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CNF (Conjunctive Normal Form) Formula 

Width : each clause contains exactly  distinct literals (denoted by -CNF)
<latexit sha1_base64="lQSy83kIacRwa878TgUCB7Mpl1E=">AAABoXicdU/LTsJAFL3FF+KrPnZsGnHhwjTtgEV2JC7ERBM0vJLSkOl4gQltp2kHRRsWfo07o5/j0j+Rgi5YeFYn555z77lu6PFYGsaXkllZXVvfyG7mtrZ3dvfU/YNWLMYRwyYTnog6Lo3R4wE2JZcedsIIqe962HZHl+m8/YhRzEXQkM8hOj4dBLzPGZUzqafmuxIncr7HrjVub5ykUiJmpThNRtOeWjD0yoVFzolm6IZRJkUrJaRcIkXNnCkpCtWTl++r96Ok3lNF90GwsY+BZB6NY9skoXQSGknOPJzmuuMYQ8pGdIBJgE/hJL19ps2pT+VwyWE3TCfpi0BiwJajPmeRSJ9JG/7V0P4nLaKblm7dzarWYIEs5OEYTsGEMlShBnVoAoNXeIMP+FQKyrVSV+4X1ozymzmEJSj2DzBTdCA=</latexit>

𝐿
<latexit sha1_base64="lQSy83kIacRwa878TgUCB7Mpl1E=">AAABoXicdU/LTsJAFL3FF+KrPnZsGnHhwjTtgEV2JC7ERBM0vJLSkOl4gQltp2kHRRsWfo07o5/j0j+Rgi5YeFYn555z77lu6PFYGsaXkllZXVvfyG7mtrZ3dvfU/YNWLMYRwyYTnog6Lo3R4wE2JZcedsIIqe962HZHl+m8/YhRzEXQkM8hOj4dBLzPGZUzqafmuxIncr7HrjVub5ykUiJmpThNRtOeWjD0yoVFzolm6IZRJkUrJaRcIkXNnCkpCtWTl++r96Ok3lNF90GwsY+BZB6NY9skoXQSGknOPJzmuuMYQ8pGdIBJgE/hJL19ps2pT+VwyWE3TCfpi0BiwJajPmeRSJ9JG/7V0P4nLaKblm7dzarWYIEs5OEYTsGEMlShBnVoAoNXeIMP+FQKyrVSV+4X1ozymzmEJSj2DzBTdCA=</latexit>

𝐿
<latexit sha1_base64="lQSy83kIacRwa878TgUCB7Mpl1E=">AAABoXicdU/LTsJAFL3FF+KrPnZsGnHhwjTtgEV2JC7ERBM0vJLSkOl4gQltp2kHRRsWfo07o5/j0j+Rgi5YeFYn555z77lu6PFYGsaXkllZXVvfyG7mtrZ3dvfU/YNWLMYRwyYTnog6Lo3R4wE2JZcedsIIqe962HZHl+m8/YhRzEXQkM8hOj4dBLzPGZUzqafmuxIncr7HrjVub5ykUiJmpThNRtOeWjD0yoVFzolm6IZRJkUrJaRcIkXNnCkpCtWTl++r96Ok3lNF90GwsY+BZB6NY9skoXQSGknOPJzmuuMYQ8pGdIBJgE/hJL19ps2pT+VwyWE3TCfpi0BiwJajPmeRSJ9JG/7V0P4nLaKblm7dzarWYIEs5OEYTsGEMlShBnVoAoNXeIMP+FQKyrVSV+4X1ozymzmEJSj2DzBTdCA=</latexit>

𝐿

CNF formula
<latexit sha1_base64="fJwUxDzPFcGVILWdVlUmBbAN3CQ=">AAACAHicjVDLSgNBEJyJGmN8rY+bl8F48BDC7qqJCoIgaI4R8oJsXCaTThycnVl2JhpdcvFrPCle/RNv+idmfYA5CNahqa6upovuhIJrY9uvODU1PZOezcxl5xcWl5atldW6VoOIQY0poaJmh2oQXELNcCOgGUZAg46ARufqJJk3riHSXMmquQ2hHdC+5D3OqBlLvnXnVS45OSLMd4gnqOyOa1cZ/d0wPzgkXuwZGBqpooCKuBoNYJT/rZxSoWHkjS4k8Yz6t923cnbhYL/o7rnELth2yd0pJsQt7bo7xBkrCXLHW3fvZ4/rccW3lNdVbBCANExQrVuOG5p2TCPDmYBR1htoCCm7on2IJdyEw+RonnzSgJrLCUer6rTjnpIGJJtcDTiLVPKrJOFPDPI3qbsFp1gono+jltEXMmgDbaJt5KASOkZlVEE1xNAbTuNlbOF7/ICf8POXNYW/d9bQBPDLB7VwmiQ=</latexit>

ω = 𝐿1 → . . . → 𝐿𝑀 : {True, False}𝑁 ↑ {True, False}

Variable set: 
<latexit sha1_base64="zCrARsjdyfTZkiATr3BvRyv9Jk4=">AAABnnicZY87TwJBFIXv4AvxwfooTGw2YmFByC4FViYkJkpjxIRXwpLN7HDBCbMzm50B0Q3+Glv5P5b+E3k1yKm+3HtOck4QCa6N4/yQ1Nb2zu5eej9zcHh0nLVOThtaDWOGdaaEilsB1Si4xLrhRmAripGGgcBmMLif/5sjjDVXsmbeI+yEtC95jzNqZiffumjYd7aXjHw3b3uiq4zO2yNfehPfyjkFZyF7E9wV5MrXH7+P0/Ok6lvK6yo2DFEaJqjWbbcYmU5CY8OZwEnGG2qMKBvQPiYS36KxwbHJ2wsMqXldc7RrbifpKWlQsvVoyFms5kvmDd3/fTahUSy4pULpZVa1Akul4RKu4AZcuIUyVKAKdWDwCV/wDVNikwfyRJ6X1hRZZc5gTaT1Byw7ceA=</latexit>

𝐿 = {𝑀1, . . . , 𝑀𝑁}

Clause set: 
<latexit sha1_base64="gc6yjZn1thIhRFpDu5hAkjk/aiA=">AAABqHicZY+7TgJBFIbP4g3xtl46mw1YGEPIDgVWJiQUUmLCzbBkMzsccMLszGZnUHRD79PQ6qtY+iayQIP81Zdz/pN8J4gE18Z1f6zMzu7e/kH2MHd0fHJ6Zp9ftLWaxAxbTAkVdwOqUXCJLcONwG4UIw0DgZ1gXEv3nVeMNVeyad4j7Id0JPmQM2oWI9/OeyE1L4yKpDZzHhwvYT4pOp4YKKOLDvNDb+bbBbfkLuNsA1lDoXrz8fs4v0oavq28gWKTEKVhgmrdI+XI9BMaG84EznLeRGNE2ZiOMJH4Fk0NTk3RWWJqs9HoNUk/GSppULLN05CzWKU/pYbkv882tMslUilVnhaqdVglC9eQh1sgcA9VqEMDWsDgE+bwBd/WndWwOtbzqpqx1jeXsBEr+AOGTHY4</latexit>→ = {𝐿1, . . . , 𝐿𝑀}

<latexit sha1_base64="jXPAAjNh38X0Oel6OQkiphFviuw=">AAABkXicdY7LTsJAGIX/4g3xhuLOTSMuXJCmHbTIjuhCEjeYcEtoQ6bjD0xoZ2o7INrwHG71BXwfl76JVHTBwrM6OZfk80Kfx8o0P7XM2vrG5lZ2O7ezu7d/kD88asdyEjFsMenLqOvRGH0usKW48rEbRkgDz8eON75J+84Uo5hL0VTPIboBHQo+4IyqReQ6ybSkOwKH+tSZ9/NF06he2eSS6KZhmhVStlNDKhekrFuLJFWxdvbydftxnDT6eek8SDYJUCjm0zjuWSRUbkIjxZmP85wziTGkbEyHmAh8CmcKZ6qk/9iAqtHKote03GQghULBVq8BZ5FM4VPCPwz9f9MmhmUb9v0CtQ5LZeEETuEcLKhADerQgBYweIRXeIN3raBVtZp2vZxmtN9PAVak3X0Dh/1uPQ==</latexit>{𝐿 ,¬𝐿}Literal of    : <latexit sha1_base64="oIWCLnjXjUNEDXneevC7sWbyviE=">AAABhXicdY67TgJBGIX/8QbiDbU0MRtpLHSzO+CiFSQ2lJBwS4CQ2fEHJ8zubHYGxBBKK1t9F57C3mfwJWRFCwpP9eVckuNHUmjjOJ9kY3NreyeV3s3s7R8cHmWPT5pajWOODa6kits+0yhFiA0jjMR2FCMLfIktf3Sf5K0JxlqosG6eI+wFbBiKgeDMLK3apJ/NOfbdrUdvqOXYjlOkeS8BWizQvOUunUS50sei9vVyvqj2s6r7oPg4wNBwybTuuDQyvRmLjeAS55nuWGPE+IgNcRbiUzQ1ODVX1g8GzDyuNTp1tzcbqNBgyNengeCxSg7Plw//blj/Q5Parmd7NSdXrsBKaTiDC7gEF4pQhgpUoQEcEF7hDd5JilyTAvFW1Q3yuzmFNZHSNxMVarY=</latexit>𝐿

<latexit sha1_base64="wxIEcm4ANkQ1jPHBJHiBXygev9w=">AAAB73icZZBLT8JAFIVv8YX4qo+dm0ZcQGJIC4grExIXssSEV0JJMx0uMKGd1naoaMPvcGfcuvGvuHbpj3CrlseCyll9d865Nydjuhbzhap+Som19Y3NreR2amd3b/9APjxq+M7Io1injuV4LZP4aDGOdcGEhS3XQ2KbFjbN4c3Ubwbo+czhNfHoYscmfc56jBIRPRky06sDplwrmcDQFD1KKzrHvhIY+fkUGIVsRIR3lyJLbnHJLcQOFGPTZdaQ02pOnUlZBW0B6fL509ft+0lYNWRH7zp0ZCMX1CK+39byruiExBOMWjhJ6SMfXUKHpI8hxwd3LHAsLpQZ2kQMYol2TeuEPYcL5DS+ajPqOdOvmUQNtf99VqGRz2mlXOkuqlqBuZJwCmeQAQ2uoAwVqEIdKHzAN/zAr3QvPUsv0us8mpAWO8cQk/T2B+xCjmU=</latexit>

ω = (𝐿1 → ¬𝐿2 → 𝐿3) ↑ (𝐿1 → 𝐿2 → 𝐿4) ↑ (𝐿3 → ¬𝐿4 → ¬𝐿5)

clause

literal

3-CNF

Clause: disjunction of literals



Learning CNF Formulas from Uniform Random Solutions

<latexit sha1_base64="x+iau9h3JhMRmGYUcvrWahKo6aQ=">AAABjnicdY7LSsNAGIX/1Ftbb1FX4iZYEAUJSaqJLsSKmy4r9IZNKZPxbzt0MhOSiVZC38KtvoRP49vYWF104VkdzgW+IOIsUZb1pRVWVtfWN4ql8ubW9s6uvrffTmQaU2xRyWXcDUiCnAlsKaY4dqMYSRhw7AST+7zvPGOcMCma6jXCfkhGgg0ZJWoePfphOsj8xpjNBnrFMq+vXOfSMSzTsjyn6ubG8S6cqmHPk1yVmlE6PLn7PGsMdOk/SZqGKBTlJEl6thOpfkZixSjHWdlPE4wInZARZgJfoqnCqTo3fmxI1Hhp0Wva/WwohUJBl68ho7HMyXPCPwzjf9N2TNs13Yc5ah0WKsIRHMMp2OBBDerQgBZQEPAG7/Ch6Zqr3Wi3i2lB+/0cwJK0+jcD6GwV</latexit>𝜑ω uniform distribution over all solutions of 
<latexit sha1_base64="OINt/YcvunrSWdcIy2jVvlFvZPs=">AAABiHicdY67TgJBGIX/8Yp4Qy1NzEYaC7OZXXRXKok2lJBwS4CQ2fEHJuzObHYGxRBKW1t9FJ7C3mfwJWRFCwpP9eVckhPEodCG0k+ytr6xubWd2cnu7u0fHOaOjhtajROOda5ClbQCpjEUEutGmBBbcYIsCkJsBqP7NG8+YqKFkjXzHGM3YgMp+oIzk1qdylD0cnlqF28899q1qE2p7xa8FFz/yi1YzsJJlb/9mFe/Xs7mlV5OdR4UH0coDQ+Z1m3HjU13yhIjeIizbGesMWZ8xAY4lfgUTwxOzKX1gxEzw5VGu+Z0p30lDUq+Oo0ET1T6ebZ4+HfD+h8aru14tlel+VIZlsrAKZzDBTjgQwnKUIE6cBjCK7zBO8kSSnxSXFbXyO/mBFZE7r4Bq7Br2w==</latexit>

ω

Solution of a CNF formula : assignment                           that satisfies the CNF 
<latexit sha1_base64="OINt/YcvunrSWdcIy2jVvlFvZPs=">AAABiHicdY67TgJBGIX/8Yp4Qy1NzEYaC7OZXXRXKok2lJBwS4CQ2fEHJuzObHYGxRBKW1t9FJ7C3mfwJWRFCwpP9eVckhPEodCG0k+ytr6xubWd2cnu7u0fHOaOjhtajROOda5ClbQCpjEUEutGmBBbcYIsCkJsBqP7NG8+YqKFkjXzHGM3YgMp+oIzk1qdylD0cnlqF28899q1qE2p7xa8FFz/yi1YzsJJlb/9mFe/Xs7mlV5OdR4UH0coDQ+Z1m3HjU13yhIjeIizbGesMWZ8xAY4lfgUTwxOzKX1gxEzw5VGu+Z0p30lDUq+Oo0ET1T6ebZ4+HfD+h8aru14tlel+VIZlsrAKZzDBTjgQwnKUIE6cBjCK7zBO8kSSnxSXFbXyO/mBFZE7r4Bq7Br2w==</latexit>

ω
<latexit sha1_base64="OINt/YcvunrSWdcIy2jVvlFvZPs=">AAABiHicdY67TgJBGIX/8Yp4Qy1NzEYaC7OZXXRXKok2lJBwS4CQ2fEHJuzObHYGxRBKW1t9FJ7C3mfwJWRFCwpP9eVckhPEodCG0k+ytr6xubWd2cnu7u0fHOaOjhtajROOda5ClbQCpjEUEutGmBBbcYIsCkJsBqP7NG8+YqKFkjXzHGM3YgMp+oIzk1qdylD0cnlqF28899q1qE2p7xa8FFz/yi1YzsJJlb/9mFe/Xs7mlV5OdR4UH0coDQ+Z1m3HjU13yhIjeIizbGesMWZ8xAY4lfgUTwxOzKX1gxEzw5VGu+Z0p30lDUq+Oo0ET1T6ebZ4+HfD+h8aru14tlel+VIZlsrAKZzDBTjgQwnKUIE6cBjCK7zBO8kSSnxSXFbXyO/mBFZE7r4Bq7Br2w==</latexit>

ω
<latexit sha1_base64="egQF1ZgvMaDR9jnyCXo/p1jAeWQ=">AAABsHicdU/JTsMwFHTKVspWlhuXiHJAqKoSF1K4VUKCHovUTWpK5ZhHMXXsyHGgEOUf+BKOXOE3OPInJBQkemBOo3kzejNewFmoLevDyM3NLywu5ZcLK6tr6xvFza1OKCNFoU0ll6rnkRA4E9DWTHPoBQqI73HoeuOz7N69BxUyKVr6MYCBT0aC3TBKdCoNi4du7GqYaCGVT3jcUhEk5b/KOeEhJG5ylZpLVuX0xMHH2LQqllXDVScjuHaEq6adKhlK9f2nz4uXnbg5LEr3WtLIB6EpJ2HYt3GgBzFRmlEOScGNQggIHZMRxAIegkn2tmx+U5/o2xlHv2UP4hspNAg6G/UZVTLblqQNf2uY/5MOrthOxblMqzbQFHm0i/bQAbJRDdVRAzVRG1H0jF7RG3o3sNEzhgaZWnPGT2YbzcC4+wLts3xp</latexit>{True, False}𝐿

Sample oracle of    <latexit sha1_base64="OINt/YcvunrSWdcIy2jVvlFvZPs=">AAABiHicdY67TgJBGIX/8Yp4Qy1NzEYaC7OZXXRXKok2lJBwS4CQ2fEHJuzObHYGxRBKW1t9FJ7C3mfwJWRFCwpP9eVckhPEodCG0k+ytr6xubWd2cnu7u0fHOaOjhtajROOda5ClbQCpjEUEutGmBBbcYIsCkJsBqP7NG8+YqKFkjXzHGM3YgMp+oIzk1qdylD0cnlqF28899q1qE2p7xa8FFz/yi1YzsJJlb/9mFe/Xs7mlV5OdR4UH0coDQ+Z1m3HjU13yhIjeIizbGesMWZ8xAY4lfgUTwxOzKX1gxEzw5VGu+Z0p30lDUq+Oo0ET1T6ebZ4+HfD+h8aru14tlel+VIZlsrAKZzDBTjgQwnKUIE6cBjCK7zBO8kSSnxSXFbXyO/mBFZE7r4Bq7Br2w==</latexit>

ω
<latexit sha1_base64="ZiPMv1IW8PI1F/s7NhvWi82uJDQ=">AAABl3icdY/NTsJAFIVv8Q/wh6Ir4qaRxGhimrZo0ZUYE8MSEv4SSprpeIEJbafpTAXT8Chu9QF8Gt9Gqrhg4bc6Ofec5Fwv8pmQhvGl5La2d3b38oXi/sHhUUktH/cET2KKXcp9Hg88ItBnIXYlkz4OohhJ4PnY92aP2b3/grFgPOzI1whHAZmEbMwokSvLVcsDzREs0JwgcVOnNWVLV60a+t2tbd1YmqEbRt2q2Zmw6tdWTTNXTka1oRUq5w+fly1X5c4zp0mAoaQ+EWJoWpEcpSSWjPq4LDqJwIjQGZlgGuI8WkhcyCvtRwZETjcSw445Ssc8lBjSzWrAaMyzF7KFfzO0/0XP0k1bt9urqU34JQ+ncAYXYEIdGtCEFnSBwhze4B0+lIpyrzwp62xOWXdOYAOl/Q0UQG7J</latexit>

𝐿 → 𝜑ω

Question: How many samples are sufficient? (Sample Complexity)

Approx. Learning:        Exact Learning: 
<latexit sha1_base64="4RNRxyhgImLvqb/kQuoYPOMApC0=">AAABlXicdY/NTsJAFIVvURHxh4omLtw0snFhmmnRoguFRGPYiQl/CRAyHQecMJ1pOlPEEJ7Erb6K72Dio7iQii5Y+K1Ozj0nOdcPOVMaoQ8jtbK6ll7PbGQ3t7Z3cuZuvqlkHBHaIJLLqO1jRTkTtKGZ5rQdRhQHPqctf3Sd3FtjGikmRV0/h7QX4KFgA0awnlt9M9cd44iGinEprCsL9c0Csi/OPffMtZCNUMkteolwS6du0XLmTkKh/PX5Xt7Pp2t9U3YfJIkDKjThWKmO44a6N8WRZoTTWbYbKxpiMsJDOhX0KZxoOtEn1o8MsH5cSnTqTm86kEJTQZarASORTB6YzRf+zbD+F03Xdjzbu0eFShUWZOAQjuAYHChBBapQgwYQiOEFXuHNODAujRvjdhFNGb+dPVjCuPsGG6tvNg==</latexit>

𝜑 > 0 <latexit sha1_base64="j52WINmAJq0B2PrTZttGT2UG+VM=">AAABlXicdY/LTsJAGIX/4g3xQtWFCxPTyMaFaaZFiy6IJBrDTki4JUDIdBxwwnSm6UwRQ1j6FG71HXgK9z6DLyEVXbDwW52c/5zk/H7ImdIIfRqpldW19Y30ZmZre2c3a+7tN5SMI0LrRHIZtXysKGeC1jXTnLbCiOLA57TpD2+Se3NEI8WkqOnnkHYDPBCszwjWc6tnZjsjHNFQMS6FVbRQz8wh++rScy9cC9kIFdy8lwi3cO7mLWfuJOSuP2bVr5fjWaVnys6DJHFAhSYcK9V23FB3JzjSjHA6zXRiRUNMhnhAJ4I+hWNNx/rM+pEB1o9LiXbN6U76UmgqyHI1YCSSyQPT+cK/Gdb/ouHajmd7VZQrlWFBGo7gBE7BgQKUoAwVqAOBGF7hDd6NQ6No3Bp3i2jK+O0cwBLG/Tce1XBJ</latexit>

𝜑 = 0

Input: sample oracle of a -CNF ,        , an error bound  and 
<latexit sha1_base64="Hr5X0HDYb/vN0pXpThe6OvDSoEk=">AAABjHicZY9NT8JAEIZn8QtRserRC7EXD6RpiYGDMSExMRwhoUACDdmuA2663W26W8QQfoFX/XH+GwF7qbynJzPvJM+EieDauO4PKR0cHh2flE8rZ+cX1Uvr6nqgVZYy9JkSKh2FVKPgEn3DjcBRkiKNQ4HDMHre7ocLTDVXsm8+EgxiOpd8xhk1m1Evmlq267i71PbBy8GGPN2ptZi8KpbFKA0TVOux10hMsKKp4UzgujLJNCaURXSOK4nvydLg0tRrO4ypeSs0xn0vWM2UNChZ8XS5e60ec5aqrfd6I+r919qHQcPxmk6z59rtTq5chlu4g3vwoAVt6EAXfGCA8Alf8E2q5IE8kqe/aonkNzdQCHn5BWAvaPg=</latexit>

!
<latexit sha1_base64="OINt/YcvunrSWdcIy2jVvlFvZPs=">AAABiHicdY67TgJBGIX/8Yp4Qy1NzEYaC7OZXXRXKok2lJBwS4CQ2fEHJuzObHYGxRBKW1t9FJ7C3mfwJWRFCwpP9eVckhPEodCG0k+ytr6xubWd2cnu7u0fHOaOjhtajROOda5ClbQCpjEUEutGmBBbcYIsCkJsBqP7NG8+YqKFkjXzHGM3YgMp+oIzk1qdylD0cnlqF28899q1qE2p7xa8FFz/yi1YzsJJlb/9mFe/Xs7mlV5OdR4UH0coDQ+Z1m3HjU13yhIjeIizbGesMWZ8xAY4lfgUTwxOzKX1gxEzw5VGu+Z0p30lDUq+Oo0ET1T6ebZ4+HfD+h8aru14tlel+VIZlsrAKZzDBTjgQwnKUIE6cBjCK7zBO8kSSnxSXFbXyO/mBFZE7r4Bq7Br2w==</latexit>

ω
<latexit sha1_base64="Mi1OlPhkSnK8FK/+wlzTBPmPaSU=">AAABmHicdY/NTsJAFIVv8Q/xr2LiQjdVNi5M0xYtmrggcSHu0PCXUEKm4wUntDO1MyCG8Cpu9Q18EmNc+C62ogsWfquTc89JzvWjgEllWZ9aZmFxaXklu5pbW9/Y3NK38w0phjHFOhWBiFs+kRgwjnXFVICtKEYS+gE2/cFlem+OMJZM8Jp6irATkj5nPUaJSqyunvdGJMZIskBww+vjg2F19YJlnp+5zqljWKZllZyimwqndOIUDTtxUgrl3beD94uvj2pXF96doMMQuaIBkbJtO5HqTEisGA1wmvOGEiNCB6SPE46P0VjhWB0bPzIk6n4u0a7ZnUlPcIWczldDRmOR/jBNFv7NMP4XDce0XdO9SaZWYEYW9uEQjsCGEpShAlWoA4UxPMMLvGp7Wlm70q5n0Yz229mBObTbb8DRcVo=</latexit>

𝜑 → 0 <latexit sha1_base64="190rV9Z4dEMJjvLq1ynDIvD5Wfc=">AAABjnicdY7LTsJAGIX/oiLiraI7N41sXJhmWrToQiFxwxITbhEImQ4/OGE607SDYhrewq0+ju9g4qO4kIouWHhWX84lOX4oeKwJ+TAya+sb2c3cVn57Z3dv3zwotGI1jRg2mRIq6vg0RsElNjXXAjthhDTwBbb9yW2atx8xirmSDf0cYj+gY8lHnFG9sO57QxSaWjcWGZhFYl9deu6FaxGbkLJb8lJwy+duyXIWTqpi5evzvXJUyNYHpuoNFZsGKDUTNI67jhvqfkIjzZnAeb43jTGkbELHmEh8CmcaZ/rM+sGA6oeVRrfh9JORkholW50GnEUqfT5fPPy7Yf0PLdd2PNu7I8VqDZbKwTGcwCk4UIYq1KAOTWAg4QVe4c0wDc+4NirLasb43RzCiozaN1yebJo=</latexit>

