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Overview
• Deep neural networks are widely used for nonlinear function approximation 

with applications spanning from computer vision to control. 

• Although these networks involve the composition of simple arithmetic 

operations, it can be very challenging to verify whether a particular network 
satisfies certain input-output properties.


• We survey methods that have emerged recently for soundly verifying such 
properties. In this talk, we will


1. Discuss fundamental differences and connections between existing 
algorithms;


2. Introduce NeuralVerification.jl toolbox which contains pedagogical 
implementations of existing methods.

!2* C. Liu, T. Arnon, C. Lazarus, C. Barrett, and M. Kochenderfer, "Algorithms for Verifying Deep Neural Networks," arXiv:1903.06758.

https://arxiv.org/abs/1903.06758


Deep Feed Forward Neural Networks
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<latexit sha1_base64="td+q67SARwOJc8gAACCUli5M6Fs=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEN5ZECrosunFZwT6gDWEynbRDJ5MwMxHa0C9x40IRt36KO//GSZuFth4YOJxzL/fMCRLOlHacb6u0sbm1vVPereztHxxW7aPjjopTSWibxDyWvQArypmgbc00p71EUhwFnHaDyV3ud5+oVCwWj3qaUC/CI8FCRrA2km9XBxHW4yBEMz9jl+7ct2tO3VkArRO3IDUo0PLtr8EwJmlEhSYcK9V3nUR7GZaaEU7nlUGqaILJBI9o31CBI6q8bBF8js6NMkRhLM0TGi3U3xsZjpSaRoGZzGOqVS8X//P6qQ5vvIyJJNVUkOWhMOVIxyhvAQ2ZpETzqSGYSGayIjLGEhNtuqqYEtzVL6+TzlXdderuQ6PWvC3qKMMpnMEFuHANTbiHFrSBQArP8Apv1sx6sd6tj+VoySp2TuAPrM8fNQ2Sxw==</latexit><latexit sha1_base64="td+q67SARwOJc8gAACCUli5M6Fs=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEN5ZECrosunFZwT6gDWEynbRDJ5MwMxHa0C9x40IRt36KO//GSZuFth4YOJxzL/fMCRLOlHacb6u0sbm1vVPereztHxxW7aPjjopTSWibxDyWvQArypmgbc00p71EUhwFnHaDyV3ud5+oVCwWj3qaUC/CI8FCRrA2km9XBxHW4yBEMz9jl+7ct2tO3VkArRO3IDUo0PLtr8EwJmlEhSYcK9V3nUR7GZaaEU7nlUGqaILJBI9o31CBI6q8bBF8js6NMkRhLM0TGi3U3xsZjpSaRoGZzGOqVS8X//P6qQ5vvIyJJNVUkOWhMOVIxyhvAQ2ZpETzqSGYSGayIjLGEhNtuqqYEtzVL6+TzlXdderuQ6PWvC3qKMMpnMEFuHANTbiHFrSBQArP8Apv1sx6sd6tj+VoySp2TuAPrM8fNQ2Sxw==</latexit><latexit sha1_base64="td+q67SARwOJc8gAACCUli5M6Fs=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEN5ZECrosunFZwT6gDWEynbRDJ5MwMxHa0C9x40IRt36KO//GSZuFth4YOJxzL/fMCRLOlHacb6u0sbm1vVPereztHxxW7aPjjopTSWibxDyWvQArypmgbc00p71EUhwFnHaDyV3ud5+oVCwWj3qaUC/CI8FCRrA2km9XBxHW4yBEMz9jl+7ct2tO3VkArRO3IDUo0PLtr8EwJmlEhSYcK9V3nUR7GZaaEU7nlUGqaILJBI9o31CBI6q8bBF8js6NMkRhLM0TGi3U3xsZjpSaRoGZzGOqVS8X//P6qQ5vvIyJJNVUkOWhMOVIxyhvAQ2ZpETzqSGYSGayIjLGEhNtuqqYEtzVL6+TzlXdderuQ6PWvC3qKMMpnMEFuHANTbiHFrSBQArP8Apv1sx6sd6tj+VoySp2TuAPrM8fNQ2Sxw==</latexit><latexit sha1_base64="td+q67SARwOJc8gAACCUli5M6Fs=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEN5ZECrosunFZwT6gDWEynbRDJ5MwMxHa0C9x40IRt36KO//GSZuFth4YOJxzL/fMCRLOlHacb6u0sbm1vVPereztHxxW7aPjjopTSWibxDyWvQArypmgbc00p71EUhwFnHaDyV3ud5+oVCwWj3qaUC/CI8FCRrA2km9XBxHW4yBEMz9jl+7ct2tO3VkArRO3IDUo0PLtr8EwJmlEhSYcK9V3nUR7GZaaEU7nlUGqaILJBI9o31CBI6q8bBF8js6NMkRhLM0TGi3U3xsZjpSaRoGZzGOqVS8X//P6qQ5vvIyJJNVUkOWhMOVIxyhvAQ2ZpETzqSGYSGayIjLGEhNtuqqYEtzVL6+TzlXdderuQ6PWvC3qKMMpnMEFuHANTbiHFrSBQArP8Apv1sx6sd6tj+VoySp2TuAPrM8fNQ2Sxw==</latexit>

ki�1
<latexit sha1_base64="xisqXnfWtDcBlVIpBeMXGfssZCI=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBiyURQY9FLx4r2A9oQ9lsN+2SzSbsToQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IJXCoOt+O6W19Y3NrfJ2ZWd3b/+genjUNkmmGW+xRCa6G1DDpVC8hQIl76aa0ziQvBNEdzO/88S1EYl6xEnK/ZiOlAgFo2ilTjTIxYU3HVRrbt2dg6wSryA1KNAcVL/6w4RlMVfIJDWm57kp+jnVKJjk00o/MzylLKIj3rNU0ZgbP5+fOyVnVhmSMNG2FJK5+nsip7ExkziwnTHFsVn2ZuJ/Xi/D8MbPhUoz5IotFoWZJJiQ2e9kKDRnKCeWUKaFvZWwMdWUoU2oYkPwll9eJe3LuufWvYerWuO2iKMMJ3AK5+DBNTTgHprQAgYRPMMrvDmp8+K8Ox+L1pJTzBzDHzifP+2+j0k=</latexit><latexit sha1_base64="xisqXnfWtDcBlVIpBeMXGfssZCI=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBiyURQY9FLx4r2A9oQ9lsN+2SzSbsToQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IJXCoOt+O6W19Y3NrfJ2ZWd3b/+genjUNkmmGW+xRCa6G1DDpVC8hQIl76aa0ziQvBNEdzO/88S1EYl6xEnK/ZiOlAgFo2ilTjTIxYU3HVRrbt2dg6wSryA1KNAcVL/6w4RlMVfIJDWm57kp+jnVKJjk00o/MzylLKIj3rNU0ZgbP5+fOyVnVhmSMNG2FJK5+nsip7ExkziwnTHFsVn2ZuJ/Xi/D8MbPhUoz5IotFoWZJJiQ2e9kKDRnKCeWUKaFvZWwMdWUoU2oYkPwll9eJe3LuufWvYerWuO2iKMMJ3AK5+DBNTTgHprQAgYRPMMrvDmp8+K8Ox+L1pJTzBzDHzifP+2+j0k=</latexit><latexit sha1_base64="xisqXnfWtDcBlVIpBeMXGfssZCI=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBiyURQY9FLx4r2A9oQ9lsN+2SzSbsToQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IJXCoOt+O6W19Y3NrfJ2ZWd3b/+genjUNkmmGW+xRCa6G1DDpVC8hQIl76aa0ziQvBNEdzO/88S1EYl6xEnK/ZiOlAgFo2ilTjTIxYU3HVRrbt2dg6wSryA1KNAcVL/6w4RlMVfIJDWm57kp+jnVKJjk00o/MzylLKIj3rNU0ZgbP5+fOyVnVhmSMNG2FJK5+nsip7ExkziwnTHFsVn2ZuJ/Xi/D8MbPhUoz5IotFoWZJJiQ2e9kKDRnKCeWUKaFvZWwMdWUoU2oYkPwll9eJe3LuufWvYerWuO2iKMMJ3AK5+DBNTTgHprQAgYRPMMrvDmp8+K8Ox+L1pJTzBzDHzifP+2+j0k=</latexit><latexit sha1_base64="xisqXnfWtDcBlVIpBeMXGfssZCI=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBiyURQY9FLx4r2A9oQ9lsN+2SzSbsToQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IJXCoOt+O6W19Y3NrfJ2ZWd3b/+genjUNkmmGW+xRCa6G1DDpVC8hQIl76aa0ziQvBNEdzO/88S1EYl6xEnK/ZiOlAgFo2ilTjTIxYU3HVRrbt2dg6wSryA1KNAcVL/6w4RlMVfIJDWm57kp+jnVKJjk00o/MzylLKIj3rNU0ZgbP5+fOyVnVhmSMNG2FJK5+nsip7ExkziwnTHFsVn2ZuJ/Xi/D8MbPhUoz5IotFoWZJJiQ2e9kKDRnKCeWUKaFvZWwMdWUoU2oYkPwll9eJe3LuufWvYerWuO2iKMMJ3AK5+DBNTTgHprQAgYRPMMrvDmp8+K8Ox+L1pJTzBzDHzifP+2+j0k=</latexit>

Wi,bi
<latexit sha1_base64="c0mLttFKkWPBS8xIsLXwHekkodE=">AAACAXicbVDLSsNAFL2pr1pfUTeCm8EiuJCSiKDLohuXFewD2hAm00k7dDIJMxOhhLrxV9y4UMStf+HOv3HSRtDWAwNnzrmXe+8JEs6Udpwvq7S0vLK6Vl6vbGxube/Yu3stFaeS0CaJeSw7AVaUM0GbmmlOO4mkOAo4bQej69xv31OpWCzu9DihXoQHgoWMYG0k3z7oRVgPgxC1fXaKfj6Bz3y76tScKdAicQtShQIN3/7s9WOSRlRowrFSXddJtJdhqRnhdFLppYommIzwgHYNFTiiysumF0zQsVH6KIyleUKjqfq7I8ORUuMoMJX5imrey8X/vG6qw0svYyJJNRVkNihMOdIxyuNAfSYp0XxsCCaSmV0RGWKJiTahVUwI7vzJi6R1VnOdmnt7Xq1fFXGU4RCO4ARcuIA63EADmkDgAZ7gBV6tR+vZerPeZ6Ulq+jZhz+wPr4BKg2WDA==</latexit><latexit sha1_base64="c0mLttFKkWPBS8xIsLXwHekkodE=">AAACAXicbVDLSsNAFL2pr1pfUTeCm8EiuJCSiKDLohuXFewD2hAm00k7dDIJMxOhhLrxV9y4UMStf+HOv3HSRtDWAwNnzrmXe+8JEs6Udpwvq7S0vLK6Vl6vbGxube/Yu3stFaeS0CaJeSw7AVaUM0GbmmlOO4mkOAo4bQej69xv31OpWCzu9DihXoQHgoWMYG0k3z7oRVgPgxC1fXaKfj6Bz3y76tScKdAicQtShQIN3/7s9WOSRlRowrFSXddJtJdhqRnhdFLppYommIzwgHYNFTiiysumF0zQsVH6KIyleUKjqfq7I8ORUuMoMJX5imrey8X/vG6qw0svYyJJNRVkNihMOdIxyuNAfSYp0XxsCCaSmV0RGWKJiTahVUwI7vzJi6R1VnOdmnt7Xq1fFXGU4RCO4ARcuIA63EADmkDgAZ7gBV6tR+vZerPeZ6Ulq+jZhz+wPr4BKg2WDA==</latexit><latexit sha1_base64="c0mLttFKkWPBS8xIsLXwHekkodE=">AAACAXicbVDLSsNAFL2pr1pfUTeCm8EiuJCSiKDLohuXFewD2hAm00k7dDIJMxOhhLrxV9y4UMStf+HOv3HSRtDWAwNnzrmXe+8JEs6Udpwvq7S0vLK6Vl6vbGxube/Yu3stFaeS0CaJeSw7AVaUM0GbmmlOO4mkOAo4bQej69xv31OpWCzu9DihXoQHgoWMYG0k3z7oRVgPgxC1fXaKfj6Bz3y76tScKdAicQtShQIN3/7s9WOSRlRowrFSXddJtJdhqRnhdFLppYommIzwgHYNFTiiysumF0zQsVH6KIyleUKjqfq7I8ORUuMoMJX5imrey8X/vG6qw0svYyJJNRVkNihMOdIxyuNAfSYp0XxsCCaSmV0RGWKJiTahVUwI7vzJi6R1VnOdmnt7Xq1fFXGU4RCO4ARcuIA63EADmkDgAZ7gBV6tR+vZerPeZ6Ulq+jZhz+wPr4BKg2WDA==</latexit><latexit sha1_base64="c0mLttFKkWPBS8xIsLXwHekkodE=">AAACAXicbVDLSsNAFL2pr1pfUTeCm8EiuJCSiKDLohuXFewD2hAm00k7dDIJMxOhhLrxV9y4UMStf+HOv3HSRtDWAwNnzrmXe+8JEs6Udpwvq7S0vLK6Vl6vbGxube/Yu3stFaeS0CaJeSw7AVaUM0GbmmlOO4mkOAo4bQej69xv31OpWCzu9DihXoQHgoWMYG0k3z7oRVgPgxC1fXaKfj6Bz3y76tScKdAicQtShQIN3/7s9WOSRlRowrFSXddJtJdhqRnhdFLppYommIzwgHYNFTiiysumF0zQsVH6KIyleUKjqfq7I8ORUuMoMJX5imrey8X/vG6qw0svYyJJNRVkNihMOdIxyuNAfSYp0XxsCCaSmV0RGWKJiTahVUwI7vzJi6R1VnOdmnt7Xq1fFXGU4RCO4ARcuIA63EADmkDgAZ7gBV6tR+vZerPeZ6Ulq+jZhz+wPr4BKg2WDA==</latexit>

�i
<latexit sha1_base64="FiIsfc0avyNQu4LwM3/HZWsW13U=">AAAB+XicbVDLSgMxFL1TX7W+Rl26CRbBVZkRQZdFNy4r2Ad0hpJJM21okhmSTKEM/RM3LhRx65+482/MtLPQ1gOBwzn3ck9OlHKmjed9O5WNza3tnepubW//4PDIPT7p6CRThLZJwhPVi7CmnEnaNsxw2ksVxSLitBtN7gu/O6VKs0Q+mVlKQ4FHksWMYGOlgesGAptxFKNAs5HAAzZw617DWwCtE78kdSjRGrhfwTAhmaDSEI617vteasIcK8MIp/NakGmaYjLBI9q3VGJBdZgvks/RhVWGKE6UfdKghfp7I8dC65mI7GSRU696hfif189MfBvmTKaZoZIsD8UZRyZBRQ1oyBQlhs8swUQxmxWRMVaYGFtWzZbgr355nXSuGr7X8B+v6827so4qnME5XIIPN9CEB2hBGwhM4Rle4c3JnRfn3flYjlaccucU/sD5/AFN+5Nu</latexit><latexit sha1_base64="FiIsfc0avyNQu4LwM3/HZWsW13U=">AAAB+XicbVDLSgMxFL1TX7W+Rl26CRbBVZkRQZdFNy4r2Ad0hpJJM21okhmSTKEM/RM3LhRx65+482/MtLPQ1gOBwzn3ck9OlHKmjed9O5WNza3tnepubW//4PDIPT7p6CRThLZJwhPVi7CmnEnaNsxw2ksVxSLitBtN7gu/O6VKs0Q+mVlKQ4FHksWMYGOlgesGAptxFKNAs5HAAzZw617DWwCtE78kdSjRGrhfwTAhmaDSEI617vteasIcK8MIp/NakGmaYjLBI9q3VGJBdZgvks/RhVWGKE6UfdKghfp7I8dC65mI7GSRU696hfif189MfBvmTKaZoZIsD8UZRyZBRQ1oyBQlhs8swUQxmxWRMVaYGFtWzZbgr355nXSuGr7X8B+v6827so4qnME5XIIPN9CEB2hBGwhM4Rle4c3JnRfn3flYjlaccucU/sD5/AFN+5Nu</latexit><latexit sha1_base64="FiIsfc0avyNQu4LwM3/HZWsW13U=">AAAB+XicbVDLSgMxFL1TX7W+Rl26CRbBVZkRQZdFNy4r2Ad0hpJJM21okhmSTKEM/RM3LhRx65+482/MtLPQ1gOBwzn3ck9OlHKmjed9O5WNza3tnepubW//4PDIPT7p6CRThLZJwhPVi7CmnEnaNsxw2ksVxSLitBtN7gu/O6VKs0Q+mVlKQ4FHksWMYGOlgesGAptxFKNAs5HAAzZw617DWwCtE78kdSjRGrhfwTAhmaDSEI617vteasIcK8MIp/NakGmaYjLBI9q3VGJBdZgvks/RhVWGKE6UfdKghfp7I8dC65mI7GSRU696hfif189MfBvmTKaZoZIsD8UZRyZBRQ1oyBQlhs8swUQxmxWRMVaYGFtWzZbgr355nXSuGr7X8B+v6827so4qnME5XIIPN9CEB2hBGwhM4Rle4c3JnRfn3flYjlaccucU/sD5/AFN+5Nu</latexit><latexit sha1_base64="FiIsfc0avyNQu4LwM3/HZWsW13U=">AAAB+XicbVDLSgMxFL1TX7W+Rl26CRbBVZkRQZdFNy4r2Ad0hpJJM21okhmSTKEM/RM3LhRx65+482/MtLPQ1gOBwzn3ck9OlHKmjed9O5WNza3tnepubW//4PDIPT7p6CRThLZJwhPVi7CmnEnaNsxw2ksVxSLitBtN7gu/O6VKs0Q+mVlKQ4FHksWMYGOlgesGAptxFKNAs5HAAzZw617DWwCtE78kdSjRGrhfwTAhmaDSEI617vteasIcK8MIp/NakGmaYjLBI9q3VGJBdZgvks/RhVWGKE6UfdKghfp7I8dC65mI7GSRU696hfif189MfBvmTKaZoZIsD8UZRyZBRQ1oyBQlhs8swUQxmxWRMVaYGFtWzZbgr355nXSuGr7X8B+v6827so4qnME5XIIPN9CEB2hBGwhM4Rle4c3JnRfn3flYjlaccucU/sD5/AFN+5Nu</latexit>

