg2wdvcdCKCXgHxNs=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8SNgViR6DXjxGNA9IQpid9CZDZmeXmVk1LPkELx4U8eoXefNvnCR70MSChqKqm+4uPxZcG9f9dpaWV1bX1nMb+c2t7Z3dwt5+XUeJYlhjkYhU06caBZdYM9wIbMYKaegLbPjD64nfeECleSTvzSjGTkj7kgecUWOlu6fTx26h6JbcKcgi8TJShAzVbuGr3YtYEqI0TFCtW54bm05KleFM4DjfTjTGlA1pH1uWShqi7qTTU8fk2Co9EkTKljRkqv6eSGmo9Sj0bWdIzUDPexPxP6+VmOCyk3IZJwYlmy0KEkFMRCZ/kx5XyIwYWUKZ4vZWwgZUUWZsOnkbgjf/8iKpn5W8cql8e16sXGVx5OAQjuAEPLiACtxAFWrAoA/P8ApvjnBenHfnY9a65GQzB/AHzucPK9uNvg==</latexit>x,w <latexit sha1_base64="vtUhjvouiS6k76ttA9H6+OxdfEI=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx4hkUcCGzI79MLI7OxmZtZICF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaLSPJb3ZpygH9GB5CFn1Fip/tQrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdlr1Ku1C9L1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+AOnLjQc=</latexit>x

(Succinct Non-interactive Arguments)

Succinctness:
<latexit sha1_base64="OPIhnxsw3mMaj8rAwOxeQ/rDt/Q=">AAAB+XicbVBNS8NAEJ34WetX1KOXxSJ4kJKIVI9FLx4r2A9oQ9lsN+3SzSbsbqol6T/x4kERr/4Tb/4bt20O2vpg4PHeDDPz/JgzpR3n21pZXVvf2CxsFbd3dvf27YPDhooSSWidRDySLR8rypmgdc00p61YUhz6nDb94e3Ub46oVCwSD3ocUy/EfcECRrA2Ute2s07Msg7nKHvKzrPHrGuXnLIzA1ombk5KkKPWtb86vYgkIRWacKxU23Vi7aVYakY4nRQ7iaIxJkPcp21DBQ6p8tLZ5RN0apQeCiJpSmg0U39PpDhUahz6pjPEeqAWvan4n9dOdHDtpUzEiaaCzBcFCUc6QtMYUI9JSjQfG4KJZOZWRAZYYqJNWEUTgrv48jJpXJTdSrlyf1mq3uRxFOAYTuAMXLiCKtxBDepAYATP8ApvVmq9WO/Wx7x1xcpnjuAPrM8f89ST4g==</latexit>

|⇡| ⌧ |x|, |w|

<latexit sha1_base64="zPx7BR+TGLbJB1A0YssPmydPBXE=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BLx4jmIckS5idzCZD5rHMzAphyVd48aCIVz/Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+nfntJ6oNU/LBThIaCjyULGYEWyc9Zj0TI6LNtF+u+FV/DrRKgpxUIEejX/7qDRRJBZWWcGxMN/ATG2ZYW0Y4nZZ6qaEJJmM8pF1HJRbUhNn84Ck6c8oAxUq7khbN1d8TGRbGTETkOgW2I7PszcT/vG5q4+swYzJJLZVksShOObIKzb5HA6YpsXziCCaauVsRGWGNiXUZlVwIwfLLq6R1UQ1q1dr9ZaV+k8dRhBM4hXMI4ArqcAcNaAIBAc/wCm+e9l68d+9j0Vrw8plj+APv8wfXfZB0</latexit>crs
No succinctness 

requirements 
<latexit sha1_base64="PL4vN2uVc0n2AYBfurG3YPbvIoQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh14i+uWKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Cib5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atVa/eXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwBTT43Y</latexit>⇡



Selec5ve Soundness for SNARGs

<latexit sha1_base64="zPx7BR+TGLbJB1A0YssPmydPBXE=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BLx4jmIckS5idzCZD5rHMzAphyVd48aCIVz/Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+nfntJ6oNU/LBThIaCjyULGYEWyc9Zj0TI6LNtF+u+FV/DrRKgpxUIEejX/7qDRRJBZWWcGxMN/ATG2ZYW0Y4nZZ6qaEJJmM8pF1HJRbUhNn84Ck6c8oAxUq7khbN1d8TGRbGTETkOgW2I7PszcT/vG5q4+swYzJJLZVksShOObIKzb5HA6YpsXziCCaauVsRGWGNiXUZlVwIwfLLq6R1UQ1q1dr9ZaV+k8dRhBM4hXMI4ArqcAcNaAIBAc/wCm+e9l68d+9j0Vrw8plj+APv8wfXfZB0</latexit>crs
False 

<latexit sha1_base64="vtUhjvouiS6k76ttA9H6+OxdfEI=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx4hkUcCGzI79MLI7OxmZtZICF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaLSPJb3ZpygH9GB5CFn1Fip/tQrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdlr1Ku1C9L1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+AOnLjQc=</latexit>x

<latexit sha1_base64="PL4vN2uVc0n2AYBfurG3YPbvIoQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh14i+uWKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Cib5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atVa/eXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwBTT43Y</latexit>⇡



Adap5ve Soundness For SNARGs

False 
<latexit sha1_base64="O+0Ewc/UCtFFjAORHnDCHUSzsLA=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4kJKIVI9FLx4rmLbQhrLZTtqlm03Y3Ygl9Dd48aCIV3+QN/+N24+Dtj4YeLw3w8y8MBVcG9f9dlZW19Y3Ngtbxe2d3b390sFhQyeZYuizRCSqFVKNgkv0DTcCW6lCGocCm+HwduI3H1FpnsgHM0oxiGlf8ogzaqzkP513Ut4tld2KOwVZJt6clGGOerf01eklLItRGiao1m3PTU2QU2U4EzgudjKNKWVD2se2pZLGqIN8euyYnFqlR6JE2ZKGTNXfEzmNtR7Foe2MqRnoRW8i/ue1MxNdBzmXaWZQstmiKBPEJGTyOelxhcyIkSWUKW5vJWxAFWXG5lO0IXiLLy+TxkXFq1aq95fl2s08jgIcwwmcgQdXUIM7qIMPDDg8wyu8OdJ5cd6dj1nrijOfOYI/cD5/AJgkjpA=</latexit>x,⇡

<latexit sha1_base64="zPx7BR+TGLbJB1A0YssPmydPBXE=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BLx4jmIckS5idzCZD5rHMzAphyVd48aCIVz/Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+nfntJ6oNU/LBThIaCjyULGYEWyc9Zj0TI6LNtF+u+FV/DrRKgpxUIEejX/7qDRRJBZWWcGxMN/ATG2ZYW0Y4nZZ6qaEJJmM8pF1HJRbUhNn84Ck6c8oAxUq7khbN1d8TGRbGTETkOgW2I7PszcT/vG5q4+swYzJJLZVksShOObIKzb5HA6YpsXziCCaauVsRGWGNiXUZlVwIwfLLq6R1UQ1q1dr9ZaV+k8dRhBM4hXMI4ArqcAcNaAIBAc/wCm+e9l68d+9j0Vrw8plj+APv8wfXfZB0</latexit>crs



Theorem [Waters-Wu’24]: There exists an adap9vely sound 
SNARG for NP, assuming all of the following:
• Subexponen9ally secure Indis9nguishability Obfusca9on
• Subexponen9ally secure One-Way Func9ons (OWF)
• Polynomially secure perfectly re-randomizeable OWFs

Known from discrete logs, factoring, or 
perfect group actions. Not known from LWE



Theorem [THIS WORK]: There exists an adaptively sound 
SNARG for NP, assuming all of the following:
• Subexponentially secure Indistinguishability Obfuscation
• Subexponentially secure One-Way Functions 
• Polynomially secure “Very” Lossy Functions

Theorem [THIS WORK]: LWE à “Very” Lossy Functions

Exis/ng LWE-based lossy func/ons not very lossy (e.g. [Peikert-Waters’08, Alwen-Krenn-

Pietrzak-Wichs’13, Dö=ling-Garg-Ishai-Malavolta-Mour-Ostrovsky’19, HoIeinz-Hostáková-Kastner-Klein-Ünal’24])



Subsequent Work

Theorem [Waters-Wu’24b]: There exists an adap9vely sound 
SNARG for NP, assuming all of the following:
• Subexponen9ally secure Indis9nguishability Obfusca9on
• Subexponen9ally secure One-Way Func9ons (OWF)
• Polynomially secure perfectly re-randomizeable OWFs



On Complexity Leveraging

<latexit sha1_base64="zPx7BR+TGLbJB1A0YssPmydPBXE=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BLx4jmIckS5idzCZD5rHMzAphyVd48aCIVz/Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+nfntJ6oNU/LBThIaCjyULGYEWyc9Zj0TI6LNtF+u+FV/DrRKgpxUIEejX/7qDRRJBZWWcGxMN/ATG2ZYW0Y4nZZ6qaEJJmM8pF1HJRbUhNn84Ck6c8oAxUq7khbN1d8TGRbGTETkOgW2I7PszcT/vG5q4+swYzJJLZVksShOObIKzb5HA6YpsXziCCaauVsRGWGNiXUZlVwIwfLLq6R1UQ1q1dr9ZaV+k8dRhBM4hXMI4ArqcAcNaAIBAc/wCm+e9l68d+9j0Vrw8plj+APv8wfXfZB0</latexit>crs
<latexit sha1_base64="PL4vN2uVc0n2AYBfurG3YPbvIoQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh14i+uWKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Cib5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atVa/eXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwBTT43Y</latexit>⇡

<latexit sha1_base64="zPx7BR+TGLbJB1A0YssPmydPBXE=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BLx4jmIckS5idzCZD5rHMzAphyVd48aCIVz/Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+nfntJ6oNU/LBThIaCjyULGYEWyc9Zj0TI6LNtF+u+FV/DrRKgpxUIEejX/7qDRRJBZWWcGxMN/ATG2ZYW0Y4nZZ6qaEJJmM8pF1HJRbUhNn84Ck6c8oAxUq7khbN1d8TGRbGTETkOgW2I7PszcT/vG5q4+swYzJJLZVksShOObIKzb5HA6YpsXziCCaauVsRGWGNiXUZlVwIwfLLq6R1UQ1q1dr9ZaV+k8dRhBM4hXMI4ArqcAcNaAIBAc/wCm+e9l68d+9j0Vrw8plj+APv8wfXfZB0</latexit>crs
<latexit sha1_base64="O+0Ewc/UCtFFjAORHnDCHUSzsLA=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4kJKIVI9FLx4rmLbQhrLZTtqlm03Y3Ygl9Dd48aCIV3+QN/+N24+Dtj4YeLw3w8y8MBVcG9f9dlZW19Y3Ngtbxe2d3b390sFhQyeZYuizRCSqFVKNgkv0DTcCW6lCGocCm+HwduI3H1FpnsgHM0oxiGlf8ogzaqzkP513Ut4tld2KOwVZJt6clGGOerf01eklLItRGiao1m3PTU2QU2U4EzgudjKNKWVD2se2pZLGqIN8euyYnFqlR6JE2ZKGTNXfEzmNtR7Foe2MqRnoRW8i/ue1MxNdBzmXaWZQstmiKBPEJGTyOelxhcyIkSWUKW5vJWxAFWXG5lO0IXiLLy+TxkXFq1aq95fl2s08jgIcwwmcgQdXUIM7qIMPDDg8wyu8OdJ5cd6dj1nrijOfOYI/cD5/AJgkjpA=</latexit>x,⇡