𝜑 > 0
<latexit sha1_base64="lxd6gXUft49Z+jTIzlapl5vxmK0=">AAAB1XicdVBNT8JAFNwiKuIX6tFLIxeMpGmLFr2ReOEmJHyYUEK2ywM2bLu1u0VM05vx6tFf4k8xxnjV/2ErmsjBOc2bN/MyeY7PqJC6/qZkVrKra+u5jfzm1vbObmFvvyN4GBBoE854cO1gAYx60JZUMrj2A8Cuw6DrTC/TfXcGgaDca8k7H/ouHnt0RAmWiTQoXNkS5tLjgYtZNIwH0d+51Ynjku2GidqY0LisLvgEy4UQH6s2gxvVnuEAfEFZerGoaxfnlnlmqrqm61WzYqXErJ6aFdVIlBTF2slTM/vSfG0MCtwechK64EnCsBA9w/RlP8KBpIRBnLdDAT4mUzyGyINbf572K6vf1MVysuTotYx+NOKeBI8sR11KAp4+IE4a/tZQ/ycdUzMszWomVetogRw6REeohAxURTVURw3URgQ9o3f0gT6VrhIr98rDwppRfjIHaAnK4xeoYIvt</latexit>

dTV(𝜑ω, 𝜑ω̂) → 𝜒Output: a CNF formula  such that
<latexit sha1_base64="+rZ+Bv0ZUSVqZDJ8dJ0aKA6CUMc=">AAABjnicdY7LTsJAGIX/4g3xVnVpYhrZuDBNW7TowkDipktIuEVKyHT8gQntTNMZFNOw9A3c6nPwFO59Bl9CKrpg4Vl9OZfkBHHIpLKsTy23tr6xuZXfLuzs7u0f6IdHLSkmCcUmFaFIOgGRGDKOTcVUiJ04QRIFIbaD8V2Wtx8xkUzwhnqOsReRIWcDRolaWPf+iKjUr43YrK8XLfPm2nWuHMMyLavslNwMnPKlUzLshZOpWPmY179eTue1vi78B0EnEXJFQyJl13Zi1UtJohgNcVbwJxJjQsdkiCnHp3iqcKoujB+MiBqtNLoNu5cOBFfI6eo0YjQR2fPs4d8N439oOabtmm7dKlY9WCoPJ3AG52BDGargQQ2aQIHDK7zBu6ZrrnarVZbVnPa7OYYVad43fKRuqA==</latexit>

ω̂ w.p. 
<latexit sha1_base64="JaYkNzuPTFh4vQ5oKh2NPToKBE8=">AAABlXicdY/NSsNAFIVv6l+tP40KunAT7caFhiTVVEGhoEh3VugfNKVMprd16CQTk4lWSp/ErT6DTyLiwncxsbrowm91OPccONcNOIukYXwqmbn5hcWl7HJuZXVtPa9ubDYiEYcU61RwEbZcEiFnPtYlkxxbQYjEczk23eFlem8+YBgx4dfkU4Adjwx81meUyMTqqnlngPeaqR1pTg+5JF21YOhnp7Z1YmmGbhglq2inwiodW0XNTJyUQnn7be/9/Ouj2lWF0xM09tCXlJMoaptWIDtjEkpGOU5yThxhQOiQDHDs42MwkjiSh9qP9Ii8m0m0a2Zn3Be+RJ/OVj1GQ5E+MEkW/s3Q/hcNSzdt3b5NplZgShZ2YR8OwIQSlKECVagDhRie4QVelR3lQrlSrqfRjPLb2YIZlJtvCmFvUQ==</latexit>→ 1 ↑ 𝜑

<latexit sha1_base64="vHC0igexzaRSQtH7sr1dXMSVLA0=">AAABjXicZY/NTgIxFIVv8Q/xB9SlJhJZ6IKQGRJwo4bEhSwxMkAChHTqZWzotM20Y9QJj+BWn8YH8W0cfjbIWZ2ce07yXV8Lbqzj/JLMxubW9k52N7e3f3CYLxwdd4yKI4YeU0JFPZ8aFFyiZ7kV2NMR0tAX2PUn97N79xUjw5Vs23eNw5AGko85ozaNnmR5MiqUnIozV3HduEtTapyfqZ/L20FrVIgHz4rFIUrLBDWm71a1HSY0spwJnOYGsUFN2YQGmITUvmj6ocpFG+g0EIKuFPptd5iMlbQo2erybf5bOeQsUjPwacrp/qdaN51qxa1X6o8pcBMWysIpXMAVuHANDWhCCzxgEMAnfME3yZMauSF3i2qGLDcnsCLy8Afnj2tJ</latexit>

n, k



Valiant’s Algorithm

Let  contain all possible clauses;
<latexit sha1_base64="Ai0IB4qNwGhPOqa2rEem8u8GyRg=">AAABlXicZY+9TgJBFIXv4B/iH2phYWKINBaE7FJgZSTRGDqXhL/IEjI7XmDC7MxmZxYxG0rfwFafg6ew9xl8CV2gQU715d5zknO8QHBtLOubpDY2t7Z30ruZvf2Dw6Ps8UlTqyhk2GBKqLDtUY2CS2wYbgS2gxCp7wlseaO75N8aY6i5knXzGmDXpwPJ+5xR83d6cofUxK4z5NNeNm8Vrbly62AvIX/7Nav9vF3MnF527D4rFvkoDRNU645dCkw3pqHhTOA040YaA8pGdICxxJdgYnBiCrk5+tQMVxydut2N+0oalGw1OplvLPichSoZkBS1/9dah2apaJeL5ZqVr1RhoTScwyVcgQ3XUIEqONAABhLe4QM+yRm5IffkYWFNkWXmFFZEHn8BPPZxUQ==</latexit>

ω̂

Repeat  times:
<latexit sha1_base64="m+sn+e7UP3lfpEVLNUtak7Jg+oY=">AAABjHicZY9PSwJRFMXvs39mZVMtg5DctBCZEbFFREIQLh1wVFCRN6+rPXzz3jDvjRnislXb+i5+ivZ9hr5EOroxz+rHvefAOX4ouDa2/UNSO7t7+wfpw8zR8Un21Do7b2oVRww9poSK2j7VKLhEz3AjsB1GSANfYMsfPS7/rTFGmivZMG8h9gI6lHzAGTWLk9voW3m7aCfKbYOzhvzD99z9fb+a1/vWuPusWBygNExQrTtOKTS9KY0MZwJnmW6sMaRsRIc4lfgaTgxOTCGXYEDNy4aj03B604GSBiXbjE6SaYWAs0gte88WRZ3/tbahWSo6lWLFtfPVGqyUhku4hhtw4BaqUIM6eMAA4QM+4YtkSZnckfuVNUXWmQvYEHn6A5KhbT0=</latexit>

𝐿

<latexit sha1_base64="MZoE8TGeUHSv+Jh+l7cpygRFH50=">AAABnnicZY9LS8NAFIVv6qutr1RX4iZYEIVSki7qtiJIN2KEPgJNCZPxth2amQmZSVsJ/Slu9Qf4a/w39rWpPauPe8+Bc8I4Ykrb9q+R29s/ODzKF4rHJ6dn52bpoqNkmlBsUxnJxAuJwogJbGumI/TiBAkPI+yG46flvzvBRDEpWvojxj4nQ8EGjBK9OAVmybN8xbjl8zTIfHfE5oFZtqv2StYuOBsoN6zC1e3jz70bmBP/XdKUo9A0Ikr1nFqs+xlJNKMRzot+qjAmdEyGmAmcxjONM12xVsiJHm05ei2nnw2k0CjodnS2GlvhjCZyuWRZ1Plfaxc6tapTr9bfFo2bsFYeruEG7sCBB2hAE1xoA4UpfMIXfBuW8Wy8GK9ra87YZC5hS4b3B9MzcXI=</latexit>

𝐿 → 𝜑ωquery a sample              ;

Output .
<latexit sha1_base64="Ai0IB4qNwGhPOqa2rEem8u8GyRg=">AAABlXicZY+9TgJBFIXv4B/iH2phYWKINBaE7FJgZSTRGDqXhL/IEjI7XmDC7MxmZxYxG0rfwFafg6ew9xl8CV2gQU715d5zknO8QHBtLOubpDY2t7Z30ruZvf2Dw6Ps8UlTqyhk2GBKqLDtUY2CS2wYbgS2gxCp7wlseaO75N8aY6i5knXzGmDXpwPJ+5xR83d6cofUxK4z5NNeNm8Vrbly62AvIX/7Nav9vF3MnF527D4rFvkoDRNU645dCkw3pqHhTOA040YaA8pGdICxxJdgYnBiCrk5+tQMVxydut2N+0oalGw1OplvLPichSoZkBS1/9dah2apaJeL5ZqVr1RhoTScwyVcgQ3XUIEqONAABhLe4QM+yRm5IffkYWFNkWXmFFZEHn8BPPZxUQ==</latexit>

ω̂

remove all clauses in  that  violates;
<latexit sha1_base64="Ai0IB4qNwGhPOqa2rEem8u8GyRg=">AAABlXicZY+9TgJBFIXv4B/iH2phYWKINBaE7FJgZSTRGDqXhL/IEjI7XmDC7MxmZxYxG0rfwFafg6ew9xl8CV2gQU715d5zknO8QHBtLOubpDY2t7Z30ruZvf2Dw6Ps8UlTqyhk2GBKqLDtUY2CS2wYbgS2gxCp7wlseaO75N8aY6i5knXzGmDXpwPJ+5xR83d6cofUxK4z5NNeNm8Vrbly62AvIX/7Nav9vF3MnF527D4rFvkoDRNU645dCkw3pqHhTOA040YaA8pGdICxxJdgYnBiCrk5+tQMVxydut2N+0oalGw1OplvLPichSoZkBS1/9dah2apaJeL5ZqVr1RhoTScwyVcgQ3XUIEqONAABhLe4QM+yRm5IffkYWFNkWXmFFZEHn8BPPZxUQ==</latexit>

ω̂
<latexit sha1_base64="f/p6DFP3ZTmO6Y0/o4cG0pFYbIE=">AAABjHicZY9PS0JBFMXv2D+zMqtlEJKbFiLvidgiIiEIlz7wH6jIvOlqg/NmhjejGeKyVdv6Ln6K9n2GvkT6dPPyrH7cew6c42vBjXWcH5LY2d3bP0gepo6OT9KnmbPzplHjkGGDKaHCtk8NCi6xYbkV2NYh0sAX2PJHj6t/a4Kh4UrW7ZvGXkCHkg84o3Z58tr9TM4pOJGy2+BuIPfwvfB+368WtX5m0n1WbBygtExQYzpuUdvejIaWM4HzVHdsUFM2okOcSXzVU4tTm89GGFD7EnN06m5vNlDSomTx6DSalg84C9Wq93xZ1P1faxuaxYJbLpQ9J1epwlpJuIRruAEXbqECVahBAxggfMAnfJE0KZE7cr+2JsgmcwExkac/l0FtQQ==</latexit>

𝐿

[Valiant 1984]
Sample complexity: 

Computational complexity: 

<latexit sha1_base64="FNr9R/qhrZ+hopwRLKyDASYk0JA=">AAABy3icZZC7TgJBFIZn8YZ4Qy1NzEYaiAR3KbDSkNDQGDHhlrCIs8MBJjs7s5kZEF23sPBNfBhjq40P4TvIrUH+6ss5/5/857gBo0pb1o8RW1vf2NyKbyd2dvf2D5KHR3UlhpJAjQgmZNPFChjlUNNUM2gGErDvMmi4Xmm6b4xAKip4VT8F0PZxn9MeJVhPRp3kddW8Mm87nsOgp9NOT2IS8nvPPDcdJvpp27wwnS4wjTNR6IywhEBRJnjkSNof6EwnmbJy1kzmKtgLSBVLpx8P9dffSic5crqCDH3gmjCsVMvOB7odYqkpYRAlnKGCABMP9yHk8BiMNYx11pyhj/VgydGq2u2wJ7gGTpaj49lnsj4lUkzPjiZF7f+1VqGez9mFXOFu0riM5oqjE3SG0shGl6iIyqiCaoigd/SJvtC3cWMo49l4mVtjxiJzjJZkvP0BVQaEhw==</latexit>

𝐿 = 𝑀𝑁

(
𝑂𝑁 + log(1/𝜑)

𝜒

)

<latexit sha1_base64="NFZHwmr1pKzg2FAG+u/t7Y6VXKM=">AAABnXicZY87TwJBFIXv+ER8rY/Owo1YYELILgW2JMZIYRQTXgngZna44GRnZzY7A6Ib/omtlv4fS/+JvBrkVF/uPSc5x48E18Zxfsja+sbm1nZqJ727t39waB0d17UaxAxrTAkVN32qUXCJNcONwGYUIw19gQ0/uJn+G0OMNVeyat4i7IS0L3mPM2omJ8+yHr0gK58Du826ytjVK8/KOHlnJnsV3AVkSpfvv3ffp0nFs4btrmKDEKVhgmrdcguR6SQ0NpwJHKfbA40RZQHtYyLxNRoZHJmcPcOQmpclR6vqdpKekgYlW46OZltzIWexmg4ZT4q6/2utQr2Qd4v54tOkcRnmSsEZXEAWXLiGEpShAjVgMIQP+IQvck5uyT15mFvXyCJzAksijT/ifXHS</latexit>

𝐿𝑀(𝑁𝑀 · 𝑂)

Distribution Free ✓

in total
<latexit sha1_base64="lf6G3Aw/IA8u7N2ZTAmabWbE9BY=">AAABvXicZY/LTsJAFIZP8YZ4q7p004gLF4S0xIA7URPDQhNMuCW0kulwwEmnM007XEzT1/Bp3Oo7+DbSwgb5V3/O+c/J97sBZ5EyzV8tt7W9s7uX3y8cHB4dn+inZ51ITkKKbSq5DHsuiZAzgW3FFMdeECLxXY5d13tM990phhGToqU+AnR8MhZsxChRi9FAN22Fc5X96TdaL89OfHNfe3q4TeLKm2fYdCiVYbtMSD8WSewlyUAvmmUzk7FprJUp1q8gU3OgT+2hpBMfhaKcRFHfqgTKiUmoGOWYFOxJhAGhHhljLHAWzFOgkpFZn6j3tUS/ZTnxSAqFgq6fzrMOJZ/RUKZFU1DrP9am6VTKVrVcfV0QN5bEkIcLuIRrsKAGdWhAE9pA4RO+4Bt+tDsNNa6JZTSnrW7OYU3a7A/pQHz8</latexit>

2! ·
(
"
!

)

Exact Learning ✘

Input: sample oracle of a -CNF ,        , an error bound  and 
<latexit sha1_base64="Hr5X0HDYb/vN0pXpThe6OvDSoEk=">AAABjHicZY9NT8JAEIZn8QtRserRC7EXD6RpiYGDMSExMRwhoUACDdmuA2663W26W8QQfoFX/XH+GwF7qbynJzPvJM+EieDauO4PKR0cHh2flE8rZ+cX1Uvr6nqgVZYy9JkSKh2FVKPgEn3DjcBRkiKNQ4HDMHre7ocLTDVXsm8+EgxiOpd8xhk1m1Evmlq267i71PbBy8GGPN2ptZi8KpbFKA0TVOux10hMsKKp4UzgujLJNCaURXSOK4nvydLg0tRrO4ypeSs0xn0vWM2UNChZ8XS5e60ec5aqrfd6I+r919qHQcPxmk6z59rtTq5chlu4g3vwoAVt6EAXfGCA8Alf8E2q5IE8kqe/aonkNzdQCHn5BWAvaPg=</latexit>

!
<latexit sha1_base64="OINt/YcvunrSWdcIy2jVvlFvZPs=">AAABiHicdY67TgJBGIX/8Yp4Qy1NzEYaC7OZXXRXKok2lJBwS4CQ2fEHJuzObHYGxRBKW1t9FJ7C3mfwJWRFCwpP9eVckhPEodCG0k+ytr6xubWd2cnu7u0fHOaOjhtajROOda5ClbQCpjEUEutGmBBbcYIsCkJsBqP7NG8+YqKFkjXzHGM3YgMp+oIzk1qdylD0cnlqF28899q1qE2p7xa8FFz/yi1YzsJJlb/9mFe/Xs7mlV5OdR4UH0coDQ+Z1m3HjU13yhIjeIizbGesMWZ8xAY4lfgUTwxOzKX1gxEzw5VGu+Z0p30lDUq+Oo0ET1T6ebZ4+HfD+h8aru14tlel+VIZlsrAKZzDBTjgQwnKUIE6cBjCK7zBO8kSSnxSXFbXyO/mBFZE7r4Bq7Br2w==</latexit>

ω
<latexit sha1_base64="Mi1OlPhkSnK8FK/+wlzTBPmPaSU=">AAABmHicdY/NTsJAFIVv8Q/xr2LiQjdVNi5M0xYtmrggcSHu0PCXUEKm4wUntDO1MyCG8Cpu9Q18EmNc+C62ogsWfquTc89JzvWjgEllWZ9aZmFxaXklu5pbW9/Y3NK38w0phjHFOhWBiFs+kRgwjnXFVICtKEYS+gE2/cFlem+OMJZM8Jp6irATkj5nPUaJSqyunvdGJMZIskBww+vjg2F19YJlnp+5zqljWKZllZyimwqndOIUDTtxUgrl3beD94uvj2pXF96doMMQuaIBkbJtO5HqTEisGA1wmvOGEiNCB6SPE46P0VjhWB0bPzIk6n4u0a7ZnUlPcIWczldDRmOR/jBNFv7NMP4XDce0XdO9SaZWYEYW9uEQjsCGEpShAlWoA4UxPMMLvGp7Wlm70q5n0Yz229mBObTbb8DRcVo=</latexit>

𝜑 → 0 <latexit sha1_base64="190rV9Z4dEMJjvLq1ynDIvD5Wfc=">AAABjnicdY7LTsJAGIX/oiLiraI7N41sXJhmWrToQiFxwxITbhEImQ4/OGE607SDYhrewq0+ju9g4qO4kIouWHhWX84lOX4oeKwJ+TAya+sb2c3cVn57Z3dv3zwotGI1jRg2mRIq6vg0RsElNjXXAjthhDTwBbb9yW2atx8xirmSDf0cYj+gY8lHnFG9sO57QxSaWjcWGZhFYl9deu6FaxGbkLJb8lJwy+duyXIWTqpi5evzvXJUyNYHpuoNFZsGKDUTNI67jhvqfkIjzZnAeb43jTGkbELHmEh8CmcaZ/rM+sGA6oeVRrfh9JORkholW50GnEUqfT5fPPy7Yf0PLdd2PNu7I8VqDZbKwTGcwCk4UIYq1KAOTWAg4QVe4c0wDc+4NirLasb43RzCiozaN1yebJo=</latexit>

𝜑 > 0
<latexit sha1_base64="lxd6gXUft49Z+jTIzlapl5vxmK0=">AAAB1XicdVBNT8JAFNwiKuIX6tFLIxeMpGmLFr2ReOEmJHyYUEK2ywM2bLu1u0VM05vx6tFf4k8xxnjV/2ErmsjBOc2bN/MyeY7PqJC6/qZkVrKra+u5jfzm1vbObmFvvyN4GBBoE854cO1gAYx60JZUMrj2A8Cuw6DrTC/TfXcGgaDca8k7H/ouHnt0RAmWiTQoXNkS5tLjgYtZNIwH0d+51Ynjku2GidqY0LisLvgEy4UQH6s2gxvVnuEAfEFZerGoaxfnlnlmqrqm61WzYqXErJ6aFdVIlBTF2slTM/vSfG0MCtwechK64EnCsBA9w/RlP8KBpIRBnLdDAT4mUzyGyINbf572K6vf1MVysuTotYx+NOKeBI8sR11KAp4+IE4a/tZQ/ycdUzMszWomVetogRw6REeohAxURTVURw3URgQ9o3f0gT6VrhIr98rDwppRfjIHaAnK4xeoYIvt</latexit>

dTV(𝜑ω, 𝜑ω̂) → 𝜒Output: a CNF formula  such that
<latexit sha1_base64="+rZ+Bv0ZUSVqZDJ8dJ0aKA6CUMc=">AAABjnicdY7LTsJAGIX/4g3xVnVpYhrZuDBNW7TowkDipktIuEVKyHT8gQntTNMZFNOw9A3c6nPwFO59Bl9CKrpg4Vl9OZfkBHHIpLKsTy23tr6xuZXfLuzs7u0f6IdHLSkmCcUmFaFIOgGRGDKOTcVUiJ04QRIFIbaD8V2Wtx8xkUzwhnqOsReRIWcDRolaWPf+iKjUr43YrK8XLfPm2nWuHMMyLavslNwMnPKlUzLshZOpWPmY179eTue1vi78B0EnEXJFQyJl13Zi1UtJohgNcVbwJxJjQsdkiCnHp3iqcKoujB+MiBqtNLoNu5cOBFfI6eo0YjQR2fPs4d8N439oOabtmm7dKlY9WCoPJ3AG52BDGargQQ2aQIHDK7zBu6ZrrnarVZbVnPa7OYYVad43fKRuqA==</latexit>

ω̂ w.p. 
<latexit sha1_base64="JaYkNzuPTFh4vQ5oKh2NPToKBE8=">AAABlXicdY/NSsNAFIVv6l+tP40KunAT7caFhiTVVEGhoEh3VugfNKVMprd16CQTk4lWSp/ErT6DTyLiwncxsbrowm91OPccONcNOIukYXwqmbn5hcWl7HJuZXVtPa9ubDYiEYcU61RwEbZcEiFnPtYlkxxbQYjEczk23eFlem8+YBgx4dfkU4Adjwx81meUyMTqqnlngPeaqR1pTg+5JF21YOhnp7Z1YmmGbhglq2inwiodW0XNTJyUQnn7be/9/Ouj2lWF0xM09tCXlJMoaptWIDtjEkpGOU5yThxhQOiQDHDs42MwkjiSh9qP9Ii8m0m0a2Zn3Be+RJ/OVj1GQ5E+MEkW/s3Q/hcNSzdt3b5NplZgShZ2YR8OwIQSlKECVagDhRie4QVelR3lQrlSrqfRjPLb2YIZlJtvCmFvUQ==</latexit>→ 1 ↑ 𝜑

<latexit sha1_base64="vHC0igexzaRSQtH7sr1dXMSVLA0=">AAABjXicZY/NTgIxFIVv8Q/xB9SlJhJZ6IKQGRJwo4bEhSwxMkAChHTqZWzotM20Y9QJj+BWn8YH8W0cfjbIWZ2ce07yXV8Lbqzj/JLMxubW9k52N7e3f3CYLxwdd4yKI4YeU0JFPZ8aFFyiZ7kV2NMR0tAX2PUn97N79xUjw5Vs23eNw5AGko85ozaNnmR5MiqUnIozV3HduEtTapyfqZ/L20FrVIgHz4rFIUrLBDWm71a1HSY0spwJnOYGsUFN2YQGmITUvmj6ocpFG+g0EIKuFPptd5iMlbQo2erybf5bOeQsUjPwacrp/qdaN51qxa1X6o8pcBMWysIpXMAVuHANDWhCCzxgEMAnfME3yZMauSF3i2qGLDcnsCLy8Afnj2tJ</latexit>

n, k



Degree : each variable appears in at most  different clauses
<latexit sha1_base64="PtSo3hvo6jIorfm+5C1eCIE2zpw=">AAABpHicZY/NTsJAFIXv+Iv4V3Xhwg0RY1wQ0qLBsCNxwwITjBRIoJLpcMEJ05mmMyCm6dO41QfybYTCBjmrk3vPufmuHwqujW3/kq3tnd29/cxB9vDo+OTUOjtvaTWJGLpMCRV1fKpRcImu4UZgJ4yQBr7Atj9+WuzbU4w0V7JpPkP0AjqSfMgZNfNR37rspTe6teZz3YsrDyWncp/Eg6Rv5e2inSq3aZyVyVdvIFWjb017A8UmAUrDBNW665RC48U0MpwJTLK9icaQsjEdYSzxI5wZnJlCLrUBNe9riW7T8eKhkgYlW6/OUtxCwFmkFv8sQJ3/WJumVSo65WL5ZU5cWxJDBq7gGu7AgUeoQg0a4AKDBL7gG37ILamTV+Iuo1tk1bmANZG3P2yZcfY=</latexit>

!
<latexit sha1_base64="PtSo3hvo6jIorfm+5C1eCIE2zpw=">AAABpHicZY/NTsJAFIXv+Iv4V3Xhwg0RY1wQ0qLBsCNxwwITjBRIoJLpcMEJ05mmMyCm6dO41QfybYTCBjmrk3vPufmuHwqujW3/kq3tnd29/cxB9vDo+OTUOjtvaTWJGLpMCRV1fKpRcImu4UZgJ4yQBr7Atj9+WuzbU4w0V7JpPkP0AjqSfMgZNfNR37rspTe6teZz3YsrDyWncp/Eg6Rv5e2inSq3aZyVyVdvIFWjb017A8UmAUrDBNW665RC48U0MpwJTLK9icaQsjEdYSzxI5wZnJlCLrUBNe9riW7T8eKhkgYlW6/OUtxCwFmkFv8sQJ3/WJumVSo65WL5ZU5cWxJDBq7gGu7AgUeoQg0a4AKDBL7gG37ILamTV+Iuo1tk1bmANZG3P2yZcfY=</latexit>

!