zi
<latexit sha1_base64="5xR0bOwYx5yPO4yYzLFvt+w+2II=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV7APaoWTSTBuayYzJnUId+h1uXCji1o9x59+YtrPQ1gOBwzn3ck9OkEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGtzO/NebaiFg94CThfkQHSoSCUbSS340oDoOQPPUyMe2VK27VnYOsEi8nFchR75W/uv2YpRFXyCQ1puO5CfoZ1SiY5NNSNzU8oWxEB7xjqaIRN342Dz0lZ1bpkzDW9ikkc/X3RkYjYyZRYCdnIc2yNxP/8zophtd+JlSSIldscShMJcGYzBogfaE5QzmxhDItbFbChlRThranki3BW/7yKmleVD236t1fVmo3eR1FOIFTOAcPrqAGd1CHBjB4hGd4hTdn7Lw4787HYrTg5DvH8AfO5w/a55Ik</latexit><latexit sha1_base64="5xR0bOwYx5yPO4yYzLFvt+w+2II=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV7APaoWTSTBuayYzJnUId+h1uXCji1o9x59+YtrPQ1gOBwzn3ck9OkEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGtzO/NebaiFg94CThfkQHSoSCUbSS340oDoOQPPUyMe2VK27VnYOsEi8nFchR75W/uv2YpRFXyCQ1puO5CfoZ1SiY5NNSNzU8oWxEB7xjqaIRN342Dz0lZ1bpkzDW9ikkc/X3RkYjYyZRYCdnIc2yNxP/8zophtd+JlSSIldscShMJcGYzBogfaE5QzmxhDItbFbChlRThranki3BW/7yKmleVD236t1fVmo3eR1FOIFTOAcPrqAGd1CHBjB4hGd4hTdn7Lw4787HYrTg5DvH8AfO5w/a55Ik</latexit><latexit sha1_base64="5xR0bOwYx5yPO4yYzLFvt+w+2II=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV7APaoWTSTBuayYzJnUId+h1uXCji1o9x59+YtrPQ1gOBwzn3ck9OkEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGtzO/NebaiFg94CThfkQHSoSCUbSS340oDoOQPPUyMe2VK27VnYOsEi8nFchR75W/uv2YpRFXyCQ1puO5CfoZ1SiY5NNSNzU8oWxEB7xjqaIRN342Dz0lZ1bpkzDW9ikkc/X3RkYjYyZRYCdnIc2yNxP/8zophtd+JlSSIldscShMJcGYzBogfaE5QzmxhDItbFbChlRThranki3BW/7yKmleVD236t1fVmo3eR1FOIFTOAcPrqAGd1CHBjB4hGd4hTdn7Lw4787HYrTg5DvH8AfO5w/a55Ik</latexit><latexit sha1_base64="5xR0bOwYx5yPO4yYzLFvt+w+2II=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV7APaoWTSTBuayYzJnUId+h1uXCji1o9x59+YtrPQ1gOBwzn3ck9OkEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGtzO/NebaiFg94CThfkQHSoSCUbSS340oDoOQPPUyMe2VK27VnYOsEi8nFchR75W/uv2YpRFXyCQ1puO5CfoZ1SiY5NNSNzU8oWxEB7xjqaIRN342Dz0lZ1bpkzDW9ikkc/X3RkYjYyZRYCdnIc2yNxP/8zophtd+JlSSIldscShMJcGYzBogfaE5QzmxhDItbFbChlRThranki3BW/7yKmleVD236t1fVmo3eR1FOIFTOAcPrqAGd1CHBjB4hGd4hTdn7Lw4787HYrTg5DvH8AfO5w/a55Ik</latexit>

ki
<latexit sha1_base64="kJ9dRBv2cnFOyvRUxV/SQbtHzsg=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpYdwXfbfq1bw5yCrxC1KFAo2++9UbJCyLuUImqTFd30sxyKlGwSSfVnqZ4SllYzrkXUsVjbkJ8vmpU3JmlQGJEm1LIZmrvydyGhsziUPbGVMcmWVvJv7ndTOMroNcqDRDrthiUZRJggmZ/U0GQnOGcmIJZVrYWwkbUU0Z2nQqNgR/+eVV0rqo+V7Nv7+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c6L86787FoLTnFzDH8gfP5A0zCjcs=</latexit><latexit sha1_base64="kJ9dRBv2cnFOyvRUxV/SQbtHzsg=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpYdwXfbfq1bw5yCrxC1KFAo2++9UbJCyLuUImqTFd30sxyKlGwSSfVnqZ4SllYzrkXUsVjbkJ8vmpU3JmlQGJEm1LIZmrvydyGhsziUPbGVMcmWVvJv7ndTOMroNcqDRDrthiUZRJggmZ/U0GQnOGcmIJZVrYWwkbUU0Z2nQqNgR/+eVV0rqo+V7Nv7+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c6L86787FoLTnFzDH8gfP5A0zCjcs=</latexit><latexit sha1_base64="kJ9dRBv2cnFOyvRUxV/SQbtHzsg=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpYdwXfbfq1bw5yCrxC1KFAo2++9UbJCyLuUImqTFd30sxyKlGwSSfVnqZ4SllYzrkXUsVjbkJ8vmpU3JmlQGJEm1LIZmrvydyGhsziUPbGVMcmWVvJv7ndTOMroNcqDRDrthiUZRJggmZ/U0GQnOGcmIJZVrYWwkbUU0Z2nQqNgR/+eVV0rqo+V7Nv7+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c6L86787FoLTnFzDH8gfP5A0zCjcs=</latexit><latexit sha1_base64="kJ9dRBv2cnFOyvRUxV/SQbtHzsg=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpYdwXfbfq1bw5yCrxC1KFAo2++9UbJCyLuUImqTFd30sxyKlGwSSfVnqZ4SllYzrkXUsVjbkJ8vmpU3JmlQGJEm1LIZmrvydyGhsziUPbGVMcmWVvJv7ndTOMroNcqDRDrthiUZRJggmZ/U0GQnOGcmIJZVrYWwkbUU0Z2nQqNgR/+eVV0rqo+V7Nv7+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c6L86787FoLTnFzDH8gfP5A0zCjcs=</latexit>

zi,1
<latexit sha1_base64="OiGuizByxL1WY1lWVvtluvPvyR4=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBg5RECnosevFYwX5AG8pmO2mXbjZhdyPU0B/hxYMiXv093vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++xGV5rF8MJME/YgOJQ85o8ZK7ad+xi+8ab9ccavuHGSVeDmpQI5Gv/zVG8QsjVAaJqjWXc9NjJ9RZTgTOC31Uo0JZWM6xK6lkkao/Wx+7pScWWVAwljZkobM1d8TGY20nkSB7YyoGellbyb+53VTE177GZdJalCyxaIwFcTEZPY7GXCFzIiJJZQpbm8lbEQVZcYmVLIheMsvr5LWZdVzq959rVK/yeMowgmcwjl4cAV1uIMGNIHBGJ7hFd6cxHlx3p2PRWvByWeO4Q+czx8DXY9X</latexit><latexit sha1_base64="OiGuizByxL1WY1lWVvtluvPvyR4=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBg5RECnosevFYwX5AG8pmO2mXbjZhdyPU0B/hxYMiXv093vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++xGV5rF8MJME/YgOJQ85o8ZK7ad+xi+8ab9ccavuHGSVeDmpQI5Gv/zVG8QsjVAaJqjWXc9NjJ9RZTgTOC31Uo0JZWM6xK6lkkao/Wx+7pScWWVAwljZkobM1d8TGY20nkSB7YyoGellbyb+53VTE177GZdJalCyxaIwFcTEZPY7GXCFzIiJJZQpbm8lbEQVZcYmVLIheMsvr5LWZdVzq959rVK/yeMowgmcwjl4cAV1uIMGNIHBGJ7hFd6cxHlx3p2PRWvByWeO4Q+czx8DXY9X</latexit><latexit sha1_base64="OiGuizByxL1WY1lWVvtluvPvyR4=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBg5RECnosevFYwX5AG8pmO2mXbjZhdyPU0B/hxYMiXv093vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++xGV5rF8MJME/YgOJQ85o8ZK7ad+xi+8ab9ccavuHGSVeDmpQI5Gv/zVG8QsjVAaJqjWXc9NjJ9RZTgTOC31Uo0JZWM6xK6lkkao/Wx+7pScWWVAwljZkobM1d8TGY20nkSB7YyoGellbyb+53VTE177GZdJalCyxaIwFcTEZPY7GXCFzIiJJZQpbm8lbEQVZcYmVLIheMsvr5LWZdVzq959rVK/yeMowgmcwjl4cAV1uIMGNIHBGJ7hFd6cxHlx3p2PRWvByWeO4Q+czx8DXY9X</latexit><latexit sha1_base64="OiGuizByxL1WY1lWVvtluvPvyR4=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBg5RECnosevFYwX5AG8pmO2mXbjZhdyPU0B/hxYMiXv093vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++xGV5rF8MJME/YgOJQ85o8ZK7ad+xi+8ab9ccavuHGSVeDmpQI5Gv/zVG8QsjVAaJqjWXc9NjJ9RZTgTOC31Uo0JZWM6xK6lkkao/Wx+7pScWWVAwljZkobM1d8TGY20nkSB7YyoGellbyb+53VTE177GZdJalCyxaIwFcTEZPY7GXCFzIiJJZQpbm8lbEQVZcYmVLIheMsvr5LWZdVzq959rVK/yeMowgmcwjl4cAV1uIMGNIHBGJ7hFd6cxHlx3p2PRWvByWeO4Q+czx8DXY9X</latexit>

zi,2
<latexit sha1_base64="Xh0v2sg6aLwqMN7SfZ0cdrw33lk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBg5SkCHosevFYwX5AG8pmO2mXbjZhdyPU0B/hxYMiXv093vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++xGV5rF8MJME/YgOJQ85o8ZK7ad+xi9q03654lbdOcgq8XJSgRyNfvmrN4hZGqE0TFCtu56bGD+jynAmcFrqpRoTysZ0iF1LJY1Q+9n83Ck5s8qAhLGyJQ2Zq78nMhppPYkC2xlRM9LL3kz8z+umJrz2My6T1KBki0VhKoiJyex3MuAKmRETSyhT3N5K2IgqyoxNqGRD8JZfXiWtWtVzq979ZaV+k8dRhBM4hXPw4ArqcAcNaAKDMTzDK7w5ifPivDsfi9aCk88cwx84nz8E4o9Y</latexit><latexit sha1_base64="Xh0v2sg6aLwqMN7SfZ0cdrw33lk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBg5SkCHosevFYwX5AG8pmO2mXbjZhdyPU0B/hxYMiXv093vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++xGV5rF8MJME/YgOJQ85o8ZK7ad+xi9q03654lbdOcgq8XJSgRyNfvmrN4hZGqE0TFCtu56bGD+jynAmcFrqpRoTysZ0iF1LJY1Q+9n83Ck5s8qAhLGyJQ2Zq78nMhppPYkC2xlRM9LL3kz8z+umJrz2My6T1KBki0VhKoiJyex3MuAKmRETSyhT3N5K2IgqyoxNqGRD8JZfXiWtWtVzq979ZaV+k8dRhBM4hXPw4ArqcAcNaAKDMTzDK7w5ifPivDsfi9aCk88cwx84nz8E4o9Y</latexit><latexit sha1_base64="Xh0v2sg6aLwqMN7SfZ0cdrw33lk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBg5SkCHosevFYwX5AG8pmO2mXbjZhdyPU0B/hxYMiXv093vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++xGV5rF8MJME/YgOJQ85o8ZK7ad+xi9q03654lbdOcgq8XJSgRyNfvmrN4hZGqE0TFCtu56bGD+jynAmcFrqpRoTysZ0iF1LJY1Q+9n83Ck5s8qAhLGyJQ2Zq78nMhppPYkC2xlRM9LL3kz8z+umJrz2My6T1KBki0VhKoiJyex3MuAKmRETSyhT3N5K2IgqyoxNqGRD8JZfXiWtWtVzq979ZaV+k8dRhBM4hXPw4ArqcAcNaAKDMTzDK7w5ifPivDsfi9aCk88cwx84nz8E4o9Y</latexit><latexit sha1_base64="Xh0v2sg6aLwqMN7SfZ0cdrw33lk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBg5SkCHosevFYwX5AG8pmO2mXbjZhdyPU0B/hxYMiXv093vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++xGV5rF8MJME/YgOJQ85o8ZK7ad+xi9q03654lbdOcgq8XJSgRyNfvmrN4hZGqE0TFCtu56bGD+jynAmcFrqpRoTysZ0iF1LJY1Q+9n83Ck5s8qAhLGyJQ2Zq78nMhppPYkC2xlRM9LL3kz8z+umJrz2My6T1KBki0VhKoiJyex3MuAKmRETSyhT3N5K2IgqyoxNqGRD8JZfXiWtWtVzq979ZaV+k8dRhBM4hXPw4ArqcAcNaAKDMTzDK7w5ifPivDsfi9aCk88cwx84nz8E4o9Y</latexit>

zi,ki
<latexit sha1_base64="zoItQicqunfh7MCEF4gqBZiCZDQ=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD0WvXisYD+kDWGz3bRLdzdhdyPU0F/hxYMiXv053vw3btoctPXBwOO9GWbmhQln2rjut1NaWV1b3yhvVra2d3b3qvsHbR2nitAWiXmsuiHWlDNJW4YZTruJoliEnHbC8U3udx6p0iyW92aSUF/goWQRI9hY6eEpyNjZOGDToFpz6+4MaJl4BalBgWZQ/eoPYpIKKg3hWOue5ybGz7AyjHA6rfRTTRNMxnhIe5ZKLKj2s9nBU3RilQGKYmVLGjRTf09kWGg9EaHtFNiM9KKXi/95vdREV37GZJIaKsl8UZRyZGKUf48GTFFi+MQSTBSztyIywgoTYzOq2BC8xZeXSfu87rl17+6i1rgu4ijDERzDKXhwCQ24hSa0gICAZ3iFN0c5L8678zFvLTnFzCH8gfP5A9pfkG0=</latexit><latexit sha1_base64="zoItQicqunfh7MCEF4gqBZiCZDQ=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD0WvXisYD+kDWGz3bRLdzdhdyPU0F/hxYMiXv053vw3btoctPXBwOO9GWbmhQln2rjut1NaWV1b3yhvVra2d3b3qvsHbR2nitAWiXmsuiHWlDNJW4YZTruJoliEnHbC8U3udx6p0iyW92aSUF/goWQRI9hY6eEpyNjZOGDToFpz6+4MaJl4BalBgWZQ/eoPYpIKKg3hWOue5ybGz7AyjHA6rfRTTRNMxnhIe5ZKLKj2s9nBU3RilQGKYmVLGjRTf09kWGg9EaHtFNiM9KKXi/95vdREV37GZJIaKsl8UZRyZGKUf48GTFFi+MQSTBSztyIywgoTYzOq2BC8xZeXSfu87rl17+6i1rgu4ijDERzDKXhwCQ24hSa0gICAZ3iFN0c5L8678zFvLTnFzCH8gfP5A9pfkG0=</latexit><latexit sha1_base64="zoItQicqunfh7MCEF4gqBZiCZDQ=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD0WvXisYD+kDWGz3bRLdzdhdyPU0F/hxYMiXv053vw3btoctPXBwOO9GWbmhQln2rjut1NaWV1b3yhvVra2d3b3qvsHbR2nitAWiXmsuiHWlDNJW4YZTruJoliEnHbC8U3udx6p0iyW92aSUF/goWQRI9hY6eEpyNjZOGDToFpz6+4MaJl4BalBgWZQ/eoPYpIKKg3hWOue5ybGz7AyjHA6rfRTTRNMxnhIe5ZKLKj2s9nBU3RilQGKYmVLGjRTf09kWGg9EaHtFNiM9KKXi/95vdREV37GZJIaKsl8UZRyZGKUf48GTFFi+MQSTBSztyIywgoTYzOq2BC8xZeXSfu87rl17+6i1rgu4ijDERzDKXhwCQ24hSa0gICAZ3iFN0c5L8678zFvLTnFzCH8gfP5A9pfkG0=</latexit><latexit sha1_base64="zoItQicqunfh7MCEF4gqBZiCZDQ=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD0WvXisYD+kDWGz3bRLdzdhdyPU0F/hxYMiXv053vw3btoctPXBwOO9GWbmhQln2rjut1NaWV1b3yhvVra2d3b3qvsHbR2nitAWiXmsuiHWlDNJW4YZTruJoliEnHbC8U3udx6p0iyW92aSUF/goWQRI9hY6eEpyNjZOGDToFpz6+4MaJl4BalBgWZQ/eoPYpIKKg3hWOue5ybGz7AyjHA6rfRTTRNMxnhIe5ZKLKj2s9nBU3RilQGKYmVLGjRTf09kWGg9EaHtFNiM9KKXi/95vdREV37GZJIaKsl8UZRyZGKUf48GTFFi+MQSTBSztyIywgoTYzOq2BC8xZeXSfu87rl17+6i1rgu4ijDERzDKXhwCQ24hSa0gICAZ3iFN0c5L8678zFvLTnFzCH8gfP5A9pfkG0=</latexit>