<latexit sha1_base64="ktTHmCXzA3PGbr9YxBrHu70ILKk=">AAAB6XicbVDLTgJBEOzFF+IL9ehlIjF6IrvGoEeiF49o5JEAIbNDL0yYnd3MzBrJhj/w4kFjvPpH3vwbB9iDgpV0UqnqTneXHwuujet+O7mV1bX1jfxmYWt7Z3evuH/Q0FGiGNZZJCLV8qlGwSXWDTcCW7FCGvoCm/7oZuo3H1FpHskHM46xG9KB5AFn1Fjp/um0Vyy5ZXcGsky8jJQgQ61X/Or0I5aEKA0TVOu258amm1JlOBM4KXQSjTFlIzrAtqWShqi76ezSCTmxSp8EkbIlDZmpvydSGmo9Dn3bGVIz1IveVPzPaycmuOqmXMaJQcnmi4JEEBOR6dukzxUyI8aWUKa4vZWwIVWUGRtOwYbgLb68TBrnZa9SrtxdlKrXWRx5OIJjOAMPLqEKt1CDOjAI4Ble4c0ZOS/Ou/Mxb8052cwh/IHz+QNKUo04</latexit>

x0

Wins if 
<latexit sha1_base64="G092Pq2rNfplogjpb72lof77LZs=">AAAB63icbVBNSwMxEJ31s9avqkcvwSJ6Krsi1YtQ9OKxgv2AdinZNNuGJtklyUrL0r/gxYMiXv1D3vw3Zts9aOuDgcd7M8zMC2LOtHHdb2dldW19Y7OwVdze2d3bLx0cNnWUKEIbJOKRagdYU84kbRhmOG3HimIRcNoKRneZ33qiSrNIPppJTH2BB5KFjGCTSeOzm3GvVHYr7gxomXg5KUOOeq/01e1HJBFUGsKx1h3PjY2fYmUY4XRa7CaaxpiM8IB2LJVYUO2ns1un6NQqfRRGypY0aKb+nkix0HoiAtspsBnqRS8T//M6iQmv/ZTJODFUkvmiMOHIRCh7HPWZosTwiSWYKGZvRWSIFSbGxlO0IXiLLy+T5kXFq1aqD5fl2m0eRwGO4QTOwYMrqME91KEBBIbwDK/w5gjnxXl3PuatK04+cwR/4Hz+AKf+jgE=</latexit>

x0 = x
<latexit sha1_base64="7cQFo3/VIpfbgsgory3cg0RixPE=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovoxpIUqW4KRTcuK9gHpLFMppN26GQSZiaSkuZX3LhQxK0/4s6/cfpYaOuBC4dz7uXee7yIUaks69vIra1vbG7ltws7u3v7B+ZhsSXDWGDSxCELRcdDkjDKSVNRxUgnEgQFHiNtb3Q79dtPREga8gc1jogboAGnPsVIaalnFrsN4SRntcStVR7Ti0kyyXpmySpbM8BVYi9ICSzQ6Jlf3X6I44BwhRmS0rGtSLkpEopiRrJCN5YkQniEBsTRlKOASDed3Z7BU630oR8KXVzBmfp7IkWBlOPA050BUkO57E3F/zwnVv61m1IexYpwPF/kxwyqEE6DgH0qCFZsrAnCgupbIR4igbDScRV0CPbyy6ukVSnb1XL1/rJUv1nEkQfH4AScAxtcgTq4Aw3QBBgk4Bm8gjcjM16Md+Nj3pozFjNH4A+Mzx9B3ZP2</latexit>

Pr[x0 = x] = 2�|x|

Assume sub-exponential selective soundness + set security parameter >>         
à even exponentially small success probabilities impossible 

<latexit sha1_base64="e8lJ1EmicVm1Ey5bLEE0tqlORDs=">AAAB6nicbVDLTgJBEOz1ifhCPXqZSEw8kV1j0CPRi0eM8khgQ2aHBibMzm5mZo1k4RO8eNAYr36RN//GAfagYCWdVKq6090VxIJr47rfzsrq2vrGZm4rv72zu7dfODis6yhRDGssEpFqBlSj4BJrhhuBzVghDQOBjWB4M/Ubj6g0j+SDGcXoh7QveY8zaqx0P34adwpFt+TOQJaJl5EiZKh2Cl/tbsSSEKVhgmrd8tzY+ClVhjOBk3w70RhTNqR9bFkqaYjaT2enTsipVbqkFylb0pCZ+nsipaHWozCwnSE1A73oTcX/vFZield+ymWcGJRsvqiXCGIiMv2bdLlCZsTIEsoUt7cSNqCKMmPTydsQvMWXl0n9vOSVS+W7i2LlOosjB8dwAmfgwSVU4BaqUAMGfXiGV3hzhPPivDsf89YVJ5s5gj9wPn8ArQOOEw==</latexit>

|x|

Problem: parameters grow with       à not succinct!   
<latexit sha1_base64="e8lJ1EmicVm1Ey5bLEE0tqlORDs=">AAAB6nicbVDLTgJBEOz1ifhCPXqZSEw8kV1j0CPRi0eM8khgQ2aHBibMzm5mZo1k4RO8eNAYr36RN//GAfagYCWdVKq6090VxIJr47rfzsrq2vrGZm4rv72zu7dfODis6yhRDGssEpFqBlSj4BJrhhuBzVghDQOBjWB4M/Ubj6g0j+SDGcXoh7QveY8zaqx0P34adwpFt+TOQJaJl5EiZKh2Cl/tbsSSEKVhgmrd8tzY+ClVhjOBk3w70RhTNqR9bFkqaYjaT2enTsipVbqkFylb0pCZ+nsipaHWozCwnSE1A73oTcX/vFZield+ymWcGJRsvqiXCGIiMv2bdLlCZsTIEsoUt7cSNqCKMmPTydsQvMWXl0n9vOSVS+W7i2LlOosjB8dwAmfgwSVU4BaqUAMGfXiGV3hzhPPivDsf89YVJ5s5gj9wPn8ArQOOEw==</latexit>

|x|

guess



On Complexity Leveraging

Complexity-leveraging is OK for SNARGs, but…
• Any security parameter that appears in       can only absorb losses 

independent of          (though still potentially exponential)
• But can have separate security parameters affecting only the CRS 

which can absorb losses depending on   

<latexit sha1_base64="e8lJ1EmicVm1Ey5bLEE0tqlORDs=">AAAB6nicbVDLTgJBEOz1ifhCPXqZSEw8kV1j0CPRi0eM8khgQ2aHBibMzm5mZo1k4RO8eNAYr36RN//GAfagYCWdVKq6090VxIJr47rfzsrq2vrGZm4rv72zu7dfODis6yhRDGssEpFqBlSj4BJrhhuBzVghDQOBjWB4M/Ubj6g0j+SDGcXoh7QveY8zaqx0P34adwpFt+TOQJaJl5EiZKh2Cl/tbsSSEKVhgmrd8tzY+ClVhjOBk3w70RhTNqR9bFkqaYjaT2enTsipVbqkFylb0pCZ+nsipaHWozCwnSE1A73oTcX/vFZield+ymWcGJRsvqiXCGIiMv2bdLlCZsTIEsoUt7cSNqCKMmPTydsQvMWXl0n9vOSVS+W7i2LlOosjB8dwAmfgwSVU4BaqUAMGfXiGV3hzhPPivDsf89YVJ5s5gj9wPn8ArQOOEw==</latexit>

|x|
<latexit sha1_base64="PL4vN2uVc0n2AYBfurG3YPbvIoQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh14i+uWKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Cib5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atVa/eXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwBTT43Y</latexit>⇡

<latexit sha1_base64="e8lJ1EmicVm1Ey5bLEE0tqlORDs=">AAAB6nicbVDLTgJBEOz1ifhCPXqZSEw8kV1j0CPRi0eM8khgQ2aHBibMzm5mZo1k4RO8eNAYr36RN//GAfagYCWdVKq6090VxIJr47rfzsrq2vrGZm4rv72zu7dfODis6yhRDGssEpFqBlSj4BJrhhuBzVghDQOBjWB4M/Ubj6g0j+SDGcXoh7QveY8zaqx0P34adwpFt+TOQJaJl5EiZKh2Cl/tbsSSEKVhgmrd8tzY+ClVhjOBk3w70RhTNqR9bFkqaYjaT2enTsipVbqkFylb0pCZ+nsipaHWozCwnSE1A73oTcX/vFZield+ymWcGJRsvqiXCGIiMv2bdLlCZsTIEsoUt7cSNqCKMmPTydsQvMWXl0n9vOSVS+W7i2LlOosjB8dwAmfgwSVU4BaqUAMGfXiGV3hzhPPivDsf89YVJ5s5gj9wPn8ArQOOEw==</latexit>

|x|



Waters-Wu First Step: Many OWF Instances
One pseudorandom instance 

of OWF per statement <latexit sha1_base64="zPx7BR+TGLbJB1A0YssPmydPBXE=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BLx4jmIckS5idzCZD5rHMzAphyVd48aCIVz/Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+nfntJ6oNU/LBThIaCjyULGYEWyc9Zj0TI6LNtF+u+FV/DrRKgpxUIEejX/7qDRRJBZWWcGxMN/ATG2ZYW0Y4nZZ6qaEJJmM8pF1HJRbUhNn84Ck6c8oAxUq7khbN1d8TGRbGTETkOgW2I7PszcT/vG5q4+swYzJJLZVksShOObIKzb5HA6YpsXziCCaauVsRGWGNiXUZlVwIwfLLq6R1UQ1q1dr9ZaV+k8dRhBM4hXMI4ArqcAcNaAIBAc/wCm+e9l68d+9j0Vrw8plj+APv8wfXfZB0</latexit>crs