Lovász Local Lemma

-CNF: width  and degree 
<latexit sha1_base64="Z2XvYbhhL4L96UxEywChD8C0Hh0=">AAABpHicZY/NTsJAFIXv4B/iX9WFCzdEjHFBSIsGw47EDQtMMFIggUqm4wUnTGeazoCYpk/jVh/ItxEKG+SsTu495+a7fii4Nrb9SzJb2zu7e9n93MHh0fGJdXrW1moSMXSZEirq+lSj4BJdw43AbhghDXyBHX/8uNh3phhprmTLfIboBXQk+ZAzauajgXXRT2/06q2nhhdX78tO9S6Jx8nAKtglO1V+0zgrU6hdQ6rmwJr23xSbBCgNE1TrnlMOjRfTyHAmMMn1JxpDysZ0hLHEj3BmcGaK+dQG1LyvJXotx4uHShqUbL06S3GLAWeRWvyzAHX+Y22adrnkVEqV5zlxfUkMWbiEK7gFBx6gBnVoggsMEviCb/ghN6RBXoi7jGbIqnMOayKvf3S4cf0=</latexit>

!
<latexit sha1_base64="PtSo3hvo6jIorfm+5C1eCIE2zpw=">AAABpHicZY/NTsJAFIXv+Iv4V3Xhwg0RY1wQ0qLBsCNxwwITjBRIoJLpcMEJ05mmMyCm6dO41QfybYTCBjmrk3vPufmuHwqujW3/kq3tnd29/cxB9vDo+OTUOjtvaTWJGLpMCRV1fKpRcImu4UZgJ4yQBr7Atj9+WuzbU4w0V7JpPkP0AjqSfMgZNfNR37rspTe6teZz3YsrDyWncp/Eg6Rv5e2inSq3aZyVyVdvIFWjb017A8UmAUrDBNW665RC48U0MpwJTLK9icaQsjEdYSzxI5wZnJlCLrUBNe9riW7T8eKhkgYlW6/OUtxCwFmkFv8sQJ3/WJumVSo65WL5ZU5cWxJDBq7gGu7AgUeoQg0a4AKDBL7gG37ILamTV+Iuo1tk1bmANZG3P2yZcfY=</latexit>

!
<latexit sha1_base64="SEB6EKiu8DkQhoWoJxPYOkcEfFc=">AAABqXicZY/LTgJBEEWr8YX4GnWpCyIuMBIygwbDjsQNC00g4RVhQnqaAjr0dE+mG8RM2Pg1bvVv/BthYIPc1U3VvZVTXiC4Nrb9SxI7u3v7B8nD1NHxyemZdX7R1GoSMmwwJVTY9qhGwSU2DDcC20GI1PcEtrzx83LfmmKouZJ18xGg69Oh5APOqFmMetZ1N77RqdRfX9yo9FhwSg/zKDvOpft3856VsfN2rPS2cdYmU76FWNWeNe32FZv4KA0TVOuOUwiMG9HQcCZwnupONAaUjekQI4nvwczgzOTSsfWpGW0kOnXHjQZKGpRsszqLmXM+Z6FaPrUEdf5jbZtmIe8U88XagriyIoYkXMENZMGBJyhDBarQAAaf8AXf8EPuSY20ydsqmiDrziVsiLA/fkFzMA==</latexit>(! , ")<latexit sha1_base64="SEB6EKiu8DkQhoWoJxPYOkcEfFc=">AAABqXicZY/LTgJBEEWr8YX4GnWpCyIuMBIygwbDjsQNC00g4RVhQnqaAjr0dE+mG8RM2Pg1bvVv/BthYIPc1U3VvZVTXiC4Nrb9SxI7u3v7B8nD1NHxyemZdX7R1GoSMmwwJVTY9qhGwSU2DDcC20GI1PcEtrzx83LfmmKouZJ18xGg69Oh5APOqFmMetZ1N77RqdRfX9yo9FhwSg/zKDvOpft3856VsfN2rPS2cdYmU76FWNWeNe32FZv4KA0TVOuOUwiMG9HQcCZwnupONAaUjekQI4nvwczgzOTSsfWpGW0kOnXHjQZKGpRsszqLmXM+Z6FaPrUEdf5jbZtmIe8U88XagriyIoYkXMENZMGBJyhDBarQAAaf8AXf8EPuSY20ydsqmiDrziVsiLA/fkFzMA==</latexit>(! , ")

[Erdős, Lovász 1975]

-CNF  must have a solution if 
<latexit sha1_base64="S+PenLjMxtm41Z+aoKJmDu1pai4=">AAABj3icZY9NT8JAEIZn8Qvxq+jRC5GLB9K0HOBGmnjBW00okAAh23WgG7a7TXfBmoa/4FX/mv9Gqb0g7+nJzDvJM2EiuDaO800qR8cnp2fV89rF5dX1jVW/HWq1ThkGTAmVjkOqUXCJgeFG4DhJkcahwFG4etrtRxtMNVdyYN4TnMV0KfmCM2p2o6kf8bnVdGynSOMQ3BKaUMafW5vpq2LrGKVhgmo9cduJmeU0NZwJ3Nama40JZSu6xFziW5IZzEyrUWBMTbTXmAzcWb5Q0qBk+6dZ8V0r5ixVO/Xtr6j7X+sQhm3b7didF6fp9UvlKtzDAzyCC13woA8+BMAggg/4hC9SJ13SI95ftULKmzvYC3n+AQzXaig=</latexit>

Φ
<latexit sha1_base64="UMLtW8MdtC/tnjJZsq08NAiQWMk=">AAABkXicZY9NT8JAEIZn8QvxgypHL0Q8YEKalgPGW6MXEi+YQCEBQrbLgCvb3aa7RUzDf/Cq/8x/IxQuyHt6MvNO8kwQCa6N4/yS3MHh0fFJ/rRwdn5xWbSurn2tkphhhymh4l5ANQousWO4EdiLYqRhILAbzJ7X++4cY82VbJvPCIchnUo+4Yya1civzmrl8f3Iqji2k6W8D+4WKt4dZGmNrPlgrFgSojRMUK37bj0yw5TGhjOBy8Ig0RhRNqNTTCV+RAuDC1MrZxhS87bT6LfdYTpR0qBku6eL7L9ayFms1vLLlaj7X2sf/LrtNuzG68q4uTGGPNzALVTBhQfwoAkt6ACDd/iCb/ghJfJIPPK0qebI9qYEOyEvf6epao8=</latexit>(! , ")

<latexit sha1_base64="M5daj5iE8qTiEzMnXzr9dAaXIgc=">AAAB3HicZZDLTsJAFIZP8YZ4q7p004gLjKRp0WBYmJC4YaERE24JrWQ6HGrTy9R2QEzTnTvj1jfxYYxbfQ9pwRjkX32Z+c/kO2P4jhVyRfkQMkvLK6tr2fXcxubW9o64u9cK2TCg2KTMYUHHICE6lodNbnEHO36AxDUcbBv2ZXLfHmEQWsxr8CcfdZeYnjWwKOGTo554o6VvdGuN6ys9qpyV1MppHNmSZuKDpDnMlPrSyRTsX9Bcwu8DN8JYuvjrsIJ9LMc9Ma/IShppEdQZ5KtHkKbeE0dan9Ghix6nDgnDrlryuR6RgFvUwTinDUP0CbWJiZGHj/6Y45gXpRQTj7lGt6Hq0YB5HD06PzpO1yy6Fg1Y8g+JqPpfaxFaJVkty+XbiXFtagxZOIBDKIAK51CFGtShCRTe4RO+4Fu4E56FF+F1Ws0Is5l9mIvw9gNA4oWK</latexit>

! ≥ log " + log ! + log e = log " + #(!).

can we improve the sample complexity from            ?

Main problem: running Valiant’s algorithm under local lemma condition,
<latexit sha1_base64="kiYYSSGkoZJdCQaKYZippCAQ/LI=">AAABrXicZY/NTsJAFIVv8Q/xr+rSDREXmBBsUXGLwQULjZhQIKGFTMdLnTCdadoBMQ1bn8atvotvIy1skLM6ufecm++6AWeRMoxfLbOxubW9k93N7e0fHB7pxyftSI5DihaVXIZdl0TImUBLMcWxG4RIfJdjxx3Vk31ngmHEpGipjwAdn3iCDRklaj4a6Hlb4VSld3qN1tOjE9dvrh9u72fxc1H0R5ezgV4wykaq/Loxl6ZQu4BUzYE+sV8lHfsoFOUkinpmJVBOTELFKMdZzh5HGBA6Ih7GAt+DaQJQyqfWJ+ptJdFrmU48lEKhoKvVacpc8hkNZfJYAmr+x1o37UrZrJarL3PixoIYsnAG51AEE+6gBg1oggUUPuELvuFHu9Iszdb6i2hGW3ZOYUWa9wf+rXWw</latexit>

!("#)

is sample efficient exact learning possible?



Intersection bound : any two distinct clauses share at most  variables<latexit sha1_base64="6fhZhG+x682D3FF8L2KnmWc81ug=">AAABqHicZY/LTgJBEEWrfSK+Rl2yIeLCGEKm0WDYkbhhoQkmvAxMSE9bYIee7sl0g5gJC7/GrX6OfyMzsEHu6qbqVtUpP5TCWNf9JVvbO7t7+5mD7OHR8cmpc3beNnoScWxxLXXU9ZlBKRS2rLASu2GELPAldvzxQ9LvTDEyQqum/QjRC9hIiaHgzC5KAyfXtziz6Z5evfn06MXVuzKt3s5jMx84BbfkpspvGroyhdoVpGoMnGn/VfNJgMpyyYzp0XJovZhFVnCJ82x/YjBkfMxGGCt8D2fJ7WI+tQGzb2uJXpN68VAri4qvj85S3GIgeKSTnxJQ+h9r07TLJVopVZ4XxPUlMWQgB5dwDRTuoQZ1aEALOHzCF3zDD7khDdIhL8voFlnNXMCaiP8HSElz8g==</latexit>! <latexit sha1_base64="6fhZhG+x682D3FF8L2KnmWc81ug=">AAABqHicZY/LTgJBEEWrfSK+Rl2yIeLCGEKm0WDYkbhhoQkmvAxMSE9bYIee7sl0g5gJC7/GrX6OfyMzsEHu6qbqVtUpP5TCWNf9JVvbO7t7+5mD7OHR8cmpc3beNnoScWxxLXXU9ZlBKRS2rLASu2GELPAldvzxQ9LvTDEyQqum/QjRC9hIiaHgzC5KAyfXtziz6Z5evfn06MXVuzKt3s5jMx84BbfkpspvGroyhdoVpGoMnGn/VfNJgMpyyYzp0XJovZhFVnCJ82x/YjBkfMxGGCt8D2fJ7WI+tQGzb2uJXpN68VAri4qvj85S3GIgeKSTnxJQ+h9r07TLJVopVZ4XxPUlMWQgB5dwDRTuoQZ1aEALOHzCF3zDD7khDdIhL8voFlnNXMCaiP8HSElz8g==</latexit>!

-CNF: width , degree  and intersection bound 
<latexit sha1_base64="Z2XvYbhhL4L96UxEywChD8C0Hh0=">AAABpHicZY/NTsJAFIXv4B/iX9WFCzdEjHFBSIsGw47EDQtMMFIggUqm4wUnTGeazoCYpk/jVh/ItxEKG+SsTu495+a7fii4Nrb9SzJb2zu7e9n93MHh0fGJdXrW1moSMXSZEirq+lSj4BJdw43AbhghDXyBHX/8uNh3phhprmTLfIboBXQk+ZAzauajgXXRT2/06q2nhhdX78tO9S6Jx8nAKtglO1V+0zgrU6hdQ6rmwJr23xSbBCgNE1TrnlMOjRfTyHAmMMn1JxpDysZ0hLHEj3BmcGaK+dQG1LyvJXotx4uHShqUbL06S3GLAWeRWvyzAHX+Y22adrnkVEqV5zlxfUkMWbiEK7gFBx6gBnVoggsMEviCb/ghN6RBXoi7jGbIqnMOayKvf3S4cf0=</latexit>

!
<latexit sha1_base64="PtSo3hvo6jIorfm+5C1eCIE2zpw=">AAABpHicZY/NTsJAFIXv+Iv4V3Xhwg0RY1wQ0qLBsCNxwwITjBRIoJLpcMEJ05mmMyCm6dO41QfybYTCBjmrk3vPufmuHwqujW3/kq3tnd29/cxB9vDo+OTUOjtvaTWJGLpMCRV1fKpRcImu4UZgJ4yQBr7Atj9+WuzbU4w0V7JpPkP0AjqSfMgZNfNR37rspTe6teZz3YsrDyWncp/Eg6Rv5e2inSq3aZyVyVdvIFWjb017A8UmAUrDBNW665RC48U0MpwJTLK9icaQsjEdYSzxI5wZnJlCLrUBNe9riW7T8eKhkgYlW6/OUtxCwFmkFv8sQJ3/WJumVSo65WL5ZU5cWxJDBq7gGu7AgUeoQg0a4AKDBL7gG37ILamTV+Iuo1tk1bmANZG3P2yZcfY=</latexit>

! <latexit sha1_base64="6fhZhG+x682D3FF8L2KnmWc81ug=">AAABqHicZY/LTgJBEEWrfSK+Rl2yIeLCGEKm0WDYkbhhoQkmvAxMSE9bYIee7sl0g5gJC7/GrX6OfyMzsEHu6qbqVtUpP5TCWNf9JVvbO7t7+5mD7OHR8cmpc3beNnoScWxxLXXU9ZlBKRS2rLASu2GELPAldvzxQ9LvTDEyQqum/QjRC9hIiaHgzC5KAyfXtziz6Z5evfn06MXVuzKt3s5jMx84BbfkpspvGroyhdoVpGoMnGn/VfNJgMpyyYzp0XJovZhFVnCJ82x/YjBkfMxGGCt8D2fJ7WI+tQGzb2uJXpN68VAri4qvj85S3GIgeKSTnxJQ+h9r07TLJVopVZ4XxPUlMWQgB5dwDRTuoQZ1aEALOHzCF3zDD7khDdIhL8voFlnNXMCaiP8HSElz8g==</latexit>!
<latexit sha1_base64="Ox4QedTZ+E+8fORbXL/OgJHd/Os=">AAABrHicZY9LT8JAFIXv4AvxVXXpwkZcYNI0LRoMOxI3LDTBpDyS0pDpcMFJp490BsQ0LP01bvXH+G+EwgY5q5N7z7n5rp8ILpVl/ZLCzu7e/kHxsHR0fHJ6pp1fdGQ8SRm2WSzitOdTiYJH2FZcCewlKdLQF9j1g6flvjvFVPI4ctRHgl5IxxEfcUbVYjTQrvv5DbfpvDx7Wf2hatfv51klMPShocu7+UArW6aVS9829tqUG7eQqzXQpv1hzCYhRooJKqVrVxPlZTRVnAmcl/oTiQllAR1jFuF7MlM4U4ae25Cqt42E69heNoojhRHbrM5ybCPkLI2Xfy1B7f9Y26ZTNe2aWXtdEDdXxFCEK7iBCtjwCA1oQgvawOATvuAbfohJHOISbxUtkHXnEjZERn/kyXQN</latexit>(! , ", #)

<latexit sha1_base64="yTPEPlHVIXeaBNejmxKXBUSBOT4=">AAABnXicZY9LTwJBEIR7fCK+Vj16cCMXD0h2OODJhMSYcDAGE14JIJkdG5wwO7PZaRCz4Z941f/kv1FwL0idvnRXJVVhrJWjIPhmG5tb2zu7ub38/sHh0bF3ctpydpJIbEqrbdIJhUOtDDZJkcZOnKCIQo3tcHy3+LenmDhlTYPeY+xHYmTUUElBv6eB5zn/1h8/p9y/9ntIYj7wCkEpWMpfB55BATLVB96092LlJEJDUgvnurwcUz8VCSmpcZ7vTRzGQo7FCFODb/GMcEZFf4mRoNcVR7fB++nQGkIjV6Oz5dZipGRiF0MWRfn/WuvQKpd4pVR5CgrVWlY5B+dwCVfA4QaqUIM6NEHCFD7gE77YBbtnD+zxz7rBsswZrIi1fwBA3W45</latexit>

! = "1−!

Sample complexity:
<latexit sha1_base64="/sbbN2WulsSLPPWVtigopXW9xbE=">AAABq3icZY9LT8JAFIVv8YWgUnVpYhrZYIKkZYELY0Lihp0YeUVKmulwwQnTmUk7IKbpzt/iwp3RP+NfcSWvDXJWX+49JznHV5xF2rZ/jNTW9s7uXno/kz04PMqZxyetSI5Dik0quQw7PomQM4FNzTTHjgqRBD7Htj+6m//bEwwjJkVDvyrsBWQo2IBRomcnzzxvWLfWvTcquFwOLXcQEhqLJHb7yDVJLj0zb5fshaxNcFaQr96o/O9n9r3umRO3L+k4QKEpJ1HUdcpK92ISakY5Jhl3HKEidESGGAt8UVONU120FhgQ/bzm6DacXjyQQqOg69HpYnkxYDSU81nJrKjzv9YmtMolp1KqPMwa12CpNJzBBRTAgWuoQg3q0AQKb/ABX/BtXBmPxpPhLq0pY5U5hTUZ+AfGo3f/</latexit>

! = "#(log 𝑂
!
)

<latexit sha1_base64="xw3P4d52FuMB2hFsIt1PBnbmIbI=">AAABr3icZY/LTsJAFIZP8YZ4q7p000BiIBLSYYFbEjfsxIRbYrFOh0OddNqp7YCYhsQl7+A7uNVXce1buLJcNsi/OV/O+U/y/04oeKxM81vLbG3v7O5l93MHh0fHJ/rpWSeWo4hhm0kho55DYxQ8wLbiSmAvjJD6jsCu493M790xRjGXQUu9htj3qRvwIWdUpStbz3uG5eKzYQnpGgPjypBFr5SOWzuxUNFpkZRsvWBWzIWMTSArKNQvf95mzfffpq2PrYFkIx8DxQSN43tSDVU/oZHiTOA0Z41iDCnzqItJgC/hROFElY0F+lQ9rTnuW6SfDGWgMGDrr5NF+7LPWSTn1aZpUPI/1iZ0qhVSq9Tu0sQNWCoLF5CHIhC4hjo0oAltYDCDD/iEL41oXe1Be1xaM9rq5xzWpPE/mFl4Yw==</latexit>

! ≥ log " + #(!) + 𝑂!(1)
Sublinear intersection

Satisfying Condition!

Linear intersection

Sample complexity:
<latexit sha1_base64="/sbbN2WulsSLPPWVtigopXW9xbE=">AAABq3icZY9LT8JAFIVv8YWgUnVpYhrZYIKkZYELY0Lihp0YeUVKmulwwQnTmUk7IKbpzt/iwp3RP+NfcSWvDXJWX+49JznHV5xF2rZ/jNTW9s7uXno/kz04PMqZxyetSI5Dik0quQw7PomQM4FNzTTHjgqRBD7Htj+6m//bEwwjJkVDvyrsBWQo2IBRomcnzzxvWLfWvTcquFwOLXcQEhqLJHb7yDVJLj0zb5fshaxNcFaQr96o/O9n9r3umRO3L+k4QKEpJ1HUdcpK92ISakY5Jhl3HKEidESGGAt8UVONU120FhgQ/bzm6DacXjyQQqOg69HpYnkxYDSU81nJrKjzv9YmtMolp1KqPMwa12CpNJzBBRTAgWuoQg3q0AQKb/ABX/BtXBmPxpPhLq0pY5U5hTUZ+AfGo3f/</latexit>

! = "#(log 𝑂
!
)

<latexit sha1_base64="27wf2qY5deB9FftjoGhhhVrZIIA=">AAABlnicZY/LTgJBEEWr8YX4AHVjookTWeiCkBkWuMKQGCNLTHglDCE9bYEderon0wWihM9wq1/ih/g38togd3VSdW9ybxApacl1f1lia3tndy+5nzo4PDpOZ05OG9YMY4F1YZSJWwG3qKTGOklS2Ipi5GGgsBkMHub/5ghjK42u0XuEnZD3texJwWl2alun5PgfSNwZdDNZN+8u5GyCt4Js+erS/NyU/Go3M/JfjBiGqEkobm3bK0TUmfCYpFA4TflDixEXA97Hica3aEw4ppyzwJDT65qjXfM6k57RhFqsR8eLkblQitjMF0xnRb3/tTahUch7xXzxeda4Aksl4QKu4RY8uIMyVKAKdRBg4BO+4Juds3v2yJ6W1gRbZc5gTaz6B9m3buM=</latexit>

! = !"

<latexit sha1_base64="r48VhUtTayDjh7d5Gc2Ko3XNYqA=">AAABuXicZVDLTsJAFJ3iC/FVdelmIokpkRDKAhduSNiwExNeCSXNdLiUsdNO7QyINiQuXbv1R9zqX7j2L1xZKhvkbO7JPeck514n5EyqcvlLy2xsbm3vZHdze/sHh0f68UlHiklEoU0FF1HPIRI4C6CtmOLQCyMgvsOh63j1hd6dQiSZCFrqMYSBT9yAjRglKlnZetHDlgv3uG5YT6BIAVtcuHiIL7EwvEIybuw4VeaGWbD1fLlUToHXibkk+drF9/NL8+2naetTayjoxIdAUU6k7JuVUA1iEilGOcxz1kRCSKhHXIgDeAhnCmaqiFPqEzVecfRb5iAeiUBBQFejs/QPRZ/RSCyOnCdFzf+11kmnUjKrpept0riB/pBFZ+gcGchEV6iGGqiJ2oiiV/SOPtCndq0Rbazd/Vkz2jJzilagyV9CgnwF</latexit>

! ≥ "(!) log # + 𝑂(!) + %!(1)

Our Results: Exact Learning with Bounded Intersections 

<latexit sha1_base64="A3xQxokGJCLtFUX4XfD0IoyII1c=">AAABrHicZY9NT8JAEIZn8Qvxq+rRg4148ECathoMBxMSLxw0waR8JKUh23XADe226S5Y03D013jVH+O/kRYuyHt6M/POzDN+HHCpTPOXlLa2d3b3yvuVg8Oj4xPt9Kwro2nCsMOiIEr6PpUYcIEdxVWA/ThBGvoB9vzJY97vzTCRPBKO+ojRC+lY8BFnVC1KQ+1yoDBVxR635Tw/eVnjzrYat/NM6g+6PR9qVdMwC+mbxlqZavMaCrWH2mzwGrFpiEKxgErpWnasvIwmirMA55XBVGJM2YSOMRP4Hqf5/Zpe2JCqt7WE61heNoqEQsHWR9MCuRZylkT5Xzmo9R9r03Rtw6ob9ZcFcWtJDGW4gCu4AQvuoQktaEMHGHzCF3zDDzGIQ1ziLaMlspo5hzWR0R/NDXTJ</latexit>

! = 2intersection bound



<latexit sha1_base64="eUdf1A/qJmnRttxWrHZ7Zae0R90=">AAABy3icZU/LTsJAFL3FF+Kr6tJNIy4wIaRFxZ3B4IKFJJjwSmhDpuMFJrQzTTs8pHbpn/g1bnXj30gLG+Qsbk7uuY9zbM9hgdT1XyW1tb2zu5fezxwcHh2fqKdnrUCMfYpNKhzhd2wSoMM4NiWTDnY8H4lrO9i2R5VYb0/QD5jgDfnmoeWSAWd9RolctHrqg5nc6FYbtWcrrNzePN09RmElZ85RkmvNlEIzFhVnMtSmQ+RapCVSouhRT83qBT2BtkmMFcmWryBBvadOzFdBxy5ySR0SBF2j6EkrJL5k1MEoY44D9AgdkQGGHKfeLH6d1xLqEjlcm+g2DCvsCy6R0/XVWZIq7zLqizh2bNT4b2uTtIoFo1QovSwcV5eOIQ0XcAk5MOAeylCFOjSBwid8wTf8KDUlUObK+3I0pax2zmENyscfarGAng==</latexit>

!(!) → 1 when ! → 0
<latexit sha1_base64="HMiqBhlo942jKqmGduIFC+dBfiA=">AAAB0HicZY/LTsJQEIaneEO8VV26acQFJoS0qLjF1AULTdBwS2hDTo8DnNCeNu0Bik1j3PomPo1beRtpYYP8qy/zz+Ufy7NZIFR1LmW2tnd297L7uYPDo+MT+fSsFbhjn2KTurbrdywSoM04NgUTNnY8H4lj2di2RnrityfoB8zlDTHz0HTIgLM+o0QsSj1ZN9Id3Vrj+cmM9Nubx7uHONILxjsKcq0YwlUMxvtitkAMRaRMh8iVWEn91NbinpxXS2oqZRO0FeSrV5Cq3pMnxptLxw5yQW0SBF2t7AkzIr5g1MY4Z4wD9AgdkQFGHKdemJwuKik6RAzXOroNzYz6LhfI6fpomL5WdBj13eT3JKj2P9YmtMolrVKqvCwS15aJIQsXcAkF0OAeqlCDOjSBwjf8wC/MpVcplD6kz2VrRlrNnMOapK8/VfKDJg==</latexit>

!(!) → ∞ when ! → 1

Our Results: Exact Learning with Bounded Intersections 
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Intersection bound : any two distinct clauses share at most  variables<latexit sha1_base64="6fhZhG+x682D3FF8L2KnmWc81ug=">AAABqHicZY/LTgJBEEWrfSK+Rl2yIeLCGEKm0WDYkbhhoQkmvAxMSE9bYIee7sl0g5gJC7/GrX6OfyMzsEHu6qbqVtUpP5TCWNf9JVvbO7t7+5mD7OHR8cmpc3beNnoScWxxLXXU9ZlBKRS2rLASu2GELPAldvzxQ9LvTDEyQqum/QjRC9hIiaHgzC5KAyfXtziz6Z5evfn06MXVuzKt3s5jMx84BbfkpspvGroyhdoVpGoMnGn/VfNJgMpyyYzp0XJovZhFVnCJ82x/YjBkfMxGGCt8D2fJ7WI+tQGzb2uJXpN68VAri4qvj85S3GIgeKSTnxJQ+h9r07TLJVopVZ4XxPUlMWQgB5dwDRTuoQZ1aEALOHzCF3zDD7khDdIhL8voFlnNXMCaiP8HSElz8g==</latexit>! <latexit sha1_base64="6fhZhG+x682D3FF8L2KnmWc81ug=">AAABqHicZY/LTgJBEEWrfSK+Rl2yIeLCGEKm0WDYkbhhoQkmvAxMSE9bYIee7sl0g5gJC7/GrX6OfyMzsEHu6qbqVtUpP5TCWNf9JVvbO7t7+5mD7OHR8cmpc3beNnoScWxxLXXU9ZlBKRS2rLASu2GELPAldvzxQ9LvTDEyQqum/QjRC9hIiaHgzC5KAyfXtziz6Z5evfn06MXVuzKt3s5jMx84BbfkpspvGroyhdoVpGoMnGn/VfNJgMpyyYzp0XJovZhFVnCJ82x/YjBkfMxGGCt8D2fJ7WI+tQGzb2uJXpN68VAri4qvj85S3GIgeKSTnxJQ+h9r07TLJVopVZ4XxPUlMWQgB5dwDRTuoQZ1aEALOHzCF3zDD7khDdIhL8voFlnNXMCaiP8HSElz8g==</latexit>!