ẑi
<latexit sha1_base64="anZ0lN/hHunYONgqPXXGxaHQ8Fo=">AAAB/HicbVDLSsNAFL2pr1pf0S7dDBbBVUlE0GXRjcsK9gFNCJPppB06eTAzEWKIv+LGhSJu/RB3/o2TNgttPTBwOOde7pnjJ5xJZVnfRm1tfWNzq77d2Nnd2z8wD4/6Mk4FoT0S81gMfSwpZxHtKaY4HSaC4tDndODPbkp/8ECFZHF0r7KEuiGeRCxgBCsteWbTmWKVOyFWUz9Aj4WXs8IzW1bbmgOtErsiLajQ9cwvZxyTNKSRIhxLObKtRLk5FooRTouGk0qaYDLDEzrSNMIhlW4+D1+gU62MURAL/SKF5urvjRyHUmahryfLlHLZK8X/vFGqgis3Z1GSKhqRxaEg5UjFqGwCjZmgRPFME0wE01kRmWKBidJ9NXQJ9vKXV0n/vG1bbfvuotW5ruqowzGcwBnYcAkduIUu9IBABs/wCm/Gk/FivBsfi9GaUe004Q+Mzx87jpUi</latexit><latexit sha1_base64="anZ0lN/hHunYONgqPXXGxaHQ8Fo=">AAAB/HicbVDLSsNAFL2pr1pf0S7dDBbBVUlE0GXRjcsK9gFNCJPppB06eTAzEWKIv+LGhSJu/RB3/o2TNgttPTBwOOde7pnjJ5xJZVnfRm1tfWNzq77d2Nnd2z8wD4/6Mk4FoT0S81gMfSwpZxHtKaY4HSaC4tDndODPbkp/8ECFZHF0r7KEuiGeRCxgBCsteWbTmWKVOyFWUz9Aj4WXs8IzW1bbmgOtErsiLajQ9cwvZxyTNKSRIhxLObKtRLk5FooRTouGk0qaYDLDEzrSNMIhlW4+D1+gU62MURAL/SKF5urvjRyHUmahryfLlHLZK8X/vFGqgis3Z1GSKhqRxaEg5UjFqGwCjZmgRPFME0wE01kRmWKBidJ9NXQJ9vKXV0n/vG1bbfvuotW5ruqowzGcwBnYcAkduIUu9IBABs/wCm/Gk/FivBsfi9GaUe004Q+Mzx87jpUi</latexit><latexit sha1_base64="anZ0lN/hHunYONgqPXXGxaHQ8Fo=">AAAB/HicbVDLSsNAFL2pr1pf0S7dDBbBVUlE0GXRjcsK9gFNCJPppB06eTAzEWKIv+LGhSJu/RB3/o2TNgttPTBwOOde7pnjJ5xJZVnfRm1tfWNzq77d2Nnd2z8wD4/6Mk4FoT0S81gMfSwpZxHtKaY4HSaC4tDndODPbkp/8ECFZHF0r7KEuiGeRCxgBCsteWbTmWKVOyFWUz9Aj4WXs8IzW1bbmgOtErsiLajQ9cwvZxyTNKSRIhxLObKtRLk5FooRTouGk0qaYDLDEzrSNMIhlW4+D1+gU62MURAL/SKF5urvjRyHUmahryfLlHLZK8X/vFGqgis3Z1GSKhqRxaEg5UjFqGwCjZmgRPFME0wE01kRmWKBidJ9NXQJ9vKXV0n/vG1bbfvuotW5ruqowzGcwBnYcAkduIUu9IBABs/wCm/Gk/FivBsfi9GaUe004Q+Mzx87jpUi</latexit><latexit sha1_base64="anZ0lN/hHunYONgqPXXGxaHQ8Fo=">AAAB/HicbVDLSsNAFL2pr1pf0S7dDBbBVUlE0GXRjcsK9gFNCJPppB06eTAzEWKIv+LGhSJu/RB3/o2TNgttPTBwOOde7pnjJ5xJZVnfRm1tfWNzq77d2Nnd2z8wD4/6Mk4FoT0S81gMfSwpZxHtKaY4HSaC4tDndODPbkp/8ECFZHF0r7KEuiGeRCxgBCsteWbTmWKVOyFWUz9Aj4WXs8IzW1bbmgOtErsiLajQ9cwvZxyTNKSRIhxLObKtRLk5FooRTouGk0qaYDLDEzrSNMIhlW4+D1+gU62MURAL/SKF5urvjRyHUmahryfLlHLZK8X/vFGqgis3Z1GSKhqRxaEg5UjFqGwCjZmgRPFME0wE01kRmWKBidJ9NXQJ9vKXV0n/vG1bbfvuotW5ruqowzGcwBnYcAkduIUu9IBABs/wCm/Gk/FivBsfi9GaUe004Q+Mzx87jpUi</latexit>

ki
<latexit sha1_base64="kJ9dRBv2cnFOyvRUxV/SQbtHzsg=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpYdwXfbfq1bw5yCrxC1KFAo2++9UbJCyLuUImqTFd30sxyKlGwSSfVnqZ4SllYzrkXUsVjbkJ8vmpU3JmlQGJEm1LIZmrvydyGhsziUPbGVMcmWVvJv7ndTOMroNcqDRDrthiUZRJggmZ/U0GQnOGcmIJZVrYWwkbUU0Z2nQqNgR/+eVV0rqo+V7Nv7+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c6L86787FoLTnFzDH8gfP5A0zCjcs=</latexit><latexit sha1_base64="kJ9dRBv2cnFOyvRUxV/SQbtHzsg=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpYdwXfbfq1bw5yCrxC1KFAo2++9UbJCyLuUImqTFd30sxyKlGwSSfVnqZ4SllYzrkXUsVjbkJ8vmpU3JmlQGJEm1LIZmrvydyGhsziUPbGVMcmWVvJv7ndTOMroNcqDRDrthiUZRJggmZ/U0GQnOGcmIJZVrYWwkbUU0Z2nQqNgR/+eVV0rqo+V7Nv7+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c6L86787FoLTnFzDH8gfP5A0zCjcs=</latexit><latexit sha1_base64="kJ9dRBv2cnFOyvRUxV/SQbtHzsg=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpYdwXfbfq1bw5yCrxC1KFAo2++9UbJCyLuUImqTFd30sxyKlGwSSfVnqZ4SllYzrkXUsVjbkJ8vmpU3JmlQGJEm1LIZmrvydyGhsziUPbGVMcmWVvJv7ndTOMroNcqDRDrthiUZRJggmZ/U0GQnOGcmIJZVrYWwkbUU0Z2nQqNgR/+eVV0rqo+V7Nv7+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c6L86787FoLTnFzDH8gfP5A0zCjcs=</latexit><latexit sha1_base64="kJ9dRBv2cnFOyvRUxV/SQbtHzsg=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpYdwXfbfq1bw5yCrxC1KFAo2++9UbJCyLuUImqTFd30sxyKlGwSSfVnqZ4SllYzrkXUsVjbkJ8vmpU3JmlQGJEm1LIZmrvydyGhsziUPbGVMcmWVvJv7ndTOMroNcqDRDrthiUZRJggmZ/U0GQnOGcmIJZVrYWwkbUU0Z2nQqNgR/+eVV0rqo+V7Nv7+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c6L86787FoLTnFzDH8gfP5A0zCjcs=</latexit>

ẑi,ki
<latexit sha1_base64="/xv9U/HU0ssApZMM148onC/TrSs=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEIHqQkIuix6MVjBVsLbQib7bZduvlgdyK0Ib/EiwdFvPpTvPlv3LY5aOuDgcd7M8zMCxIpNDrOt1VaW9/Y3CpvV3Z29/ar9sFhW8epYrzFYhmrTkA1lyLiLRQoeSdRnIaB5I/B+HbmPz5xpUUcPeAk4V5Ih5EYCEbRSL5d7Y0oZtPcz8T52Be5b9ecujMHWSVuQWpQoOnbX71+zNKQR8gk1brrOgl6GVUomOR5pZdqnlA2pkPeNTSiIddeNj88J6dG6ZNBrExFSObq74mMhlpPwsB0hhRHetmbif953RQH114moiRFHrHFokEqCcZklgLpC8UZyokhlClhbiVsRBVlaLKqmBDc5ZdXSfui7jp19/6y1rgp4ijDMZzAGbhwBQ24gya0gEEKz/AKb9bUerHerY9Fa8kqZo7gD6zPHzEQk2s=</latexit><latexit sha1_base64="/xv9U/HU0ssApZMM148onC/TrSs=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEIHqQkIuix6MVjBVsLbQib7bZduvlgdyK0Ib/EiwdFvPpTvPlv3LY5aOuDgcd7M8zMCxIpNDrOt1VaW9/Y3CpvV3Z29/ar9sFhW8epYrzFYhmrTkA1lyLiLRQoeSdRnIaB5I/B+HbmPz5xpUUcPeAk4V5Ih5EYCEbRSL5d7Y0oZtPcz8T52Be5b9ecujMHWSVuQWpQoOnbX71+zNKQR8gk1brrOgl6GVUomOR5pZdqnlA2pkPeNTSiIddeNj88J6dG6ZNBrExFSObq74mMhlpPwsB0hhRHetmbif953RQH114moiRFHrHFokEqCcZklgLpC8UZyokhlClhbiVsRBVlaLKqmBDc5ZdXSfui7jp19/6y1rgp4ijDMZzAGbhwBQ24gya0gEEKz/AKb9bUerHerY9Fa8kqZo7gD6zPHzEQk2s=</latexit><latexit sha1_base64="/xv9U/HU0ssApZMM148onC/TrSs=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEIHqQkIuix6MVjBVsLbQib7bZduvlgdyK0Ib/EiwdFvPpTvPlv3LY5aOuDgcd7M8zMCxIpNDrOt1VaW9/Y3CpvV3Z29/ar9sFhW8epYrzFYhmrTkA1lyLiLRQoeSdRnIaB5I/B+HbmPz5xpUUcPeAk4V5Ih5EYCEbRSL5d7Y0oZtPcz8T52Be5b9ecujMHWSVuQWpQoOnbX71+zNKQR8gk1brrOgl6GVUomOR5pZdqnlA2pkPeNTSiIddeNj88J6dG6ZNBrExFSObq74mMhlpPwsB0hhRHetmbif953RQH114moiRFHrHFokEqCcZklgLpC8UZyokhlClhbiVsRBVlaLKqmBDc5ZdXSfui7jp19/6y1rgp4ijDMZzAGbhwBQ24gya0gEEKz/AKb9bUerHerY9Fa8kqZo7gD6zPHzEQk2s=</latexit><latexit sha1_base64="/xv9U/HU0ssApZMM148onC/TrSs=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEIHqQkIuix6MVjBVsLbQib7bZduvlgdyK0Ib/EiwdFvPpTvPlv3LY5aOuDgcd7M8zMCxIpNDrOt1VaW9/Y3CpvV3Z29/ar9sFhW8epYrzFYhmrTkA1lyLiLRQoeSdRnIaB5I/B+HbmPz5xpUUcPeAk4V5Ih5EYCEbRSL5d7Y0oZtPcz8T52Be5b9ecujMHWSVuQWpQoOnbX71+zNKQR8gk1brrOgl6GVUomOR5pZdqnlA2pkPeNTSiIddeNj88J6dG6ZNBrExFSObq74mMhlpPwsB0hhRHetmbif953RQH114moiRFHrHFokEqCcZklgLpC8UZyokhlClhbiVsRBVlaLKqmBDc5ZdXSfui7jp19/6y1rgp4ijDMZzAGbhwBQ24gya0gEEKz/AKb9bUerHerY9Fa8kqZo7gD6zPHzEQk2s=</latexit>

ẑi,1
<latexit sha1_base64="woGoOywLjAwItvGfJyRKt4rcF6c=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4kJKIoMeiF48V7Ae0oWy223bpZhN3J4Ua8ju8eFDEqz/Gm//GbZuDtj4YeLw3w8y8IJbCoOt+Oyura+sbm4Wt4vbO7t5+6eCwYaJEM15nkYx0K6CGS6F4HQVK3oo1p2EgeTMY3U795phrIyL1gJOY+yEdKNEXjKKV/M6QYvqUdVNx7mXdUtmtuDOQZeLlpAw5at3SV6cXsSTkCpmkxrQ9N0Y/pRoFkzwrdhLDY8pGdMDblioacuOns6MzcmqVHulH2pZCMlN/T6Q0NGYSBrYzpDg0i95U/M9rJ9i/9lOh4gS5YvNF/UQSjMg0AdITmjOUE0so08LeStiQasrQ5lS0IXiLLy+TxkXFcyve/WW5epPHUYBjOIEz8OAKqnAHNagDg0d4hld4c8bOi/PufMxbV5x85gj+wPn8Ad0BkiQ=</latexit><latexit sha1_base64="woGoOywLjAwItvGfJyRKt4rcF6c=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4kJKIoMeiF48V7Ae0oWy223bpZhN3J4Ua8ju8eFDEqz/Gm//GbZuDtj4YeLw3w8y8IJbCoOt+Oyura+sbm4Wt4vbO7t5+6eCwYaJEM15nkYx0K6CGS6F4HQVK3oo1p2EgeTMY3U795phrIyL1gJOY+yEdKNEXjKKV/M6QYvqUdVNx7mXdUtmtuDOQZeLlpAw5at3SV6cXsSTkCpmkxrQ9N0Y/pRoFkzwrdhLDY8pGdMDblioacuOns6MzcmqVHulH2pZCMlN/T6Q0NGYSBrYzpDg0i95U/M9rJ9i/9lOh4gS5YvNF/UQSjMg0AdITmjOUE0so08LeStiQasrQ5lS0IXiLLy+TxkXFcyve/WW5epPHUYBjOIEz8OAKqnAHNagDg0d4hld4c8bOi/PufMxbV5x85gj+wPn8Ad0BkiQ=</latexit><latexit sha1_base64="woGoOywLjAwItvGfJyRKt4rcF6c=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4kJKIoMeiF48V7Ae0oWy223bpZhN3J4Ua8ju8eFDEqz/Gm//GbZuDtj4YeLw3w8y8IJbCoOt+Oyura+sbm4Wt4vbO7t5+6eCwYaJEM15nkYx0K6CGS6F4HQVK3oo1p2EgeTMY3U795phrIyL1gJOY+yEdKNEXjKKV/M6QYvqUdVNx7mXdUtmtuDOQZeLlpAw5at3SV6cXsSTkCpmkxrQ9N0Y/pRoFkzwrdhLDY8pGdMDblioacuOns6MzcmqVHulH2pZCMlN/T6Q0NGYSBrYzpDg0i95U/M9rJ9i/9lOh4gS5YvNF/UQSjMg0AdITmjOUE0so08LeStiQasrQ5lS0IXiLLy+TxkXFcyve/WW5epPHUYBjOIEz8OAKqnAHNagDg0d4hld4c8bOi/PufMxbV5x85gj+wPn8Ad0BkiQ=</latexit><latexit sha1_base64="woGoOywLjAwItvGfJyRKt4rcF6c=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4kJKIoMeiF48V7Ae0oWy223bpZhN3J4Ua8ju8eFDEqz/Gm//GbZuDtj4YeLw3w8y8IJbCoOt+Oyura+sbm4Wt4vbO7t5+6eCwYaJEM15nkYx0K6CGS6F4HQVK3oo1p2EgeTMY3U795phrIyL1gJOY+yEdKNEXjKKV/M6QYvqUdVNx7mXdUtmtuDOQZeLlpAw5at3SV6cXsSTkCpmkxrQ9N0Y/pRoFkzwrdhLDY8pGdMDblioacuOns6MzcmqVHulH2pZCMlN/T6Q0NGYSBrYzpDg0i95U/M9rJ9i/9lOh4gS5YvNF/UQSjMg0AdITmjOUE0so08LeStiQasrQ5lS0IXiLLy+TxkXFcyve/WW5epPHUYBjOIEz8OAKqnAHNagDg0d4hld4c8bOi/PufMxbV5x85gj+wPn8Ad0BkiQ=</latexit>