Obfuscated programs

Obfuscation 
Magic

False 
<latexit sha1_base64="O+0Ewc/UCtFFjAORHnDCHUSzsLA=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4kJKIVI9FLx4rmLbQhrLZTtqlm03Y3Ygl9Dd48aCIV3+QN/+N24+Dtj4YeLw3w8y8MBVcG9f9dlZW19Y3Ngtbxe2d3b390sFhQyeZYuizRCSqFVKNgkv0DTcCW6lCGocCm+HwduI3H1FpnsgHM0oxiGlf8ogzaqzkP513Ut4tld2KOwVZJt6clGGOerf01eklLItRGiao1m3PTU2QU2U4EzgudjKNKWVD2se2pZLGqIN8euyYnFqlR6JE2ZKGTNXfEzmNtR7Foe2MqRnoRW8i/ue1MxNdBzmXaWZQstmiKBPEJGTyOelxhcyIkSWUKW5vJWxAFWXG5lO0IXiLLy+TxkXFq1aq95fl2s08jgIcwwmcgQdXUIM7qIMPDDg8wyu8OdJ5cd6dj1nrijOfOYI/cD5/AJgkjpA=</latexit>x,⇡

=

<latexit sha1_base64="TBnAdQPuGrOabM+WOzkC0/ooKEE=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPgQcKuSPQY9OIxinlAEsLspDcZMju7zMyKYckfePGgiFf/yJt/4yTZgyYWNBRV3XR3+bHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSLZ9qFFxi3XAjsBUrpKEvsOmPbqZ+8xGV5pF8MOMYuyEdSB5wRo2V7p/OesWSW3ZnIMvEy0gJMtR6xa9OP2JJiNIwQbVue25suilVhjOBk0In0RhTNqIDbFsqaYi6m84unZATq/RJEClb0pCZ+nsipaHW49C3nSE1Q73oTcX/vHZigqtuymWcGJRsvihIBDERmb5N+lwhM2JsCWWK21sJG1JFmbHhFGwI3uLLy6RxXvYq5crdRal6ncWRhyM4hlPw4BKqcAs1qAODAJ7hFd6ckfPivDsf89ack80cwh84nz9R5o09</latexit>x,



Waters-Wu First Step: Many OWF Instances
One pseudorandom instance 

of OWF per statement <latexit sha1_base64="zPx7BR+TGLbJB1A0YssPmydPBXE=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BLx4jmIckS5idzCZD5rHMzAphyVd48aCIVz/Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+nfntJ6oNU/LBThIaCjyULGYEWyc9Zj0TI6LNtF+u+FV/DrRKgpxUIEejX/7qDRRJBZWWcGxMN/ATG2ZYW0Y4nZZ6qaEJJmM8pF1HJRbUhNn84Ck6c8oAxUq7khbN1d8TGRbGTETkOgW2I7PszcT/vG5q4+swYzJJLZVksShOObIKzb5HA6YpsXziCCaauVsRGWGNiXUZlVwIwfLLq6R1UQ1q1dr9ZaV+k8dRhBM4hXMI4ArqcAcNaAIBAc/wCm+e9l68d+9j0Vrw8plj+APv8wfXfZB0</latexit>crs

Obfuscated programs

Obfuscation 
Magic

False 
<latexit sha1_base64="O+0Ewc/UCtFFjAORHnDCHUSzsLA=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4kJKIVI9FLx4rmLbQhrLZTtqlm03Y3Ygl9Dd48aCIV3+QN/+N24+Dtj4YeLw3w8y8MBVcG9f9dlZW19Y3Ngtbxe2d3b390sFhQyeZYuizRCSqFVKNgkv0DTcCW6lCGocCm+HwduI3H1FpnsgHM0oxiGlf8ogzaqzkP513Ut4tld2KOwVZJt6clGGOerf01eklLItRGiao1m3PTU2QU2U4EzgudjKNKWVD2se2pZLGqIN8euyYnFqlR6JE2ZKGTNXfEzmNtR7Foe2MqRnoRW8i/ue1MxNdBzmXaWZQstmiKBPEJGTyOelxhcyIkSWUKW5vJWxAFWXG5lO0IXiLLy+TxkXFq1aq95fl2s08jgIcwwmcgQdXUIM7qIMPDDg8wyu8OdJ5cd6dj1nrijOfOYI/cD5/AJgkjpA=</latexit>x,⇡

=

<latexit sha1_base64="TBnAdQPuGrOabM+WOzkC0/ooKEE=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPgQcKuSPQY9OIxinlAEsLspDcZMju7zMyKYckfePGgiFf/yJt/4yTZgyYWNBRV3XR3+bHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSLZ9qFFxi3XAjsBUrpKEvsOmPbqZ+8xGV5pF8MOMYuyEdSB5wRo2V7p/OesWSW3ZnIMvEy0gJMtR6xa9OP2JJiNIwQbVue25suilVhjOBk0In0RhTNqIDbFsqaYi6m84unZATq/RJEClb0pCZ+nsipaHW49C3nSE1Q73oTcX/vHZigqtuymWcGJRsvihIBDERmb5N+lwhM2JsCWWK21sJG1JFmbHhFGwI3uLLy6RxXvYq5crdRal6ncWRhyM4hlPw4BKqcAs1qAODAJ7hFd6ckfPivDsf89ack80cwh84nz9R5o09</latexit>x,
Complexity-leveraging based on the number of statements
• CRS contains obfuscated programs à large CRS
• Only OWF challenges in      , OWF not used yet  à small 

<latexit sha1_base64="PL4vN2uVc0n2AYBfurG3YPbvIoQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh14i+uWKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Cib5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atVa/eXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwBTT43Y</latexit>⇡ <latexit sha1_base64="PL4vN2uVc0n2AYBfurG3YPbvIoQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh14i+uWKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Cib5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atVa/eXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwBTT43Y</latexit>⇡



“Very” Lossy Functions

Injec9ve mode Lossy mode

<latexit sha1_base64="+qqeNhg7gs2baKY/L31S1IZaCLI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqhP1S2a24c5BV4uWkDDnq/dJXbxCzNEJpmKBadz03MX5GleFM4LTYSzUmlI3pELuWShqh9rP5oVNybpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxWvWqk2rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBzoOM9Q==</latexit>

f
<latexit sha1_base64="+qqeNhg7gs2baKY/L31S1IZaCLI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqhP1S2a24c5BV4uWkDDnq/dJXbxCzNEJpmKBadz03MX5GleFM4LTYSzUmlI3pELuWShqh9rP5oVNybpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxWvWqk2rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBzoOM9Q==</latexit>

f
<latexit sha1_base64="900002As0Qex1vYDvqKAp2gKKeo=">AAAB8HicbVDLSgNBEOyNrxhfUY9eFoPgKeyKRI/BXDxGMA9JljA7mU2GzIuZWTGEfIUXD4p49XO8+TdOkj1oYkFDUdVNd1esGDU2CL693Nr6xuZWfruws7u3f1A8PGoamWpMGlgyqdsxMoRRQRqWWkbaShPEY0Za8ag281uPRBsqxb0dKxJxNBA0oRhZJz10kVJaPvVqvWIpKAdz+KskzEgJMtR7xa9uX+KUE2ExQ8Z0wkDZaIK0pZiRaaGbGqIQHqEB6TgqECcmmswPnvpnTun7idSuhPXn6u+JCeLGjHnsOjmyQ7PszcT/vE5qk+toQoVKLRF4sShJmW+lP/ve71NNsGVjRxDW1N3q4yHSCFuXUcGFEC6/vEqaF+WwUq7cXZaqN1kceTiBUziHEK6gCrdQhwZg4PAMr/Dmae/Fe/c+Fq05L5s5hj/wPn8A3LiQdw==</latexit>⇡C

Strengthening of [Peikert-Waters’08]

“Very” Lossy: lossy range size =                  , independent of domain size
<latexit sha1_base64="JAProsZ230zlNPPQqiSxRXLoQ+Y=">AAACAHicbVC7TsMwFHV4lvIKMDCwWFRIZamSChXGChbGItGH1ITKcZ3WqmNHtoMURVn4FRYGEGLlM9j4G9w2A7QcydLROffo+p4gZlRpx/m2VlbX1jc2S1vl7Z3dvX374LCjRCIxaWPBhOwFSBFGOWlrqhnpxZKgKGCkG0xupn73kUhFBb/XaUz8CI04DSlG2kgD+7j+kGWeCmEsWJpXPWaiQ3SeD+yKU3NmgMvELUgFFGgN7C9vKHASEa4xQ0r1XSfWfoakppiRvOwlisQIT9CI9A3lKCLKz2YH5PDMKEMYCmke13Cm/k5kKFIqjQIzGSE9VoveVPzP6yc6vPIzyuNEE47ni8KEQS3gtA04pJJgzVJDEJbU/BXiMZIIa9NZ2ZTgLp68TDr1mtuoNe4uKs3roo4SOAGnoApccAma4Ba0QBtgkINn8ArerCfrxXq3PuajK1aROQJ/YH3+AFddlkM=</latexit>

2poly(�)



Our Idea: Use Lossiness to Complete Proof
Many statements map to 

same instance
One pseudorandom instance 

of OWF per statement 

<latexit sha1_base64="TBnAdQPuGrOabM+WOzkC0/ooKEE=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPgQcKuSPQY9OIxinlAEsLspDcZMju7zMyKYckfePGgiFf/yJt/4yTZgyYWNBRV3XR3+bHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSLZ9qFFxi3XAjsBUrpKEvsOmPbqZ+8xGV5pF8MOMYuyEdSB5wRo2V7p/OesWSW3ZnIMvEy0gJMtR6xa9OP2JJiNIwQbVue25suilVhjOBk0In0RhTNqIDbFsqaYi6m84unZATq/RJEClb0pCZ+nsipaHW49C3nSE1Q73oTcX/vHZigqtuymWcGJRsvihIBDERmb5N+lwhM2JsCWWK21sJG1JFmbHhFGwI3uLLy6RxXvYq5crdRal6ncWRhyM4hlPw4BKqcAs1qAODAJ7hFd6ckfPivDsf89ack80cwh84nz9R5o09</latexit>x,

Lossiness + 
iO

<latexit sha1_base64="TBnAdQPuGrOabM+WOzkC0/ooKEE=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPgQcKuSPQY9OIxinlAEsLspDcZMju7zMyKYckfePGgiFf/yJt/4yTZgyYWNBRV3XR3+bHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSLZ9qFFxi3XAjsBUrpKEvsOmPbqZ+8xGV5pF8MOMYuyEdSB5wRo2V7p/OesWSW3ZnIMvEy0gJMtR6xa9OP2JJiNIwQbVue25suilVhjOBk0In0RhTNqIDbFsqaYi6m84unZATq/RJEClb0pCZ+nsipaHW49C3nSE1Q73oTcX/vHZigqtuymWcGJRsvihIBDERmb5N+lwhM2JsCWWK21sJG1JFmbHhFGwI3uLLy6RxXvYq5crdRal6ncWRhyM4hlPw4BKqcAs1qAODAJ7hFd6ckfPivDsf89ack80cwh84nz9R5o09</latexit>x,
S/ll haven’t used OWF challenges 
in security proof, so      s/ll small 