-CNF: width , degree  and intersection bound 
<latexit sha1_base64="Z2XvYbhhL4L96UxEywChD8C0Hh0=">AAABpHicZY/NTsJAFIXv4B/iX9WFCzdEjHFBSIsGw47EDQtMMFIggUqm4wUnTGeazoCYpk/jVh/ItxEKG+SsTu495+a7fii4Nrb9SzJb2zu7e9n93MHh0fGJdXrW1moSMXSZEirq+lSj4BJdw43AbhghDXyBHX/8uNh3phhprmTLfIboBXQk+ZAzauajgXXRT2/06q2nhhdX78tO9S6Jx8nAKtglO1V+0zgrU6hdQ6rmwJr23xSbBCgNE1TrnlMOjRfTyHAmMMn1JxpDysZ0hLHEj3BmcGaK+dQG1LyvJXotx4uHShqUbL06S3GLAWeRWvyzAHX+Y22adrnkVEqV5zlxfUkMWbiEK7gFBx6gBnVoggsMEviCb/ghN6RBXoi7jGbIqnMOayKvf3S4cf0=</latexit>

!
<latexit sha1_base64="PtSo3hvo6jIorfm+5C1eCIE2zpw=">AAABpHicZY/NTsJAFIXv+Iv4V3Xhwg0RY1wQ0qLBsCNxwwITjBRIoJLpcMEJ05mmMyCm6dO41QfybYTCBjmrk3vPufmuHwqujW3/kq3tnd29/cxB9vDo+OTUOjtvaTWJGLpMCRV1fKpRcImu4UZgJ4yQBr7Atj9+WuzbU4w0V7JpPkP0AjqSfMgZNfNR37rspTe6teZz3YsrDyWncp/Eg6Rv5e2inSq3aZyVyVdvIFWjb017A8UmAUrDBNW665RC48U0MpwJTLK9icaQsjEdYSzxI5wZnJlCLrUBNe9riW7T8eKhkgYlW6/OUtxCwFmkFv8sQJ3/WJumVSo65WL5ZU5cWxJDBq7gGu7AgUeoQg0a4AKDBL7gG37ILamTV+Iuo1tk1bmANZG3P2yZcfY=</latexit>

! <latexit sha1_base64="6fhZhG+x682D3FF8L2KnmWc81ug=">AAABqHicZY/LTgJBEEWrfSK+Rl2yIeLCGEKm0WDYkbhhoQkmvAxMSE9bYIee7sl0g5gJC7/GrX6OfyMzsEHu6qbqVtUpP5TCWNf9JVvbO7t7+5mD7OHR8cmpc3beNnoScWxxLXXU9ZlBKRS2rLASu2GELPAldvzxQ9LvTDEyQqum/QjRC9hIiaHgzC5KAyfXtziz6Z5evfn06MXVuzKt3s5jMx84BbfkpspvGroyhdoVpGoMnGn/VfNJgMpyyYzp0XJovZhFVnCJ82x/YjBkfMxGGCt8D2fJ7WI+tQGzb2uJXpN68VAri4qvj85S3GIgeKSTnxJQ+h9r07TLJVopVZ4XxPUlMWQgB5dwDRTuoQZ1aEALOHzCF3zDD7khDdIhL8voFlnNXMCaiP8HSElz8g==</latexit>!
<latexit sha1_base64="Ox4QedTZ+E+8fORbXL/OgJHd/Os=">AAABrHicZY9LT8JAFIXv4AvxVXXpwkZcYNI0LRoMOxI3LDTBpDyS0pDpcMFJp490BsQ0LP01bvXH+G+EwgY5q5N7z7n5rp8ILpVl/ZLCzu7e/kHxsHR0fHJ6pp1fdGQ8SRm2WSzitOdTiYJH2FZcCewlKdLQF9j1g6flvjvFVPI4ctRHgl5IxxEfcUbVYjTQrvv5DbfpvDx7Wf2hatfv51klMPShocu7+UArW6aVS9829tqUG7eQqzXQpv1hzCYhRooJKqVrVxPlZTRVnAmcl/oTiQllAR1jFuF7MlM4U4ae25Cqt42E69heNoojhRHbrM5ybCPkLI2Xfy1B7f9Y26ZTNe2aWXtdEDdXxFCEK7iBCtjwCA1oQgvawOATvuAbfohJHOISbxUtkHXnEjZERn/kyXQN</latexit>(! , ", #)

<latexit sha1_base64="CkOL0ENO7et/U7tO4zAAc+c7NqI=">AAACJ3icZZC9TsMwFIXt8lf+C4wsFq2qVgolDhJMSJVgYASJ/kh1VTnubbGaOCF2oRDlRXgDnoYNwcibUEKW0DMdXZ/v+ui6oSe1se0vXFhaXlldK65vbG5t7+yW9vbbOphGAloi8IKo63INnlTQMtJ40A0j4L7rQcedXP6+dx4h0jJQd+Y5hL7Px0qOpOBmPhqUXiuXNfYChtfJBWEujKWKxXyfTggbRVzENIkpOSZMP0QmdkiaTRJS/XOESUVqtkVO5xknCyV1izCW8U7Gp1wO6+UYi9B6gzBQw+z/yqBUtht2KrJoaGbKKNPNoPTIhoGY+qCM8LjWPeqEph/zyEjhQbLBphpCLiZ8DLGCp3BmYGYsklqfm/tcondH+/EoUAaUyKOz9OqWL0UU/J40mRel/2stmrbToGeNs1un3LzKKhfRITpCNUTROWqia3SDWkhghKv4BNv4Db/jD/z5Fy3gjDlAOeHvH6B4nJo=</latexit>

!(!) =
{

1
1−√2! ! ∈ (0, 3 − 2

√
2),

2
1−! ! ∈ [3 − 2

√
2, 1).

Linear intersection

Sample complexity:
<latexit sha1_base64="/sbbN2WulsSLPPWVtigopXW9xbE=">AAABq3icZY9LT8JAFIVv8YWgUnVpYhrZYIKkZYELY0Lihp0YeUVKmulwwQnTmUk7IKbpzt/iwp3RP+NfcSWvDXJWX+49JznHV5xF2rZ/jNTW9s7uXno/kz04PMqZxyetSI5Dik0quQw7PomQM4FNzTTHjgqRBD7Htj+6m//bEwwjJkVDvyrsBWQo2IBRomcnzzxvWLfWvTcquFwOLXcQEhqLJHb7yDVJLj0zb5fshaxNcFaQr96o/O9n9r3umRO3L+k4QKEpJ1HUdcpK92ISakY5Jhl3HKEidESGGAt8UVONU120FhgQ/bzm6DacXjyQQqOg69HpYnkxYDSU81nJrKjzv9YmtMolp1KqPMwa12CpNJzBBRTAgWuoQg3q0AQKb/ABX/BtXBmPxpPhLq0pY5U5hTUZ+AfGo3f/</latexit>

! = "#(log 𝑂
!
)

<latexit sha1_base64="27wf2qY5deB9FftjoGhhhVrZIIA=">AAABlnicZY/LTgJBEEWr8YX4AHVjookTWeiCkBkWuMKQGCNLTHglDCE9bYEderon0wWihM9wq1/ih/g38togd3VSdW9ybxApacl1f1lia3tndy+5nzo4PDpOZ05OG9YMY4F1YZSJWwG3qKTGOklS2Ipi5GGgsBkMHub/5ghjK42u0XuEnZD3texJwWl2alun5PgfSNwZdDNZN+8u5GyCt4Js+erS/NyU/Go3M/JfjBiGqEkobm3bK0TUmfCYpFA4TflDixEXA97Hica3aEw4ppyzwJDT65qjXfM6k57RhFqsR8eLkblQitjMF0xnRb3/tTahUch7xXzxeda4Aksl4QKu4RY8uIMyVKAKdRBg4BO+4Juds3v2yJ6W1gRbZc5gTaz6B9m3buM=</latexit>

! = !"
<latexit sha1_base64="r48VhUtTayDjh7d5Gc2Ko3XNYqA=">AAABuXicZVDLTsJAFJ3iC/FVdelmIokpkRDKAhduSNiwExNeCSXNdLiUsdNO7QyINiQuXbv1R9zqX7j2L1xZKhvkbO7JPeck514n5EyqcvlLy2xsbm3vZHdze/sHh0f68UlHiklEoU0FF1HPIRI4C6CtmOLQCyMgvsOh63j1hd6dQiSZCFrqMYSBT9yAjRglKlnZetHDlgv3uG5YT6BIAVtcuHiIL7EwvEIybuw4VeaGWbD1fLlUToHXibkk+drF9/NL8+2naetTayjoxIdAUU6k7JuVUA1iEilGOcxz1kRCSKhHXIgDeAhnCmaqiFPqEzVecfRb5iAeiUBBQFejs/QPRZ/RSCyOnCdFzf+11kmnUjKrpept0riB/pBFZ+gcGchEV6iGGqiJ2oiiV/SOPtCndq0Rbazd/Vkz2jJzilagyV9CgnwF</latexit>

! ≥ "(!) log # + 𝑂(!) + %!(1)

<latexit sha1_base64="A3xQxokGJCLtFUX4XfD0IoyII1c=">AAABrHicZY9NT8JAEIZn8Qvxq+rRg4148ECathoMBxMSLxw0waR8JKUh23XADe226S5Y03D013jVH+O/kRYuyHt6M/POzDN+HHCpTPOXlLa2d3b3yvuVg8Oj4xPt9Kwro2nCsMOiIEr6PpUYcIEdxVWA/ThBGvoB9vzJY97vzTCRPBKO+ojRC+lY8BFnVC1KQ+1yoDBVxR635Tw/eVnjzrYat/NM6g+6PR9qVdMwC+mbxlqZavMaCrWH2mzwGrFpiEKxgErpWnasvIwmirMA55XBVGJM2YSOMRP4Hqf5/Zpe2JCqt7WE61heNoqEQsHWR9MCuRZylkT5Xzmo9R9r03Rtw6ob9ZcFcWtJDGW4gCu4AQvuoQktaEMHGHzCF3zDDzGIQ1ziLaMlspo5hzWR0R/NDXTJ</latexit>

! = 2intersection bound



Our Results: Learning with Unbounded Intersections 

Any algorithm that approx. learns an -variable                     -CNF 
formula from uniform random solutions with TV distance  and 
prob. at least        requires                                      samples.

<latexit sha1_base64="3simNgupx9pX0pxjvNZMYxB0Chk=">AAABjHicZY9NT8JAEIZn8QtREfXohdiLB9K0xMDBmJCYGI6QUCCBhmzXATdsdzfdLWIIv8Cr/jj/jYC9VN7Tk5l3kmciLbixnvdDCgeHR8cnxdPS2flF+bJydd03Kk0YBkwJlQwjalBwiYHlVuBQJ0jjSOAgmj9v94MFJoYr2bMfGsOYziSfckbtZtSVk4rjud4u1X3wM3AgS2dSWYxfFUtjlJYJaszIr2sbrmhiORO4Lo1Tg5qyOZ3hSuK7Xlpc2lp1hzG1b7nGqOeHq6mSFiXLny53r9VizhK19V5vRP3/WvvQr7t+w210PafVzpSLcAt3cA8+NKEFbehAAAwQPuELvkmZPJBH8vRXLZDs5gZyIS+/Y6do+w==</latexit>!
<latexit sha1_base64="C92GTCIsf3LrmSTOf0Mh95nUDn4=">AAABlnicZY9LTwIxFIVv8YX4Qt2YuCGycUEmMyxgZ0iMkSUmvBJmQjr1gg2dtmk7iJnwM9zq7/LfCDgb5Ky+3HtOck6sBbfO939IYW//4PCoeFw6OT07vyhfXvWtSg3DHlNCmWFMLQousee4EzjUBmkSCxzEs8f1fzBHY7mSXfehMUroVPIJZ9StTqNwTg1qy4WS43LV9/yNKrsQ5FCFXJ1xeR6+KpYmKB0T1NpRUNcuyqhxnAlclsLUoqZsRqeYSXzXC4cLV6tsMKHubcsx6gZRNlHSoWTb0cVmZC3hzKj1guWqaPC/1i70617Q8BovfrXVzisX4Rbu4B4CaEIL2tCBHjBQ8Alf8E1uyAN5Is9/1gLJM9ewJdL5BcETbZA=</latexit>!

<latexit sha1_base64="YkHRsyft824XZZmsPNVUYPFM+3w=">AAABmHicZY/LTgJBEEWr8YX4AHWnm4m4wATJNAvcTuJC3KHhlcCE9LQFdujpHqcbxBC+w61+ln/jMLBBbmpxUnUruTeIpDDWdX9JZmd3b/8ge5g7Oj45zRfOzttGT2KOLa6ljrsBMyiFwpYVVmI3ipGFgcROMH5Y3jtTjI3Qqmk/I/RDNlJiKDizycovjcvOcpw7h94OCkW34qZytoGuoejdQKrGoDDtv2o+CVFZLpkxPVqNrD9nsRVc4iLXnxiMGB+zEc4VfkQzizNbdlIMmX3bcPSa1J8PtbKo+ObrLK1ZDgWP9bLDIglK/8fahna1QmuV2nOSuL5KDFm4gmsoAYV78KAODWgBh3f4gm/4IZfEI4/kaWXNkPXPBWyIvPwBSO5sMQ==</latexit>(! , ! , ! − 1)

<latexit sha1_base64="WCdYm4wggHEm+/Kw8oS1Rz/W7y8=">AAABjnicZY/LTgIxFIZP8YZ4G3XphogLF2ScYoIrI4kblhi5JUBIpx7Ghk47aQuOITyCW30230YY2CD/6ss5/0m+EyZSWBcEvyS3s7u3f5A/LBwdn5yeeecXbasnhmOLa6lNN2QWpVDYcsJJ7CYGWRxK7ITj5+W+M0VjhVZN95ngIGaREiPBmVuMXund/dArBX6QpbgNdA2l2g1kaQy9af9N80mMynHJrO3RSuIGM2ac4BLnhf7EYsL4mEU4U/iRpA5TVy5mGDP3vtHoNelgNtLKoeKbp2n2XDkW3Oil+XwhSv9rbUO74tOqX31ZGNdXxpCHK7iGW6DwADWoQwNawCGCL/iGH+KRKnkkT6tqjqxvLmEjpP4HO/1pmA==</latexit>

1/3
<latexit sha1_base64="6kiRgLpplmEVDLv25NlvS3wrIt4=">AAAB6nicZVDLTsJQEJ3iC/GFujFx08hGE8QWX4kbMZjIQiMmICS0kst1qDfc3tu0F8Q0/QjdGbf+iV/hD5i41R+Q1wY5i8nJmTOTM9PwOAuUYXxqsanpmdm5+HxiYXFpeSW5unYbyLZPsUwll361QQLkTGBZMcWx6vlI3AbHSqOV7/crHfQDJkVJPXlou8QRrMkoUT2pnrStwY5aoXR1aYf5g/3zw7MotK5ddEg9bKV1q0N89ALGpYgsjk21PaxC39MtLh1dWD5zHtTOXWjqu3q2J7eikRTVkykjYwygTxJzRFK5E9g4ff66KNaTHete0raLQlFOgqBmZj1lh8RXjHKMElY7QI/QFnEwFPjodRV2VVofUJeohzFHrWTaYVMKhYKOj3YHR6ddRn3Z/0o/qPk/1iS5zWbMo8zRTS9xAYaIwyZswTaYcAw5KEARykDhA77hB341rr1or9rb0BrTRjPrMAbt/Q9/z49A</latexit>

Ω! ,!

(
("/log ")1−2/!

)

Any algorithm that exactly learns an -variable                     -CNF 
formula from uniform random solutions with prob. at least        
requires                      samples.

<latexit sha1_base64="3simNgupx9pX0pxjvNZMYxB0Chk=">AAABjHicZY9NT8JAEIZn8QtREfXohdiLB9K0xMDBmJCYGI6QUCCBhmzXATdsdzfdLWIIv8Cr/jj/jYC9VN7Tk5l3kmciLbixnvdDCgeHR8cnxdPS2flF+bJydd03Kk0YBkwJlQwjalBwiYHlVuBQJ0jjSOAgmj9v94MFJoYr2bMfGsOYziSfckbtZtSVk4rjud4u1X3wM3AgS2dSWYxfFUtjlJYJaszIr2sbrmhiORO4Lo1Tg5qyOZ3hSuK7Xlpc2lp1hzG1b7nGqOeHq6mSFiXLny53r9VizhK19V5vRP3/WvvQr7t+w210PafVzpSLcAt3cA8+NKEFbehAAAwQPuELvkmZPJBH8vRXLZDs5gZyIS+/Y6do+w==</latexit>!
<latexit sha1_base64="YkHRsyft824XZZmsPNVUYPFM+3w=">AAABmHicZY/LTgJBEEWr8YX4AHWnm4m4wATJNAvcTuJC3KHhlcCE9LQFdujpHqcbxBC+w61+ln/jMLBBbmpxUnUruTeIpDDWdX9JZmd3b/8ge5g7Oj45zRfOzttGT2KOLa6ljrsBMyiFwpYVVmI3ipGFgcROMH5Y3jtTjI3Qqmk/I/RDNlJiKDizycovjcvOcpw7h94OCkW34qZytoGuoejdQKrGoDDtv2o+CVFZLpkxPVqNrD9nsRVc4iLXnxiMGB+zEc4VfkQzizNbdlIMmX3bcPSa1J8PtbKo+ObrLK1ZDgWP9bLDIglK/8fahna1QmuV2nOSuL5KDFm4gmsoAYV78KAODWgBh3f4gm/4IZfEI4/kaWXNkPXPBWyIvPwBSO5sMQ==</latexit>(! , ! , ! − 1)

<latexit sha1_base64="sSBzdw6P8YKGH+JtDXPoNvTDDzI=">AAABv3icZY/NTsJAFIVv8Q/xr+rSDREXkBDSouIWggsWGjHhL6FNMx0vZcJ0OmkHLGl4D5/Grb6CbyMUN8hZndx77s13XMlZpAzjR8vs7O7tH2QPc0fHJ6dn+vlFLwqmIcUuDXgQDlwSIWcCu4opjgMZIvFdjn130lzt+zMMIxaIjppLtH3iCTZilKjlyNGrVvpj2Oo8P9lJ8+728b6xSCyMpcVxpIrWi48ecSZFUbJC5o1VaeHoBaNipMpvG/PPFOo3kKrt6DPrLaBTH4WinETR0KxKZSckVIxyXOSsaYSS0AnxMBH4LmOFsSrnU+sTNd5IDDumnYwCoVDQzdM4bVL2GQ2DVdUVqPkfa9v0qhWzVqm9Lolba2LIwhVcQxFMeIA6tKANXaDwAZ/wBd9aQ/M0ocl1NKP93VzChrT5L078fRE=</latexit>

exp (Ω!("))

<latexit sha1_base64="WCdYm4wggHEm+/Kw8oS1Rz/W7y8=">AAABjnicZY/LTgIxFIZP8YZ4G3XphogLF2ScYoIrI4kblhi5JUBIpx7Ghk47aQuOITyCW30230YY2CD/6ss5/0m+EyZSWBcEvyS3s7u3f5A/LBwdn5yeeecXbasnhmOLa6lNN2QWpVDYcsJJ7CYGWRxK7ITj5+W+M0VjhVZN95ngIGaREiPBmVuMXund/dArBX6QpbgNdA2l2g1kaQy9af9N80mMynHJrO3RSuIGM2ac4BLnhf7EYsL4mEU4U/iRpA5TVy5mGDP3vtHoNelgNtLKoeKbp2n2XDkW3Oil+XwhSv9rbUO74tOqX31ZGNdXxpCHK7iGW6DwADWoQwNawCGCL/iGH+KRKnkkT6tqjqxvLmEjpP4HO/1pmA==</latexit>

1/3

Technique: (Distance-based) Fano’s Inequality

Question: Is intersection bound necessary?

can be further improved to                          !
<latexit sha1_base64="W6LTnCsC93gqKyFYod+6Zf1a6rQ=">AAAB0XicZY/LSsNAFIYn9VbrLerSTbAgFUpNqlS6K+iiC8WKvUETwmQ8TYdOZkIyrS0hUFwJPoJv4NO4rVvfwpW9bWr/1cc5/zn8v+MzGkpdHyuJtfWNza3kdmpnd2//QD08qoeiFxCoEcFE0HRwCIxyqEkqGTT9ALDnMGg43ZvpvtGHIKSCV+XQB8vDLqdtSrCcjGz11pz9aJWr93dWVLzKG8XLODIfPHCxHXWzmtnHAfghZYLHJoO2zHDtQjOZcDVuBtTtyPPYVtN6Tp9JWwVjAenS2c/orfLxW7HVvvksSM8DLgnDYdgy8r60IhxIShjEKbMXgo9JF7sQcXjxBxIGMqvN0MOys+RoVQ0ragsugZPl08GsW9ajJBDT8tOgxv9Yq1DP54xCrvA4SVxGcyXRCTpFGWSga1RCZVRBNUTQJ/pCY/StPClDZaS8zq0JZXFzjJakvP8BeguH8w==</latexit>

Ω! ,! ("/log ")



<latexit sha1_base64="zvkZF7ezDH9REFypqSPrRUhpqcI=">AAABuHicZZDLTgIxFIbP4A3xwqhLN424wEjIDAtMTExI3LDEhFvCEOzUAzR02klbEEN4CJ/GrT6Gb+MwsEH+1ZdzSb5zwlhwYz3v18ns7R8cHmWPcyenZ+d59+KybdRUM2wxJZTuhtSg4BJblluB3VgjjUKBnXDyvOp3ZqgNV7JpP2LsR3Qk+ZAzapPSwL0PGmNOnkhxUiKyRKIEAzEUSmkSUBGPKZEk0GnhbuAWvLKXhuyCv4FC7RbSNAbuLHhTbBqhtExQY3p+Jbb9BdWWM4HLXDA1GFM2oSNcSHyP5xbnNvFYYUTteGui1/T7i6GSFiXbXp2nbyhFnGm1unGZiPr/tXahXSn71XL1JTGur40hC9dwA0Xw4QFqUIcGtIDBJ3zBN/w4j86rM3L4ejTjbHauYCuO/gOdIXh2</latexit>

Φ = (! , " ,# = !!"")  variables and                   random clauses of size <latexit sha1_base64="3simNgupx9pX0pxjvNZMYxB0Chk=">AAABjHicZY9NT8JAEIZn8QtREfXohdiLB9K0xMDBmJCYGI6QUCCBhmzXATdsdzfdLWIIv8Cr/jj/jYC9VN7Tk5l3kmciLbixnvdDCgeHR8cnxdPS2flF+bJydd03Kk0YBkwJlQwjalBwiYHlVuBQJ0jjSOAgmj9v94MFJoYr2bMfGsOYziSfckbtZtSVk4rjud4u1X3wM3AgS2dSWYxfFUtjlJYJaszIr2sbrmhiORO4Lo1Tg5qyOZ3hSuK7Xlpc2lp1hzG1b7nGqOeHq6mSFiXLny53r9VizhK19V5vRP3/WvvQr7t+w210PafVzpSLcAt3cA8+NKEFbehAAAwQPuELvkmZPJBH8vRXLZDs5gZyIS+/Y6do+w==</latexit>!
<latexit sha1_base64="Hr5X0HDYb/vN0pXpThe6OvDSoEk=">AAABjHicZY9NT8JAEIZn8QtRserRC7EXD6RpiYGDMSExMRwhoUACDdmuA2663W26W8QQfoFX/XH+GwF7qbynJzPvJM+EieDauO4PKR0cHh2flE8rZ+cX1Uvr6nqgVZYy9JkSKh2FVKPgEn3DjcBRkiKNQ4HDMHre7ocLTDVXsm8+EgxiOpd8xhk1m1Evmlq267i71PbBy8GGPN2ptZi8KpbFKA0TVOux10hMsKKp4UzgujLJNCaURXSOK4nvydLg0tRrO4ypeSs0xn0vWM2UNChZ8XS5e60ec5aqrfd6I+r919qHQcPxmk6z59rtTq5chlu4g3vwoAVt6EAXfGCA8Alf8E2q5IE8kqe/aonkNzdQCHn5BWAvaPg=</latexit>

!
<latexit sha1_base64="WC8eO39sWWxtX0TjQdf1joNlTR4=">AAABqXicZY87TwJBFIXv4AvxtWqpxUQsTCRklwIrExIbSkh4RZaQ2fECE2ZnNjMDYgiNv8ZW/43/RlhokFOd3HtO8p0okcI63/8lmb39g8Oj7HHu5PTs/MK7vGpZPTEcm1xLbToRsyiFwqYTTmInMcjiSGI7Gr+s/u0pGiu0ariPBHsxGyoxEJy55anv3cb0mYZyILU2NGQyGTGqaGjSQ9/L+0U/Fd01wcbkK/eQqtb3puGb5pMYleOSWdsNSonrzZlxgktc5MKJxYTxMRviXOF7MnM4cwWa2pi50Vai2wh684FWDhXfrs7S3YVYcKNXoxZL0OA/1q5plYpBuViuL4mra2LIwg3cwQME8AQVqEINmsDhE77gG37II6mTDnldRzNk07mGLRH+B5XzdCQ=</latexit>

! = !!""
Each clause is generated by independently selecting  literals uniformly at random.