ẑi,2
<latexit sha1_base64="tkbxoB6eha24DEH3eB2l1dIZoJU=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69BIvgQUpSBD0WvXisYD+gDWWz3bRLN5u4OynUkN/hxYMiXv0x3vw3btsctPXBwOO9GWbm+bHgGh3n2yqsrW9sbhW3Szu7e/sH5cOjlo4SRVmTRiJSHZ9oJrhkTeQoWCdWjIS+YG1/fDvz2xOmNI/kA05j5oVkKHnAKUEjeb0RwfQp66f8opb1yxWn6sxhrxI3JxXI0eiXv3qDiCYhk0gF0brrOjF6KVHIqWBZqZdoFhM6JkPWNVSSkGkvnR+d2WdGGdhBpExJtOfq74mUhFpPQ990hgRHetmbif953QSDay/lMk6QSbpYFCTCxsieJWAPuGIUxdQQQhU3t9p0RBShaHIqmRDc5ZdXSatWdZ2qe39Zqd/kcRThBE7hHFy4gjrcQQOaQOERnuEV3qyJ9WK9Wx+L1oKVzxzDH1ifP96GkiU=</latexit><latexit sha1_base64="tkbxoB6eha24DEH3eB2l1dIZoJU=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69BIvgQUpSBD0WvXisYD+gDWWz3bRLN5u4OynUkN/hxYMiXv0x3vw3btsctPXBwOO9GWbm+bHgGh3n2yqsrW9sbhW3Szu7e/sH5cOjlo4SRVmTRiJSHZ9oJrhkTeQoWCdWjIS+YG1/fDvz2xOmNI/kA05j5oVkKHnAKUEjeb0RwfQp66f8opb1yxWn6sxhrxI3JxXI0eiXv3qDiCYhk0gF0brrOjF6KVHIqWBZqZdoFhM6JkPWNVSSkGkvnR+d2WdGGdhBpExJtOfq74mUhFpPQ990hgRHetmbif953QSDay/lMk6QSbpYFCTCxsieJWAPuGIUxdQQQhU3t9p0RBShaHIqmRDc5ZdXSatWdZ2qe39Zqd/kcRThBE7hHFy4gjrcQQOaQOERnuEV3qyJ9WK9Wx+L1oKVzxzDH1ifP96GkiU=</latexit><latexit sha1_base64="tkbxoB6eha24DEH3eB2l1dIZoJU=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69BIvgQUpSBD0WvXisYD+gDWWz3bRLN5u4OynUkN/hxYMiXv0x3vw3btsctPXBwOO9GWbm+bHgGh3n2yqsrW9sbhW3Szu7e/sH5cOjlo4SRVmTRiJSHZ9oJrhkTeQoWCdWjIS+YG1/fDvz2xOmNI/kA05j5oVkKHnAKUEjeb0RwfQp66f8opb1yxWn6sxhrxI3JxXI0eiXv3qDiCYhk0gF0brrOjF6KVHIqWBZqZdoFhM6JkPWNVSSkGkvnR+d2WdGGdhBpExJtOfq74mUhFpPQ990hgRHetmbif953QSDay/lMk6QSbpYFCTCxsieJWAPuGIUxdQQQhU3t9p0RBShaHIqmRDc5ZdXSatWdZ2qe39Zqd/kcRThBE7hHFy4gjrcQQOaQOERnuEV3qyJ9WK9Wx+L1oKVzxzDH1ifP96GkiU=</latexit><latexit sha1_base64="tkbxoB6eha24DEH3eB2l1dIZoJU=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69BIvgQUpSBD0WvXisYD+gDWWz3bRLN5u4OynUkN/hxYMiXv0x3vw3btsctPXBwOO9GWbm+bHgGh3n2yqsrW9sbhW3Szu7e/sH5cOjlo4SRVmTRiJSHZ9oJrhkTeQoWCdWjIS+YG1/fDvz2xOmNI/kA05j5oVkKHnAKUEjeb0RwfQp66f8opb1yxWn6sxhrxI3JxXI0eiXv3qDiCYhk0gF0brrOjF6KVHIqWBZqZdoFhM6JkPWNVSSkGkvnR+d2WdGGdhBpExJtOfq74mUhFpPQ990hgRHetmbif953QSDay/lMk6QSbpYFCTCxsieJWAPuGIUxdQQQhU3t9p0RBShaHIqmRDc5ZdXSatWdZ2qe39Zqd/kcRThBE7hHFy4gjrcQQOaQOERnuEV3qyJ9WK9Wx+L1oKVzxzDH1ifP96GkiU=</latexit>

f
<latexit sha1_base64="KLeSH6qxkMAnU4KzuX/RM4tFNWE=">AAAB8HicbVDLSgMxFL2pr1pfVZdugkVwVWZE0GXRjcsK9iHtUDJppg1NMkOSEcrQr3DjQhG3fo47/8ZMOwttPRA4nHMvOfeEieDGet43Kq2tb2xulbcrO7t7+wfVw6O2iVNNWYvGItbdkBgmuGIty61g3UQzIkPBOuHkNvc7T0wbHqsHO01YIMlI8YhTYp302JfEjsMIR4Nqzat7c+BV4hekBgWag+pXfxjTVDJlqSDG9HwvsUFGtOVUsFmlnxqWEDohI9ZzVBHJTJDNA8/wmVOGOIq1e8riufp7IyPSmKkM3WQe0Cx7ufif10ttdB1kXCWpZYouPopSgW2M8+vxkGtGrZg6QqjmLiumY6IJta6jiivBXz55lbQv6r5X9+8va42boo4ynMApnIMPV9CAO2hCCyhIeIZXeEMavaB39LEYLaFi5xj+AH3+AHFykCg=</latexit><latexit sha1_base64="KLeSH6qxkMAnU4KzuX/RM4tFNWE=">AAAB8HicbVDLSgMxFL2pr1pfVZdugkVwVWZE0GXRjcsK9iHtUDJppg1NMkOSEcrQr3DjQhG3fo47/8ZMOwttPRA4nHMvOfeEieDGet43Kq2tb2xulbcrO7t7+wfVw6O2iVNNWYvGItbdkBgmuGIty61g3UQzIkPBOuHkNvc7T0wbHqsHO01YIMlI8YhTYp302JfEjsMIR4Nqzat7c+BV4hekBgWag+pXfxjTVDJlqSDG9HwvsUFGtOVUsFmlnxqWEDohI9ZzVBHJTJDNA8/wmVOGOIq1e8riufp7IyPSmKkM3WQe0Cx7ufif10ttdB1kXCWpZYouPopSgW2M8+vxkGtGrZg6QqjmLiumY6IJta6jiivBXz55lbQv6r5X9+8va42boo4ynMApnIMPV9CAO2hCCyhIeIZXeEMavaB39LEYLaFi5xj+AH3+AHFykCg=</latexit><latexit sha1_base64="KLeSH6qxkMAnU4KzuX/RM4tFNWE=">AAAB8HicbVDLSgMxFL2pr1pfVZdugkVwVWZE0GXRjcsK9iHtUDJppg1NMkOSEcrQr3DjQhG3fo47/8ZMOwttPRA4nHMvOfeEieDGet43Kq2tb2xulbcrO7t7+wfVw6O2iVNNWYvGItbdkBgmuGIty61g3UQzIkPBOuHkNvc7T0wbHqsHO01YIMlI8YhTYp302JfEjsMIR4Nqzat7c+BV4hekBgWag+pXfxjTVDJlqSDG9HwvsUFGtOVUsFmlnxqWEDohI9ZzVBHJTJDNA8/wmVOGOIq1e8riufp7IyPSmKkM3WQe0Cx7ufif10ttdB1kXCWpZYouPopSgW2M8+vxkGtGrZg6QqjmLiumY6IJta6jiivBXz55lbQv6r5X9+8va42boo4ynMApnIMPV9CAO2hCCyhIeIZXeEMavaB39LEYLaFi5xj+AH3+AHFykCg=</latexit><latexit sha1_base64="KLeSH6qxkMAnU4KzuX/RM4tFNWE=">AAAB8HicbVDLSgMxFL2pr1pfVZdugkVwVWZE0GXRjcsK9iHtUDJppg1NMkOSEcrQr3DjQhG3fo47/8ZMOwttPRA4nHMvOfeEieDGet43Kq2tb2xulbcrO7t7+wfVw6O2iVNNWYvGItbdkBgmuGIty61g3UQzIkPBOuHkNvc7T0wbHqsHO01YIMlI8YhTYp302JfEjsMIR4Nqzat7c+BV4hekBgWag+pXfxjTVDJlqSDG9HwvsUFGtOVUsFmlnxqWEDohI9ZzVBHJTJDNA8/wmVOGOIq1e8riufp7IyPSmKkM3WQe0Cx7ufif10ttdB1kXCWpZYouPopSgW2M8+vxkGtGrZg6QqjmLiumY6IJta6jiivBXz55lbQv6r5X9+8va42boo4ynMApnIMPV9CAO2hCCyhIeIZXeEMavaB39LEYLaFi5xj+AH3+AHFykCg=</latexit>



What to Verify?
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Input-Output Relationship

Robustness Problem Safety Problem



Point-wise Verification can Fail
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x

<latexit sha1_base64="P/78WoKPqTPMAmrnJ7K8sbyWLsQ=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X8QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz/9OZEc</latexit><latexit sha1_base64="P/78WoKPqTPMAmrnJ7K8sbyWLsQ=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X8QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz/9OZEc</latexit><latexit sha1_base64="P/78WoKPqTPMAmrnJ7K8sbyWLsQ=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X8QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz/9OZEc</latexit><latexit sha1_base64="P/78WoKPqTPMAmrnJ7K8sbyWLsQ=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X8QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz/9OZEc</latexit>

f
<latexit sha1_base64="IZJWGdoakYONV9zRs1C5PWPxAjw=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdhFs4G1Zpbd+cgq8QrSA0KNAfVr/4wZmnEFTJJjel5boJ+RjUKJvms0k8NTyib0BHvWapoxI2fzRPPyJlVhiSMtX0KyVz9vZHRyJhpFNjJPKFZ9nLxP6+XYnjtZ0IlKXLFFh+FqSQYk/x8MhSaM5RTSyjTwmYlbEw1ZWhLqtgSvOWTV0n7ou65de/+sta4Keoowwmcwjl4cAUNuIMmtICBgmd4hTfHOC/Ou/OxGC05xc4x/IHz+QPh35EK</latexit><latexit sha1_base64="IZJWGdoakYONV9zRs1C5PWPxAjw=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdhFs4G1Zpbd+cgq8QrSA0KNAfVr/4wZmnEFTJJjel5boJ+RjUKJvms0k8NTyib0BHvWapoxI2fzRPPyJlVhiSMtX0KyVz9vZHRyJhpFNjJPKFZ9nLxP6+XYnjtZ0IlKXLFFh+FqSQYk/x8MhSaM5RTSyjTwmYlbEw1ZWhLqtgSvOWTV0n7ou65de/+sta4Keoowwmcwjl4cAUNuIMmtICBgmd4hTfHOC/Ou/OxGC05xc4x/IHz+QPh35EK</latexit><latexit sha1_base64="IZJWGdoakYONV9zRs1C5PWPxAjw=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdhFs4G1Zpbd+cgq8QrSA0KNAfVr/4wZmnEFTJJjel5boJ+RjUKJvms0k8NTyib0BHvWapoxI2fzRPPyJlVhiSMtX0KyVz9vZHRyJhpFNjJPKFZ9nLxP6+XYnjtZ0IlKXLFFh+FqSQYk/x8MhSaM5RTSyjTwmYlbEw1ZWhLqtgSvOWTV0n7ou65de/+sta4Keoowwmcwjl4cAUNuIMmtICBgmd4hTfHOC/Ou/OxGC05xc4x/IHz+QPh35EK</latexit><latexit sha1_base64="IZJWGdoakYONV9zRs1C5PWPxAjw=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdhFs4G1Zpbd+cgq8QrSA0KNAfVr/4wZmnEFTJJjel5boJ+RjUKJvms0k8NTyib0BHvWapoxI2fzRPPyJlVhiSMtX0KyVz9vZHRyJhpFNjJPKFZ9nLxP6+XYnjtZ0IlKXLFFh+FqSQYk/x8MhSaM5RTSyjTwmYlbEw1ZWhLqtgSvOWTV0n7ou65de/+sta4Keoowwmcwjl4cAUNuIMmtICBgmd4hTfHOC/Ou/OxGC05xc4x/IHz+QPh35EK</latexit>

y
<latexit sha1_base64="w2SeowxjSmKQZ+WPP4dmP+ztLQA=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdhNp0NqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wf+vpEd</latexit><latexit sha1_base64="w2SeowxjSmKQZ+WPP4dmP+ztLQA=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdhNp0NqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wf+vpEd</latexit><latexit sha1_base64="w2SeowxjSmKQZ+WPP4dmP+ztLQA=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdhNp0NqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wf+vpEd</latexit><latexit sha1_base64="w2SeowxjSmKQZ+WPP4dmP+ztLQA=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdhNp0NqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wf+vpEd</latexit>
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Counter example
X

<latexit sha1_base64="cjxWLffqlGvTygX6lqG/DQkun0Q=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC2koWy2m3bpJht2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKUw6LrfTmVtfWNzq7pd29nd2z+oHx51jco04x2mpNK9kBouRcI7KFDyXqo5jUPJH8PJbeE/PnFthEoecJryIKajRESCUbSS348pjhmVeW82qDfcpjsHWSVeSRpQoj2of/WHimUxT5BJaozvuSkGOdUomOSzWj8zPKVsQkfctzShMTdBPo88I2dWGZJIafsSJHP190ZOY2OmcWgni4hm2SvE/zw/w+g6yEWSZsgTtvgoyiRBRYr7yVBozlBOLaFMC5uVsDHVlKFtqWZL8JZPXiXdi6bnNr37y0brpqyjCidwCufgwRW04A7a0AEGCp7hFd4cdF6cd+djMVpxyp1j+APn8weTQZFu</latexit><latexit sha1_base64="cjxWLffqlGvTygX6lqG/DQkun0Q=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC2koWy2m3bpJht2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKUw6LrfTmVtfWNzq7pd29nd2z+oHx51jco04x2mpNK9kBouRcI7KFDyXqo5jUPJH8PJbeE/PnFthEoecJryIKajRESCUbSS348pjhmVeW82qDfcpjsHWSVeSRpQoj2of/WHimUxT5BJaozvuSkGOdUomOSzWj8zPKVsQkfctzShMTdBPo88I2dWGZJIafsSJHP190ZOY2OmcWgni4hm2SvE/zw/w+g6yEWSZsgTtvgoyiRBRYr7yVBozlBOLaFMC5uVsDHVlKFtqWZL8JZPXiXdi6bnNr37y0brpqyjCidwCufgwRW04A7a0AEGCp7hFd4cdF6cd+djMVpxyp1j+APn8weTQZFu</latexit><latexit sha1_base64="cjxWLffqlGvTygX6lqG/DQkun0Q=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC2koWy2m3bpJht2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKUw6LrfTmVtfWNzq7pd29nd2z+oHx51jco04x2mpNK9kBouRcI7KFDyXqo5jUPJH8PJbeE/PnFthEoecJryIKajRESCUbSS348pjhmVeW82qDfcpjsHWSVeSRpQoj2of/WHimUxT5BJaozvuSkGOdUomOSzWj8zPKVsQkfctzShMTdBPo88I2dWGZJIafsSJHP190ZOY2OmcWgni4hm2SvE/zw/w+g6yEWSZsgTtvgoyiRBRYr7yVBozlBOLaFMC5uVsDHVlKFtqWZL8JZPXiXdi6bnNr37y0brpqyjCidwCufgwRW04A7a0AEGCp7hFd4cdF6cd+djMVpxyp1j+APn8weTQZFu</latexit><latexit sha1_base64="cjxWLffqlGvTygX6lqG/DQkun0Q=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC2koWy2m3bpJht2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKUw6LrfTmVtfWNzq7pd29nd2z+oHx51jco04x2mpNK9kBouRcI7KFDyXqo5jUPJH8PJbeE/PnFthEoecJryIKajRESCUbSS348pjhmVeW82qDfcpjsHWSVeSRpQoj2of/WHimUxT5BJaozvuSkGOdUomOSzWj8zPKVsQkfctzShMTdBPo88I2dWGZJIafsSJHP190ZOY2OmcWgni4hm2SvE/zw/w+g6yEWSZsgTtvgoyiRBRYr7yVBozlBOLaFMC5uVsDHVlKFtqWZL8JZPXiXdi6bnNr37y0brpqyjCidwCufgwRW04A7a0AEGCp7hFd4cdF6cd+djMVpxyp1j+APn8weTQZFu</latexit>