<latexit sha1_base64="PL4vN2uVc0n2AYBfurG3YPbvIoQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh14i+uWKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Cib5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atVa/eXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwBTT43Y</latexit>⇡



Many statements map to 
same instance

Our Idea: Use Lossiness to Complete Proof
Now guess OWF instance (not statement)

Reduc/on loss

Can set

<latexit sha1_base64="YHNTZI40NNoxkA1iwzON6w2f6GY=">AAAB/nicbVBNS8NAEN34WetXVTx5CRahXkoiUr0IRS8eK9gPaELZbKft0s0m7E7EEgr+FS8eFPHq7/Dmv3Hb5qCtDwYe780wMy+IBdfoON/W0vLK6tp6biO/ubW9s1vY22/oKFEM6iwSkWoFVIPgEurIUUArVkDDQEAzGN5M/OYDKM0jeY+jGPyQ9iXvcUbRSJ3C4ZVXLHkIj5hyqZFKBnp82ikUnbIzhb1I3IwUSYZap/DldSOWhCCRCap123Vi9FOqkDMB47yXaIgpG9I+tA2VNATtp9Pzx/aJUbp2L1KmJNpT9fdESkOtR2FgOkOKAz3vTcT/vHaCvUvf/BUnCJLNFvUSYWNkT7Kwu1wBQzEyhDLFza02G1BFGZrE8iYEd/7lRdI4K7uVcuXuvFi9zuLIkSNyTErEJRekSm5JjdQJIyl5Jq/kzXqyXqx362PWumRlMwfkD6zPH+AelXY=</latexit>

= #(instances)

Succinctness if                             is 
small exponential, but independent 
of  

<latexit sha1_base64="otevqjvs39LIPZklkj39EMKzf4o=">AAAB/XicbVDJSgNBEO1xjXGLy81L4yDES5gRiR6DXjxGMAskQ+jpVJImPT1Dd40YQ/BXvHhQxKv/4c2/sbMcNPFBweO9KqrqhYkUBj3v21laXlldW89sZDe3tnd2c3v7VROnmkOFxzLW9ZAZkEJBBQVKqCcaWBRKqIX967FfuwdtRKzucJBAELGuEh3BGVqplTtsuvkmwgMOhTLIFAczOm3lXK/gTUAXiT8jLpmh3Mp9NdsxTyNQyCUzpuF7CQZDplFwCaNsMzWQMN5nXWhYqlgEJhhOrh/RE6u0aSfWthTSifp7YsgiYwZRaDsjhj0z743F/7xGip3LwP6VpAiKTxd1UkkxpuMoaFto4CgHljCuhb2V8h7TjKMNLGtD8OdfXiTVs4JfLBRvz93S1SyODDkixyRPfHJBSuSGlEmFcPJInskreXOenBfn3fmYti45s5kD8gfO5w9ZvZUv</latexit>

#(instances)

<latexit sha1_base64="6hjeVF/Ii6CjdBOfoMB3IPoKv2Q=">AAAB/nicbVDJSgNBFOyJW4zbqHjy0jgI8RJmRKLHoBePEcwCyRB6Oi9Jk56F7jdiGAL+ihcPinj1O7z5N3aWgyYWNBRVr3ivK0ik0Oi631ZuZXVtfSO/Wdja3tnds/cP6jpOFYcaj2WsmgHTIEUENRQooZkoYGEgoREMbyZ+4wGUFnF0j6ME/JD1I9ETnKGROvZR2ym2ER4x08gQQohQj886tuOW3CnoMvHmxCFzVDv2V7sb83QS55Jp3fLcBP2MKRRcwrjQTjUkjA9ZH1qGRiwE7WfT88f01Chd2ouVeRHSqfo7kbFQ61EYmMmQ4UAvehPxP6+VYu/Kz0SUpAgRny3qpZJiTCdd0K5QwFGODGFcCXMr5QOmGEfTWMGU4C1+eZnUz0teuVS+u3Aq1/M68uSYnJAi8cglqZBbUiU1wklGnskrebOerBfr3fqYjeaseeaQ/IH1+QNJNZW5</latexit>

#(statements)

<latexit sha1_base64="GvEl7xUN0N3HNcp4b6HiMUviO0I=">AAACHnicbVDLSgMxFM34tr6qLt0Ei1A3ZUZ8bQRREHcqWCt0Ssmkd2owkwzJHbEM8yVu/BU3LhQRXOnfmNYufB0IHM45l5t7olQKi77/4Y2Mjo1PTE5Nl2Zm5+YXyotLF1ZnhkOda6nNZcQsSKGgjgIlXKYGWBJJaETXh32/cQPGCq3OsZdCK2FdJWLBGTqpXd4KpQt3WDsPbUxPGkfF3oClWvak7hbVsFINEW4xF8oiUxxssb7eLlf8mj8A/UuCIamQIU7b5bewo3mWgEIumbXNwE+xlTODgksoSmFmIWX8mnWh6ahiCdhWPjivoGtO6dBYG/cU0oH6fSJnibW9JHLJhOGV/e31xf+8ZobxbssdlmYIin8tijNJUdN+V7QjDHCUPUcYN8L9lfIrZhhH12jJlRD8PvkvudioBdu17bPNyv7BsI4pskJWSZUEZIfsk2NySuqEkzvyQJ7Is3fvPXov3utXdMQbziyTH/DePwFrN6Kv</latexit>

�OWF = polylog(#(instances))

Follows exactly from “very” lossy
<latexit sha1_base64="TBnAdQPuGrOabM+WOzkC0/ooKEE=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPgQcKuSPQY9OIxinlAEsLspDcZMju7zMyKYckfePGgiFf/yJt/4yTZgyYWNBRV3XR3+bHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSLZ9qFFxi3XAjsBUrpKEvsOmPbqZ+8xGV5pF8MOMYuyEdSB5wRo2V7p/OesWSW3ZnIMvEy0gJMtR6xa9OP2JJiNIwQbVue25suilVhjOBk0In0RhTNqIDbFsqaYi6m84unZATq/RJEClb0pCZ+nsipaHW49C3nSE1Q73oTcX/vHZigqtuymWcGJRsvihIBDERmb5N+lwhM2JsCWWK21sJG1JFmbHhFGwI3uLLy6RxXvYq5crdRal6ncWRhyM4hlPw4BKqcAs1qAODAJ7hFd6ckfPivDsf89ack80cwh84nz9R5o09</latexit>x,



Construc5ng Lossy Func5ons from LWE
[Alwen-Krenn-Pietrzak-Wichs’13]

<latexit sha1_base64="75q59Ir/CrJ8pZbnKm+P350/T4A=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjMi1WXVjcsK9gHToWTSTBuaSYbkjlCGfoYbF4q49Wvc+Tdm2llo64HA4Zx7ybknTAQ34LrfTmltfWNzq7xd2dnd2z+oHh51jEo1ZW2qhNK9kBgmuGRt4CBYL9GMxKFg3XByl/vdJ6YNV/IRpgkLYjKSPOKUgJX8fkxgTInIbmaDas2tu3PgVeIVpIYKtAbVr/5Q0TRmEqggxviem0CQEQ2cCjar9FPDEkInZMR8SyWJmQmyeeQZPrPKEEdK2ycBz9XfGxmJjZnGoZ3MI5plLxf/8/wUousg4zJJgUm6+ChKBQaF8/vxkGtGQUwtIVRzmxXTMdGEgm2pYkvwlk9eJZ2LuteoNx4ua83boo4yOkGn6Bx56Ao10T1qoTaiSKFn9IreHHBenHfnYzFacoqdY/QHzucPc+CRYg==</latexit>

A<latexit sha1_base64="vtUhjvouiS6k76ttA9H6+OxdfEI=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx4hkUcCGzI79MLI7OxmZtZICF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaLSPJb3ZpygH9GB5CFn1Fip/tQrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdlr1Ku1C9L1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+AOnLjQc=</latexit>x

<latexit sha1_base64="vtUhjvouiS6k76ttA9H6+OxdfEI=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx4hkUcCGzI79MLI7OxmZtZICF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaLSPJb3ZpygH9GB5CFn1Fip/tQrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdlr1Ku1C9L1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+AOnLjQc=</latexit>x
<latexit sha1_base64="Wc+SuwGu1gWPWB5JAP5olpWFkag=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjRBKf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDyRL0IzqUPOSMGis1sn6p7FbcOcgq8XJShhz1fumrN4hZGqE0TFCtu56bGH9CleFM4LTYSzUmlI3pELuWShqh9ifzQ6fk3CoDEsbKljRkrv6emNBI6ywKbGdEzUgvezPxP6+bmvDGn3CZpAYlWywKU0FMTGZfkwFXyIzILKFMcXsrYSOqKDM2m6INwVt+eZW0LitetVJtXJVrt3kcBTiFM7gAD66hBvdQhyYwQHiGV3hzHp0X5935WLSuOfnMCfyB8/kD60+NCA==</latexit>y <latexit sha1_base64="dfa12l/r87/D93uS51ywGerJGEM=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRC9C0IvHBMwDkiXMTnqTMbOzy8ysEEK+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDfzW0+oNI/lgxkn6Ed0IHnIGTVWqt/0iiW37M5BVomXkRJkqPWKX91+zNIIpWGCat3x3MT4E6oMZwKnhW6qMaFsRAfYsVTSCLU/mR86JWdW6ZMwVrakIXP198SERlqPo8B2RtQM9bI3E//zOqkJr/0Jl0lqULLFojAVxMRk9jXpc4XMiLEllClubyVsSBVlxmZTsCF4yy+vkuZF2auUK/XLUvU2iyMPJ3AK5+DBFVThHmrQAAYIz/AKb86j8+K8Ox+L1pyTzRzDHzifP5BfjMw=</latexit>=