<latexit sha1_base64="Hr5X0HDYb/vN0pXpThe6OvDSoEk=">AAABjHicZY9NT8JAEIZn8QtRserRC7EXD6RpiYGDMSExMRwhoUACDdmuA2663W26W8QQfoFX/XH+GwF7qbynJzPvJM+EieDauO4PKR0cHh2flE8rZ+cX1Uvr6nqgVZYy9JkSKh2FVKPgEn3DjcBRkiKNQ4HDMHre7ocLTDVXsm8+EgxiOpd8xhk1m1Evmlq267i71PbBy8GGPN2ptZi8KpbFKA0TVOux10hMsKKp4UzgujLJNCaURXSOK4nvydLg0tRrO4ypeSs0xn0vWM2UNChZ8XS5e60ec5aqrfd6I+r919qHQcPxmk6z59rtTq5chlu4g3vwoAVt6EAXfGCA8Alf8E2q5IE8kqe/aonkNzdQCHn5BWAvaPg=</latexit>

!

Density : average degree of the CNF formula<latexit sha1_base64="MvJPY7CsVxyFG5k0XUr/obgFFkg=">AAABkXicZY9NT8JAEIZn8Qvxq8rRC5GLB0JaDhBvRC8kXjChQEIbsl0HWNnubrpbxBD+g1f9Z/4bofaCvKcnM+8kz0RacGNd94cUDg6Pjk+Kp6Wz84vLK+f6pm9UmjD0mRIqGUbUoOASfcutwKFOkMaRwEE0f9ruBwtMDFeyZz80hjGdSj7hjNrNqB9QoWd07FTdupulsg9eDlXI0x07i+BVsTRGaZmgxoy8hrbhiiaWM4HrUpAa1JTN6RRXEt/10uLS1ioZxtTOdhqjnheuJkpalGz3dJn9V4s5S9RWfr0R9f5r7UO/Ufea9eaLW213cuUi3MId3IMHLWhDB7rgA4M3+IQv+CZl8kDa5PGvWiD5TRl2Qp5/AWKMayE=</latexit>!

Our Results: Exact Learning Random CNF Formula 

Density <latexit sha1_base64="MvJPY7CsVxyFG5k0XUr/obgFFkg=">AAABkXicZY9NT8JAEIZn8Qvxq8rRC5GLB0JaDhBvRC8kXjChQEIbsl0HWNnubrpbxBD+g1f9Z/4bofaCvKcnM+8kz0RacGNd94cUDg6Pjk+Kp6Wz84vLK+f6pm9UmjD0mRIqGUbUoOASfcutwKFOkMaRwEE0f9ruBwtMDFeyZz80hjGdSj7hjNrNqB9QoWd07FTdupulsg9eDlXI0x07i+BVsTRGaZmgxoy8hrbhiiaWM4HrUpAa1JTN6RRXEt/10uLS1ioZxtTOdhqjnheuJkpalGz3dJn9V4s5S9RWfr0R9f5r7UO/Ufea9eaLW213cuUi3MId3IMHLWhDB7rgA4M3+IQv+CZl8kDa5PGvWiD5TRl2Qp5/AWKMayE=</latexit>!
Not SatisfiableSatisfiableSampling 

Tractable

[Ding, Sly, Sun 2022][Chen, Lonkar, Wang, Yang, Yin 2025]

With high probability over the randomness of ,
<latexit sha1_base64="S+PenLjMxtm41Z+aoKJmDu1pai4=">AAABj3icZY9NT8JAEIZn8Qvxq+jRC5GLB9K0HOBGmnjBW00okAAh23WgG7a7TXfBmoa/4FX/mv9Gqb0g7+nJzDvJM2EiuDaO800qR8cnp2fV89rF5dX1jVW/HWq1ThkGTAmVjkOqUXCJgeFG4DhJkcahwFG4etrtRxtMNVdyYN4TnMV0KfmCM2p2o6kf8bnVdGynSOMQ3BKaUMafW5vpq2LrGKVhgmo9cduJmeU0NZwJ3Nama40JZSu6xFziW5IZzEyrUWBMTbTXmAzcWb5Q0qBk+6dZ8V0r5ixVO/Xtr6j7X+sQhm3b7didF6fp9UvlKtzDAzyCC13woA8+BMAggg/4hC9SJ13SI95ftULKmzvYC3n+AQzXaig=</latexit>

Φ

Sample Efficient Learning?

<latexit sha1_base64="rRr3tijOthINKbhJ077RyNzR1Vw=">AAABw3icZY/LTsJAFIZP8YZ4q7oyboi6wIQQ2hhwJ17DQhNMuCW0kuk44KTTmWY6INj0AXwHn8bElb6AbyMtbJB/9eWc/5zzH8dnNFDF4q+WWlpeWV1Lr2c2Nre2d/TdvWYgBhKTBhZMyLaDAsIoJw1FFSNtXxLkOYy0HPc67reGRAZU8Loa+8T2UJ/THsVITUpdvWQlOzrV+sO9HZ5dlu+uzqPQ6kmEQ/PJnaAiI8WF9BALfcHGUc49jaKuflwsFBNlF8GYwXHlwvw6eDt5r3X1ofUs8MAjXGGGgqBjmL6yQyQVxYxEGWsQEB9hF/VJyMmrP4rP5rMJeki9zDk6dcMOe4IrwvH86Cj5Ju9RLEX8bhzU+B9rEZpmwSgVSo+TxDcwVRoO4QhyYEAZKlCFGjQAwwd8wjf8aLeaq0lNTa0pbTazD3PSoj+5iYJL</latexit>

2!
poly(!)

Intersection Bound
<latexit sha1_base64="mWCA7/u60TFGAfXdLfHmFwq0GuQ=">AAABq3icZY/LTgJBEEWr8YX4GnVpYoi4wATJNBoMOxI3LDRi5BWZCelpC+jQ88h0g5gJO7/Grf6MfyMzsEHu6qbqVtUpJ5BCadP8JamNza3tnfRuZm//4PDIOD5pKX8ccmxyX/phx2EKpfCwqYWW2AlCZK4jse2M7uN+e4KhEr7X0B8B2i4beKIvONPzUs84tzROdbKnW2s8PthR5bZEKzez6ClPr2Y9I2cWzUTZdUOXJle9hET1njGx3nw+dtHTXDKlurQUaDtioRZc4ixjjRUGjI/YACMP34NpfL6QTazL9HAl0W1QO+r7nkaPr45OE+KCK3jox2/FoPQ/1rpplYq0XCw/z4lrC2JIwxlcQB4o3EEValCHJnD4hC/4hh9yTV7IK7EW0RRZzpzCigj+AT//dG4=</latexit>

!(1)
Clause Width

<latexit sha1_base64="3vmXYgQEqrdLCz6VkSZTEC10I6o=">AAABsHicZY/NTsJAFIVv8Q/xD3XphogLF4S0xWDYkbhhoQkm/CW0IdPxgiPTzmRmwJqGB/Bp3Oqj+DbSwgY5q5N7z7n5biA508a2f63czu7e/kH+sHB0fHJ6Vjy/6GkxUxS7VHChBgHRyFmEXcMMx4FUSMKAYz+YPqT7/hyVZiLqmA+JfkgmERszSsxyNCqWPYOxye4MW52nRz9p3LlOo7ZIPCKlEnFpulim7KqdqbRtnLUpN28gU3tUnHsvgs5CjAzlROuh40rjJ0QZRjkuCt5MoyR0SiaYRPgu45ShUspsSMzrRmLYcfxkLCKDEd2sxhl2JWRUifS3FNT5j7Vtem7VqVfrz0vi1ooY8nAF13ALDtxDE1rQhi5Q+IQv+IYfy7UG1sgiq2jOWncuYUPW2x9QPndQ</latexit>≈ !
<latexit sha1_base64="jft9PAsib5cyUluxYmYp44Wtnac=">AAAB43icZVDLTsJAFJ3iC/FVdclmAhsIiG1VXJlgYMFCE0x4JbQ203GAptOZph0QU/sF7oxb/8StH6FLt/oRQmGDntW55557c+61PGoHQlE+pMTK6tr6RnIztbW9s7sn7x+0Az7yMWlhTrnftVBAqM1IS9iCkq7nE+RalHQspzrrd8bED2zOmuLBI4aLBszu2xiJqWTKbT3e0as3r6+MsHp6Uju7jEIdUW+IzFAXZCIY911EwwCJKIIXULt1oE4Z1OARzKmwMC/y8HiqFCA3nZyaj0w5q5SUGPA/URckW8m8a+gx/dkw5bF+x/HIJUxgioKgp2qeMELkCxtTEqX0UUA8hB00ICEj995klqwIY+oiMVxy9JqqEfY5E4Th5dFJfG3RtbHPZ++YBVX/xvpP2lpJLZfKN9PENTBHEqRBBuSACs5BBdRBA7QABm/gC3yDH4lIT9Kz9DK3JqTFzCFYgvT6Cxccil8=</latexit>

!sat = 2! ln 2 − (1 + ln 2)/2 + "!(1)



Each clause is generated by independently selecting  literals uniformly at random.
<latexit sha1_base64="Hr5X0HDYb/vN0pXpThe6OvDSoEk=">AAABjHicZY9NT8JAEIZn8QtRserRC7EXD6RpiYGDMSExMRwhoUACDdmuA2663W26W8QQfoFX/XH+GwF7qbynJzPvJM+EieDauO4PKR0cHh2flE8rZ+cX1Uvr6nqgVZYy9JkSKh2FVKPgEn3DjcBRkiKNQ4HDMHre7ocLTDVXsm8+EgxiOpd8xhk1m1Evmlq267i71PbBy8GGPN2ptZi8KpbFKA0TVOux10hMsKKp4UzgujLJNCaURXSOK4nvydLg0tRrO4ypeSs0xn0vWM2UNChZ8XS5e60ec5aqrfd6I+r919qHQcPxmk6z59rtTq5chlu4g3vwoAVt6EAXfGCA8Alf8E2q5IE8kqe/aonkNzdQCHn5BWAvaPg=</latexit>

!

Density : average degree of the CNF formula<latexit sha1_base64="MvJPY7CsVxyFG5k0XUr/obgFFkg=">AAABkXicZY9NT8JAEIZn8Qvxq8rRC5GLB0JaDhBvRC8kXjChQEIbsl0HWNnubrpbxBD+g1f9Z/4bofaCvKcnM+8kz0RacGNd94cUDg6Pjk+Kp6Wz84vLK+f6pm9UmjD0mRIqGUbUoOASfcutwKFOkMaRwEE0f9ruBwtMDFeyZz80hjGdSj7hjNrNqB9QoWd07FTdupulsg9eDlXI0x07i+BVsTRGaZmgxoy8hrbhiiaWM4HrUpAa1JTN6RRXEt/10uLS1ioZxtTOdhqjnheuJkpalGz3dJn9V4s5S9RWfr0R9f5r7UO/Ufea9eaLW213cuUi3MId3IMHLWhDB7rgA4M3+IQv+CZl8kDa5PGvWiD5TRl2Qp5/AWKMayE=</latexit>!

Our Results: Exact Learning Random CNF Formula 

Sample Efficient
Exact Learning

With high probability over the randomness of ,
<latexit sha1_base64="S+PenLjMxtm41Z+aoKJmDu1pai4=">AAABj3icZY9NT8JAEIZn8Qvxq+jRC5GLB9K0HOBGmnjBW00okAAh23WgG7a7TXfBmoa/4FX/mv9Gqb0g7+nJzDvJM2EiuDaO800qR8cnp2fV89rF5dX1jVW/HWq1ThkGTAmVjkOqUXCJgeFG4DhJkcahwFG4etrtRxtMNVdyYN4TnMV0KfmCM2p2o6kf8bnVdGynSOMQ3BKaUMafW5vpq2LrGKVhgmo9cduJmeU0NZwJ3Nama40JZSu6xFziW5IZzEyrUWBMTbTXmAzcWb5Q0qBk+6dZ8V0r5ixVO/Xtr6j7X+sQhm3b7didF6fp9UvlKtzDAzyCC13woA8+BMAggg/4hC9SJ13SI95ftULKmzvYC3n+AQzXaig=</latexit>

Φ

Sample Complexity
<latexit sha1_base64="ruDwqlWcvvqGDfNzif0IEvxlkk8=">AAAB4HicZZA9TwJBEIb38AvBD9TShkgDCRIODYbYkNhQaMTIV8Ii2VsG2LC3d+4tiNlcb2ds/QH2lv4UK1v9C1bCQYO81ZuZdybPjOVy5qls9tMIrayurW+ENyPRre2d3djefs1zhpJClTrckQ2LeMCZgKpiikPDlUBsi0PdGlxM+/URSI85oqIeXWjZpCdYl1GiJqV27BYrGKtgT7NUubps6cJpziyc+Pq6PcAcuiop7jSGsZs8xt69VHrgp/w45k4vjruSUC18jTvAFfGxZL2+SvntWCKbyQaKLxtzbhLFczfx+x59K7djI9xx6NAGoSgnntc0c65qaSIVoxz8CB564BI6ID3QAh7c8ZQ5HQ+sTVR/IdGsmC3ddYQCQRdHx8GZaZtR6Ux/MQU1/2Mtm1ouY+Yz+ZsJcQnNFEaH6AglkYnOUBGVUBlVEUUf6At9ox/DMp6MZ+NlFg0Z85kDtCDj9Q+mPI6u</latexit>

!"

(
#exp(−

√
") log #

!

)
<latexit sha1_base64="sL6SgeDYHbqwE+wc79FfXVTuIFo=">AAABznicZU/LTsJAFJ3iC/FVdWXcEHGBCZK2GgwrMbpgoQkmvBJayXQccNLpTDMdEJw0bvVL/BKXbjX+jbSwQc7q5Nxz7z3HDSgJpWH8aqml5ZXVtfR6ZmNza3tH391rhnwgEG4gTrlouzDElDDckERS3A4Ehr5Lccv1ruN5a4hFSDiry3GAHR/2GekRBOVE6upXtsQjmdzpVOt3t44qn1tm+SxSdk9ApKwH5Z3yvHcSTZTYyrjwIVUBp+Mokbt6zigaCbKLxJyRXOXS+jx4OX6vdfWh/cjRwMdMIgrDsGNagXQUFJIgiqOMPQhxAJEH+1gx/ByM4reFbEJ9KJ/mHJ266ageZxIzNL86SkoVfIIEj5vHQc3/sRZJ0yqapWLpfpL4BkyRBofgCOSBCS5ABVRBDTQAAh/gC3yDH62mDbVIe51aU9psZx/MQXv7A8JZhp4=</latexit>

2!−"(!)
poly(!)

<latexit sha1_base64="zvkZF7ezDH9REFypqSPrRUhpqcI=">AAABuHicZZDLTgIxFIbP4A3xwqhLN424wEjIDAtMTExI3LDEhFvCEOzUAzR02klbEEN4CJ/GrT6Gb+MwsEH+1ZdzSb5zwlhwYz3v18ns7R8cHmWPcyenZ+d59+KybdRUM2wxJZTuhtSg4BJblluB3VgjjUKBnXDyvOp3ZqgNV7JpP2LsR3Qk+ZAzapPSwL0PGmNOnkhxUiKyRKIEAzEUSmkSUBGPKZEk0GnhbuAWvLKXhuyCv4FC7RbSNAbuLHhTbBqhtExQY3p+Jbb9BdWWM4HLXDA1GFM2oSNcSHyP5xbnNvFYYUTteGui1/T7i6GSFiXbXp2nbyhFnGm1unGZiPr/tXahXSn71XL1JTGur40hC9dwA0Xw4QFqUIcGtIDBJ3zBN/w4j86rM3L4ejTjbHauYCuO/gOdIXh2</latexit>

Φ = (! , " ,# = !!"")  variables and                   random clauses of size <latexit sha1_base64="3simNgupx9pX0pxjvNZMYxB0Chk=">AAABjHicZY9NT8JAEIZn8QtREfXohdiLB9K0xMDBmJCYGI6QUCCBhmzXATdsdzfdLWIIv8Cr/jj/jYC9VN7Tk5l3kmciLbixnvdDCgeHR8cnxdPS2flF+bJydd03Kk0YBkwJlQwjalBwiYHlVuBQJ0jjSOAgmj9v94MFJoYr2bMfGsOYziSfckbtZtSVk4rjud4u1X3wM3AgS2dSWYxfFUtjlJYJaszIr2sbrmhiORO4Lo1Tg5qyOZ3hSuK7Xlpc2lp1hzG1b7nGqOeHq6mSFiXLny53r9VizhK19V5vRP3/WvvQr7t+w210PafVzpSLcAt3cA8+NKEFbehAAAwQPuELvkmZPJBH8vRXLZDs5gZyIS+/Y6do+w==</latexit>!
<latexit sha1_base64="Hr5X0HDYb/vN0pXpThe6OvDSoEk=">AAABjHicZY9NT8JAEIZn8QtRserRC7EXD6RpiYGDMSExMRwhoUACDdmuA2663W26W8QQfoFX/XH+GwF7qbynJzPvJM+EieDauO4PKR0cHh2flE8rZ+cX1Uvr6nqgVZYy9JkSKh2FVKPgEn3DjcBRkiKNQ4HDMHre7ocLTDVXsm8+EgxiOpd8xhk1m1Evmlq267i71PbBy8GGPN2ptZi8KpbFKA0TVOux10hMsKKp4UzgujLJNCaURXSOK4nvydLg0tRrO4ypeSs0xn0vWM2UNChZ8XS5e60ec5aqrfd6I+r919qHQcPxmk6z59rtTq5chlu4g3vwoAVt6EAXfGCA8Alf8E2q5IE8kqe/aonkNzdQCHn5BWAvaPg=</latexit>

!
<latexit sha1_base64="WC8eO39sWWxtX0TjQdf1joNlTR4=">AAABqXicZY87TwJBFIXv4AvxtWqpxUQsTCRklwIrExIbSkh4RZaQ2fECE2ZnNjMDYgiNv8ZW/43/RlhokFOd3HtO8p0okcI63/8lmb39g8Oj7HHu5PTs/MK7vGpZPTEcm1xLbToRsyiFwqYTTmInMcjiSGI7Gr+s/u0pGiu0ariPBHsxGyoxEJy55anv3cb0mYZyILU2NGQyGTGqaGjSQ9/L+0U/Fd01wcbkK/eQqtb3puGb5pMYleOSWdsNSonrzZlxgktc5MKJxYTxMRviXOF7MnM4cwWa2pi50Vai2wh684FWDhXfrs7S3YVYcKNXoxZL0OA/1q5plYpBuViuL4mra2LIwg3cwQME8AQVqEINmsDhE77gG37II6mTDnldRzNk07mGLRH+B5XzdCQ=</latexit>

! = !!""

Not SatisfiableSatisfiableSampling 
Tractable

[Ding, Sly, Sun 2022][Chen, Lonkar, Wang, Yang, Yin 2025]

<latexit sha1_base64="rRr3tijOthINKbhJ077RyNzR1Vw=">AAABw3icZY/LTsJAFIZP8YZ4q7oyboi6wIQQ2hhwJ17DQhNMuCW0kuk44KTTmWY6INj0AXwHn8bElb6AbyMtbJB/9eWc/5zzH8dnNFDF4q+WWlpeWV1Lr2c2Nre2d/TdvWYgBhKTBhZMyLaDAsIoJw1FFSNtXxLkOYy0HPc67reGRAZU8Loa+8T2UJ/THsVITUpdvWQlOzrV+sO9HZ5dlu+uzqPQ6kmEQ/PJnaAiI8WF9BALfcHGUc49jaKuflwsFBNlF8GYwXHlwvw6eDt5r3X1ofUs8MAjXGGGgqBjmL6yQyQVxYxEGWsQEB9hF/VJyMmrP4rP5rMJeki9zDk6dcMOe4IrwvH86Cj5Ju9RLEX8bhzU+B9rEZpmwSgVSo+TxDcwVRoO4QhyYEAZKlCFGjQAwwd8wjf8aLeaq0lNTa0pbTazD3PSoj+5iYJL</latexit>

2!
poly(!)

<latexit sha1_base64="jft9PAsib5cyUluxYmYp44Wtnac=">AAAB43icZVDLTsJAFJ3iC/FVdclmAhsIiG1VXJlgYMFCE0x4JbQ203GAptOZph0QU/sF7oxb/8StH6FLt/oRQmGDntW55557c+61PGoHQlE+pMTK6tr6RnIztbW9s7sn7x+0Az7yMWlhTrnftVBAqM1IS9iCkq7nE+RalHQspzrrd8bED2zOmuLBI4aLBszu2xiJqWTKbT3e0as3r6+MsHp6Uju7jEIdUW+IzFAXZCIY911EwwCJKIIXULt1oE4Z1OARzKmwMC/y8HiqFCA3nZyaj0w5q5SUGPA/URckW8m8a+gx/dkw5bF+x/HIJUxgioKgp2qeMELkCxtTEqX0UUA8hB00ICEj995klqwIY+oiMVxy9JqqEfY5E4Th5dFJfG3RtbHPZ++YBVX/xvpP2lpJLZfKN9PENTBHEqRBBuSACs5BBdRBA7QABm/gC3yDH4lIT9Kz9DK3JqTFzCFYgvT6Cxccil8=</latexit>

!sat = 2! ln 2 − (1 + ln 2)/2 + "!(1)

Density <latexit sha1_base64="MvJPY7CsVxyFG5k0XUr/obgFFkg=">AAABkXicZY9NT8JAEIZn8Qvxq8rRC5GLB0JaDhBvRC8kXjChQEIbsl0HWNnubrpbxBD+g1f9Z/4bofaCvKcnM+8kz0RacGNd94cUDg6Pjk+Kp6Wz84vLK+f6pm9UmjD0mRIqGUbUoOASfcutwKFOkMaRwEE0f9ruBwtMDFeyZz80hjGdSj7hjNrNqB9QoWd07FTdupulsg9eDlXI0x07i+BVsTRGaZmgxoy8hrbhiiaWM4HrUpAa1JTN6RRXEt/10uLS1ioZxtTOdhqjnheuJkpalGz3dJn9V4s5S9RWfr0R9f5r7UO/Ufea9eaLW213cuUi3MId3IMHLWhDB7rgA4M3+IQv+CZl8kDa5PGvWiD5TRl2Qp5/AWKMayE=</latexit>!



Proof Overview: Exact Learning with Bounded Intersections 

-resilience: for any candidate clause ,
<latexit sha1_base64="uf4ZkLZ3jjCbtJPzTclYpCFITX0=">AAABkXicZY89TwJBEIZn8Qvx65TShkhjQS53FBA7og2JDSZwkAAhe+sAK3u7l9s5xBD+g63+M/+NgNcgb/Vk5p3kmTBW0pLn/bDcweHR8Un+tHB2fnF55VzfBNakicCOMMokvZBbVFJjhyQp7MUJ8ihU2A1nT5t9d46JlUa36SPGYcQnWo6l4LQeBQOaIvGRU/Zcb5vSPvgZlCFLa+TMB69GpBFqEopb2/erMQ2XPCEpFK4Kg9RizMWMT3Cp8T1eEC6oUtpixGm60+i3/eFybDShFruni+1/lUiKxGzkV2tR/7/WPgRV16+5tRev3Ghmynm4hTu4Bx/q0IAmtKADAt7gE77gmxXZA2uwx79qjmU3RdgJe/4FdUJrMQ==</latexit>

!
<latexit sha1_base64="6PGELLZFusn+hE7lSYDsyjt9OC4=">AAABjnicZY9NT8JAEIZn8Qvxq+rRC5GLMaRpOdSTkcRLjxgpkACS7Trghu1u012wpuEneNXf5r8Rai+V9/Rk5p3kmTAWXBvH+SGVnd29/YPqYe3o+OT0zDq/6Gm1SBgGTAmVDEKqUXCJgeFG4CBOkEahwH44f9zs+0tMNFeyaz5iHEd0JvmUM2rWo2f2cjuxGo7t5Klvg1tAA4p0JtZy9KrYIkJpmKBaD91WbMYZTQxnAle10UJjTNmczjCT+B6nBlPTrOcYUfNWagy77jibKmlQsvJpmj/XjDhL1MZ8tRZ1/2ttQ69lu57tPTmNtl8oV+EKruEGXLiDNvjQgQAYzOATvuCbWMQj9+Thr1ohxc0llEL8Xz50aYw=</latexit>

!∗

<latexit sha1_base64="zky4GxZuTJfe1nQmD/MXRZqv3JM=">AAACC3iclVA7TsNAFNzlG8LPEDqaFWkQiiI7RaiQgihIaaT8pDhY681LsortNd51CLLMDTgDh6BDdIhD0FFwEJwPRUjFVKM3M0+jcQKXS6Xrn3hldW19YzOzld3e2d3b1w4OG1JEIYM6E64IWw6V4HIf6oorF1pBCNRzXGg6w6uJ3hxBKLnwa+ohgI5H+z7vcUZVerK1R8sM7bhFLMk9YnmRHVvmgCdJm92eEUvBWMWESzLiwqUKukmHXBD9VxAhSci/H1h9uEuVAShatLW8XtSnIMvEmJN85fL5+ovTd9PWRlZXsMgDXzGXStk2SoHqxDRUnLmQZK1IQkDZkPYh9uE+GE8aFMiUelQNFhztmtGJe8JX4LPF6Hi6bMHjLBST2ZK0qPG31jJplIpGuVi+SRtX0QwZdIxO0Cky0DmqoCoyUR0x9I2zOIeP8BN+wa/4bWZdwfNMDi0Af/wA1BOcPw==</latexit>

Pr
!∼!Φ

["∗ is violated] = 0 or Pr
!∼!Φ

["∗ is violated] ≥ ".