Y
<latexit sha1_base64="Xv+GcGXQiLHGE+Dm0jRgDiJGpiE=">AAAB8nicbVDLSsNAFL2pr1pfVZdugkVwVRIRdFl047KCfUgbymQ6aYdOZsLMjVBCP8ONC0Xc+jXu/BsnbRbaemDgcM69zLknTAQ36HnfTmltfWNzq7xd2dnd2z+oHh61jUo1ZS2qhNLdkBgmuGQt5ChYN9GMxKFgnXBym/udJ6YNV/IBpwkLYjKSPOKUoJV6/ZjgmBKRPc4G1ZpX9+ZwV4lfkBoUaA6qX/2homnMJFJBjOn5XoJBRjRyKtis0k8NSwidkBHrWSpJzEyQzSPP3DOrDN1IafskunP190ZGYmOmcWgn84hm2cvF/7xeitF1kHGZpMgkXXwUpcJF5eb3u0OuGUUxtYRQzW1Wl46JJhRtSxVbgr988ippX9R9r+7fX9YaN0UdZTiBUzgHH66gAXfQhBZQUPAMr/DmoPPivDsfi9GSU+wcwx84nz+UxpFv</latexit><latexit sha1_base64="Xv+GcGXQiLHGE+Dm0jRgDiJGpiE=">AAAB8nicbVDLSsNAFL2pr1pfVZdugkVwVRIRdFl047KCfUgbymQ6aYdOZsLMjVBCP8ONC0Xc+jXu/BsnbRbaemDgcM69zLknTAQ36HnfTmltfWNzq7xd2dnd2z+oHh61jUo1ZS2qhNLdkBgmuGQt5ChYN9GMxKFgnXBym/udJ6YNV/IBpwkLYjKSPOKUoJV6/ZjgmBKRPc4G1ZpX9+ZwV4lfkBoUaA6qX/2homnMJFJBjOn5XoJBRjRyKtis0k8NSwidkBHrWSpJzEyQzSPP3DOrDN1IafskunP190ZGYmOmcWgn84hm2cvF/7xeitF1kHGZpMgkXXwUpcJF5eb3u0OuGUUxtYRQzW1Wl46JJhRtSxVbgr988ippX9R9r+7fX9YaN0UdZTiBUzgHH66gAXfQhBZQUPAMr/DmoPPivDsfi9GSU+wcwx84nz+UxpFv</latexit><latexit sha1_base64="Xv+GcGXQiLHGE+Dm0jRgDiJGpiE=">AAAB8nicbVDLSsNAFL2pr1pfVZdugkVwVRIRdFl047KCfUgbymQ6aYdOZsLMjVBCP8ONC0Xc+jXu/BsnbRbaemDgcM69zLknTAQ36HnfTmltfWNzq7xd2dnd2z+oHh61jUo1ZS2qhNLdkBgmuGQt5ChYN9GMxKFgnXBym/udJ6YNV/IBpwkLYjKSPOKUoJV6/ZjgmBKRPc4G1ZpX9+ZwV4lfkBoUaA6qX/2homnMJFJBjOn5XoJBRjRyKtis0k8NSwidkBHrWSpJzEyQzSPP3DOrDN1IafskunP190ZGYmOmcWgn84hm2cvF/7xeitF1kHGZpMgkXXwUpcJF5eb3u0OuGUUxtYRQzW1Wl46JJhRtSxVbgr988ippX9R9r+7fX9YaN0UdZTiBUzgHH66gAXfQhBZQUPAMr/DmoPPivDsfi9GSU+wcwx84nz+UxpFv</latexit><latexit sha1_base64="Xv+GcGXQiLHGE+Dm0jRgDiJGpiE=">AAAB8nicbVDLSsNAFL2pr1pfVZdugkVwVRIRdFl047KCfUgbymQ6aYdOZsLMjVBCP8ONC0Xc+jXu/BsnbRbaemDgcM69zLknTAQ36HnfTmltfWNzq7xd2dnd2z+oHh61jUo1ZS2qhNLdkBgmuGQt5ChYN9GMxKFgnXBym/udJ6YNV/IBpwkLYjKSPOKUoJV6/ZjgmBKRPc4G1ZpX9+ZwV4lfkBoUaA6qX/2homnMJFJBjOn5XoJBRjRyKtis0k8NSwidkBHrWSpJzEyQzSPP3DOrDN1IafskunP190ZGYmOmcWgn84hm2cvF/7xeitF1kHGZpMgkXXwUpcJF5eb3u0OuGUUxtYRQzW1Wl46JJhRtSxVbgr988ippX9R9r+7fX9YaN0UdZTiBUzgHH66gAXfQhBZQUPAMr/DmoPPivDsfi9GSU+wcwx84nz+UxpFv</latexit>

x⇤
<latexit sha1_base64="Ui62T+eNoR3fSJ30aU2VADnDqvI=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIsgLsqMCLosunFZwT6gM5ZMmmlDM5mQZMQy9DfcuFDErT/jzr8x085CWw8EDufcyz05oeRMG9f9dkorq2vrG+XNytb2zu5edf+grZNUEdoiCU9UN8SaciZoyzDDaVcqiuOQ0044vsn9ziNVmiXi3kwkDWI8FCxiBBsr+X6MzSiMsqfpw1m/WnPr7gxomXgFqUGBZr/65Q8SksZUGMKx1j3PlSbIsDKMcDqt+KmmEpMxHtKepQLHVAfZLPMUnVhlgKJE2ScMmqm/NzIcaz2JQzuZZ9SLXi7+5/VSE10FGRMyNVSQ+aEo5cgkKC8ADZiixPCJJZgoZrMiMsIKE2NrqtgSvMUvL5P2ed1z697dRa1xXdRRhiM4hlPw4BIacAtNaAEBCc/wCm9O6rw4787HfLTkFDuH8AfO5w8eP5G4</latexit><latexit sha1_base64="Ui62T+eNoR3fSJ30aU2VADnDqvI=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIsgLsqMCLosunFZwT6gM5ZMmmlDM5mQZMQy9DfcuFDErT/jzr8x085CWw8EDufcyz05oeRMG9f9dkorq2vrG+XNytb2zu5edf+grZNUEdoiCU9UN8SaciZoyzDDaVcqiuOQ0044vsn9ziNVmiXi3kwkDWI8FCxiBBsr+X6MzSiMsqfpw1m/WnPr7gxomXgFqUGBZr/65Q8SksZUGMKx1j3PlSbIsDKMcDqt+KmmEpMxHtKepQLHVAfZLPMUnVhlgKJE2ScMmqm/NzIcaz2JQzuZZ9SLXi7+5/VSE10FGRMyNVSQ+aEo5cgkKC8ADZiixPCJJZgoZrMiMsIKE2NrqtgSvMUvL5P2ed1z697dRa1xXdRRhiM4hlPw4BIacAtNaAEBCc/wCm9O6rw4787HfLTkFDuH8AfO5w8eP5G4</latexit><latexit sha1_base64="Ui62T+eNoR3fSJ30aU2VADnDqvI=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIsgLsqMCLosunFZwT6gM5ZMmmlDM5mQZMQy9DfcuFDErT/jzr8x085CWw8EDufcyz05oeRMG9f9dkorq2vrG+XNytb2zu5edf+grZNUEdoiCU9UN8SaciZoyzDDaVcqiuOQ0044vsn9ziNVmiXi3kwkDWI8FCxiBBsr+X6MzSiMsqfpw1m/WnPr7gxomXgFqUGBZr/65Q8SksZUGMKx1j3PlSbIsDKMcDqt+KmmEpMxHtKepQLHVAfZLPMUnVhlgKJE2ScMmqm/NzIcaz2JQzuZZ9SLXi7+5/VSE10FGRMyNVSQ+aEo5cgkKC8ADZiixPCJJZgoZrMiMsIKE2NrqtgSvMUvL5P2ed1z697dRa1xXdRRhiM4hlPw4BIacAtNaAEBCc/wCm9O6rw4787HfLTkFDuH8AfO5w8eP5G4</latexit><latexit sha1_base64="Ui62T+eNoR3fSJ30aU2VADnDqvI=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIsgLsqMCLosunFZwT6gM5ZMmmlDM5mQZMQy9DfcuFDErT/jzr8x085CWw8EDufcyz05oeRMG9f9dkorq2vrG+XNytb2zu5edf+grZNUEdoiCU9UN8SaciZoyzDDaVcqiuOQ0044vsn9ziNVmiXi3kwkDWI8FCxiBBsr+X6MzSiMsqfpw1m/WnPr7gxomXgFqUGBZr/65Q8SksZUGMKx1j3PlSbIsDKMcDqt+KmmEpMxHtKepQLHVAfZLPMUnVhlgKJE2ScMmqm/NzIcaz2JQzuZZ9SLXi7+5/VSE10FGRMyNVSQ+aEo5cgkKC8ADZiixPCJJZgoZrMiMsIKE2NrqtgSvMUvL5P2ed1z697dRa1xXdRRhiM4hlPw4BIacAtNaAEBCc/wCm9O6rw4787HfLTkFDuH8AfO5w8eP5G4</latexit>
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Counter example

Adversarial input

X
<latexit sha1_base64="cjxWLffqlGvTygX6lqG/DQkun0Q=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC2koWy2m3bpJht2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKUw6LrfTmVtfWNzq7pd29nd2z+oHx51jco04x2mpNK9kBouRcI7KFDyXqo5jUPJH8PJbeE/PnFthEoecJryIKajRESCUbSS348pjhmVeW82qDfcpjsHWSVeSRpQoj2of/WHimUxT5BJaozvuSkGOdUomOSzWj8zPKVsQkfctzShMTdBPo88I2dWGZJIafsSJHP190ZOY2OmcWgni4hm2SvE/zw/w+g6yEWSZsgTtvgoyiRBRYr7yVBozlBOLaFMC5uVsDHVlKFtqWZL8JZPXiXdi6bnNr37y0brpqyjCidwCufgwRW04A7a0AEGCp7hFd4cdF6cd+djMVpxyp1j+APn8weTQZFu</latexit><latexit sha1_base64="cjxWLffqlGvTygX6lqG/DQkun0Q=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC2koWy2m3bpJht2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKUw6LrfTmVtfWNzq7pd29nd2z+oHx51jco04x2mpNK9kBouRcI7KFDyXqo5jUPJH8PJbeE/PnFthEoecJryIKajRESCUbSS348pjhmVeW82qDfcpjsHWSVeSRpQoj2of/WHimUxT5BJaozvuSkGOdUomOSzWj8zPKVsQkfctzShMTdBPo88I2dWGZJIafsSJHP190ZOY2OmcWgni4hm2SvE/zw/w+g6yEWSZsgTtvgoyiRBRYr7yVBozlBOLaFMC5uVsDHVlKFtqWZL8JZPXiXdi6bnNr37y0brpqyjCidwCufgwRW04A7a0AEGCp7hFd4cdF6cd+djMVpxyp1j+APn8weTQZFu</latexit><latexit sha1_base64="cjxWLffqlGvTygX6lqG/DQkun0Q=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC2koWy2m3bpJht2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKUw6LrfTmVtfWNzq7pd29nd2z+oHx51jco04x2mpNK9kBouRcI7KFDyXqo5jUPJH8PJbeE/PnFthEoecJryIKajRESCUbSS348pjhmVeW82qDfcpjsHWSVeSRpQoj2of/WHimUxT5BJaozvuSkGOdUomOSzWj8zPKVsQkfctzShMTdBPo88I2dWGZJIafsSJHP190ZOY2OmcWgni4hm2SvE/zw/w+g6yEWSZsgTtvgoyiRBRYr7yVBozlBOLaFMC5uVsDHVlKFtqWZL8JZPXiXdi6bnNr37y0brpqyjCidwCufgwRW04A7a0AEGCp7hFd4cdF6cd+djMVpxyp1j+APn8weTQZFu</latexit><latexit sha1_base64="cjxWLffqlGvTygX6lqG/DQkun0Q=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC2koWy2m3bpJht2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKUw6LrfTmVtfWNzq7pd29nd2z+oHx51jco04x2mpNK9kBouRcI7KFDyXqo5jUPJH8PJbeE/PnFthEoecJryIKajRESCUbSS348pjhmVeW82qDfcpjsHWSVeSRpQoj2of/WHimUxT5BJaozvuSkGOdUomOSzWj8zPKVsQkfctzShMTdBPo88I2dWGZJIafsSJHP190ZOY2OmcWgni4hm2SvE/zw/w+g6yEWSZsgTtvgoyiRBRYr7yVBozlBOLaFMC5uVsDHVlKFtqWZL8JZPXiXdi6bnNr37y0brpqyjCidwCufgwRW04A7a0AEGCp7hFd4cdF6cd+djMVpxyp1j+APn8weTQZFu</latexit>

Y
<latexit sha1_base64="Xv+GcGXQiLHGE+Dm0jRgDiJGpiE=">AAAB8nicbVDLSsNAFL2pr1pfVZdugkVwVRIRdFl047KCfUgbymQ6aYdOZsLMjVBCP8ONC0Xc+jXu/BsnbRbaemDgcM69zLknTAQ36HnfTmltfWNzq7xd2dnd2z+oHh61jUo1ZS2qhNLdkBgmuGQt5ChYN9GMxKFgnXBym/udJ6YNV/IBpwkLYjKSPOKUoJV6/ZjgmBKRPc4G1ZpX9+ZwV4lfkBoUaA6qX/2homnMJFJBjOn5XoJBRjRyKtis0k8NSwidkBHrWSpJzEyQzSPP3DOrDN1IafskunP190ZGYmOmcWgn84hm2cvF/7xeitF1kHGZpMgkXXwUpcJF5eb3u0OuGUUxtYRQzW1Wl46JJhRtSxVbgr988ippX9R9r+7fX9YaN0UdZTiBUzgHH66gAXfQhBZQUPAMr/DmoPPivDsfi9GSU+wcwx84nz+UxpFv</latexit><latexit sha1_base64="Xv+GcGXQiLHGE+Dm0jRgDiJGpiE=">AAAB8nicbVDLSsNAFL2pr1pfVZdugkVwVRIRdFl047KCfUgbymQ6aYdOZsLMjVBCP8ONC0Xc+jXu/BsnbRbaemDgcM69zLknTAQ36HnfTmltfWNzq7xd2dnd2z+oHh61jUo1ZS2qhNLdkBgmuGQt5ChYN9GMxKFgnXBym/udJ6YNV/IBpwkLYjKSPOKUoJV6/ZjgmBKRPc4G1ZpX9+ZwV4lfkBoUaA6qX/2homnMJFJBjOn5XoJBRjRyKtis0k8NSwidkBHrWSpJzEyQzSPP3DOrDN1IafskunP190ZGYmOmcWgn84hm2cvF/7xeitF1kHGZpMgkXXwUpcJF5eb3u0OuGUUxtYRQzW1Wl46JJhRtSxVbgr988ippX9R9r+7fX9YaN0UdZTiBUzgHH66gAXfQhBZQUPAMr/DmoPPivDsfi9GSU+wcwx84nz+UxpFv</latexit><latexit sha1_base64="Xv+GcGXQiLHGE+Dm0jRgDiJGpiE=">AAAB8nicbVDLSsNAFL2pr1pfVZdugkVwVRIRdFl047KCfUgbymQ6aYdOZsLMjVBCP8ONC0Xc+jXu/BsnbRbaemDgcM69zLknTAQ36HnfTmltfWNzq7xd2dnd2z+oHh61jUo1ZS2qhNLdkBgmuGQt5ChYN9GMxKFgnXBym/udJ6YNV/IBpwkLYjKSPOKUoJV6/ZjgmBKRPc4G1ZpX9+ZwV4lfkBoUaA6qX/2homnMJFJBjOn5XoJBRjRyKtis0k8NSwidkBHrWSpJzEyQzSPP3DOrDN1IafskunP190ZGYmOmcWgn84hm2cvF/7xeitF1kHGZpMgkXXwUpcJF5eb3u0OuGUUxtYRQzW1Wl46JJhRtSxVbgr988ippX9R9r+7fX9YaN0UdZTiBUzgHH66gAXfQhBZQUPAMr/DmoPPivDsfi9GSU+wcwx84nz+UxpFv</latexit><latexit sha1_base64="Xv+GcGXQiLHGE+Dm0jRgDiJGpiE=">AAAB8nicbVDLSsNAFL2pr1pfVZdugkVwVRIRdFl047KCfUgbymQ6aYdOZsLMjVBCP8ONC0Xc+jXu/BsnbRbaemDgcM69zLknTAQ36HnfTmltfWNzq7xd2dnd2z+oHh61jUo1ZS2qhNLdkBgmuGQt5ChYN9GMxKFgnXBym/udJ6YNV/IBpwkLYjKSPOKUoJV6/ZjgmBKRPc4G1ZpX9+ZwV4lfkBoUaA6qX/2homnMJFJBjOn5XoJBRjRyKtis0k8NSwidkBHrWSpJzEyQzSPP3DOrDN1IafskunP190ZGYmOmcWgn84hm2cvF/7xeitF1kHGZpMgkXXwUpcJF5eb3u0OuGUUxtYRQzW1Wl46JJhRtSxVbgr988ippX9R9r+7fX9YaN0UdZTiBUzgHH66gAXfQhBZQUPAMr/DmoPPivDsfi9GSU+wcwx84nz+UxpFv</latexit>