<latexit sha1_base64="6ED5xsJ7kj+ZKHkQlBZ+vrm2JtU=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BLx4jmAckS5id9CZDZmeWmVkhhHyEFw+KePV7vPk3TpI9aLSgoajqprsrSgU31ve/vMLa+sbmVnG7tLO7t39QPjxqGZVphk2mhNKdiBoUXGLTciuwk2qkSSSwHY1v5377EbXhSj7YSYphQoeSx5xR66R2T8RCKd0vV/yqvwD5S4KcVCBHo1/+7A0UyxKUlglqTDfwUxtOqbacCZyVepnBlLIxHWLXUUkTNOF0ce6MnDllQGKlXUlLFurPiSlNjJkkketMqB2ZVW8u/ud1Mxtfh1Mu08yiZMtFcSaIVWT+OxlwjcyKiSOUae5uJWxENWXWJVRyIQSrL/8lrYtqUKvW7i8r9Zs8jiKcwCmcQwBXUIc7aEATGIzhCV7g1Uu9Z+/Ne1+2Frx85hh+wfv4BoTBj7U=</latexit>

b
<latexit sha1_base64="tfD9RhjCyObXwJvNJ6Bg1y7Jjn0=">AAAB7XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJdFNy4r2Ae0Q8mkmTY2jyHJCGXoP7hxoYhb/8edf2PazkJbDwQO59x7c++JEs6M9f1vr7C2vrG5Vdwu7ezu7R+UD49aRqWa0CZRXOlOhA3lTNKmZZbTTqIpFhGn7Wh8O/PbT1QbpuSDnSQ0FHgoWcwItk5q9dwUxvvlil/150CrJMhJBXI0+uWv3kCRVFBpCcfGdAM/sWGGtWWE02mplxqaYDLGQ9p1VGJBTZjNt52iM6cMUKy0e9Kiufq7I8PCmImIXKXAdmSWvZn4n9dNbXwdZkwmqaWSLD6KU46sQrPT0YBpSiyfOIKJZm5XREZYY2JdQCUXQrB88ippXVSDWrV2f1mp3+RxFOEETuEcAriCOtxBA5pA4BGe4RXePOW9eO/ex6K04OU9x/AH3ucPnMuPLA==</latexit>

e<latexit sha1_base64="+qqeNhg7gs2baKY/L31S1IZaCLI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqhP1S2a24c5BV4uWkDDnq/dJXbxCzNEJpmKBadz03MX5GleFM4LTYSzUmlI3pELuWShqh9rP5oVNybpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxWvWqk2rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBzoOM9Q==</latexit>

f

<latexit sha1_base64="dfa12l/r87/D93uS51ywGerJGEM=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRC9C0IvHBMwDkiXMTnqTMbOzy8ysEEK+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDfzW0+oNI/lgxkn6Ed0IHnIGTVWqt/0iiW37M5BVomXkRJkqPWKX91+zNIIpWGCat3x3MT4E6oMZwKnhW6qMaFsRAfYsVTSCLU/mR86JWdW6ZMwVrakIXP198SERlqPo8B2RtQM9bI3E//zOqkJr/0Jl0lqULLFojAVxMRk9jXpc4XMiLEllClubyVsSBVlxmZTsCF4yy+vkuZF2auUK/XLUvU2iyMPJ3AK5+DBFVThHmrQAAYIz/AKb86j8+K8Ox+L1pyTzRzDHzifP5BfjMw=</latexit>= short vector Injective mode:     full rank 
<latexit sha1_base64="75q59Ir/CrJ8pZbnKm+P350/T4A=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjMi1WXVjcsK9gHToWTSTBuaSYbkjlCGfoYbF4q49Wvc+Tdm2llo64HA4Zx7ybknTAQ34LrfTmltfWNzq7xd2dnd2z+oHh51jEo1ZW2qhNK9kBgmuGRt4CBYL9GMxKFg3XByl/vdJ6YNV/IRpgkLYjKSPOKUgJX8fkxgTInIbmaDas2tu3PgVeIVpIYKtAbVr/5Q0TRmEqggxviem0CQEQ2cCjar9FPDEkInZMR8SyWJmQmyeeQZPrPKEEdK2ycBz9XfGxmJjZnGoZ3MI5plLxf/8/wUousg4zJJgUm6+ChKBQaF8/vxkGtGQUwtIVRzmxXTMdGEgm2pYkvwlk9eJZ2LuteoNx4ua83boo4yOkGn6Bx56Ao10T1qoTaiSKFn9IreHHBenHfnYzFacoqdY/QHzucPc+CRYg==</latexit>

A



Lossy Mode

<latexit sha1_base64="75q59Ir/CrJ8pZbnKm+P350/T4A=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjMi1WXVjcsK9gHToWTSTBuaSYbkjlCGfoYbF4q49Wvc+Tdm2llo64HA4Zx7ybknTAQ34LrfTmltfWNzq7xd2dnd2z+oHh51jEo1ZW2qhNK9kBgmuGRt4CBYL9GMxKFg3XByl/vdJ6YNV/IRpgkLYjKSPOKUgJX8fkxgTInIbmaDas2tu3PgVeIVpIYKtAbVr/5Q0TRmEqggxviem0CQEQ2cCjar9FPDEkInZMR8SyWJmQmyeeQZPrPKEEdK2ycBz9XfGxmJjZnGoZ3MI5plLxf/8/wUousg4zJJgUm6+ChKBQaF8/vxkGtGQUwtIVRzmxXTMdGEgm2pYkvwlk9eJZ2LuteoNx4ua83boo4yOkGn6Bx56Ao10T1qoTaiSKFn9IreHHBenHfnYzFacoqdY/QHzucPc+CRYg==</latexit>

A <latexit sha1_base64="dfa12l/r87/D93uS51ywGerJGEM=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRC9C0IvHBMwDkiXMTnqTMbOzy8ysEEK+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDfzW0+oNI/lgxkn6Ed0IHnIGTVWqt/0iiW37M5BVomXkRJkqPWKX91+zNIIpWGCat3x3MT4E6oMZwKnhW6qMaFsRAfYsVTSCLU/mR86JWdW6ZMwVrakIXP198SERlqPo8B2RtQM9bI3E//zOqkJr/0Jl0lqULLFojAVxMRk9jXpc4XMiLEllClubyVsSBVlxmZTsCF4yy+vkuZF2auUK/XLUvU2iyMPJ3AK5+DBFVThHmrQAAYIz/AKb86j8+K8Ox+L1pyTzRzDHzifP5BfjMw=</latexit>=
<latexit sha1_base64="7CDz+hFii/hnzm/SPcG6JVj1JjA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXJHoMevGYgHlAsoTZSW8yZnZ2mZkVQsgXePGgiFc/yZt/4yTZgyYWNBRV3XR3BYng2rjut5NbW9/Y3MpvF3Z29/YPiodHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7mZ+6wmV5rF8MOME/YgOJA85o8ZK9YteseSW3TnIKvEyUoIMtV7xq9uPWRqhNExQrTuemxh/QpXhTOC00E01JpSN6AA7lkoaofYn80On5MwqfRLGypY0ZK7+npjQSOtxFNjOiJqhXvZm4n9eJzXhjT/hMkkNSrZYFKaCmJjMviZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv+eVV0rwse5VypX5Vqt5mceThBE7hHDy4hircQw0awADhGV7hzXl0Xpx352PRmnOymWP4A+fzB3UXjLo=</latexit>

+

<latexit sha1_base64="dfa12l/r87/D93uS51ywGerJGEM=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRC9C0IvHBMwDkiXMTnqTMbOzy8ysEEK+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDfzW0+oNI/lgxkn6Ed0IHnIGTVWqt/0iiW37M5BVomXkRJkqPWKX91+zNIIpWGCat3x3MT4E6oMZwKnhW6qMaFsRAfYsVTSCLU/mR86JWdW6ZMwVrakIXP198SERlqPo8B2RtQM9bI3E//zOqkJr/0Jl0lqULLFojAVxMRk9jXpc4XMiLEllClubyVsSBVlxmZTsCF4yy+vkuZF2auUK/XLUvU2iyMPJ3AK5+DBFVThHmrQAAYIz/AKb86j8+K8Ox+L1pyTzRzDHzifP5BfjMw=</latexit>= short vector

<latexit sha1_base64="75q59Ir/CrJ8pZbnKm+P350/T4A=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjMi1WXVjcsK9gHToWTSTBuaSYbkjlCGfoYbF4q49Wvc+Tdm2llo64HA4Zx7ybknTAQ34LrfTmltfWNzq7xd2dnd2z+oHh51jEo1ZW2qhNK9kBgmuGRt4CBYL9GMxKFg3XByl/vdJ6YNV/IRpgkLYjKSPOKUgJX8fkxgTInIbmaDas2tu3PgVeIVpIYKtAbVr/5Q0TRmEqggxviem0CQEQ2cCjar9FPDEkInZMR8SyWJmQmyeeQZPrPKEEdK2ycBz9XfGxmJjZnGoZ3MI5plLxf/8/wUousg4zJJgUm6+ChKBQaF8/vxkGtGQUwtIVRzmxXTMdGEgm2pYkvwlk9eJZ2LuteoNx4ua83boo4yOkGn6Bx56Ao10T1qoTaiSKFn9IreHHBenHfnYzFacoqdY/QHzucPc+CRYg==</latexit>

A
<latexit sha1_base64="vtUhjvouiS6k76ttA9H6+OxdfEI=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx4hkUcCGzI79MLI7OxmZtZICF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaLSPJb3ZpygH9GB5CFn1Fip/tQrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdlr1Ku1C9L1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+AOnLjQc=</latexit>x

<latexit sha1_base64="6ED5xsJ7kj+ZKHkQlBZ+vrm2JtU=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BLx4jmAckS5id9CZDZmeWmVkhhHyEFw+KePV7vPk3TpI9aLSgoajqprsrSgU31ve/vMLa+sbmVnG7tLO7t39QPjxqGZVphk2mhNKdiBoUXGLTciuwk2qkSSSwHY1v5377EbXhSj7YSYphQoeSx5xR66R2T8RCKd0vV/yqvwD5S4KcVCBHo1/+7A0UyxKUlglqTDfwUxtOqbacCZyVepnBlLIxHWLXUUkTNOF0ce6MnDllQGKlXUlLFurPiSlNjJkkketMqB2ZVW8u/ud1Mxtfh1Mu08yiZMtFcSaIVWT+OxlwjcyKiSOUae5uJWxENWXWJVRyIQSrL/8lrYtqUKvW7i8r9Zs8jiKcwCmcQwBXUIc7aEATGIzhCV7g1Uu9Z+/Ne1+2Frx85hh+wfv4BoTBj7U=</latexit>

b
<latexit sha1_base64="tfD9RhjCyObXwJvNJ6Bg1y7Jjn0=">AAAB7XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJdFNy4r2Ae0Q8mkmTY2jyHJCGXoP7hxoYhb/8edf2PazkJbDwQO59x7c++JEs6M9f1vr7C2vrG5Vdwu7ezu7R+UD49aRqWa0CZRXOlOhA3lTNKmZZbTTqIpFhGn7Wh8O/PbT1QbpuSDnSQ0FHgoWcwItk5q9dwUxvvlil/150CrJMhJBXI0+uWv3kCRVFBpCcfGdAM/sWGGtWWE02mplxqaYDLGQ9p1VGJBTZjNt52iM6cMUKy0e9Kiufq7I8PCmImIXKXAdmSWvZn4n9dNbXwdZkwmqaWSLD6KU46sQrPT0YBpSiyfOIKJZm5XREZYY2JdQCUXQrB88ippXVSDWrV2f1mp3+RxFOEETuEcAriCOtxBA5pA4BGe4RXePOW9eO/ex6K04OU9x/AH3ucPnMuPLA==</latexit>

e<latexit sha1_base64="dfa12l/r87/D93uS51ywGerJGEM=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRC9C0IvHBMwDkiXMTnqTMbOzy8ysEEK+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDfzW0+oNI/lgxkn6Ed0IHnIGTVWqt/0iiW37M5BVomXkRJkqPWKX91+zNIIpWGCat3x3MT4E6oMZwKnhW6qMaFsRAfYsVTSCLU/mR86JWdW6ZMwVrakIXP198SERlqPo8B2RtQM9bI3E//zOqkJr/0Jl0lqULLFojAVxMRk9jXpc4XMiLEllClubyVsSBVlxmZTsCF4yy+vkuZF2auUK/XLUvU2iyMPJ3AK5+DBFVThHmrQAAYIz/AKb86j8+K8Ox+L1pyTzRzDHzifP5BfjMw=</latexit>=