<latexit sha1_base64="dXu95YGdla6XPltk+Vin7OM/aZA=">AAABwXicZZDNTsJAFIVvVRTxh6pLN41sMEHSEoNbEjbsxIS/hBIyHW7LhOlMMx0Q0/RFXPsgbvUNfBgTy88GOasv556bnHu9iLNY2/aPcXB4lDs+yZ8Wzs4vLovm1XUvlnNFsUsll2rgkRg5E9jVTHMcRApJ6HHse7Pmat5foIqZFB39FuEoJIFgPqNEZ9bYfHx2Ofq67PqK0GSWJq6eoiap5XIZWBtXZO4Eeea6igVTfT82S3bVXsvaB2cLpUYTir8fuYf22Fy4E0nnIQpNOYnjoVOL9CghSjPKMS248xgjQmckwETga7TUuNQVa40h0dOdxLDjjBJfCo2C7q4u1/+ohIwquTo2zYo6/2vtQ69WderV+kvWuAUb5eEW7qAMDjxBA1rQhi5QeIdP+IJvo2kwIzLUJnpgbHduYEdG8ge/vYGh</latexit>

!
(
"
!

log #
"

)
uniform random solutions suffice for exact learning. 

By Markov’s inequality,

Goal: establish              -resilience for              -CNF
<latexit sha1_base64="5vK5aVV/Lyp1yfrIRybmI1tvNOQ=">AAABs3icZY/LTsJQEIbn4A3xVnXphkhCMCGkBxTDjsQNC42YcEvapjk9DHhCb2kPiGmauHThG/gWbvVFXPsWroTCBvlXf2b+f/KN5dsilKr6TVIbm1vbO+ndzN7+weGRcnzSCb1xwLHNPdsLehYL0RYutqWQNvb8AJlj2di1RjfzfXeCQSg8tyWffTQcNnTFQHAmZyNTyevJDa3Rurs1otplmdYqcaTfOzhkZjQqZvtxgV7EppJTS2qi7LqhS5Or539eXpvvv01Tmeh9j48ddCW3WRhqtOxLI2KBFNzGOKOPQ/QZH7EhRi4++VOJU1nMJtZh8nElobWoEQ08V6LLV6vThL7oCB548/fmoPQ/1rrplEu0Wqo+zIgbsFAazuAcCkDhGurQgCa0gcMbfMAnfJErohGL9BfRFFl2TmFFxPkDiAB7Mw==</latexit>

Ω! ,"(1)
<latexit sha1_base64="Ox4QedTZ+E+8fORbXL/OgJHd/Os=">AAABrHicZY9LT8JAFIXv4AvxVXXpwkZcYNI0LRoMOxI3LDTBpDyS0pDpcMFJp490BsQ0LP01bvXH+G+EwgY5q5N7z7n5rp8ILpVl/ZLCzu7e/kHxsHR0fHJ6pp1fdGQ8SRm2WSzitOdTiYJH2FZcCewlKdLQF9j1g6flvjvFVPI4ctRHgl5IxxEfcUbVYjTQrvv5DbfpvDx7Wf2hatfv51klMPShocu7+UArW6aVS9829tqUG7eQqzXQpv1hzCYhRooJKqVrVxPlZTRVnAmcl/oTiQllAR1jFuF7MlM4U4ae25Cqt42E69heNoojhRHbrM5ybCPkLI2Xfy1B7f9Y26ZTNe2aWXtdEDdXxFCEK7iBCtjwCA1oQgvawOATvuAbfohJHOISbxUtkHXnEjZERn/kyXQN</latexit>(! , ", #)

Previous applied in models with pair-wise hard constraints:
[Bresler, Gamarnik, Shah 2014]: Independent Set;
[Blanca, Chen, Štefankovič, Vigoda 2020]: Graph Coloring.

<latexit sha1_base64="ZGy9f7EmbsMmFw425smj5Noxu0Y=">AAABiHicZY9NT8JAEIan+IVVsXr1QuzFA2laYvDghUQPHDGhQAIN2a4DbtjuNrtbrCH8Aq/64/w3Qu2l8p6ezLyTPBOnnGnj+z9W7eDw6PikfmqfnV80Lh37aqhlpiiGVHKpxjHRyJnA0DDDcZwqJEnMcRQvn3b70QqVZlIMzEeKUUIWgs0ZJWY7evFnjut7fpHmPgQluFCmP3NW01dJswSFoZxoPQnaqYnWRBlGOW7saaYxJXRJFrgW+J7mBnPTahaYEPNWaUwGQbSeS2FQ0OppXrzWShhVcue92YoG/7X2Ydj2go7Xcbu9UrgON3ALdxDAA3ShB30IgQLCJ3zBt9Ww7q3Hv2LNKi+uoRLr+RdMfWfz</latexit>0

<latexit sha1_base64="uf4ZkLZ3jjCbtJPzTclYpCFITX0=">AAABkXicZY89TwJBEIZn8Qvx65TShkhjQS53FBA7og2JDSZwkAAhe+sAK3u7l9s5xBD+g63+M/+NgNcgb/Vk5p3kmTBW0pLn/bDcweHR8Un+tHB2fnF55VzfBNakicCOMMokvZBbVFJjhyQp7MUJ8ihU2A1nT5t9d46JlUa36SPGYcQnWo6l4LQeBQOaIvGRU/Zcb5vSPvgZlCFLa+TMB69GpBFqEopb2/erMQ2XPCEpFK4Kg9RizMWMT3Cp8T1eEC6oUtpixGm60+i3/eFybDShFruni+1/lUiKxGzkV2tR/7/WPgRV16+5tRev3Ghmynm4hTu4Bx/q0IAmtKADAt7gE77gmxXZA2uwx79qjmU3RdgJe/4FdUJrMQ==</latexit>

! ✓✘

<latexit sha1_base64="QMr124KXr7bsZVYRw62/hsdpToA=">AAABjHicZY9NT8JAEIZn8QtREfXohdiLB0K6xMDBmJCYGI6Q8JVAQ7brgBu2u013i5iGX+BVf5z/Rqi9VN7Tk5l3kmf8UApjXfeHFA4Oj45Piqels/OL8mXl6npodBxxHHAtdTT2mUEpFA6ssBLHYYQs8CWO/OXzbj9aYWSEVn37EaIXsIUSc8GZ3Y56dFZx3LqbproPNAMHsnRnldX0VfM4QGW5ZMZMaCO0XsIiK7jETWkaGwwZX7IFJgrfw7XFta1VUwyYfcs1Jn3qJXOtLCqeP12nr9UCwSO9895sRel/rX0YNuq0WW/2XKfdyZSLcAt3cA8UWtCGDnRhABwQPuELvkmZPJBH8vRXLZDs5gZyIS+/HR9ovg==</latexit>1✓



Goal: establish              -resilience for              -CNF
<latexit sha1_base64="5vK5aVV/Lyp1yfrIRybmI1tvNOQ=">AAABs3icZY/LTsJQEIbn4A3xVnXphkhCMCGkBxTDjsQNC42YcEvapjk9DHhCb2kPiGmauHThG/gWbvVFXPsWroTCBvlXf2b+f/KN5dsilKr6TVIbm1vbO+ndzN7+weGRcnzSCb1xwLHNPdsLehYL0RYutqWQNvb8AJlj2di1RjfzfXeCQSg8tyWffTQcNnTFQHAmZyNTyevJDa3Rurs1otplmdYqcaTfOzhkZjQqZvtxgV7EppJTS2qi7LqhS5Or539eXpvvv01Tmeh9j48ddCW3WRhqtOxLI2KBFNzGOKOPQ/QZH7EhRi4++VOJU1nMJtZh8nElobWoEQ08V6LLV6vThL7oCB548/fmoPQ/1rrplEu0Wqo+zIgbsFAazuAcCkDhGurQgCa0gcMbfMAnfJErohGL9BfRFFl2TmFFxPkDiAB7Mw==</latexit>

Ω! ,"(1)
<latexit sha1_base64="Ox4QedTZ+E+8fORbXL/OgJHd/Os=">AAABrHicZY9LT8JAFIXv4AvxVXXpwkZcYNI0LRoMOxI3LDTBpDyS0pDpcMFJp490BsQ0LP01bvXH+G+EwgY5q5N7z7n5rp8ILpVl/ZLCzu7e/kHxsHR0fHJ6pp1fdGQ8SRm2WSzitOdTiYJH2FZcCewlKdLQF9j1g6flvjvFVPI4ctRHgl5IxxEfcUbVYjTQrvv5DbfpvDx7Wf2hatfv51klMPShocu7+UArW6aVS9829tqUG7eQqzXQpv1hzCYhRooJKqVrVxPlZTRVnAmcl/oTiQllAR1jFuF7MlM4U4ae25Cqt42E69heNoojhRHbrM5ybCPkLI2Xfy1B7f9Y26ZTNe2aWXtdEDdXxFCEK7iBCtjwCA1oQgvawOATvuAbfohJHOISbxUtkHXnEjZERn/kyXQN</latexit>(! , ", #)

Local Uniformity [Moitra 2019] & [Feng, Guo, Yin, Zhang 2021]

Let                     be a CNF formula. Each clause has width at least  and at most .  

For any           , if                   , then for any ,

<latexit sha1_base64="K73lx/KjAjm5NPZTCjuo2sbmsyI=">AAABjnicZY+7TgJBFIbP4A3xtmphYUOksSBkh2KpjCTGhBIjCySwIbPjASfMzmx2hoshPIKtPhtv4RvocmmQv/pyzn+S74SxFMa67oJk9vYPDo+yx7mT07PzC+fyqmn0KOHocy110g6ZQSkU+lZYie04QRaFElvh8Gm5b40xMUKrhv2IMYjYQIm+4Mymo9dhj/acgltyV8nvAt1AoXrz+/M8Wfj1njPuvmk+ilBZLpkxHVqObTBjiRVc4jzXHRmMGR+yAc4UTuKpxakt5lcYMfu+1eg0aDDra2VR8e3T6eq5YiR4opfm81SU/tfahWa5RL2S95Ia12CdLNzCHdwDhQpUoQZ18IHDAD7hC76JQzzyQB7X1QzZ3FzDVkjtD3GMbcw=</latexit>

!1
<latexit sha1_base64="IW7ABdvxGvRzZhaXmtz/qglwymU=">AAABjnicZY/LTsJAFIbP4A3xVnXhwg2RjQtCWhZlZSQxJiwxUiABQqbjASdMZ5rOADUNj+BWn4238A0UCpvKv/pyzn+S7/ih4NrY9pLk9vYPDo/yx4WT07PzC+vyqq3VNGLoMSVU1PWpRsEleoYbgd0wQhr4Ajv+5Gm978ww0lzJlvkIcRDQseQjzqhZjV4nw+rQKtkVO01xF5wtlOo3vz/P86XXHFqz/pti0wClYYJq3XOqoRkkNDKcCVwU+lONIWUTOsZE4jyMDcamXEwxoOY90+i1nEEyUtKgZNnTOH2uHHAWqbX5YiXq/NfahXa14rgV92Vl3IBN8nALd3APDtSgDg1oggcMxvAJX/BNLOKSB/K4qebI9uYaMiGNP3K0bc0=</latexit>

!2

<latexit sha1_base64="ZShBPSPUtcL1coJ6NNFWxPTu52s=">AAABknicZY+9TgJBFIXvoCjiD+tPZ7ORxoLgLgUmNmJoKCwwYXdJgJDZ8YITZmc2O7OIITyErZa+hi/io9jJX4Oc6su95yTnhLHg2jjOD8ns7Gb39nMH+cOj45OCdXrma5UmDD2mhEraIdUouETPcCOwHSdIo1BgEI7qi38wxkRzJVvmLcZeRIeSDzijZn4KxnaXS9vvW0Wn7Cxlb4O7huL9b/abfMmbZt8ad58VSyOUhgmqdcetxKY3pYnhTOAs3001xpSN6BCnEl/jicGJKdlLjKh52XB0Wm5vOlDSoGSb0clyYCniLFGL9rN5Ufd/rW3wK2W3Wq4+OcVaA1bKwSVcwTW4cAs1aEATPGAwgnf4gE9yQe7IA6mvrBmyzpzDhsjjH4+7bkI=</latexit>

! ∈ "

<latexit sha1_base64="2gJ4nYmTJKW0fUOQZD0Y9F5jgYw=">AAABpHicZY/NTsJAFIXv4B/iX9WFCzeNGIMJIS0LXJmQsGHhAqMFEopkOl5gwnSm6QyIafo0bvWBfBuhsEHO6uTec3O/E0SCa+M4vyS3s7u3f5A/LBwdn5yeWecXba2mMUOPKaHibkA1Ci7RM9wI7EYx0jAQ2AkmjeW+M8NYcyVfzWeE/ZCOJB9yRs1iNLCu/NaY2492qV22/ZCaMaMiaaT3A6voVJxM9rZx16ZYv4VMrYE1898Vm4YoDRNU655bjUw/obHhTGBa8KcaI8omdISJxI9obnBuynZml383Er1Xt58MlTQo2ebpPKtcDjmL1bJPugB1/2Ntm3a14tYqtecFcXNFDHm4hhsogQsPUIcmtMADBil8wTf8kDvyRF6It4rmyPrmEjZE3v4ArKhxXA==</latexit>

Φ = (! ,! )
<latexit sha1_base64="IO2q1ZZpyg3D5QRQcKrzTgaF20A=">AAABqnicZY/LTsJAFIZP8YZ4oWpcGZOJbFwQ0ukCtyTGhCUaboZiMx0OOKGd1umAmKYrn8at+gI+hjt9E7ltkH/15Zz/5Py/F/ki1pb1bWQ2Nre2d7K7ub39g8O8eXTcjMOR4tjgoR+qtsdi9IXEhhbax3akkAWejy1veD3bt8aoYhHKun6JsBuwgRR9wZmejlzz3H5Ihi5NiTPAJ2ITJ2D6UQUJpqRHtGsWrJI1F1kHuoRC5fTLvfn5/K255tjphXwUoNTcZ3HcoXakuwlTWnAf05wzijFifMgGmEh8jiYaJ7pI5jj7vOLo1Gk36YdSo+Srp5N58WIguApnrdJpUPo/1jo07RItl8q308RVWCgLZ3ABl0DhCipQhRo0gMMrvME7fBhF4864NzoLa8ZY3pzAiozeH5VWeA0=</latexit>

2!1 ≥ 2e"#

Main idea: control the clause width while pinning by the chain rule

The intersection bound helps!Pinning reduces the clause width.

Proof Overview: Exact Learning with Bounded Intersections 

<latexit sha1_base64="E6Mvtj9vmWmPE3Ztk9URljttt2s=">AAABlXicZY87TwJBFIXv+ER8oRYUNhtpLAjZpcDKhMRH6MSEBSIQMjtecMLszLpzeRjCv7DV/8W/8B8orwY51Zd7z0nOCSIlLbnulG1t7+zu7ScOkodHxyenqbPzqjX9WKAvjDJxPeAWldTokySF9ShGHgYKa0Hvbv6vDTC20ugKfUTYCnlXy44UnGanF3KaXXx3eu18O5Vxc+5CziZ4K8gU078/D8OpX26nBs1XI/ohahKKW9vw8hG1xjwmKRROks2+xYiLHu/iWOMwGhGOKOssMOT0tuZoVLzWuGM0oRbr0dFiYzaUIjbzAZNZUe9/rU2o5nNeIVd4njUuwVIJuIQruAYPbqAIJSiDDwI0fMIXfLM0u2X37HFp3WKrzAWsiT39ASoVcGA=</latexit>

! ≥ "2
<latexit sha1_base64="Gufli8tzEzleLZK+kN5jhaK2arE="></latexit>

max{ Pr
!∼!Φ

[!" = True], Pr
!∼!Φ

[!" = False]} ≤ exp(1/#)
2 .



Proof Overview: Exact Learning Random CNF Formula

Main challenge: max-degree can be                        
<latexit sha1_base64="i/P+DwIcWj+8c8RbdaGomQrOxeI=">AAABx3icZU/LTsJAFL3FF+Kr6tJNIxsXhLSomLiC4AITjZjwSmiD02HACe3MZDpgTdOF3+FCv8atbv0EP8JEKGyQs7nnPs7NOa7waKBM81tLrayurW+kNzNb2zu7e/r+QTPgI4lJA3OPy7aLAuJRRhqKKo+0hSTIdz3ScoeV6b41JjKgnNXVsyCOjwaM9ilGajLq6pd28qNTrd/eOFHl7PTqvBxHPcNGQkgeGnZfIhzZHh8YLJ7VeRN39ayZNxMYy8Sak2yp/Pr2+/BzV+vqY7vH8cgnTGEPBUHHKgjlREgqij0SZ+xRQATCQzQgESNPIlQkVDkjoT5SjwsXnbrlRH3OFGF4URomiXI+xZJPI0+NWv9tLZNmIW8V88X7ieMqzJCGIziGE7DgAkpQhRo0AMM7fMAnfGnXGtfGWjg7TWlzzSEsQHv5A8HWhJw=</latexit>

! ≈ log "
log log "

With high probability over the randomness of ,
<latexit sha1_base64="S+PenLjMxtm41Z+aoKJmDu1pai4=">AAABj3icZY9NT8JAEIZn8Qvxq+jRC5GLB9K0HOBGmnjBW00okAAh23WgG7a7TXfBmoa/4FX/mv9Gqb0g7+nJzDvJM2EiuDaO800qR8cnp2fV89rF5dX1jVW/HWq1ThkGTAmVjkOqUXCJgeFG4DhJkcahwFG4etrtRxtMNVdyYN4TnMV0KfmCM2p2o6kf8bnVdGynSOMQ3BKaUMafW5vpq2LrGKVhgmo9cduJmeU0NZwJ3Nama40JZSu6xFziW5IZzEyrUWBMTbTXmAzcWb5Q0qBk+6dZ8V0r5ixVO/Xtr6j7X+sQhm3b7didF6fp9UvlKtzDAzyCC13woA8+BMAggg/4hC9SJ13SI95ftULKmzvYC3n+AQzXaig=</latexit>

Φ

fails to directly apply local uniformity

Goal: fix a variable  and an assignment , we want to show that
<latexit sha1_base64="aDONEaKW6azBRTRxawtO+OAVMtk=">AAABjnicZY9NTwIxEIan+IX4terRC3EvxhCyywFPRhIvHDGyQAJIunXAhm7btAXXEH6CV/1t/hth3Qvynp7MvJM8E2vBrQuCH1LY2d3bPygelo6OT07PvPOLjlUzwzBiSijTi6lFwSVGjjuBPW2QJrHAbjx9XO+7czSWK9l2HxqHCZ1IPuaMutXoef5yO/L8oBpkKW9DmIMPeVojbz54VWyWoHRMUGv7YU274YIax5nAZWkws6gpm9IJLiS+69Rh6irlDBPq3jYa/XY4XIyVdCjZ5mmaPVdJODNqbb5ciYb/tbahU6uG9Wr9KfAbzVy5CFdwDTcQwh00oAktiIDBBD7hC76JR+rknjz8VQskv7mEjZDmL1SSaZ8=</latexit>

!∗
<latexit sha1_base64="+LuUDMiuowa5UWm5r2HA1zlEXcM=">AAABl3icZY/NTgIxFIVv8Q/xh1EXxrghsjGGkBkWuJTEaFhCwgAJg6RTL9jQaZtp+TETXsOtvhZv4RsoIBvkrL7ce05yTqgFN9Z15yS1s7u3f5A+zBwdn5xmnbPzplGjmKHPlFBxO6QGBZfoW24FtnWMNAoFtsLh4/LfGmNsuJIN+66xG9GB5H3OqF2cgsDwQUR7yfjlbtZz8m7RXSm3Dd4a8pXLn++nydyv9Zxx8KrYKEJpmaDGdLyStt2ExpYzgbNMMDKoKRvSASYSJ3pqcWoLuRVG1L5tODoNr5v0lbQo2WZ0ulpZiDiL1XLCsqj3v9Y2NEtFr1ws1xeNq/CnNFzDDdyCB/dQgSrUwAcGGj7gE77IFXkgz2TtTZF15gI2ROq/Mqhx7Q==</latexit>!!∗

<latexit sha1_base64="Kv8uZYjCszdSCN8oNqKNpQn1z6E=">AAAB73icZVC7TsNAEDzzDOFloKSxSBNQYuwQglIgBVGQAqQg5WHJdqzzcXFO8Qv7HIJO/g46oOU7aPgFOr6AFkpiJ03IVLOzs6vZNX2bhFSSPrmFxaXlldXMWnZ9Y3Nrm9/ZbYdeFCDcQp7tBYoJQ2wTF7cooTZW/ABDx7RxxxxcJv3OEAch8dwmffSx7kDLJT2CIB1LBm9q6Q613ry51lm1XJKrJzHTGoHBFEELiSNoTmSMhT6JY1Ux2LB7FAvnScty4KTUBc2iQeJ1u6yo4ZGfLw66rHx8Gh/GYmzwOUmUUgjzRJ6SXO3i5eqLwPeGwQ+1Ow9FDnYpsmEYqnLJpzqDASXIxnFWi0LsQzSAFmYufvBHFI9oQUipA2l/xqE2ZZ31PJdiF82OjtLLCw5BgZe8Jgkq/481T9olUa6Ildtx4jqYIAP2wQHIAxmcgRqogwZoAQQ+wDf4Ab/cPffEPXOvE+sCN53ZAzPg3v4A/O+TKQ==</latexit>

Pr
!∼!Φ

[!"∗ = ""∗] ! #− exp(−$4/5).
(by chain rule)

<latexit sha1_base64="1O1/eDX0JHmJBT49qABngkFQ+PA=">AAABl3icZY9LT8JAFIXv4AvxVXVl3BBZ6IKQlgUuJSExLCHhlVBCpuMFJ0xnJp0Baxr+hlv9W/4badNN5ay+3Htu7jmBFtxY1/0lpYPDo+OT8mnl7Pzi8sq5vhkZtY4YDpkSKpoE1KDgEoeWW4ETHSENA4HjYNVJ9+MNRoYrObCfGmchXUq+4Iza3cj3Q2rfGRVJZ/s4d2puw81U3Qcvhxrk6s2djf+m2DpEaZmgxky9prazhEaWM4Hbir82qClb0SUmEj90bDG29WqG6d+CYzrwZslCSYuSFU/jrGU95CxSaYXtLqj3P9Y+jJoNr9Vo9d1au5tHLsM9PMATePAMbehCD4bAQMMXfMMPuSMv5JXk3hLJb26hINL/A+FJbZM=</latexit>!′
<latexit sha1_base64="aDONEaKW6azBRTRxawtO+OAVMtk=">AAABjnicZY9NTwIxEIan+IX4terRC3EvxhCyywFPRhIvHDGyQAJIunXAhm7btAXXEH6CV/1t/hth3Qvynp7MvJM8E2vBrQuCH1LY2d3bPygelo6OT07PvPOLjlUzwzBiSijTi6lFwSVGjjuBPW2QJrHAbjx9XO+7czSWK9l2HxqHCZ1IPuaMutXoef5yO/L8oBpkKW9DmIMPeVojbz54VWyWoHRMUGv7YU274YIax5nAZWkws6gpm9IJLiS+69Rh6irlDBPq3jYa/XY4XIyVdCjZ5mmaPVdJODNqbb5ciYb/tbahU6uG9Wr9KfAbzVy5CFdwDTcQwh00oAktiIDBBD7hC76JR+rknjz8VQskv7mEjZDmL1SSaZ8=</latexit>

!∗
<latexit sha1_base64="6OCwr1oUh8ul6CUoxakxq0P9cKk=">AAABr3icZU9NT8JAFHyLX4hfVePJSwMHPRDScsArCTHhiAlfCcW6XR+4Ybut3S1iGu7+Gk8mevVneNN/IgUOInOazJvJm/FCwZW2rC+S2djc2t7J7ub29g8Oj4zjk7YK4ohhiwUiiLoeVSi4xJbmWmA3jJD6nsCON6ql984YI8UD2dTPIfZ9OpR8wBnVM8k18o5P9QOjIqlNL0xHxZ5CjY/mH9k1ClbJmsNcJ/aSFKpnn+7199tPwzXGzn3AYh+lZoIq1bPLoe4nNNKcCZzmnFhhSNmIDjGR+BRONE500ZzT9O2Ko9e0+8kgkBolW41O5uuLPmdRkE5Li9r/a62TdrlkV0qVm1njOiyQhXPIwyXYcAVVqEMDWsDgBV7hHT6ITTrkltwtrBmyzJzCCgj/BRxte0g=</latexit>!′ ⊆ !