x0
<latexit sha1_base64="1o0INi8kmZtFgGT6KAB7vqHI5Bo=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+4CmlMl00g6dTMLMjVhCf8ONC0Xc+jPu/BsnbRbaemDgcM693DMnSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHJtRKwecJrwfkRHSoSCUbSS70cUx0GYPc0G7qBac+vuHGSVeAWpQYHmoPrlD2OWRlwhk9SYnucm2M+oRsEkn1X81PCEsgkd8Z6likbc9LN55hk5s8qQhLG2TyGZq783MhoZM40CO5lnNMteLv7n9VIMr/uZUEmKXLHFoTCVBGOSF0CGQnOGcmoJZVrYrISNqaYMbU0VW4K3/OVV0r6oe27du7+sNW6KOspwAqdwDh5cQQPuoAktYJDAM7zCm5M6L86787EYLTnFzjH8gfP5Ayjckb8=</latexit><latexit sha1_base64="1o0INi8kmZtFgGT6KAB7vqHI5Bo=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+4CmlMl00g6dTMLMjVhCf8ONC0Xc+jPu/BsnbRbaemDgcM693DMnSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHJtRKwecJrwfkRHSoSCUbSS70cUx0GYPc0G7qBac+vuHGSVeAWpQYHmoPrlD2OWRlwhk9SYnucm2M+oRsEkn1X81PCEsgkd8Z6likbc9LN55hk5s8qQhLG2TyGZq783MhoZM40CO5lnNMteLv7n9VIMr/uZUEmKXLHFoTCVBGOSF0CGQnOGcmoJZVrYrISNqaYMbU0VW4K3/OVV0r6oe27du7+sNW6KOspwAqdwDh5cQQPuoAktYJDAM7zCm5M6L86787EYLTnFzjH8gfP5Ayjckb8=</latexit><latexit sha1_base64="1o0INi8kmZtFgGT6KAB7vqHI5Bo=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+4CmlMl00g6dTMLMjVhCf8ONC0Xc+jPu/BsnbRbaemDgcM693DMnSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHJtRKwecJrwfkRHSoSCUbSS70cUx0GYPc0G7qBac+vuHGSVeAWpQYHmoPrlD2OWRlwhk9SYnucm2M+oRsEkn1X81PCEsgkd8Z6likbc9LN55hk5s8qQhLG2TyGZq783MhoZM40CO5lnNMteLv7n9VIMr/uZUEmKXLHFoTCVBGOSF0CGQnOGcmoJZVrYrISNqaYMbU0VW4K3/OVV0r6oe27du7+sNW6KOspwAqdwDh5cQQPuoAktYJDAM7zCm5M6L86787EYLTnFzjH8gfP5Ayjckb8=</latexit><latexit sha1_base64="1o0INi8kmZtFgGT6KAB7vqHI5Bo=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+4CmlMl00g6dTMLMjVhCf8ONC0Xc+jPu/BsnbRbaemDgcM693DMnSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHJtRKwecJrwfkRHSoSCUbSS70cUx0GYPc0G7qBac+vuHGSVeAWpQYHmoPrlD2OWRlwhk9SYnucm2M+oRsEkn1X81PCEsgkd8Z6likbc9LN55hk5s8qQhLG2TyGZq783MhoZM40CO5lnNMteLv7n9VIMr/uZUEmKXLHFoTCVBGOSF0CGQnOGcmoJZVrYrISNqaYMbU0VW4K3/OVV0r6oe27du7+sNW6KOspwAqdwDh5cQQPuoAktYJDAM7zCm5M6L86787EYLTnFzjH8gfP5Ayjckb8=</latexit>

✏
<latexit sha1_base64="ssxxscrscFDuELeuu/+9O0MDmKI=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOepMhszPrzKwQQn7CiwdFvPo73vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVphg2mhNLtiBoUXGLDciuwnWqkSSSwFY1uZ37rCbXhSj7YcYphQgeSx5xR66R2F1PDhZK9csWv+nOQVRLkpAI56r3yV7evWJagtExQYzqBn9pwQrXlTOC01M0MppSN6AA7jkqaoAkn83un5MwpfRIr7UpaMld/T0xoYsw4iVxnQu3QLHsz8T+vk9n4OpxwmWYWJVssijNBrCKz50mfa2RWjB2hTHN3K2FDqimzLqKSCyFYfnmVNC+qgV8N7i8rtZs8jiKcwCmcQwBXUIM7qEMDGAh4hld48x69F+/d+1i0Frx85hj+wPv8AUzRkCA=</latexit><latexit sha1_base64="ssxxscrscFDuELeuu/+9O0MDmKI=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOepMhszPrzKwQQn7CiwdFvPo73vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVphg2mhNLtiBoUXGLDciuwnWqkSSSwFY1uZ37rCbXhSj7YcYphQgeSx5xR66R2F1PDhZK9csWv+nOQVRLkpAI56r3yV7evWJagtExQYzqBn9pwQrXlTOC01M0MppSN6AA7jkqaoAkn83un5MwpfRIr7UpaMld/T0xoYsw4iVxnQu3QLHsz8T+vk9n4OpxwmWYWJVssijNBrCKz50mfa2RWjB2hTHN3K2FDqimzLqKSCyFYfnmVNC+qgV8N7i8rtZs8jiKcwCmcQwBXUIM7qEMDGAh4hld48x69F+/d+1i0Frx85hj+wPv8AUzRkCA=</latexit><latexit sha1_base64="ssxxscrscFDuELeuu/+9O0MDmKI=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOepMhszPrzKwQQn7CiwdFvPo73vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVphg2mhNLtiBoUXGLDciuwnWqkSSSwFY1uZ37rCbXhSj7YcYphQgeSx5xR66R2F1PDhZK9csWv+nOQVRLkpAI56r3yV7evWJagtExQYzqBn9pwQrXlTOC01M0MppSN6AA7jkqaoAkn83un5MwpfRIr7UpaMld/T0xoYsw4iVxnQu3QLHsz8T+vk9n4OpxwmWYWJVssijNBrCKz50mfa2RWjB2hTHN3K2FDqimzLqKSCyFYfnmVNC+qgV8N7i8rtZs8jiKcwCmcQwBXUIM7qEMDGAh4hld48x69F+/d+1i0Frx85hj+wPv8AUzRkCA=</latexit><latexit sha1_base64="ssxxscrscFDuELeuu/+9O0MDmKI=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOepMhszPrzKwQQn7CiwdFvPo73vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVphg2mhNLtiBoUXGLDciuwnWqkSSSwFY1uZ37rCbXhSj7YcYphQgeSx5xR66R2F1PDhZK9csWv+nOQVRLkpAI56r3yV7evWJagtExQYzqBn9pwQrXlTOC01M0MppSN6AA7jkqaoAkn83un5MwpfRIr7UpaMld/T0xoYsw4iVxnQu3QLHsz8T+vk9n4OpxwmWYWJVssijNBrCKz50mfa2RWjB2hTHN3K2FDqimzLqKSCyFYfnmVNC+qgV8N7i8rtZs8jiKcwCmcQwBXUIM7qEMDGAh4hld48x69F+/d+1i0Frx85hj+wPv8AUzRkCA=</latexit>



Result and Failure Modes
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Counter example

Adversarial input

Output Reachable set

X
<latexit sha1_base64="cjxWLffqlGvTygX6lqG/DQkun0Q=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC2koWy2m3bpJht2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKUw6LrfTmVtfWNzq7pd29nd2z+oHx51jco04x2mpNK9kBouRcI7KFDyXqo5jUPJH8PJbeE/PnFthEoecJryIKajRESCUbSS348pjhmVeW82qDfcpjsHWSVeSRpQoj2of/WHimUxT5BJaozvuSkGOdUomOSzWj8zPKVsQkfctzShMTdBPo88I2dWGZJIafsSJHP190ZOY2OmcWgni4hm2SvE/zw/w+g6yEWSZsgTtvgoyiRBRYr7yVBozlBOLaFMC5uVsDHVlKFtqWZL8JZPXiXdi6bnNr37y0brpqyjCidwCufgwRW04A7a0AEGCp7hFd4cdF6cd+djMVpxyp1j+APn8weTQZFu</latexit><latexit sha1_base64="cjxWLffqlGvTygX6lqG/DQkun0Q=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC2koWy2m3bpJht2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKUw6LrfTmVtfWNzq7pd29nd2z+oHx51jco04x2mpNK9kBouRcI7KFDyXqo5jUPJH8PJbeE/PnFthEoecJryIKajRESCUbSS348pjhmVeW82qDfcpjsHWSVeSRpQoj2of/WHimUxT5BJaozvuSkGOdUomOSzWj8zPKVsQkfctzShMTdBPo88I2dWGZJIafsSJHP190ZOY2OmcWgni4hm2SvE/zw/w+g6yEWSZsgTtvgoyiRBRYr7yVBozlBOLaFMC5uVsDHVlKFtqWZL8JZPXiXdi6bnNr37y0brpqyjCidwCufgwRW04A7a0AEGCp7hFd4cdF6cd+djMVpxyp1j+APn8weTQZFu</latexit><latexit sha1_base64="cjxWLffqlGvTygX6lqG/DQkun0Q=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC2koWy2m3bpJht2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKUw6LrfTmVtfWNzq7pd29nd2z+oHx51jco04x2mpNK9kBouRcI7KFDyXqo5jUPJH8PJbeE/PnFthEoecJryIKajRESCUbSS348pjhmVeW82qDfcpjsHWSVeSRpQoj2of/WHimUxT5BJaozvuSkGOdUomOSzWj8zPKVsQkfctzShMTdBPo88I2dWGZJIafsSJHP190ZOY2OmcWgni4hm2SvE/zw/w+g6yEWSZsgTtvgoyiRBRYr7yVBozlBOLaFMC5uVsDHVlKFtqWZL8JZPXiXdi6bnNr37y0brpqyjCidwCufgwRW04A7a0AEGCp7hFd4cdF6cd+djMVpxyp1j+APn8weTQZFu</latexit><latexit sha1_base64="cjxWLffqlGvTygX6lqG/DQkun0Q=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC2koWy2m3bpJht2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKUw6LrfTmVtfWNzq7pd29nd2z+oHx51jco04x2mpNK9kBouRcI7KFDyXqo5jUPJH8PJbeE/PnFthEoecJryIKajRESCUbSS348pjhmVeW82qDfcpjsHWSVeSRpQoj2of/WHimUxT5BJaozvuSkGOdUomOSzWj8zPKVsQkfctzShMTdBPo88I2dWGZJIafsSJHP190ZOY2OmcWgni4hm2SvE/zw/w+g6yEWSZsgTtvgoyiRBRYr7yVBozlBOLaFMC5uVsDHVlKFtqWZL8JZPXiXdi6bnNr37y0brpqyjCidwCufgwRW04A7a0AEGCp7hFd4cdF6cd+djMVpxyp1j+APn8weTQZFu</latexit>

Y
<latexit sha1_base64="Xv+GcGXQiLHGE+Dm0jRgDiJGpiE=">AAAB8nicbVDLSsNAFL2pr1pfVZdugkVwVRIRdFl047KCfUgbymQ6aYdOZsLMjVBCP8ONC0Xc+jXu/BsnbRbaemDgcM69zLknTAQ36HnfTmltfWNzq7xd2dnd2z+oHh61jUo1ZS2qhNLdkBgmuGQt5ChYN9GMxKFgnXBym/udJ6YNV/IBpwkLYjKSPOKUoJV6/ZjgmBKRPc4G1ZpX9+ZwV4lfkBoUaA6qX/2homnMJFJBjOn5XoJBRjRyKtis0k8NSwidkBHrWSpJzEyQzSPP3DOrDN1IafskunP190ZGYmOmcWgn84hm2cvF/7xeitF1kHGZpMgkXXwUpcJF5eb3u0OuGUUxtYRQzW1Wl46JJhRtSxVbgr988ippX9R9r+7fX9YaN0UdZTiBUzgHH66gAXfQhBZQUPAMr/DmoPPivDsfi9GSU+wcwx84nz+UxpFv</latexit><latexit sha1_base64="Xv+GcGXQiLHGE+Dm0jRgDiJGpiE=">AAAB8nicbVDLSsNAFL2pr1pfVZdugkVwVRIRdFl047KCfUgbymQ6aYdOZsLMjVBCP8ONC0Xc+jXu/BsnbRbaemDgcM69zLknTAQ36HnfTmltfWNzq7xd2dnd2z+oHh61jUo1ZS2qhNLdkBgmuGQt5ChYN9GMxKFgnXBym/udJ6YNV/IBpwkLYjKSPOKUoJV6/ZjgmBKRPc4G1ZpX9+ZwV4lfkBoUaA6qX/2homnMJFJBjOn5XoJBRjRyKtis0k8NSwidkBHrWSpJzEyQzSPP3DOrDN1IafskunP190ZGYmOmcWgn84hm2cvF/7xeitF1kHGZpMgkXXwUpcJF5eb3u0OuGUUxtYRQzW1Wl46JJhRtSxVbgr988ippX9R9r+7fX9YaN0UdZTiBUzgHH66gAXfQhBZQUPAMr/DmoPPivDsfi9GSU+wcwx84nz+UxpFv</latexit><latexit sha1_base64="Xv+GcGXQiLHGE+Dm0jRgDiJGpiE=">AAAB8nicbVDLSsNAFL2pr1pfVZdugkVwVRIRdFl047KCfUgbymQ6aYdOZsLMjVBCP8ONC0Xc+jXu/BsnbRbaemDgcM69zLknTAQ36HnfTmltfWNzq7xd2dnd2z+oHh61jUo1ZS2qhNLdkBgmuGQt5ChYN9GMxKFgnXBym/udJ6YNV/IBpwkLYjKSPOKUoJV6/ZjgmBKRPc4G1ZpX9+ZwV4lfkBoUaA6qX/2homnMJFJBjOn5XoJBRjRyKtis0k8NSwidkBHrWSpJzEyQzSPP3DOrDN1IafskunP190ZGYmOmcWgn84hm2cvF/7xeitF1kHGZpMgkXXwUpcJF5eb3u0OuGUUxtYRQzW1Wl46JJhRtSxVbgr988ippX9R9r+7fX9YaN0UdZTiBUzgHH66gAXfQhBZQUPAMr/DmoPPivDsfi9GSU+wcwx84nz+UxpFv</latexit><latexit sha1_base64="Xv+GcGXQiLHGE+Dm0jRgDiJGpiE=">AAAB8nicbVDLSsNAFL2pr1pfVZdugkVwVRIRdFl047KCfUgbymQ6aYdOZsLMjVBCP8ONC0Xc+jXu/BsnbRbaemDgcM69zLknTAQ36HnfTmltfWNzq7xd2dnd2z+oHh61jUo1ZS2qhNLdkBgmuGQt5ChYN9GMxKFgnXBym/udJ6YNV/IBpwkLYjKSPOKUoJV6/ZjgmBKRPc4G1ZpX9+ZwV4lfkBoUaA6qX/2homnMJFJBjOn5XoJBRjRyKtis0k8NSwidkBHrWSpJzEyQzSPP3DOrDN1IafskunP190ZGYmOmcWgn84hm2cvF/7xeitF1kHGZpMgkXXwUpcJF5eb3u0OuGUUxtYRQzW1Wl46JJhRtSxVbgr988ippX9R9r+7fX9YaN0UdZTiBUzgHH66gAXfQhBZQUPAMr/DmoPPivDsfi9GSU+wcwx84nz+UxpFv</latexit>



Recent Approaches
• Handles piece-wise linear activation function 
• A majority of the methods only consider ReLU activation 
• Soundness, Completeness, Terminating
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The property 
holds

The solver 
returns hold

Sound

Complete



Three basic methods
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Reachability Optimization Search