<latexit sha1_base64="vtUhjvouiS6k76ttA9H6+OxdfEI=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx4hkUcCGzI79MLI7OxmZtZICF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaLSPJb3ZpygH9GB5CFn1Fip/tQrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdlr1Ku1C9L1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+AOnLjQc=</latexit>x

<latexit sha1_base64="6ED5xsJ7kj+ZKHkQlBZ+vrm2JtU=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BLx4jmAckS5id9CZDZmeWmVkhhHyEFw+KePV7vPk3TpI9aLSgoajqprsrSgU31ve/vMLa+sbmVnG7tLO7t39QPjxqGZVphk2mhNKdiBoUXGLTciuwk2qkSSSwHY1v5377EbXhSj7YSYphQoeSx5xR66R2T8RCKd0vV/yqvwD5S4KcVCBHo1/+7A0UyxKUlglqTDfwUxtOqbacCZyVepnBlLIxHWLXUUkTNOF0ce6MnDllQGKlXUlLFurPiSlNjJkkketMqB2ZVW8u/ud1Mxtfh1Mu08yiZMtFcSaIVWT+OxlwjcyKiSOUae5uJWxENWXWJVRyIQSrL/8lrYtqUKvW7i8r9Zs8jiKcwCmcQwBXUIc7aEATGIzhCV7g1Uu9Z+/Ne1+2Frx85hh+wfv4BoTBj7U=</latexit>

b
<latexit sha1_base64="tfD9RhjCyObXwJvNJ6Bg1y7Jjn0=">AAAB7XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJdFNy4r2Ae0Q8mkmTY2jyHJCGXoP7hxoYhb/8edf2PazkJbDwQO59x7c++JEs6M9f1vr7C2vrG5Vdwu7ezu7R+UD49aRqWa0CZRXOlOhA3lTNKmZZbTTqIpFhGn7Wh8O/PbT1QbpuSDnSQ0FHgoWcwItk5q9dwUxvvlil/150CrJMhJBXI0+uWv3kCRVFBpCcfGdAM/sWGGtWWE02mplxqaYDLGQ9p1VGJBTZjNt52iM6cMUKy0e9Kiufq7I8PCmImIXKXAdmSWvZn4n9dNbXwdZkwmqaWSLD6KU46sQrPT0YBpSiyfOIKJZm5XREZYY2JdQCUXQrB88ippXVSDWrV2f1mp3+RxFOEETuEcAriCOtxBA5pA4BGe4RXePOW9eO/ex6K04OU9x/AH3ucPnMuPLA==</latexit>

e<latexit sha1_base64="7CDz+hFii/hnzm/SPcG6JVj1JjA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXJHoMevGYgHlAsoTZSW8yZnZ2mZkVQsgXePGgiFc/yZt/4yTZgyYWNBRV3XR3BYng2rjut5NbW9/Y3MpvF3Z29/YPiodHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7mZ+6wmV5rF8MOME/YgOJA85o8ZK9YteseSW3TnIKvEyUoIMtV7xq9uPWRqhNExQrTuemxh/QpXhTOC00E01JpSN6AA7lkoaofYn80On5MwqfRLGypY0ZK7+npjQSOtxFNjOiJqhXvZm4n9eJzXhjT/hMkkNSrZYFKaCmJjMviZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv+eVV0rwse5VypX5Vqt5mceThBE7hHDy4hircQw0awADhGV7hzXl0Xpx352PRmnOymWP4A+fzB3UXjLo=</latexit>

+
<latexit sha1_base64="vtUhjvouiS6k76ttA9H6+OxdfEI=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx4hkUcCGzI79MLI7OxmZtZICF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaLSPJb3ZpygH9GB5CFn1Fip/tQrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdlr1Ku1C9L1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+AOnLjQc=</latexit>x

<latexit sha1_base64="rESGOOr2XxsC03/Y1Mz9g+5J5ZM=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJelblxWsA+YDiWTZtrQTDIkGaEM/Qw3LhRx69e482/MtLPQ1gOBwzn3knNPmHCmjet+O6WNza3tnfJuZW//4PCoenzS1TJVhHaI5FL1Q6wpZ4J2DDOc9hNFcRxy2gund7nfe6JKMykezSyhQYzHgkWMYGMlfxBjMyGYZ635sFpz6+4CaJ14BalBgfaw+jUYSZLGVBjCsda+5yYmyLAyjHA6rwxSTRNMpnhMfUsFjqkOskXkObqwyghFUtknDFqovzcyHGs9i0M7mUfUq14u/uf5qYlug4yJJDVUkOVHUcqRkSi/H42YosTwmSWYKGazIjLBChNjW6rYErzVk9dJ96ruNeqNh+tas1XUUYYzOIdL8OAGmnAPbegAAQnP8ApvjnFenHfnYzlacoqdU/gD5/MHdWWRYw==</latexit>

B

<latexit sha1_base64="rESGOOr2XxsC03/Y1Mz9g+5J5ZM=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJelblxWsA+YDiWTZtrQTDIkGaEM/Qw3LhRx69e482/MtLPQ1gOBwzn3knNPmHCmjet+O6WNza3tnfJuZW//4PCoenzS1TJVhHaI5FL1Q6wpZ4J2DDOc9hNFcRxy2gund7nfe6JKMykezSyhQYzHgkWMYGMlfxBjMyGYZ635sFpz6+4CaJ14BalBgfaw+jUYSZLGVBjCsda+5yYmyLAyjHA6rwxSTRNMpnhMfUsFjqkOskXkObqwyghFUtknDFqovzcyHGs9i0M7mUfUq14u/uf5qYlug4yJJDVUkOVHUcqRkSi/H42YosTwmSWYKGazIjLBChNjW6rYErzVk9dJ96ruNeqNh+tas1XUUYYzOIdL8OAGmnAPbegAAQnP8ApvjnFenHfnYzlacoqdU/gD5/MHdWWRYw==</latexit>

B

<latexit sha1_base64="6ED5xsJ7kj+ZKHkQlBZ+vrm2JtU=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BLx4jmAckS5id9CZDZmeWmVkhhHyEFw+KePV7vPk3TpI9aLSgoajqprsrSgU31ve/vMLa+sbmVnG7tLO7t39QPjxqGZVphk2mhNKdiBoUXGLTciuwk2qkSSSwHY1v5377EbXhSj7YSYphQoeSx5xR66R2T8RCKd0vV/yqvwD5S4KcVCBHo1/+7A0UyxKUlglqTDfwUxtOqbacCZyVepnBlLIxHWLXUUkTNOF0ce6MnDllQGKlXUlLFurPiSlNjJkkketMqB2ZVW8u/ud1Mxtfh1Mu08yiZMtFcSaIVWT+OxlwjcyKiSOUae5uJWxENWXWJVRyIQSrL/8lrYtqUKvW7i8r9Zs8jiKcwCmcQwBXUIc7aEATGIzhCV7g1Uu9Z+/Ne1+2Frx85hh+wfv4BoTBj7U=</latexit>

b
<latexit sha1_base64="tfD9RhjCyObXwJvNJ6Bg1y7Jjn0=">AAAB7XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJdFNy4r2Ae0Q8mkmTY2jyHJCGXoP7hxoYhb/8edf2PazkJbDwQO59x7c++JEs6M9f1vr7C2vrG5Vdwu7ezu7R+UD49aRqWa0CZRXOlOhA3lTNKmZZbTTqIpFhGn7Wh8O/PbT1QbpuSDnSQ0FHgoWcwItk5q9dwUxvvlil/150CrJMhJBXI0+uWv3kCRVFBpCcfGdAM/sWGGtWWE02mplxqaYDLGQ9p1VGJBTZjNt52iM6cMUKy0e9Kiufq7I8PCmImIXKXAdmSWvZn4n9dNbXwdZkwmqaWSLD6KU46sQrPT0YBpSiyfOIKJZm5XREZYY2JdQCUXQrB88ippXVSDWrV2f1mp3+RxFOEETuEcAriCOtxBA5pA4BGe4RXePOW9eO/ex6K04OU9x/AH3ucPnMuPLA==</latexit>

e<latexit sha1_base64="rESGOOr2XxsC03/Y1Mz9g+5J5ZM=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJelblxWsA+YDiWTZtrQTDIkGaEM/Qw3LhRx69e482/MtLPQ1gOBwzn3knNPmHCmjet+O6WNza3tnfJuZW//4PCoenzS1TJVhHaI5FL1Q6wpZ4J2DDOc9hNFcRxy2gund7nfe6JKMykezSyhQYzHgkWMYGMlfxBjMyGYZ635sFpz6+4CaJ14BalBgfaw+jUYSZLGVBjCsda+5yYmyLAyjHA6rwxSTRNMpnhMfUsFjqkOskXkObqwyghFUtknDFqovzcyHGs9i0M7mUfUq14u/uf5qYlug4yJJDVUkOVHUcqRkSi/H42YosTwmSWYKGazIjLBChNjW6rYErzVk9dJ96ruNeqNh+tas1XUUYYzOIdL8OAGmnAPbegAAQnP8ApvjnFenHfnYzlacoqdU/gD5/MHdWWRYw==</latexit>

B<latexit sha1_base64="dfa12l/r87/D93uS51ywGerJGEM=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRC9C0IvHBMwDkiXMTnqTMbOzy8ysEEK+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDfzW0+oNI/lgxkn6Ed0IHnIGTVWqt/0iiW37M5BVomXkRJkqPWKX91+zNIIpWGCat3x3MT4E6oMZwKnhW6qMaFsRAfYsVTSCLU/mR86JWdW6ZMwVrakIXP198SERlqPo8B2RtQM9bI3E//zOqkJr/0Jl0lqULLFojAVxMRk9jXpc4XMiLEllClubyVsSBVlxmZTsCF4yy+vkuZF2auUK/XLUvU2iyMPJ3AK5+DBFVThHmrQAAYIz/AKb86j8+K8Ox+L1pyTzRzDHzifP5BfjMw=</latexit>=

<latexit sha1_base64="HqI6xmPv6MMjiQlvW/EBCS7NomY="></latexit>

#(images)  kcol-span(B)k = 2poly(�LWE) ?