<latexit sha1_base64="aDONEaKW6azBRTRxawtO+OAVMtk=">AAABjnicZY9NTwIxEIan+IX4terRC3EvxhCyywFPRhIvHDGyQAJIunXAhm7btAXXEH6CV/1t/hth3Qvynp7MvJM8E2vBrQuCH1LY2d3bPygelo6OT07PvPOLjlUzwzBiSijTi6lFwSVGjjuBPW2QJrHAbjx9XO+7czSWK9l2HxqHCZ1IPuaMutXoef5yO/L8oBpkKW9DmIMPeVojbz54VWyWoHRMUGv7YU274YIax5nAZWkws6gpm9IJLiS+69Rh6irlDBPq3jYa/XY4XIyVdCjZ5mmaPVdJODNqbb5ciYb/tbahU6uG9Wr9KfAbzVy5CFdwDTcQwh00oAktiIDBBD7hC76JR+rknjz8VQskv7mEjZDmL1SSaZ8=</latexit>

!∗
<latexit sha1_base64="6OCwr1oUh8ul6CUoxakxq0P9cKk=">AAABr3icZU9NT8JAFHyLX4hfVePJSwMHPRDScsArCTHhiAlfCcW6XR+4Ybut3S1iGu7+Gk8mevVneNN/IgUOInOazJvJm/FCwZW2rC+S2djc2t7J7ub29g8Oj4zjk7YK4ohhiwUiiLoeVSi4xJbmWmA3jJD6nsCON6ql984YI8UD2dTPIfZ9OpR8wBnVM8k18o5P9QOjIqlNL0xHxZ5CjY/mH9k1ClbJmsNcJ/aSFKpnn+7199tPwzXGzn3AYh+lZoIq1bPLoe4nNNKcCZzmnFhhSNmIDjGR+BRONE500ZzT9O2Ko9e0+8kgkBolW41O5uuLPmdRkE5Li9r/a62TdrlkV0qVm1njOiyQhXPIwyXYcAVVqEMDWsDgBV7hHT6ITTrkltwtrBmyzJzCCgj/BRxte0g=</latexit>!′ ⊆ !

: variables in 
<latexit sha1_base64="e+gSX7Y0TjzsiKCgpDTRtwszzPw=">AAABp3icZY9LT8JAFIXv4AvxVXXJhogLTQhpSYAt6qYLjRh5JdCQ6XjBCdPOpDM1aMPCX+NWf47/RihskLM6ufecm+/6SnBtbPuXZLa2d3b3svu5g8Oj4xPr9KyjZRwxbDMpZNTzqUbBQ2wbbgT2VIQ08AV2/cndYt99w0hzGbbMu0IvoOOQjzijZj4aWvmBwalJ7/Td1sO9l9Rv6vZtdZY8z4ZW0S7bqQqbxlmZYuMSUjWHVjx4kSwOMDRMUK37TkUZL6GR4UzgLDeINSrKJnSMSUDNq6IfslQwYzUfCEHXAv2W4yUjGRoM2XpzmtKWAs4iuXhpwen8p9o0nUrZqZVrT3NgdwkMWcjDBVyBA3VogAtNaAODT/iCb/gh1+SRdEhvGc2QVecc1kToH2hCcyg=</latexit>

S

Main Idea:



Proof Overview: Exact Learning Random CNF Formula

Step 2: Pre-revealing process. Inspired by frozen paradigm in [He, Wu, Yang 2023]

<latexit sha1_base64="1wiMEzXCDoH7YmU64Q45xktLmik=">AAAB5HicZVDLTsJAFJ3iC/GFunQzkYUuCLbVYIgbDAtZaIIJr6TTNMM4wIRpp7YDYkr/wJ1xq1/iyq9wZ+JW/8G2sEHO4ubcx7k593Zcznypqp9Kaml5ZXUtvZ7Z2Nza3snu7jV9MfQIbRDBhdfuYJ9y5tCGZJLTtutRbHc4bXUGlbjfGlHPZ8Kpy0eXmjbuOazLCJZRycq2ULLDqNZvrs2gdKZrpdMwQDXPCtoQ+cyGyB5aUaHPwtBAFxNkY9knmAeV8GgCEaf3URA96JgQ9aJEgydQL4RWNqcW1ARwkWgzkitfvl19MfxRs7IjdCfI0KaOJBz7vqHprjQD7ElGOA0zaOhTF5MB7tHAoQ/uWNKxzMOExpbmJoy6ZgZd4UjqkHnpODk3bzPiifgfsVHtv61F0tQLWrFQvI0cV8EUaXAADsEx0MA5KIMqqIEGIOAdfIMf8Kt0lSflWXmZjqaUmWYfzEF5/QOK5Y4I</latexit>

Pr
!∼!Φ

[ |" ′| ≤ log "] ≥ 1/2.

By a modified local uniformity,

Draw              ;  
Start from  and keep revealing values of good variables in a BFS manner;
Stop until        depends only on  conditioned on the revealing result.

<latexit sha1_base64="aDONEaKW6azBRTRxawtO+OAVMtk=">AAABjnicZY9NTwIxEIan+IX4terRC3EvxhCyywFPRhIvHDGyQAJIunXAhm7btAXXEH6CV/1t/hth3Qvynp7MvJM8E2vBrQuCH1LY2d3bPygelo6OT07PvPOLjlUzwzBiSijTi6lFwSVGjjuBPW2QJrHAbjx9XO+7czSWK9l2HxqHCZ1IPuaMutXoef5yO/L8oBpkKW9DmIMPeVojbz54VWyWoHRMUGv7YU274YIax5nAZWkws6gpm9IJLiS+69Rh6irlDBPq3jYa/XY4XIyVdCjZ5mmaPVdJODNqbb5ciYb/tbahU6uG9Wr9KfAbzVy5CFdwDTcQwh00oAktiIDBBD7hC76JR+rknjz8VQskv7mEjZDmL1SSaZ8=</latexit>

!∗
<latexit sha1_base64="6OCwr1oUh8ul6CUoxakxq0P9cKk=">AAABr3icZU9NT8JAFHyLX4hfVePJSwMHPRDScsArCTHhiAlfCcW6XR+4Ybut3S1iGu7+Gk8mevVneNN/IgUOInOazJvJm/FCwZW2rC+S2djc2t7J7ub29g8Oj4zjk7YK4ohhiwUiiLoeVSi4xJbmWmA3jJD6nsCON6ql984YI8UD2dTPIfZ9OpR8wBnVM8k18o5P9QOjIqlNL0xHxZ5CjY/mH9k1ClbJmsNcJ/aSFKpnn+7199tPwzXGzn3AYh+lZoIq1bPLoe4nNNKcCZzmnFhhSNmIDjGR+BRONE500ZzT9O2Ko9e0+8kgkBolW41O5uuLPmdRkE5Li9r/a62TdrlkV0qVm1njOiyQhXPIwyXYcAVVqEMDWsDgBV7hHT6ITTrkltwtrBmyzJzCCgj/BRxte0g=</latexit>!′ ⊆ !

<latexit sha1_base64="GMOa9Y1K+WStu4B1yh2pHkq5+rE=">AAABnHicZY/JSgNBFEVfOcY4pNWloo1Z6CKE7iziSgjoIiBChEyQDk11+ZIUqaHpqo6RkC9xq5/hh/g3ZtrE3NXhvXvh3igW3FjP+yVb2zu7e/uZg+zh0fFJzjk9axqdJgwbTAudtCNqUHCFDcutwHacIJWRwFY0fJz/WyNMDNeqbj9i7EraV7zHGbWzU+jk2m5guHQDmYZBbcBDJ+8VvYXcTfBXkK9cX+qf24egFjqj4E2zVKKyTFBjOn4ptt0JTSxnAqfZIDUYUzakfZwofI/HFse24C5QUjtYc3TqfnfS08qiYuvR8WJqQXKW6PmO6ayo/7/WJjRLRb9cLL/OGldhqQxcwA3cgQ/3UIEq1KABDFL4hC/4JlfkiTyTl6V1i6wy57Am0vwD/6JxCA==</latexit>

! ∼ !Φ

<latexit sha1_base64="XJrZOMXjsRUGSmJOCIEN0YtIu08=">AAABknicZY/JTgJBEIarcUNcwCXx4IXIxRhCZjhg4glDTDh4wIRhJgEkPW2Bnenpnkw3i5nwEF71yXgL30DZLsh/+lL1V/KVHwmujWXNSGpnd2//IH2YOTo+Oc3mzs5bWg1jhg5TQsWeTzUKLtEx3Aj0ohhp6At0/aC22LsjjDVXsmk+IuyGdCB5nzNq5iPX6yWj17tpL1ewStYy+W2w11CoXv3+PI1nTqOXG3XeFBuGKA0TVOu2XY5MN6Gx4UzgNNMZaowoC+gAE4njaGJwYor5JYbUvG802k27m/SVNCjZ5ulk+WAx5CxWC/uFqP1faxta5ZJdKVVe5sZ1WCUN13ADt2DDPVShDg1wgEEAn/AF3+SSPJBHUltVU2R9cwEbIc9/AK9vpg==</latexit>

!"∗

<latexit sha1_base64="1O1/eDX0JHmJBT49qABngkFQ+PA=">AAABl3icZY9LT8JAFIXv4AvxVXVl3BBZ6IKQlgUuJSExLCHhlVBCpuMFJ0xnJp0Baxr+hlv9W/4badNN5ay+3Htu7jmBFtxY1/0lpYPDo+OT8mnl7Pzi8sq5vhkZtY4YDpkSKpoE1KDgEoeWW4ETHSENA4HjYNVJ9+MNRoYrObCfGmchXUq+4Iza3cj3Q2rfGRVJZ/s4d2puw81U3Qcvhxrk6s2djf+m2DpEaZmgxky9prazhEaWM4Hbir82qClb0SUmEj90bDG29WqG6d+CYzrwZslCSYuSFU/jrGU95CxSaYXtLqj3P9Y+jJoNr9Vo9d1au5tHLsM9PMATePAMbehCD4bAQMMXfMMPuSMv5JXk3hLJb26hINL/A+FJbZM=</latexit>!′
<latexit sha1_base64="aDONEaKW6azBRTRxawtO+OAVMtk=">AAABjnicZY9NTwIxEIan+IX4terRC3EvxhCyywFPRhIvHDGyQAJIunXAhm7btAXXEH6CV/1t/hth3Qvynp7MvJM8E2vBrQuCH1LY2d3bPygelo6OT07PvPOLjlUzwzBiSijTi6lFwSVGjjuBPW2QJrHAbjx9XO+7czSWK9l2HxqHCZ1IPuaMutXoef5yO/L8oBpkKW9DmIMPeVojbz54VWyWoHRMUGv7YU274YIax5nAZWkws6gpm9IJLiS+69Rh6irlDBPq3jYa/XY4XIyVdCjZ5mmaPVdJODNqbb5ciYb/tbahU6uG9Wr9KfAbzVy5CFdwDTcQwh00oAktiIDBBD7hC76JR+rknjz8VQskv7mEjZDmL1SSaZ8=</latexit>

!∗
<latexit sha1_base64="6OCwr1oUh8ul6CUoxakxq0P9cKk=">AAABr3icZU9NT8JAFHyLX4hfVePJSwMHPRDScsArCTHhiAlfCcW6XR+4Ybut3S1iGu7+Gk8mevVneNN/IgUOInOazJvJm/FCwZW2rC+S2djc2t7J7ub29g8Oj4zjk7YK4ohhiwUiiLoeVSi4xJbmWmA3jJD6nsCON6ql984YI8UD2dTPIfZ9OpR8wBnVM8k18o5P9QOjIqlNL0xHxZ5CjY/mH9k1ClbJmsNcJ/aSFKpnn+7199tPwzXGzn3AYh+lZoIq1bPLoe4nNNKcCZzmnFhhSNmIDjGR+BRONE500ZzT9O2Ko9e0+8kgkBolW41O5uuLPmdRkE5Li9r/a62TdrlkV0qVm1njOiyQhXPIwyXYcAVVqEMDWsDgBV7hHT6ITTrkltwtrBmyzJzCCgj/BRxte0g=</latexit>!′ ⊆ !

: variables in 
<latexit sha1_base64="e+gSX7Y0TjzsiKCgpDTRtwszzPw=">AAABp3icZY9LT8JAFIXv4AvxVXXJhogLTQhpSYAt6qYLjRh5JdCQ6XjBCdPOpDM1aMPCX+NWf47/RihskLM6ufecm+/6SnBtbPuXZLa2d3b3svu5g8Oj4xPr9KyjZRwxbDMpZNTzqUbBQ2wbbgT2VIQ08AV2/cndYt99w0hzGbbMu0IvoOOQjzijZj4aWvmBwalJ7/Td1sO9l9Rv6vZtdZY8z4ZW0S7bqQqbxlmZYuMSUjWHVjx4kSwOMDRMUK37TkUZL6GR4UzgLDeINSrKJnSMSUDNq6IfslQwYzUfCEHXAv2W4yUjGRoM2XpzmtKWAs4iuXhpwen8p9o0nUrZqZVrT3NgdwkMWcjDBVyBA3VogAtNaAODT/iCb/gh1+SRdEhvGc2QVecc1kToH2hCcyg=</latexit>

S

Subset 
<latexit sha1_base64="e+gSX7Y0TjzsiKCgpDTRtwszzPw=">AAABp3icZY9LT8JAFIXv4AvxVXXJhogLTQhpSYAt6qYLjRh5JdCQ6XjBCdPOpDM1aMPCX+NWf47/RihskLM6ufecm+/6SnBtbPuXZLa2d3b3svu5g8Oj4xPr9KyjZRwxbDMpZNTzqUbBQ2wbbgT2VIQ08AV2/cndYt99w0hzGbbMu0IvoOOQjzijZj4aWvmBwalJ7/Td1sO9l9Rv6vZtdZY8z4ZW0S7bqQqbxlmZYuMSUjWHVjx4kSwOMDRMUK37TkUZL6GR4UzgLDeINSrKJnSMSUDNq6IfslQwYzUfCEHXAv2W4yUjGRoM2XpzmtKWAs4iuXhpwen8p9o0nUrZqZVrT3NgdwkMWcjDBVyBA3VogAtNaAODT/iCb/gh1+SRdEhvGc2QVecc1kToH2hCcyg=</latexit>

S

Step 1: Separating high-degree variables. [GGGY21], [HWY23], [CGG+24], [CLW+25]

Good variable has bounded degree.



Proof Overview: Exact Learning Random CNF Formula

Step 3: Conditional-revealing process.

Pin one-degree variables and simplify the CNF formula until  becomes isolated.
<latexit sha1_base64="662xT/4cGI6opquCMrgXqhA7PSg=">AAABpnicZY/NTsJAFIXv4B/iX9WVcUPEBTGEdNBg2JG4YaEGEwokUHE6XnDCdKZpB8Q0xKdxq8/j2wiFDXJWJ/eec/NdL5AiMrb9S1Ibm1vbO+ndzN7+weGRdXzSjPQo5OhwLXXY9liEUih0jDAS20GIzPcktrzh3XzfGmMYCa0a5iNA12cDJfqCMzMb9ayzbnKjU2s83Ltx5aZEK9fTePx8Ne1ZObtoJ8quG7o0ueolJKr3rHH3VfORj8pwyaKoQ0uBcWMWGsElTjPdUYQB40M2wFjhezAxODGFbGJ9Zt5WEp0GdeO+VgYVX61OEuCCL3io5x/NQel/rHXTLBVpuVh+mhHXFsSQhnO4gDxQuIUq1KAODnD4hC/4hh+SJ4/EIa1FNEWWnVNYEXn5A3hycqQ=</latexit>

!∗

With high probability over the randomness of ,
<latexit sha1_base64="S+PenLjMxtm41Z+aoKJmDu1pai4=">AAABj3icZY9NT8JAEIZn8Qvxq+jRC5GLB9K0HOBGmnjBW00okAAh23WgG7a7TXfBmoa/4FX/mv9Gqb0g7+nJzDvJM2EiuDaO800qR8cnp2fV89rF5dX1jVW/HWq1ThkGTAmVjkOqUXCJgeFG4DhJkcahwFG4etrtRxtMNVdyYN4TnMV0KfmCM2p2o6kf8bnVdGynSOMQ3BKaUMafW5vpq2LrGKVhgmo9cduJmeU0NZwJ3Nama40JZSu6xFziW5IZzEyrUWBMTbTXmAzcWb5Q0qBk+6dZ8V0r5ixVO/Xtr6j7X+sQhm3b7didF6fp9UvlKtzDAzyCC13woA8+BMAggg/4hC9SJ13SI95ftULKmzvYC3n+AQzXaig=</latexit>

Φ

for any              with                     ,  
<latexit sha1_base64="6OCwr1oUh8ul6CUoxakxq0P9cKk=">AAABr3icZU9NT8JAFHyLX4hfVePJSwMHPRDScsArCTHhiAlfCcW6XR+4Ybut3S1iGu7+Gk8mevVneNN/IgUOInOazJvJm/FCwZW2rC+S2djc2t7J7ub29g8Oj4zjk7YK4ohhiwUiiLoeVSi4xJbmWmA3jJD6nsCON6ql984YI8UD2dTPIfZ9OpR8wBnVM8k18o5P9QOjIqlNL0xHxZ5CjY/mH9k1ClbJmsNcJ/aSFKpnn+7199tPwzXGzn3AYh+lZoIq1bPLoe4nNNKcCZzmnFhhSNmIDjGR+BRONE500ZzT9O2Ko9e0+8kgkBolW41O5uuLPmdRkE5Li9r/a62TdrlkV0qVm1njOiyQhXPIwyXYcAVVqEMDWsDgBV7hHT6ITTrkltwtrBmyzJzCCgj/BRxte0g=</latexit>!′ ⊆ ! <latexit sha1_base64="HuehXSwBsdnzv2R/LOhZZvhFhHw=">AAABpnicZY/NTsJAFIXv4B/iH+rKuGnERBaEtCxwS8KGlcGEAgklOB0vOGE603QGxJTGp3Grz+PbWAob5CQ3Obn3nOS7fii4Nrb9S3J7+weHR/njwsnp2flF8fKqq9UsYugyJVTU96lGwSW6hhuB/TBCGvgCe/60ubr35hhprmTHfIQ4DOhE8jFn1KSrUfFm6QXUvDEq4mbysLQ8gemoiZXeSnbVzmTtGmdjSo17yNQeFefeq2KzAKVhgmo9cGqhGcY0MpwJTAreTGNI2ZROMJb4Hi4MLkzFyuyKYSsx6DjDeKykQcm2q4vs6UrAWaRWHyUpqPMfa9d0a1WnXq0/p8StNTHk4RbuoAwOPEIDWtAGFxh8whd8ww8pkyfikt46miObzjVsibz8ATDnczs=</latexit>|! ′| ≤ log !

there exists a clause  such that
<latexit sha1_base64="18kG/0WNCxdXuyxnRKpDLhTLrDo=">AAABn3icZY+9TgJBFIXvoCjiDyuWNqsUWhDcpcBSEgqpDCb8GZaQ2fGCE2ZnNjsDrtnwKjYW+hC+iI9iJ38Ncqov956Te48fCq6N4/yQ1M5uem8/c5A9PDo+yVmn+bZWk4hhiymhoq5PNQousWW4EdgNI6SBL7Djj2uLfWeKkeZKNs1biP2AjiQfckbNfDSw8sz2uLS9gJoXRkVSm10NrIJTcpayt8FdQ+HuN/1NPuRNY2BNvWfFJgFKwwTVuueWQ9NPaGQ4EzjLehONIWVjOsJE4msYG4xN0V7i4u6Go9d0+8lQSYOSbUbjZdtiwFmkFlVm80fd/29tQ7tcciulyqNTqNZhpQycwyVcgwu3UIU6NKAFDGJ4h0/4IhfknjyQxsqaIuvMGWyIPP0BlGZzEA==</latexit>

! ∈ "′
<latexit sha1_base64="M4IvIbx8T/fP9wwOyNjwD9hhAE0=">AAACEHicZZC7TsMwFIbtcr82wACIxYKhrVSqhgFWJBYkBkDQglRXlWNOg1XHjmKnFEWZeAPEw7AhVt6AmYm3IGkZKP2nX/Z37E/HC6Uwtl7/xIWp6ZnZufmFxaXlldWis7beNDqOODS4ljq69ZgBKRQ0rLASbsMIWOBJuPF6J/n9TR8iI7S6to8htAPmK9EVnNnsqOM8UQldSzPEUgsDq3QUMJn0PZmWeYVQAzYQKjaEesLncdhJeIlQoQgNmL3nGXqSlv5iCadpSibfKlVoJPz70VeE+kB6ZJ/ocq9S6zh79Vp9GDJZ3N+yd3yONr/OXq4uOk6f3mkeB6Asl8yYlnsQ2nbCIiu4hHSRxgZCxnvMh0TBQzjIbapkWHPtMaJ17baTrlYWFB8fHQzXWw0Ej3S+uzQTdf9rTZbmQc09rB1eZsanaJR5tIN2URm56Agdo1N0gRqIo29cxFt4Gz/jV/yG30doAf/ObKCx4I8fqkSeXA==</latexit>!!!!!!vbl(!) \

⋃
!′∈#′\{!}

vbl(!′)

!!!!!! ≥ " − #(").

number of one-degree variables in the subformula

: set of variables in <latexit sha1_base64="DMLAs5rF1IdXbJLhnSGUixmMuAE=">AAABpHicZY/NTsJAFIXv+Iv4V3Xhwg0RY1wQ0pKILlETwwITjBRIoJLpeMEJ05mmMyCm6dO41QfybYTCBjmrk3vPufmuHwqujW3/krX1jc2t7cxOdndv/+DQOjpuajWKGLpMCRW1fapRcImu4UZgO4yQBr7Alj98mO1bY4w0V7JhPkP0AjqQvM8ZNdNRzzrtpjc61cZTzYvL93fXt49JzJKelbeLdqrcqnEWJl+5gFT1njXuvik2ClAaJqjWHacUGi+mkeFMYJLtjjSGlA3pAGOJH+HE4MQUcqkNqHlfSnQajhf3lTQo2XJ1kuIWAs4iNftnBur8x1o1zVLRKRfLz1Pi6pwYMnAG53AFDtxABapQBxcYJPAF3/BDLkmNvBB3Hl0ji84JLIm8/gGkDXIl</latexit>!
<latexit sha1_base64="v0NrN0xzg+tR90LDk7VGQ/qRiQI=">AAABtnicZU/LTsJAFL3FF+Kr6tINkQ0khLQmIkt8xLDQBBNeCa1kOl5wwnSmaQfENP0GP8APMHHvxoV+h4kfIy1skLM6ufece89xPM4CZRg/WmpldW19I72Z2dre2d3T9w9agRz5FJtUcul3HBIgZwKbiimOHc9H4joc287wMt63x+gHTIqGevbQdslAsD6jRE1HPb1gJTe6tcbtjR2WL85PK9dRaCmcKCF9l/Bw7PAoTwtRT88ZJSNBdpmYc5KrZt/fXj9/M/WePrYeJB25KBTlJAi65omn7JD4ilGOUcYaBegROiQDDAU+eZP4aTGbUJeoxwVFt2HaYV8KhYIuWidJgaLLqC/jhnFQ83+sZdI6KZnlUvlumvgKZkjDERxDHkw4gyrUoA5NoPACH/AF31pFu9dQG8ykKW3uOYQFaN4f30p9lA==</latexit>

vbl(!)

New structure property!

<latexit sha1_base64="1O1/eDX0JHmJBT49qABngkFQ+PA=">AAABl3icZY9LT8JAFIXv4AvxVXVl3BBZ6IKQlgUuJSExLCHhlVBCpuMFJ0xnJp0Baxr+hlv9W/4badNN5ay+3Htu7jmBFtxY1/0lpYPDo+OT8mnl7Pzi8sq5vhkZtY4YDpkSKpoE1KDgEoeWW4ETHSENA4HjYNVJ9+MNRoYrObCfGmchXUq+4Iza3cj3Q2rfGRVJZ/s4d2puw81U3Qcvhxrk6s2djf+m2DpEaZmgxky9prazhEaWM4Hbir82qClb0SUmEj90bDG29WqG6d+CYzrwZslCSYuSFU/jrGU95CxSaYXtLqj3P9Y+jJoNr9Vo9d1au5tHLsM9PMATePAMbehCD4bAQMMXfMMPuSMv5JXk3hLJb26hINL/A+FJbZM=</latexit>!′
<latexit sha1_base64="aDONEaKW6azBRTRxawtO+OAVMtk=">AAABjnicZY9NTwIxEIan+IX4terRC3EvxhCyywFPRhIvHDGyQAJIunXAhm7btAXXEH6CV/1t/hth3Qvynp7MvJM8E2vBrQuCH1LY2d3bPygelo6OT07PvPOLjlUzwzBiSijTi6lFwSVGjjuBPW2QJrHAbjx9XO+7czSWK9l2HxqHCZ1IPuaMutXoef5yO/L8oBpkKW9DmIMPeVojbz54VWyWoHRMUGv7YU274YIax5nAZWkws6gpm9IJLiS+69Rh6irlDBPq3jYa/XY4XIyVdCjZ5mmaPVdJODNqbb5ciYb/tbahU6uG9Wr9KfAbzVy5CFdwDTcQwh00oAktiIDBBD7hC76JR+rknjz8VQskv7mEjZDmL1SSaZ8=</latexit>

!∗
<latexit sha1_base64="6OCwr1oUh8ul6CUoxakxq0P9cKk=">AAABr3icZU9NT8JAFHyLX4hfVePJSwMHPRDScsArCTHhiAlfCcW6XR+4Ybut3S1iGu7+Gk8mevVneNN/IgUOInOazJvJm/FCwZW2rC+S2djc2t7J7ub29g8Oj4zjk7YK4ohhiwUiiLoeVSi4xJbmWmA3jJD6nsCON6ql984YI8UD2dTPIfZ9OpR8wBnVM8k18o5P9QOjIqlNL0xHxZ5CjY/mH9k1ClbJmsNcJ/aSFKpnn+7199tPwzXGzn3AYh+lZoIq1bPLoe4nNNKcCZzmnFhhSNmIDjGR+BRONE500ZzT9O2Ko9e0+8kgkBolW41O5uuLPmdRkE5Li9r/a62TdrlkV0qVm1njOiyQhXPIwyXYcAVVqEMDWsDgBV7hHT6ITTrkltwtrBmyzJzCCgj/BRxte0g=</latexit>!′ ⊆ !