Reachability
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X
<latexit sha1_base64="cjxWLffqlGvTygX6lqG/DQkun0Q=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC2koWy2m3bpJht2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKUw6LrfTmVtfWNzq7pd29nd2z+oHx51jco04x2mpNK9kBouRcI7KFDyXqo5jUPJH8PJbeE/PnFthEoecJryIKajRESCUbSS348pjhmVeW82qDfcpjsHWSVeSRpQoj2of/WHimUxT5BJaozvuSkGOdUomOSzWj8zPKVsQkfctzShMTdBPo88I2dWGZJIafsSJHP190ZOY2OmcWgni4hm2SvE/zw/w+g6yEWSZsgTtvgoyiRBRYr7yVBozlBOLaFMC5uVsDHVlKFtqWZL8JZPXiXdi6bnNr37y0brpqyjCidwCufgwRW04A7a0AEGCp7hFd4cdF6cd+djMVpxyp1j+APn8weTQZFu</latexit><latexit sha1_base64="cjxWLffqlGvTygX6lqG/DQkun0Q=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC2koWy2m3bpJht2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKUw6LrfTmVtfWNzq7pd29nd2z+oHx51jco04x2mpNK9kBouRcI7KFDyXqo5jUPJH8PJbeE/PnFthEoecJryIKajRESCUbSS348pjhmVeW82qDfcpjsHWSVeSRpQoj2of/WHimUxT5BJaozvuSkGOdUomOSzWj8zPKVsQkfctzShMTdBPo88I2dWGZJIafsSJHP190ZOY2OmcWgni4hm2SvE/zw/w+g6yEWSZsgTtvgoyiRBRYr7yVBozlBOLaFMC5uVsDHVlKFtqWZL8JZPXiXdi6bnNr37y0brpqyjCidwCufgwRW04A7a0AEGCp7hFd4cdF6cd+djMVpxyp1j+APn8weTQZFu</latexit><latexit sha1_base64="cjxWLffqlGvTygX6lqG/DQkun0Q=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC2koWy2m3bpJht2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKUw6LrfTmVtfWNzq7pd29nd2z+oHx51jco04x2mpNK9kBouRcI7KFDyXqo5jUPJH8PJbeE/PnFthEoecJryIKajRESCUbSS348pjhmVeW82qDfcpjsHWSVeSRpQoj2of/WHimUxT5BJaozvuSkGOdUomOSzWj8zPKVsQkfctzShMTdBPo88I2dWGZJIafsSJHP190ZOY2OmcWgni4hm2SvE/zw/w+g6yEWSZsgTtvgoyiRBRYr7yVBozlBOLaFMC5uVsDHVlKFtqWZL8JZPXiXdi6bnNr37y0brpqyjCidwCufgwRW04A7a0AEGCp7hFd4cdF6cd+djMVpxyp1j+APn8weTQZFu</latexit><latexit sha1_base64="cjxWLffqlGvTygX6lqG/DQkun0Q=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC2koWy2m3bpJht2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKUw6LrfTmVtfWNzq7pd29nd2z+oHx51jco04x2mpNK9kBouRcI7KFDyXqo5jUPJH8PJbeE/PnFthEoecJryIKajRESCUbSS348pjhmVeW82qDfcpjsHWSVeSRpQoj2of/WHimUxT5BJaozvuSkGOdUomOSzWj8zPKVsQkfctzShMTdBPo88I2dWGZJIafsSJHP190ZOY2OmcWgni4hm2SvE/zw/w+g6yEWSZsgTtvgoyiRBRYr7yVBozlBOLaFMC5uVsDHVlKFtqWZL8JZPXiXdi6bnNr37y0brpqyjCidwCufgwRW04A7a0AEGCp7hFd4cdF6cd+djMVpxyp1j+APn8weTQZFu</latexit>

ẑ1
<latexit sha1_base64="+DbVZEK9fzhwTplzuXmzx3LPOfY=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiQi6LLoxmUF+4AmhMl00g6dPJi5EWKIv+LGhSJu/RB3/o2TNgttPTBwOOde7pnjJ4IrsKxvo7a2vrG5Vd9u7Ozu7R+Yh0d9FaeSsh6NRSyHPlFM8Ij1gINgw0QyEvqCDfzZTekPHphUPI7uIUuYG5JJxANOCWjJM5vOlEDuhASmfoAfCy+3C89sWW1rDrxK7Iq0UIWuZ34545imIYuACqLUyLYScHMigVPBioaTKpYQOiMTNtI0IiFTbj4PX+BTrYxxEEv9IsBz9fdGTkKlstDXk2VKteyV4n/eKIXgys15lKTAIro4FKQCQ4zLJvCYS0ZBZJoQKrnOiumUSEJB99XQJdjLX14l/fO2bbXtu4tW57qqo46O0Qk6Qza6RB10i7qohyjK0DN6RW/Gk/FivBsfi9GaUe000R8Ynz/mZ5Tq</latexit><latexit sha1_base64="+DbVZEK9fzhwTplzuXmzx3LPOfY=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiQi6LLoxmUF+4AmhMl00g6dPJi5EWKIv+LGhSJu/RB3/o2TNgttPTBwOOde7pnjJ4IrsKxvo7a2vrG5Vd9u7Ozu7R+Yh0d9FaeSsh6NRSyHPlFM8Ij1gINgw0QyEvqCDfzZTekPHphUPI7uIUuYG5JJxANOCWjJM5vOlEDuhASmfoAfCy+3C89sWW1rDrxK7Iq0UIWuZ34545imIYuACqLUyLYScHMigVPBioaTKpYQOiMTNtI0IiFTbj4PX+BTrYxxEEv9IsBz9fdGTkKlstDXk2VKteyV4n/eKIXgys15lKTAIro4FKQCQ4zLJvCYS0ZBZJoQKrnOiumUSEJB99XQJdjLX14l/fO2bbXtu4tW57qqo46O0Qk6Qza6RB10i7qohyjK0DN6RW/Gk/FivBsfi9GaUe000R8Ynz/mZ5Tq</latexit><latexit sha1_base64="+DbVZEK9fzhwTplzuXmzx3LPOfY=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiQi6LLoxmUF+4AmhMl00g6dPJi5EWKIv+LGhSJu/RB3/o2TNgttPTBwOOde7pnjJ4IrsKxvo7a2vrG5Vd9u7Ozu7R+Yh0d9FaeSsh6NRSyHPlFM8Ij1gINgw0QyEvqCDfzZTekPHphUPI7uIUuYG5JJxANOCWjJM5vOlEDuhASmfoAfCy+3C89sWW1rDrxK7Iq0UIWuZ34545imIYuACqLUyLYScHMigVPBioaTKpYQOiMTNtI0IiFTbj4PX+BTrYxxEEv9IsBz9fdGTkKlstDXk2VKteyV4n/eKIXgys15lKTAIro4FKQCQ4zLJvCYS0ZBZJoQKrnOiumUSEJB99XQJdjLX14l/fO2bbXtu4tW57qqo46O0Qk6Qza6RB10i7qohyjK0DN6RW/Gk/FivBsfi9GaUe000R8Ynz/mZ5Tq</latexit><latexit sha1_base64="+DbVZEK9fzhwTplzuXmzx3LPOfY=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiQi6LLoxmUF+4AmhMl00g6dPJi5EWKIv+LGhSJu/RB3/o2TNgttPTBwOOde7pnjJ4IrsKxvo7a2vrG5Vd9u7Ozu7R+Yh0d9FaeSsh6NRSyHPlFM8Ij1gINgw0QyEvqCDfzZTekPHphUPI7uIUuYG5JJxANOCWjJM5vOlEDuhASmfoAfCy+3C89sWW1rDrxK7Iq0UIWuZ34545imIYuACqLUyLYScHMigVPBioaTKpYQOiMTNtI0IiFTbj4PX+BTrYxxEEv9IsBz9fdGTkKlstDXk2VKteyV4n/eKIXgys15lKTAIro4FKQCQ4zLJvCYS0ZBZJoQKrnOiumUSEJB99XQJdjLX14l/fO2bbXtu4tW57qqo46O0Qk6Qza6RB10i7qohyjK0DN6RW/Gk/FivBsfi9GaUe000R8Ynz/mZ5Tq</latexit>

ẑ2
<latexit sha1_base64="ztOqvQ1D6SB38cdUtxkbHXUSb3E=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBFclaQIuiy6cVnBPqAJYTKdtEMnD2ZuhBjir7hxoYhbP8Sdf+OkzUJbDwwczrmXe+b4ieAKLOvbWFvf2Nzaru3Ud/f2Dw7No+O+ilNJWY/GIpZDnygmeMR6wEGwYSIZCX3BBv7spvQHD0wqHkf3kCXMDckk4gGnBLTkmQ1nSiB3QgJTP8CPhZe3C89sWi1rDrxK7Io0UYWuZ34545imIYuACqLUyLYScHMigVPBirqTKpYQOiMTNtI0IiFTbj4PX+AzrYxxEEv9IsBz9fdGTkKlstDXk2VKteyV4n/eKIXgys15lKTAIro4FKQCQ4zLJvCYS0ZBZJoQKrnOiumUSEJB91XXJdjLX14l/XbLtlr23UWzc13VUUMn6BSdIxtdog66RV3UQxRl6Bm9ojfjyXgx3o2PxeiaUe000B8Ynz/n7JTr</latexit><latexit sha1_base64="ztOqvQ1D6SB38cdUtxkbHXUSb3E=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBFclaQIuiy6cVnBPqAJYTKdtEMnD2ZuhBjir7hxoYhbP8Sdf+OkzUJbDwwczrmXe+b4ieAKLOvbWFvf2Nzaru3Ud/f2Dw7No+O+ilNJWY/GIpZDnygmeMR6wEGwYSIZCX3BBv7spvQHD0wqHkf3kCXMDckk4gGnBLTkmQ1nSiB3QgJTP8CPhZe3C89sWi1rDrxK7Io0UYWuZ34545imIYuACqLUyLYScHMigVPBirqTKpYQOiMTNtI0IiFTbj4PX+AzrYxxEEv9IsBz9fdGTkKlstDXk2VKteyV4n/eKIXgys15lKTAIro4FKQCQ4zLJvCYS0ZBZJoQKrnOiumUSEJB91XXJdjLX14l/XbLtlr23UWzc13VUUMn6BSdIxtdog66RV3UQxRl6Bm9ojfjyXgx3o2PxeiaUe000B8Ynz/n7JTr</latexit><latexit sha1_base64="ztOqvQ1D6SB38cdUtxkbHXUSb3E=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBFclaQIuiy6cVnBPqAJYTKdtEMnD2ZuhBjir7hxoYhbP8Sdf+OkzUJbDwwczrmXe+b4ieAKLOvbWFvf2Nzaru3Ud/f2Dw7No+O+ilNJWY/GIpZDnygmeMR6wEGwYSIZCX3BBv7spvQHD0wqHkf3kCXMDckk4gGnBLTkmQ1nSiB3QgJTP8CPhZe3C89sWi1rDrxK7Io0UYWuZ34545imIYuACqLUyLYScHMigVPBirqTKpYQOiMTNtI0IiFTbj4PX+AzrYxxEEv9IsBz9fdGTkKlstDXk2VKteyV4n/eKIXgys15lKTAIro4FKQCQ4zLJvCYS0ZBZJoQKrnOiumUSEJB91XXJdjLX14l/XbLtlr23UWzc13VUUMn6BSdIxtdog66RV3UQxRl6Bm9ojfjyXgx3o2PxeiaUe000B8Ynz/n7JTr</latexit><latexit sha1_base64="ztOqvQ1D6SB38cdUtxkbHXUSb3E=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBFclaQIuiy6cVnBPqAJYTKdtEMnD2ZuhBjir7hxoYhbP8Sdf+OkzUJbDwwczrmXe+b4ieAKLOvbWFvf2Nzaru3Ud/f2Dw7No+O+ilNJWY/GIpZDnygmeMR6wEGwYSIZCX3BBv7spvQHD0wqHkf3kCXMDckk4gGnBLTkmQ1nSiB3QgJTP8CPhZe3C89sWi1rDrxK7Io0UYWuZ34545imIYuACqLUyLYScHMigVPBirqTKpYQOiMTNtI0IiFTbj4PX+AzrYxxEEv9IsBz9fdGTkKlstDXk2VKteyV4n/eKIXgys15lKTAIro4FKQCQ4zLJvCYS0ZBZJoQKrnOiumUSEJB91XXJdjLX14l/XbLtlr23UWzc13VUUMn6BSdIxtdog66RV3UQxRl6Bm9ojfjyXgx3o2PxeiaUe000B8Ynz/n7JTr</latexit>

z1
<latexit sha1_base64="vieKZAyBoUUDdSqAo6JpbX22bvI=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyURQZdFNy4r2Ae0IUymk3boZBJmJkIb8iVuXCji1k9x5984abPQ1gMDh3Pu5Z45QcKZ0o7zbVU2Nre2d6q7tb39g8O6fXTcVXEqCe2QmMeyH2BFORO0o5nmtJ9IiqOA014wvSv83hOVisXiUc8S6kV4LFjICNZG8u16NoywngQhmud+5ua+3XCazgJonbglaUCJtm9/DUcxSSMqNOFYqYHrJNrLsNSMcJrXhqmiCSZTPKYDQwWOqPKyRfAcnRtlhMJYmic0Wqi/NzIcKTWLAjNZpFSrXiH+5w1SHd54GRNJqqkgy0NhypGOUdECGjFJieYzQzCRzGRFZIIlJtp0VTMluKtfXifdy6brNN2Hq0brtqyjCqdwBhfgwjW04B7a0AECKTzDK7xZc+vFerc+lqMVq9w5gT+wPn8Ay5KTKQ==</latexit><latexit sha1_base64="vieKZAyBoUUDdSqAo6JpbX22bvI=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyURQZdFNy4r2Ae0IUymk3boZBJmJkIb8iVuXCji1k9x5984abPQ1gMDh3Pu5Z45QcKZ0o7zbVU2Nre2d6q7tb39g8O6fXTcVXEqCe2QmMeyH2BFORO0o5nmtJ9IiqOA014wvSv83hOVisXiUc8S6kV4LFjICNZG8u16NoywngQhmud+5ua+3XCazgJonbglaUCJtm9/DUcxSSMqNOFYqYHrJNrLsNSMcJrXhqmiCSZTPKYDQwWOqPKyRfAcnRtlhMJYmic0Wqi/NzIcKTWLAjNZpFSrXiH+5w1SHd54GRNJqqkgy0NhypGOUdECGjFJieYzQzCRzGRFZIIlJtp0VTMluKtfXifdy6brNN2Hq0brtqyjCqdwBhfgwjW04B7a0AECKTzDK7xZc+vFerc+lqMVq9w5gT+wPn8Ay5KTKQ==</latexit><latexit sha1_base64="vieKZAyBoUUDdSqAo6JpbX22bvI=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyURQZdFNy4r2Ae0IUymk3boZBJmJkIb8iVuXCji1k9x5984abPQ1gMDh3Pu5Z45QcKZ0o7zbVU2Nre2d6q7tb39g8O6fXTcVXEqCe2QmMeyH2BFORO0o5nmtJ9IiqOA014wvSv83hOVisXiUc8S6kV4LFjICNZG8u16NoywngQhmud+5ua+3XCazgJonbglaUCJtm9/DUcxSSMqNOFYqYHrJNrLsNSMcJrXhqmiCSZTPKYDQwWOqPKyRfAcnRtlhMJYmic0Wqi/NzIcKTWLAjNZpFSrXiH+5w1SHd54GRNJqqkgy0NhypGOUdECGjFJieYzQzCRzGRFZIIlJtp0VTMluKtfXifdy6brNN2Hq0brtqyjCqdwBhfgwjW04B7a0AECKTzDK7xZc+vFerc+lqMVq9w5gT+wPn8Ay5KTKQ==</latexit><latexit sha1_base64="vieKZAyBoUUDdSqAo6JpbX22bvI=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyURQZdFNy4r2Ae0IUymk3boZBJmJkIb8iVuXCji1k9x5984abPQ1gMDh3Pu5Z45QcKZ0o7zbVU2Nre2d6q7tb39g8O6fXTcVXEqCe2QmMeyH2BFORO0o5nmtJ9IiqOA014wvSv83hOVisXiUc8S6kV4LFjICNZG8u16NoywngQhmud+5ua+3XCazgJonbglaUCJtm9/DUcxSSMqNOFYqYHrJNrLsNSMcJrXhqmiCSZTPKYDQwWOqPKyRfAcnRtlhMJYmic0Wqi/NzIcKTWLAjNZpFSrXiH+5w1SHd54GRNJqqkgy0NhypGOUdECGjFJieYzQzCRzGRFZIIlJtp0VTMluKtfXifdy6brNN2Hq0brtqyjCqdwBhfgwjW04B7a0AECKTzDK7xZc+vFerc+lqMVq9w5gT+wPn8Ay5KTKQ==</latexit>