Problem: Rounding Boundaries

<latexit sha1_base64="vtUhjvouiS6k76ttA9H6+OxdfEI=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx4hkUcCGzI79MLI7OxmZtZICF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaLSPJb3ZpygH9GB5CFn1Fip/tQrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdlr1Ku1C9L1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+AOnLjQc=</latexit>x

<latexit sha1_base64="6ED5xsJ7kj+ZKHkQlBZ+vrm2JtU=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BLx4jmAckS5id9CZDZmeWmVkhhHyEFw+KePV7vPk3TpI9aLSgoajqprsrSgU31ve/vMLa+sbmVnG7tLO7t39QPjxqGZVphk2mhNKdiBoUXGLTciuwk2qkSSSwHY1v5377EbXhSj7YSYphQoeSx5xR66R2T8RCKd0vV/yqvwD5S4KcVCBHo1/+7A0UyxKUlglqTDfwUxtOqbacCZyVepnBlLIxHWLXUUkTNOF0ce6MnDllQGKlXUlLFurPiSlNjJkkketMqB2ZVW8u/ud1Mxtfh1Mu08yiZMtFcSaIVWT+OxlwjcyKiSOUae5uJWxENWXWJVRyIQSrL/8lrYtqUKvW7i8r9Zs8jiKcwCmcQwBXUIc7aEATGIzhCV7g1Uu9Z+/Ne1+2Frx85hh+wfv4BoTBj7U=</latexit>

b
<latexit sha1_base64="tfD9RhjCyObXwJvNJ6Bg1y7Jjn0=">AAAB7XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJdFNy4r2Ae0Q8mkmTY2jyHJCGXoP7hxoYhb/8edf2PazkJbDwQO59x7c++JEs6M9f1vr7C2vrG5Vdwu7ezu7R+UD49aRqWa0CZRXOlOhA3lTNKmZZbTTqIpFhGn7Wh8O/PbT1QbpuSDnSQ0FHgoWcwItk5q9dwUxvvlil/150CrJMhJBXI0+uWv3kCRVFBpCcfGdAM/sWGGtWWE02mplxqaYDLGQ9p1VGJBTZjNt52iM6cMUKy0e9Kiufq7I8PCmImIXKXAdmSWvZn4n9dNbXwdZkwmqaWSLD6KU46sQrPT0YBpSiyfOIKJZm5XREZYY2JdQCUXQrB88ippXVSDWrV2f1mp3+RxFOEETuEcAriCOtxBA5pA4BGe4RXePOW9eO/ex6K04OU9x/AH3ucPnMuPLA==</latexit>

e<latexit sha1_base64="7CDz+hFii/hnzm/SPcG6JVj1JjA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXJHoMevGYgHlAsoTZSW8yZnZ2mZkVQsgXePGgiFc/yZt/4yTZgyYWNBRV3XR3BYng2rjut5NbW9/Y3MpvF3Z29/YPiodHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7mZ+6wmV5rF8MOME/YgOJA85o8ZK9YteseSW3TnIKvEyUoIMtV7xq9uPWRqhNExQrTuemxh/QpXhTOC00E01JpSN6AA7lkoaofYn80On5MwqfRLGypY0ZK7+npjQSOtxFNjOiJqhXvZm4n9eJzXhjT/hMkkNSrZYFKaCmJjMviZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv+eVV0rwse5VypX5Vqt5mceThBE7hHDy4hircQw0awADhGV7hzXl0Xpx352PRmnOymWP4A+fzB3UXjLo=</latexit>

+
<latexit sha1_base64="vtUhjvouiS6k76ttA9H6+OxdfEI=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx4hkUcCGzI79MLI7OxmZtZICF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaLSPJb3ZpygH9GB5CFn1Fip/tQrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdlr1Ku1C9L1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+AOnLjQc=</latexit>x

<latexit sha1_base64="rESGOOr2XxsC03/Y1Mz9g+5J5ZM=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJelblxWsA+YDiWTZtrQTDIkGaEM/Qw3LhRx69e482/MtLPQ1gOBwzn3knNPmHCmjet+O6WNza3tnfJuZW//4PCoenzS1TJVhHaI5FL1Q6wpZ4J2DDOc9hNFcRxy2gund7nfe6JKMykezSyhQYzHgkWMYGMlfxBjMyGYZ635sFpz6+4CaJ14BalBgfaw+jUYSZLGVBjCsda+5yYmyLAyjHA6rwxSTRNMpnhMfUsFjqkOskXkObqwyghFUtknDFqovzcyHGs9i0M7mUfUq14u/uf5qYlug4yJJDVUkOVHUcqRkSi/H42YosTwmSWYKGazIjLBChNjW6rYErzVk9dJ96ruNeqNh+tas1XUUYYzOIdL8OAGmnAPbegAAQnP8ApvjnFenHfnYzlacoqdU/gD5/MHdWWRYw==</latexit>

B

<latexit sha1_base64="6ED5xsJ7kj+ZKHkQlBZ+vrm2JtU=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BLx4jmAckS5id9CZDZmeWmVkhhHyEFw+KePV7vPk3TpI9aLSgoajqprsrSgU31ve/vMLa+sbmVnG7tLO7t39QPjxqGZVphk2mhNKdiBoUXGLTciuwk2qkSSSwHY1v5377EbXhSj7YSYphQoeSx5xR66R2T8RCKd0vV/yqvwD5S4KcVCBHo1/+7A0UyxKUlglqTDfwUxtOqbacCZyVepnBlLIxHWLXUUkTNOF0ce6MnDllQGKlXUlLFurPiSlNjJkkketMqB2ZVW8u/ud1Mxtfh1Mu08yiZMtFcSaIVWT+OxlwjcyKiSOUae5uJWxENWXWJVRyIQSrL/8lrYtqUKvW7i8r9Zs8jiKcwCmcQwBXUIc7aEATGIzhCV7g1Uu9Z+/Ne1+2Frx85hh+wfv4BoTBj7U=</latexit>

b
<latexit sha1_base64="tfD9RhjCyObXwJvNJ6Bg1y7Jjn0=">AAAB7XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJdFNy4r2Ae0Q8mkmTY2jyHJCGXoP7hxoYhb/8edf2PazkJbDwQO59x7c++JEs6M9f1vr7C2vrG5Vdwu7ezu7R+UD49aRqWa0CZRXOlOhA3lTNKmZZbTTqIpFhGn7Wh8O/PbT1QbpuSDnSQ0FHgoWcwItk5q9dwUxvvlil/150CrJMhJBXI0+uWv3kCRVFBpCcfGdAM/sWGGtWWE02mplxqaYDLGQ9p1VGJBTZjNt52iM6cMUKy0e9Kiufq7I8PCmImIXKXAdmSWvZn4n9dNbXwdZkwmqaWSLD6KU46sQrPT0YBpSiyfOIKJZm5XREZYY2JdQCUXQrB88ippXVSDWrV2f1mp3+RxFOEETuEcAriCOtxBA5pA4BGe4RXePOW9eO/ex6K04OU9x/AH3ucPnMuPLA==</latexit>

e<latexit sha1_base64="rESGOOr2XxsC03/Y1Mz9g+5J5ZM=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJelblxWsA+YDiWTZtrQTDIkGaEM/Qw3LhRx69e482/MtLPQ1gOBwzn3knNPmHCmjet+O6WNza3tnfJuZW//4PCoenzS1TJVhHaI5FL1Q6wpZ4J2DDOc9hNFcRxy2gund7nfe6JKMykezSyhQYzHgkWMYGMlfxBjMyGYZ635sFpz6+4CaJ14BalBgfaw+jUYSZLGVBjCsda+5yYmyLAyjHA6rwxSTRNMpnhMfUsFjqkOskXkObqwyghFUtknDFqovzcyHGs9i0M7mUfUq14u/uf5qYlug4yJJDVUkOVHUcqRkSi/H42YosTwmSWYKGazIjLBChNjW6rYErzVk9dJ96ruNeqNh+tas1XUUYYzOIdL8OAGmnAPbegAAQnP8ApvjnFenHfnYzlacoqdU/gD5/MHdWWRYw==</latexit>

B<latexit sha1_base64="dfa12l/r87/D93uS51ywGerJGEM=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRC9C0IvHBMwDkiXMTnqTMbOzy8ysEEK+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDfzW0+oNI/lgxkn6Ed0IHnIGTVWqt/0iiW37M5BVomXkRJkqPWKX91+zNIIpWGCat3x3MT4E6oMZwKnhW6qMaFsRAfYsVTSCLU/mR86JWdW6ZMwVrakIXP198SERlqPo8B2RtQM9bI3E//zOqkJr/0Jl0lqULLFojAVxMRk9jXpc4XMiLEllClubyVsSBVlxmZTsCF4yy+vkuZF2auUK/XLUvU2iyMPJ3AK5+DBFVThHmrQAAYIz/AKb86j8+K8Ox+L1pyTzRzDHzifP5BfjMw=</latexit>=

Only true far from rounding boundaries. Near rounding 
boundaries, output may sta/s/cally reveal

<latexit sha1_base64="vtUhjvouiS6k76ttA9H6+OxdfEI=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx4hkUcCGzI79MLI7OxmZtZICF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaLSPJb3ZpygH9GB5CFn1Fip/tQrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdlr1Ku1C9L1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+AOnLjQc=</latexit>x

Still lossy, but not very lossy



Our Solu5on: Stay Away From Rounding Boundaries

<latexit sha1_base64="STUriwQQMrOupUM0NeAbGdkxJfY=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJdVNy4r2Ae0Q8mkmTY0k4xJplCGfocbF4q49WPc+Tdm2llo64HA4Zx7uScniDnTxnW/ncLa+sbmVnG7tLO7t39QPjxqaZkoQptEcqk6AdaUM0GbhhlOO7GiOAo4bQfju8xvT6jSTIpHM42pH+GhYCEj2FjJ70XYjAjm6c2s7/XLFbfqzoFWiZeTCuRo9MtfvYEkSUSFIRxr3fXc2PgpVoYRTmelXqJpjMkYD2nXUoEjqv10HnqGzqwyQKFU9gmD5urvjRRHWk+jwE5mIfWyl4n/ed3EhNd+ykScGCrI4lCYcGQkyhpAA6YoMXxqCSaK2ayIjLDCxNieSrYEb/nLq6R1UfVq1drDZaV+m9dRhBM4hXPw4ArqcA8NaAKBJ3iGV3hzJs6L8+58LEYLTr5zDH/gfP4AoV6SBg==</latexit>