: one-degree variable
: variables in 

<latexit sha1_base64="e+gSX7Y0TjzsiKCgpDTRtwszzPw=">AAABp3icZY9LT8JAFIXv4AvxVXXJhogLTQhpSYAt6qYLjRh5JdCQ6XjBCdPOpDM1aMPCX+NWf47/RihskLM6ufecm+/6SnBtbPuXZLa2d3b3svu5g8Oj4xPr9KyjZRwxbDMpZNTzqUbBQ2wbbgT2VIQ08AV2/cndYt99w0hzGbbMu0IvoOOQjzijZj4aWvmBwalJ7/Td1sO9l9Rv6vZtdZY8z4ZW0S7bqQqbxlmZYuMSUjWHVjx4kSwOMDRMUK37TkUZL6GR4UzgLDeINSrKJnSMSUDNq6IfslQwYzUfCEHXAv2W4yUjGRoM2XpzmtKWAs4iuXhpwen8p9o0nUrZqZVrT3NgdwkMWcjDBVyBA3VogAtNaAODT/iCb/gh1+SRdEhvGc2QVecc1kToH2hCcyg=</latexit>

S



Summary

Sample complexity lower bounds

exact learning:

approx. learning:

<latexit sha1_base64="sSBzdw6P8YKGH+JtDXPoNvTDDzI=">AAABv3icZY/NTsJAFIVv8Q/xr+rSDREXkBDSouIWggsWGjHhL6FNMx0vZcJ0OmkHLGl4D5/Grb6CbyMUN8hZndx77s13XMlZpAzjR8vs7O7tH2QPc0fHJ6dn+vlFLwqmIcUuDXgQDlwSIWcCu4opjgMZIvFdjn130lzt+zMMIxaIjppLtH3iCTZilKjlyNGrVvpj2Oo8P9lJ8+728b6xSCyMpcVxpIrWi48ecSZFUbJC5o1VaeHoBaNipMpvG/PPFOo3kKrt6DPrLaBTH4WinETR0KxKZSckVIxyXOSsaYSS0AnxMBH4LmOFsSrnU+sTNd5IDDumnYwCoVDQzdM4bVL2GQ2DVdUVqPkfa9v0qhWzVqm9Lolba2LIwhVcQxFMeIA6tKANXaDwAZ/wBd9aQ/M0ocl1NKP93VzChrT5L078fRE=</latexit>

exp (Ω!("))
<latexit sha1_base64="6kiRgLpplmEVDLv25NlvS3wrIt4=">AAAB6nicZVDLTsJQEJ3iC/GFujFx08hGE8QWX4kbMZjIQiMmICS0kst1qDfc3tu0F8Q0/QjdGbf+iV/hD5i41R+Q1wY5i8nJmTOTM9PwOAuUYXxqsanpmdm5+HxiYXFpeSW5unYbyLZPsUwll361QQLkTGBZMcWx6vlI3AbHSqOV7/crHfQDJkVJPXlou8QRrMkoUT2pnrStwY5aoXR1aYf5g/3zw7MotK5ddEg9bKV1q0N89ALGpYgsjk21PaxC39MtLh1dWD5zHtTOXWjqu3q2J7eikRTVkykjYwygTxJzRFK5E9g4ff66KNaTHete0raLQlFOgqBmZj1lh8RXjHKMElY7QI/QFnEwFPjodRV2VVofUJeohzFHrWTaYVMKhYKOj3YHR6ddRn3Z/0o/qPk/1iS5zWbMo8zRTS9xAYaIwyZswTaYcAw5KEARykDhA77hB341rr1or9rb0BrTRjPrMAbt/Q9/z49A</latexit>

Ω! ,!

(
("/log ")1−2/!

)
<latexit sha1_base64="W6LTnCsC93gqKyFYod+6Zf1a6rQ=">AAAB0XicZY/LSsNAFIYn9VbrLerSTbAgFUpNqlS6K+iiC8WKvUETwmQ8TYdOZkIyrS0hUFwJPoJv4NO4rVvfwpW9bWr/1cc5/zn8v+MzGkpdHyuJtfWNza3kdmpnd2//QD08qoeiFxCoEcFE0HRwCIxyqEkqGTT9ALDnMGg43ZvpvtGHIKSCV+XQB8vDLqdtSrCcjGz11pz9aJWr93dWVLzKG8XLODIfPHCxHXWzmtnHAfghZYLHJoO2zHDtQjOZcDVuBtTtyPPYVtN6Tp9JWwVjAenS2c/orfLxW7HVvvksSM8DLgnDYdgy8r60IhxIShjEKbMXgo9JF7sQcXjxBxIGMqvN0MOys+RoVQ0ragsugZPl08GsW9ajJBDT8tOgxv9Yq1DP54xCrvA4SVxGcyXRCTpFGWSga1RCZVRBNUTQJ/pCY/StPClDZaS8zq0JZXFzjJakvP8BeguH8w==</latexit>

Ω! ,! ("/log ")

Sample efficient exact learning

• bounded degree CNF formula with                           samples:

sublinear intersection        if                                           ;

linear intersection                            if                                                    .

• random CNF near the satisfiability threshold with                                     samples.

<latexit sha1_base64="9p6L+gU7iU5x5RxfZPBGgAHtLsY=">AAABt3icZY/NTsJAFIVv8Q/xr+rSTSMujEHSQYNhYULihoUmmPCX0NpMxwtMaDu1MyCm6Tv4NG71NXwbaWGDnNXJvefcfNcNPS6Vaf5quY3Nre2d/G5hb//g8Eg/PulIMYkYtpnwRNRzqUSPB9hWXHnYCyOkvuth1x0/pPvuFCPJRdBSHyHaPh0GfMAZVfORo19ZCmcqu9NvtJ4e7bh2WyG1mySWxr0xfomJcW1YqGiSOHrRLJuZjHVDlqZYv4BMTUefWq+CTXwMFPOolH1SCZUd00hx5mFSsCYSQ8rGdIhxgO/hLEUpGZn1qRqtJPotYscDESgM2Gp1ltGXfM4ikb6YgpL/WOumUymTarn6PCduLIghD2dwDpdA4A7q0IAmtIHBJ3zBN/xoNc3RBtpoEc1py84prEh7+wNBOnj6</latexit>

! = "1−!

<latexit sha1_base64="ruDwqlWcvvqGDfNzif0IEvxlkk8=">AAAB4HicZZA9TwJBEIb38AvBD9TShkgDCRIODYbYkNhQaMTIV8Ii2VsG2LC3d+4tiNlcb2ds/QH2lv4UK1v9C1bCQYO81ZuZdybPjOVy5qls9tMIrayurW+ENyPRre2d3djefs1zhpJClTrckQ2LeMCZgKpiikPDlUBsi0PdGlxM+/URSI85oqIeXWjZpCdYl1GiJqV27BYrGKtgT7NUubps6cJpziyc+Pq6PcAcuiop7jSGsZs8xt69VHrgp/w45k4vjruSUC18jTvAFfGxZL2+SvntWCKbyQaKLxtzbhLFczfx+x59K7djI9xx6NAGoSgnntc0c65qaSIVoxz8CB564BI6ID3QAh7c8ZQ5HQ+sTVR/IdGsmC3ddYQCQRdHx8GZaZtR6Ux/MQU1/2Mtm1ouY+Yz+ZsJcQnNFEaH6AglkYnOUBGVUBlVEUUf6At9ox/DMp6MZ+NlFg0Z85kDtCDj9Q+mPI6u</latexit>

!"

(
#exp(−

√
") log #

!

)
<latexit sha1_base64="or9lk+UU5hQ2A07Pd4xUgvGMz+M=">AAAB03icZU/LSsNQFLypr1pfUZduggVJsZSkSqW7QkG6UKzQtIUmhJvb0xjyuDG5rdUQEHHhxi/wF/wad6I7/8KVTdpN7WzOcGbOYcbwHStkkvTJZZaWV1bXsuu5jc2t7R1+d68d0mFAQCHUoUHXwCE4lgcKs5gDXT8A7BoOdAy7nuidEQShRb0Wu/dBc7HpWQOLYDZZ6fy5ymDM0j+9RuvyQouqp2W5ehJHtqCacCvURfUBGC4IqkNNoS8cC1S0C5NxpUepEotyIdb5vFSSUgiLRJ6RfO3o5/Gl+fbb1PmR2qdk6ILHiIPDsCeXfaZFOGAWcSDOqcMQfExsbELkwZ0/TmIWhZS6mN3MOXotWYsG1GPgkfnTcdqs6FokoEn9JKj8P9YiaZdLcqVUuZ4kbqApsugAHSIRyegM1VADNZGCCHpHH+gLfXMKF3FP3PPUmuFmN/toDtzrH+VBhmI=</latexit>

! ≥ "(!) log # + 𝑂(!) + %!(1)
<latexit sha1_base64="vJrMIkkOWfiZ6SkfulIgwr1iglU=">AAABsnicZY/NTsJAFIVv8Q/xr+rSTSOauCCkAwTDwoTEDQtNMOEv0oZMxwtOmHaazoBowxP4NG71SXwbaWGDnNXJvefcfNcLBVfatn+NzNb2zu5edj93cHh0fGKennWUnEQM20wKGfU8qlDwANuaa4G9MELqewK73vg+2XenGCkug5Z+D9H16SjgQ86oXowG5rWjcabTO/1G6/HBjWuVEqmV57Gy7iznAzW1xvOBmbeLdipr05CVydevIFVzYE6dF8kmPgaaCapUn5RC7cY00pwJnOecicKQsjEdYRzgWzhLKApWan2qX9cS/RZx46EMNAZsvTpLwQs+Z5FMvktAyX+sTdMpFUm1WH1aEDeWxJCFC7iEGyBwC3VoQBPawOATvuAbfoyK8WxQgy2jGWPVOYc1GeIPua53bg==</latexit>

! = !"

<latexit sha1_base64="L+u2JejzZ6DAJuoF27JlFk06NwQ=">AAAByXicZU/LSsNAFJ34rPUVdekmWJAWS8lUqRRcFNwUVKzQFzQhTKa3MeQxaTKt0RAQ3PgP7vwat7pz7V+4skm7qT2be7j3nMs5umebAZflb2FpeWV1bT2zkd3c2t7ZFff22wEb+RRalNnM7+okANt0ocVNbkPX84E4ug0d3bpM7p0x+IHJ3CZ/9EB1iOGaA5MSPllp4oXCIeTpn169eXOtRtWzMq6expElKQYMJcVmhtSXTiSWtwqTcatFCnAS53Eh1sScXJJTSIsEz0iudvzz/Np4+21o4ljpMzpywOXUJkHQw2WPqxHxuUltiLPKKACPUIsYELnw4IVJuKKUUofw+zlFr4nVaMBcDi6dt4Zpn6JjUp8lpZOg+H+sRdIul3ClVLmbJK6jKTLoEB2hPMLoHNVQHTVQC1H0jj7QJ/oSroShEApPU+mSMPMcoDkIL3/dOoLA</latexit>

! ≥ log " + #(!) + 𝑂!(1)

<latexit sha1_base64="dqFpFbiNTg/5ObS/Ujijvlh7Gwk=">AAABxXicZY9LT8JAFIWn+ELwUXXpppENJoS0aFBiTEhcyEIjJuWR0KaZDhecMJ1p2gExTeM/cene/+BW9/4VV9LCBjmrk3vPvfmO6zMaSl3/UTJr6xubW9ntXH5nd29fPThsh2IcEGgRwUTQdXEIjHJoSSoZdP0AsOcy6Lijm2TfmUAQUsFN+eKD7eEhpwNKsJyNHPXSkjCV6Z9ew7y/s6PaecWoncWRqV1rD86oaDEx1KxBgEnE48jqA5M4Po0dtaCX9VTaqjEWplC/8gu/H/n3pqNOrL4gYw+4JAyHYc+o+NKOcCApYRDnrHEIPiYjPISIw7M/TcBKWmo9LJ+WEj3TsKOB4BI4WT6dpl1KHiWBSAonoMZ/rFXTrpSNarn6OCNuoLmy6BidoCIy0AWqowZqohYi6A19oi/0rdwqniKVyTyaURY3R2hJyusf59SCXA==</latexit>

! = "#(log 𝑂
!
)



Summary

Sample complexity lower bounds

exact learning:

approx. learning:

<latexit sha1_base64="sSBzdw6P8YKGH+JtDXPoNvTDDzI=">AAABv3icZY/NTsJAFIVv8Q/xr+rSDREXkBDSouIWggsWGjHhL6FNMx0vZcJ0OmkHLGl4D5/Grb6CbyMUN8hZndx77s13XMlZpAzjR8vs7O7tH2QPc0fHJ6dn+vlFLwqmIcUuDXgQDlwSIWcCu4opjgMZIvFdjn130lzt+zMMIxaIjppLtH3iCTZilKjlyNGrVvpj2Oo8P9lJ8+728b6xSCyMpcVxpIrWi48ecSZFUbJC5o1VaeHoBaNipMpvG/PPFOo3kKrt6DPrLaBTH4WinETR0KxKZSckVIxyXOSsaYSS0AnxMBH4LmOFsSrnU+sTNd5IDDumnYwCoVDQzdM4bVL2GQ2DVdUVqPkfa9v0qhWzVqm9Lolba2LIwhVcQxFMeIA6tKANXaDwAZ/wBd9aQ/M0ocl1NKP93VzChrT5L078fRE=</latexit>

exp (Ω!("))
<latexit sha1_base64="6kiRgLpplmEVDLv25NlvS3wrIt4=">AAAB6nicZVDLTsJQEJ3iC/GFujFx08hGE8QWX4kbMZjIQiMmICS0kst1qDfc3tu0F8Q0/QjdGbf+iV/hD5i41R+Q1wY5i8nJmTOTM9PwOAuUYXxqsanpmdm5+HxiYXFpeSW5unYbyLZPsUwll361QQLkTGBZMcWx6vlI3AbHSqOV7/crHfQDJkVJPXlou8QRrMkoUT2pnrStwY5aoXR1aYf5g/3zw7MotK5ddEg9bKV1q0N89ALGpYgsjk21PaxC39MtLh1dWD5zHtTOXWjqu3q2J7eikRTVkykjYwygTxJzRFK5E9g4ff66KNaTHete0raLQlFOgqBmZj1lh8RXjHKMElY7QI/QFnEwFPjodRV2VVofUJeohzFHrWTaYVMKhYKOj3YHR6ddRn3Z/0o/qPk/1iS5zWbMo8zRTS9xAYaIwyZswTaYcAw5KEARykDhA77hB341rr1or9rb0BrTRjPrMAbt/Q9/z49A</latexit>

Ω! ,!

(
("/log ")1−2/!

)
<latexit sha1_base64="W6LTnCsC93gqKyFYod+6Zf1a6rQ=">AAAB0XicZY/LSsNAFIYn9VbrLerSTbAgFUpNqlS6K+iiC8WKvUETwmQ8TYdOZkIyrS0hUFwJPoJv4NO4rVvfwpW9bWr/1cc5/zn8v+MzGkpdHyuJtfWNza3kdmpnd2//QD08qoeiFxCoEcFE0HRwCIxyqEkqGTT9ALDnMGg43ZvpvtGHIKSCV+XQB8vDLqdtSrCcjGz11pz9aJWr93dWVLzKG8XLODIfPHCxHXWzmtnHAfghZYLHJoO2zHDtQjOZcDVuBtTtyPPYVtN6Tp9JWwVjAenS2c/orfLxW7HVvvksSM8DLgnDYdgy8r60IhxIShjEKbMXgo9JF7sQcXjxBxIGMqvN0MOys+RoVQ0ragsugZPl08GsW9ajJBDT8tOgxv9Yq1DP54xCrvA4SVxGcyXRCTpFGWSga1RCZVRBNUTQJ/pCY/StPClDZaS8zq0JZXFzjJakvP8BeguH8w==</latexit>

Ω! ,! ("/log ")

Sample efficient exact learning

• bounded degree CNF formula with                           samples:

sublinear intersection        if                                           ;

linear intersection                            if                                                    .

• random CNF near the satisfiability threshold with                                     samples.

<latexit sha1_base64="9p6L+gU7iU5x5RxfZPBGgAHtLsY=">AAABt3icZY/NTsJAFIVv8Q/xr+rSTSMujEHSQYNhYULihoUmmPCX0NpMxwtMaDu1MyCm6Tv4NG71NXwbaWGDnNXJvefcfNcNPS6Vaf5quY3Nre2d/G5hb//g8Eg/PulIMYkYtpnwRNRzqUSPB9hWXHnYCyOkvuth1x0/pPvuFCPJRdBSHyHaPh0GfMAZVfORo19ZCmcqu9NvtJ4e7bh2WyG1mySWxr0xfomJcW1YqGiSOHrRLJuZjHVDlqZYv4BMTUefWq+CTXwMFPOolH1SCZUd00hx5mFSsCYSQ8rGdIhxgO/hLEUpGZn1qRqtJPotYscDESgM2Gp1ltGXfM4ikb6YgpL/WOumUymTarn6PCduLIghD2dwDpdA4A7q0IAmtIHBJ3zBN/xoNc3RBtpoEc1py84prEh7+wNBOnj6</latexit>

! = "1−!

<latexit sha1_base64="ruDwqlWcvvqGDfNzif0IEvxlkk8=">AAAB4HicZZA9TwJBEIb38AvBD9TShkgDCRIODYbYkNhQaMTIV8Ii2VsG2LC3d+4tiNlcb2ds/QH2lv4UK1v9C1bCQYO81ZuZdybPjOVy5qls9tMIrayurW+ENyPRre2d3djefs1zhpJClTrckQ2LeMCZgKpiikPDlUBsi0PdGlxM+/URSI85oqIeXWjZpCdYl1GiJqV27BYrGKtgT7NUubps6cJpziyc+Pq6PcAcuiop7jSGsZs8xt69VHrgp/w45k4vjruSUC18jTvAFfGxZL2+SvntWCKbyQaKLxtzbhLFczfx+x59K7djI9xx6NAGoSgnntc0c65qaSIVoxz8CB564BI6ID3QAh7c8ZQ5HQ+sTVR/IdGsmC3ddYQCQRdHx8GZaZtR6Ux/MQU1/2Mtm1ouY+Yz+ZsJcQnNFEaH6AglkYnOUBGVUBlVEUUf6At9ox/DMp6MZ+NlFg0Z85kDtCDj9Q+mPI6u</latexit>

!"

(
#exp(−

√
") log #

!

)
<latexit sha1_base64="or9lk+UU5hQ2A07Pd4xUgvGMz+M=">AAAB03icZU/LSsNQFLypr1pfUZduggVJsZSkSqW7QkG6UKzQtIUmhJvb0xjyuDG5rdUQEHHhxi/wF/wad6I7/8KVTdpN7WzOcGbOYcbwHStkkvTJZZaWV1bXsuu5jc2t7R1+d68d0mFAQCHUoUHXwCE4lgcKs5gDXT8A7BoOdAy7nuidEQShRb0Wu/dBc7HpWQOLYDZZ6fy5ymDM0j+9RuvyQouqp2W5ehJHtqCacCvURfUBGC4IqkNNoS8cC1S0C5NxpUepEotyIdb5vFSSUgiLRJ6RfO3o5/Gl+fbb1PmR2qdk6ILHiIPDsCeXfaZFOGAWcSDOqcMQfExsbELkwZ0/TmIWhZS6mN3MOXotWYsG1GPgkfnTcdqs6FokoEn9JKj8P9YiaZdLcqVUuZ4kbqApsugAHSIRyegM1VADNZGCCHpHH+gLfXMKF3FP3PPUmuFmN/toDtzrH+VBhmI=</latexit>

! ≥ "(!) log # + 𝑂(!) + %!(1)
<latexit sha1_base64="vJrMIkkOWfiZ6SkfulIgwr1iglU=">AAABsnicZY/NTsJAFIVv8Q/xr+rSTSOauCCkAwTDwoTEDQtNMOEv0oZMxwtOmHaazoBowxP4NG71SXwbaWGDnNXJvefcfNcLBVfatn+NzNb2zu5edj93cHh0fGKennWUnEQM20wKGfU8qlDwANuaa4G9MELqewK73vg+2XenGCkug5Z+D9H16SjgQ86oXowG5rWjcabTO/1G6/HBjWuVEqmV57Gy7iznAzW1xvOBmbeLdipr05CVydevIFVzYE6dF8kmPgaaCapUn5RC7cY00pwJnOecicKQsjEdYRzgWzhLKApWan2qX9cS/RZx46EMNAZsvTpLwQs+Z5FMvktAyX+sTdMpFUm1WH1aEDeWxJCFC7iEGyBwC3VoQBPawOATvuAbfoyK8WxQgy2jGWPVOYc1GeIPua53bg==</latexit>

! = !"

<latexit sha1_base64="L+u2JejzZ6DAJuoF27JlFk06NwQ=">AAAByXicZU/LSsNAFJ34rPUVdekmWJAWS8lUqRRcFNwUVKzQFzQhTKa3MeQxaTKt0RAQ3PgP7vwat7pz7V+4skm7qT2be7j3nMs5umebAZflb2FpeWV1bT2zkd3c2t7ZFff22wEb+RRalNnM7+okANt0ocVNbkPX84E4ug0d3bpM7p0x+IHJ3CZ/9EB1iOGaA5MSPllp4oXCIeTpn169eXOtRtWzMq6expElKQYMJcVmhtSXTiSWtwqTcatFCnAS53Eh1sScXJJTSIsEz0iudvzz/Np4+21o4ljpMzpywOXUJkHQw2WPqxHxuUltiLPKKACPUIsYELnw4IVJuKKUUofw+zlFr4nVaMBcDi6dt4Zpn6JjUp8lpZOg+H+sRdIul3ClVLmbJK6jKTLoEB2hPMLoHNVQHTVQC1H0jj7QJ/oSroShEApPU+mSMPMcoDkIL3/dOoLA</latexit>

! ≥ log " + #(!) + 𝑂!(1)

<latexit sha1_base64="dqFpFbiNTg/5ObS/Ujijvlh7Gwk=">AAABxXicZY9LT8JAFIWn+ELwUXXpppENJoS0aFBiTEhcyEIjJuWR0KaZDhecMJ1p2gExTeM/cene/+BW9/4VV9LCBjmrk3vPvfmO6zMaSl3/UTJr6xubW9ntXH5nd29fPThsh2IcEGgRwUTQdXEIjHJoSSoZdP0AsOcy6Lijm2TfmUAQUsFN+eKD7eEhpwNKsJyNHPXSkjCV6Z9ew7y/s6PaecWoncWRqV1rD86oaDEx1KxBgEnE48jqA5M4Po0dtaCX9VTaqjEWplC/8gu/H/n3pqNOrL4gYw+4JAyHYc+o+NKOcCApYRDnrHEIPiYjPISIw7M/TcBKWmo9LJ+WEj3TsKOB4BI4WT6dpl1KHiWBSAonoMZ/rFXTrpSNarn6OCNuoLmy6BidoCIy0AWqowZqohYi6A19oi/0rdwqniKVyTyaURY3R2hJyusf59SCXA==</latexit>

! = "#(log 𝑂
!
)

Open Problems

Better regime and better sample complexity?

Better tradeoff?

Approx. learning without intersection bound
<latexit sha1_base64="559A7q65X+vvJU9C9qr/GbaZPas=">AAABu3icZU/LTsJAFL3FF+Kr6tINEReYkKYlBtyYoCaGhSaY8EqgIdPxAiPTmaadIqTpX/g1bvUn/BtpYYOc1ck959x7ruNxFijT/NUyW9s7u3vZ/dzB4dHxiX561g5k6FNsUcml33VIgJwJbCmmOHY9H4nrcOw4k8dE70zRD5gUTTX30HbJSLAho0QtRgPd6CucqXRPr958ebajm/vq08NtHKWCkL5LeORJPo+L4joe6AXTMFPkN4m1IoXaFaRoDPRp/03S0EWhKCdB0LPKnrIj4itGOca5fhigR+iEjDAS+OHNkqulfEpdosZrjl7TsqOhFAoFXY/O0g9KLqO+TN5Milr/a22SdtmwKkblddG4vmwMWbiASyiCBVWoQR0a0AIKn/AF3/Cj3WlUe9f40prRVplzWIMW/gEpnnyS</latexit>

poly(!)with               samples?
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