A1

<latexit sha1_base64="/cnyKmxVdU7M8ID6ozQbNE+/OJU=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZq8H6p7FbcOcgq8XJShhz1fumrN4hZGqE0TFCtu56bGD+jynAmcFrspRoTysZ0iF1LJY1Q+9n80Ck5t8qAhLGyJQ2Zq78nMhppPYkC2xlRM9LL3kz8z+umJrzxMy6T1KBki0VhKoiJyexrMuAKmRETSyhT3N5K2IgqyozNpmhD8JZfXiWty4pXrVQbV+XabR5HAU7hDC7Ag2uowT3UoQkMEJ7hFd6cR+fFeXc+Fq1rTj5zAn/gfP4A0w+M+A==</latexit>

i,

for smallest     s.t.               is 
far from rounding boundary 

<latexit sha1_base64="THcJNXzooBDutsJFAlg9oNaSt+4=">AAAB/XicbVC7TsMwFHXKq5RXeGwsFhUSU5UgVBgLLIxFog+piSLHcVurjh3ZDqJEFb/CwgBCrPwHG3+D02aAliNZOjrnXt3jEyaMKu0431ZpaXllda28XtnY3NresXf32kqkEpMWFkzIbogUYZSTlqaakW4iCYpDRjrh6Dr3O/dEKir4nR4nxI/RgNM+xUgbKbAPvBjpIUYsu5wE1MOR0PAhsKtOzZkCLhK3IFVQoBnYX14kcBoTrjFDSvVcJ9F+hqSmmJFJxUsVSRAeoQHpGcpRTJSfTdNP4LFRItgX0jyu4VT9vZGhWKlxHJrJPKua93LxP6+X6v6Fn1GepJpwPDvUTxnUAuZVwIhKgjUbG4KwpCYrxEMkEdamsIopwZ3/8iJpn9bceq1+e1ZtXBV1lMEhOAInwAXnoAFuQBO0AAaP4Bm8gjfryXqx3q2P2WjJKnb2wR9Ynz+V65VT</latexit>

Ai · x
<latexit sha1_base64="/cnyKmxVdU7M8ID6ozQbNE+/OJU=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZq8H6p7FbcOcgq8XJShhz1fumrN4hZGqE0TFCtu56bGD+jynAmcFrspRoTysZ0iF1LJY1Q+9n80Ck5t8qAhLGyJQ2Zq78nMhppPYkC2xlRM9LL3kz8z+umJrzxMy6T1KBki0VhKoiJyexrMuAKmRETSyhT3N5K2IgqyozNpmhD8JZfXiWty4pXrVQbV+XabR5HAU7hDC7Ag2uowT3UoQkMEJ7hFd6cR+fFeXc+Fq1rTj5zAn/gfP4A0w+M+A==</latexit>

i

<latexit sha1_base64="vtUhjvouiS6k76ttA9H6+OxdfEI=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx4hkUcCGzI79MLI7OxmZtZICF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaLSPJb3ZpygH9GB5CFn1Fip/tQrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdlr1Ku1C9L1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+AOnLjQc=</latexit>x

<latexit sha1_base64="vtUhjvouiS6k76ttA9H6+OxdfEI=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx4hkUcCGzI79MLI7OxmZtZICF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaLSPJb3ZpygH9GB5CFn1Fip/tQrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdlr1Ku1C9L1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+AOnLjQc=</latexit>x

<latexit sha1_base64="6ED5xsJ7kj+ZKHkQlBZ+vrm2JtU=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BLx4jmAckS5id9CZDZmeWmVkhhHyEFw+KePV7vPk3TpI9aLSgoajqprsrSgU31ve/vMLa+sbmVnG7tLO7t39QPjxqGZVphk2mhNKdiBoUXGLTciuwk2qkSSSwHY1v5377EbXhSj7YSYphQoeSx5xR66R2T8RCKd0vV/yqvwD5S4KcVCBHo1/+7A0UyxKUlglqTDfwUxtOqbacCZyVepnBlLIxHWLXUUkTNOF0ce6MnDllQGKlXUlLFurPiSlNjJkkketMqB2ZVW8u/ud1Mxtfh1Mu08yiZMtFcSaIVWT+OxlwjcyKiSOUae5uJWxENWXWJVRyIQSrL/8lrYtqUKvW7i8r9Zs8jiKcwCmcQwBXUIc7aEATGIzhCV7g1Uu9Z+/Ne1+2Frx85hh+wfv4BoTBj7U=</latexit>

b
<latexit sha1_base64="tfD9RhjCyObXwJvNJ6Bg1y7Jjn0=">AAAB7XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJdFNy4r2Ae0Q8mkmTY2jyHJCGXoP7hxoYhb/8edf2PazkJbDwQO59x7c++JEs6M9f1vr7C2vrG5Vdwu7ezu7R+UD49aRqWa0CZRXOlOhA3lTNKmZZbTTqIpFhGn7Wh8O/PbT1QbpuSDnSQ0FHgoWcwItk5q9dwUxvvlil/150CrJMhJBXI0+uWv3kCRVFBpCcfGdAM/sWGGtWWE02mplxqaYDLGQ9p1VGJBTZjNt52iM6cMUKy0e9Kiufq7I8PCmImIXKXAdmSWvZn4n9dNbXwdZkwmqaWSLD6KU46sQrPT0YBpSiyfOIKJZm5XREZYY2JdQCUXQrB88ippXVSDWrV2f1mp3+RxFOEETuEcAriCOtxBA5pA4BGe4RXePOW9eO/ex6K04OU9x/AH3ucPnMuPLA==</latexit>

e<latexit sha1_base64="+qqeNhg7gs2baKY/L31S1IZaCLI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqhP1S2a24c5BV4uWkDDnq/dJXbxCzNEJpmKBadz03MX5GleFM4LTYSzUmlI3pELuWShqh9rP5oVNybpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxWvWqk2rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBzoOM9Q==</latexit>

f
<latexit sha1_base64="gWIx+z6sBNPNkKHMm++QGqHn3bw=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJdVNy4r2Ae0Q8mkmTY0k4xJplCGfocbF4q49WPc+Tdm2llo64HA4Zx7uScniDnTxnW/ncLa+sbmVnG7tLO7t39QPjxqaZkoQptEcqk6AdaUM0GbhhlOO7GiOAo4bQfju8xvT6jSTIpHM42pH+GhYCEj2FjJ70XYjAjm6c2sz/rlilt150CrxMtJBXI0+uWv3kCSJKLCEI617npubPwUK8MIp7NSL9E0xmSMh7RrqcAR1X46Dz1DZ1YZoFAq+4RBc/X3RoojradRYCezkHrZy8T/vG5iwms/ZSJODBVkcShMODISZQ2gAVOUGD61BBPFbFZERlhhYmxPJVuCt/zlVdK6qHq1au3hslK/zesowgmcwjl4cAV1uIcGNIHAEzzDK7w5E+fFeXc+FqMFJ985hj9wPn8A9j6SPg==</latexit>

Ai

Whp,         there will exist some
Only blow up image size by polynomial factor  

<latexit sha1_base64="m3dEvZYFovmrrEXmc4nB0KOUjbk=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBA8hV2R6DHoxWME85BkCbOT2WTIPJaZWTEs+QovHhTx6ud482+cJHvQxIKGoqqb7q4o4cxY3//2VlbX1jc2C1vF7Z3dvf3SwWHTqFQT2iCKK92OsKGcSdqwzHLaTjTFIuK0FY1upn7rkWrDlLy344SGAg8kixnB1kkP3VhpzDl66pXKfsWfAS2TICdlyFHvlb66fUVSQaUlHBvTCfzEhhnWlhFOJ8VuamiCyQgPaMdRiQU1YTY7eIJOndJHbrcradFM/T2RYWHMWESuU2A7NIveVPzP66Q2vgozJpPUUknmi+KUI6vQ9HvUZ5oSy8eOYKKZuxWRIdaYWJdR0YUQLL68TJrnlaBaqd5dlGvXeRwFOIYTOIMALqEGt1CHBhAQ8Ayv8OZp78V79z7mrStePnMEf+B9/gClq5BT</latexit>

8x <latexit sha1_base64="/cnyKmxVdU7M8ID6ozQbNE+/OJU=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZq8H6p7FbcOcgq8XJShhz1fumrN4hZGqE0TFCtu56bGD+jynAmcFrspRoTysZ0iF1LJY1Q+9n80Ck5t8qAhLGyJQ2Zq78nMhppPYkC2xlRM9LL3kz8z+umJrzxMy6T1KBki0VhKoiJyexrMuAKmRETSyhT3N5K2IgqyozNpmhD8JZfXiWty4pXrVQbV+XabR5HAU7hDC7Ag2uowT3UoQkMEJ7hFd6cR+fFeXc+Fq1rTj5zAn/gfP4A0w+M+A==</latexit>

i
<latexit sha1_base64="yqW78K+FEM6UThe9q6eYcIvrlu4=">AAACIHicbVDLSgNBEJyN7/ha9ehlMAjxEnZFEo+iCB48KBgTyMYwO+k1g7MPZ3rFsOynePFXvHhQRG/6NU4eBzUWDBRV3T3d5SdSaHScT6swNT0zOze/UFxcWl5ZtdfWL3WcKg51HstYNX2mQYoI6ihQQjNRwEJfQsO/ORr4jTtQWsTRBfYTaIfsOhKB4AyN1LFrXqnsIdxjJowDOt/xJNzS3avM00GWxLKflz1p5nVZZ1R32jjOd/KOXXIqzhB0krhjUiJjnHXsD68b8zSECLlkWrdcJ8F2xhQKLiEveqmGhPEbs0TL0IiFoNvZ8MCcbhulS4NYmRchHao/OzIWat0PfVMZMuzpv95A/M9rpRjstzMRJSlCxEcfBamkGNNBWrQrFHCUfUMYV8LsSnmPKcbRZFo0Ibh/T54kl7sVt1qpnu+VDg7HccyTTbJFysQlNXJATsgZqRNOHsgTeSGv1qP1bL1Z76PSgjXu2SC/YH19A5Bbo+A=</latexit>

#(images)  2poly(�LWE)



Thanks!