x
<latexit sha1_base64="PNhXodxz7BfcFth6hjyUBTHso7E=">AAAB8nicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+4A2lMl00g6dTMLMjVhCP8ONC0Xc+jXu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHJtRKwecJpwP6IjJULBKFqpl/UjiuMgJE+zQbXm1t05yCrxClKDAs1B9as/jFkacYVMUmN6npugn1GNgkk+q/RTwxPKJnTEe5YqGnHjZ/PIM3JmlSEJY22fQjJXf29kNDJmGgV2Mk9olr1c/M/rpRhe+5lQSYpcscVHYSoJxiS/nwyF5gzl1BLKtLBZCRtTTRnaliq2BG/55FXSvqh7bt27v6w1boo6ynACp3AOHlxBA+6gCS1gEMMzvMKbg86L8+58LEZLTrFzDH/gfP4AVtaRRg==</latexit><latexit sha1_base64="PNhXodxz7BfcFth6hjyUBTHso7E=">AAAB8nicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+4A2lMl00g6dTMLMjVhCP8ONC0Xc+jXu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHJtRKwecJpwP6IjJULBKFqpl/UjiuMgJE+zQbXm1t05yCrxClKDAs1B9as/jFkacYVMUmN6npugn1GNgkk+q/RTwxPKJnTEe5YqGnHjZ/PIM3JmlSEJY22fQjJXf29kNDJmGgV2Mk9olr1c/M/rpRhe+5lQSYpcscVHYSoJxiS/nwyF5gzl1BLKtLBZCRtTTRnaliq2BG/55FXSvqh7bt27v6w1boo6ynACp3AOHlxBA+6gCS1gEMMzvMKbg86L8+58LEZLTrFzDH/gfP4AVtaRRg==</latexit><latexit sha1_base64="PNhXodxz7BfcFth6hjyUBTHso7E=">AAAB8nicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+4A2lMl00g6dTMLMjVhCP8ONC0Xc+jXu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHJtRKwecJpwP6IjJULBKFqpl/UjiuMgJE+zQbXm1t05yCrxClKDAs1B9as/jFkacYVMUmN6npugn1GNgkk+q/RTwxPKJnTEe5YqGnHjZ/PIM3JmlSEJY22fQjJXf29kNDJmGgV2Mk9olr1c/M/rpRhe+5lQSYpcscVHYSoJxiS/nwyF5gzl1BLKtLBZCRtTTRnaliq2BG/55FXSvqh7bt27v6w1boo6ynACp3AOHlxBA+6gCS1gEMMzvMKbg86L8+58LEZLTrFzDH/gfP4AVtaRRg==</latexit><latexit sha1_base64="PNhXodxz7BfcFth6hjyUBTHso7E=">AAAB8nicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+4A2lMl00g6dTMLMjVhCP8ONC0Xc+jXu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHJtRKwecJpwP6IjJULBKFqpl/UjiuMgJE+zQbXm1t05yCrxClKDAs1B9as/jFkacYVMUmN6npugn1GNgkk+q/RTwxPKJnTEe5YqGnHjZ/PIM3JmlSEJY22fQjJXf29kNDJmGgV2Mk9olr1c/M/rpRhe+5lQSYpcscVHYSoJxiS/nwyF5gzl1BLKtLBZCRtTTRnaliq2BG/55FXSvqh7bt27v6w1boo6ynACp3AOHlxBA+6gCS1gEMMzvMKbg86L8+58LEZLTrFzDH/gfP4AVtaRRg==</latexit>

y
<latexit sha1_base64="3NMrVUqEzY7eJlo6LXqD4glki3A=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC20oWy2m3bpZhN2X4QQ+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmVtfWNzq7pd29nd2z+oHx51TZxqxjsslrHuBdRwKRTvoEDJe4nmNAokfwymt4X/+MS1EbF6wCzhfkTHSoSCUbRSPx9EFCdBSLLZsN5wm+4cZJV4JWlAifaw/jUYxSyNuEImqTF9z03Qz6lGwSSf1Qap4QllUzrmfUsVjbjx83nkGTmzyoiEsbZPIZmrvzdyGhmTRYGdLBKaZa8Q//P6KYbXfi5UkiJXbPFRmEqCMSnuJyOhOUOZWUKZFjYrYROqKUPbUs2W4C2fvEq6F03PbXr3l43WTVlHFU7gFM7BgytowR20oQMMYniGV3hz0Hlx3p2PxWjFKXeO4Q+czx9YW5FH</latexit><latexit sha1_base64="3NMrVUqEzY7eJlo6LXqD4glki3A=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC20oWy2m3bpZhN2X4QQ+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmVtfWNzq7pd29nd2z+oHx51TZxqxjsslrHuBdRwKRTvoEDJe4nmNAokfwymt4X/+MS1EbF6wCzhfkTHSoSCUbRSPx9EFCdBSLLZsN5wm+4cZJV4JWlAifaw/jUYxSyNuEImqTF9z03Qz6lGwSSf1Qap4QllUzrmfUsVjbjx83nkGTmzyoiEsbZPIZmrvzdyGhmTRYGdLBKaZa8Q//P6KYbXfi5UkiJXbPFRmEqCMSnuJyOhOUOZWUKZFjYrYROqKUPbUs2W4C2fvEq6F03PbXr3l43WTVlHFU7gFM7BgytowR20oQMMYniGV3hz0Hlx3p2PxWjFKXeO4Q+czx9YW5FH</latexit><latexit sha1_base64="3NMrVUqEzY7eJlo6LXqD4glki3A=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC20oWy2m3bpZhN2X4QQ+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmVtfWNzq7pd29nd2z+oHx51TZxqxjsslrHuBdRwKRTvoEDJe4nmNAokfwymt4X/+MS1EbF6wCzhfkTHSoSCUbRSPx9EFCdBSLLZsN5wm+4cZJV4JWlAifaw/jUYxSyNuEImqTF9z03Qz6lGwSSf1Qap4QllUzrmfUsVjbjx83nkGTmzyoiEsbZPIZmrvzdyGhmTRYGdLBKaZa8Q//P6KYbXfi5UkiJXbPFRmEqCMSnuJyOhOUOZWUKZFjYrYROqKUPbUs2W4C2fvEq6F03PbXr3l43WTVlHFU7gFM7BgytowR20oQMMYniGV3hz0Hlx3p2PxWjFKXeO4Q+czx9YW5FH</latexit><latexit sha1_base64="3NMrVUqEzY7eJlo6LXqD4glki3A=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC20oWy2m3bpZhN2X4QQ+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmVtfWNzq7pd29nd2z+oHx51TZxqxjsslrHuBdRwKRTvoEDJe4nmNAokfwymt4X/+MS1EbF6wCzhfkTHSoSCUbRSPx9EFCdBSLLZsN5wm+4cZJV4JWlAifaw/jUYxSyNuEImqTF9z03Qz6lGwSSf1Qap4QllUzrmfUsVjbjx83nkGTmzyoiEsbZPIZmrvzdyGhmTRYGdLBKaZa8Q//P6KYbXfi5UkiJXbPFRmEqCMSnuJyOhOUOZWUKZFjYrYROqKUPbUs2W4C2fvEq6F03PbXr3l43WTVlHFU7gFM7BgytowR20oQMMYniGV3hz0Hlx3p2PxWjFKXeO4Q+czx9YW5FH</latexit>

R
<latexit sha1_base64="Q3XUr6egFAOTzVnITKKG+KVC2QM=">AAAB8nicbVDLSsNAFL2pr1pfVZdugkVwVRIRdFl047KKfUAbymQ6aYdOZsLMjVBCP8ONC0Xc+jXu/BsnbRbaemDgcM69zLknTAQ36HnfTmltfWNzq7xd2dnd2z+oHh61jUo1ZS2qhNLdkBgmuGQt5ChYN9GMxKFgnXBym/udJ6YNV/IRpwkLYjKSPOKUoJV6/ZjgmBKRPcwG1ZpX9+ZwV4lfkBoUaA6qX/2homnMJFJBjOn5XoJBRjRyKtis0k8NSwidkBHrWSpJzEyQzSPP3DOrDN1IafskunP190ZGYmOmcWgn84hm2cvF/7xeitF1kHGZpMgkXXwUpcJF5eb3u0OuGUUxtYRQzW1Wl46JJhRtSxVbgr988ippX9R9r+7fX9YaN0UdZTiBUzgHH66gAXfQhBZQUPAMr/DmoPPivDsfi9GSU+wcwx84nz+KI5Fo</latexit><latexit sha1_base64="Q3XUr6egFAOTzVnITKKG+KVC2QM=">AAAB8nicbVDLSsNAFL2pr1pfVZdugkVwVRIRdFl047KKfUAbymQ6aYdOZsLMjVBCP8ONC0Xc+jXu/BsnbRbaemDgcM69zLknTAQ36HnfTmltfWNzq7xd2dnd2z+oHh61jUo1ZS2qhNLdkBgmuGQt5ChYN9GMxKFgnXBym/udJ6YNV/IRpwkLYjKSPOKUoJV6/ZjgmBKRPcwG1ZpX9+ZwV4lfkBoUaA6qX/2homnMJFJBjOn5XoJBRjRyKtis0k8NSwidkBHrWSpJzEyQzSPP3DOrDN1IafskunP190ZGYmOmcWgn84hm2cvF/7xeitF1kHGZpMgkXXwUpcJF5eb3u0OuGUUxtYRQzW1Wl46JJhRtSxVbgr988ippX9R9r+7fX9YaN0UdZTiBUzgHH66gAXfQhBZQUPAMr/DmoPPivDsfi9GSU+wcwx84nz+KI5Fo</latexit><latexit sha1_base64="Q3XUr6egFAOTzVnITKKG+KVC2QM=">AAAB8nicbVDLSsNAFL2pr1pfVZdugkVwVRIRdFl047KKfUAbymQ6aYdOZsLMjVBCP8ONC0Xc+jXu/BsnbRbaemDgcM69zLknTAQ36HnfTmltfWNzq7xd2dnd2z+oHh61jUo1ZS2qhNLdkBgmuGQt5ChYN9GMxKFgnXBym/udJ6YNV/IRpwkLYjKSPOKUoJV6/ZjgmBKRPcwG1ZpX9+ZwV4lfkBoUaA6qX/2homnMJFJBjOn5XoJBRjRyKtis0k8NSwidkBHrWSpJzEyQzSPP3DOrDN1IafskunP190ZGYmOmcWgn84hm2cvF/7xeitF1kHGZpMgkXXwUpcJF5eb3u0OuGUUxtYRQzW1Wl46JJhRtSxVbgr988ippX9R9r+7fX9YaN0UdZTiBUzgHH66gAXfQhBZQUPAMr/DmoPPivDsfi9GSU+wcwx84nz+KI5Fo</latexit><latexit sha1_base64="Q3XUr6egFAOTzVnITKKG+KVC2QM=">AAAB8nicbVDLSsNAFL2pr1pfVZdugkVwVRIRdFl047KKfUAbymQ6aYdOZsLMjVBCP8ONC0Xc+jXu/BsnbRbaemDgcM69zLknTAQ36HnfTmltfWNzq7xd2dnd2z+oHh61jUo1ZS2qhNLdkBgmuGQt5ChYN9GMxKFgnXBym/udJ6YNV/IRpwkLYjKSPOKUoJV6/ZjgmBKRPcwG1ZpX9+ZwV4lfkBoUaA6qX/2homnMJFJBjOn5XoJBRjRyKtis0k8NSwidkBHrWSpJzEyQzSPP3DOrDN1IafskunP190ZGYmOmcWgn84hm2cvF/7xeitF1kHGZpMgkXXwUpcJF5eb3u0OuGUUxtYRQzW1Wl46JJhRtSxVbgr988ippX9R9r+7fX9YaN0UdZTiBUzgHH66gAXfQhBZQUPAMr/DmoPPivDsfi9GSU+wcwx84nz+KI5Fo</latexit>

W1,b1
<latexit sha1_base64="oLiV9A1tjY5JPsTi6OOucrRo9Hc=">AAACAnicbVDLSsNAFL2pr1pfUVfiZrAILqQkIuiy6MZlBfuANoTJdNIOnUzCzEQoobjxV9y4UMStX+HOv3HSRtDWAwPnnnMvc+8JEs6Udpwvq7S0vLK6Vl6vbGxube/Yu3stFaeS0CaJeSw7AVaUM0GbmmlOO4mkOAo4bQej69xv31OpWCzu9DihXoQHgoWMYG0k3z7oRVgPgzBrT3z39KcITOHbVafmTIEWiVuQKhRo+PZnrx+TNKJCE46V6rpOor0MS80Ip5NKL1U0wWSEB7RrqMARVV42PWGCjo3SR2EszRMaTdXfExmOlBpHgenMd1TzXi7+53VTHV56GRNJqqkgs4/ClCMdozwP1GeSEs3HhmAimdkVkSGWmGiTWsWE4M6fvEhaZzXXqbm359X6VRFHGQ7hCE7AhQuoww00oAkEHuAJXuDVerSerTfrfdZasoqZffgD6+MbFf2XNg==</latexit><latexit sha1_base64="oLiV9A1tjY5JPsTi6OOucrRo9Hc=">AAACAnicbVDLSsNAFL2pr1pfUVfiZrAILqQkIuiy6MZlBfuANoTJdNIOnUzCzEQoobjxV9y4UMStX+HOv3HSRtDWAwPnnnMvc+8JEs6Udpwvq7S0vLK6Vl6vbGxube/Yu3stFaeS0CaJeSw7AVaUM0GbmmlOO4mkOAo4bQej69xv31OpWCzu9DihXoQHgoWMYG0k3z7oRVgPgzBrT3z39KcITOHbVafmTIEWiVuQKhRo+PZnrx+TNKJCE46V6rpOor0MS80Ip5NKL1U0wWSEB7RrqMARVV42PWGCjo3SR2EszRMaTdXfExmOlBpHgenMd1TzXi7+53VTHV56GRNJqqkgs4/ClCMdozwP1GeSEs3HhmAimdkVkSGWmGiTWsWE4M6fvEhaZzXXqbm359X6VRFHGQ7hCE7AhQuoww00oAkEHuAJXuDVerSerTfrfdZasoqZffgD6+MbFf2XNg==</latexit><latexit sha1_base64="oLiV9A1tjY5JPsTi6OOucrRo9Hc=">AAACAnicbVDLSsNAFL2pr1pfUVfiZrAILqQkIuiy6MZlBfuANoTJdNIOnUzCzEQoobjxV9y4UMStX+HOv3HSRtDWAwPnnnMvc+8JEs6Udpwvq7S0vLK6Vl6vbGxube/Yu3stFaeS0CaJeSw7AVaUM0GbmmlOO4mkOAo4bQej69xv31OpWCzu9DihXoQHgoWMYG0k3z7oRVgPgzBrT3z39KcITOHbVafmTIEWiVuQKhRo+PZnrx+TNKJCE46V6rpOor0MS80Ip5NKL1U0wWSEB7RrqMARVV42PWGCjo3SR2EszRMaTdXfExmOlBpHgenMd1TzXi7+53VTHV56GRNJqqkgs4/ClCMdozwP1GeSEs3HhmAimdkVkSGWmGiTWsWE4M6fvEhaZzXXqbm359X6VRFHGQ7hCE7AhQuoww00oAkEHuAJXuDVerSerTfrfdZasoqZffgD6+MbFf2XNg==</latexit><latexit sha1_base64="oLiV9A1tjY5JPsTi6OOucrRo9Hc=">AAACAnicbVDLSsNAFL2pr1pfUVfiZrAILqQkIuiy6MZlBfuANoTJdNIOnUzCzEQoobjxV9y4UMStX+HOv3HSRtDWAwPnnnMvc+8JEs6Udpwvq7S0vLK6Vl6vbGxube/Yu3stFaeS0CaJeSw7AVaUM0GbmmlOO4mkOAo4bQej69xv31OpWCzu9DihXoQHgoWMYG0k3z7oRVgPgzBrT3z39KcITOHbVafmTIEWiVuQKhRo+PZnrx+TNKJCE46V6rpOor0MS80Ip5NKL1U0wWSEB7RrqMARVV42PWGCjo3SR2EszRMaTdXfExmOlBpHgenMd1TzXi7+53VTHV56GRNJqqkgs4/ClCMdozwP1GeSEs3HhmAimdkVkSGWmGiTWsWE4M6fvEhaZzXXqbm359X6VRFHGQ7hCE7AhQuoww00oAkEHuAJXuDVerSerTfrfdZasoqZffgD6+MbFf2XNg==</latexit>

W2,b2
<latexit sha1_base64="LAh1bD6Buz5r9G5F3/oEnCjBjEU=">AAACAnicbVDLSsNAFL3xWesr6krcDBbBhZSkCLosunFZwT6gDWEynbRDJ5MwMxFKKG78FTcuFHHrV7jzb5y0EbT1wMC559zL3HuChDOlHefLWlpeWV1bL22UN7e2d3btvf2WilNJaJPEPJadACvKmaBNzTSnnURSHAWctoPRde6376lULBZ3epxQL8IDwUJGsDaSbx/2IqyHQZi1J37t7KcITOHbFafqTIEWiVuQChRo+PZnrx+TNKJCE46V6rpOor0MS80Ip5NyL1U0wWSEB7RrqMARVV42PWGCTozSR2EszRMaTdXfExmOlBpHgenMd1TzXi7+53VTHV56GRNJqqkgs4/ClCMdozwP1GeSEs3HhmAimdkVkSGWmGiTWtmE4M6fvEhatarrVN3b80r9qoijBEdwDKfgwgXU4QYa0AQCD/AEL/BqPVrP1pv1PmtdsoqZA/gD6+MbGRKXOA==</latexit><latexit sha1_base64="LAh1bD6Buz5r9G5F3/oEnCjBjEU=">AAACAnicbVDLSsNAFL3xWesr6krcDBbBhZSkCLosunFZwT6gDWEynbRDJ5MwMxFKKG78FTcuFHHrV7jzb5y0EbT1wMC559zL3HuChDOlHefLWlpeWV1bL22UN7e2d3btvf2WilNJaJPEPJadACvKmaBNzTSnnURSHAWctoPRde6376lULBZ3epxQL8IDwUJGsDaSbx/2IqyHQZi1J37t7KcITOHbFafqTIEWiVuQChRo+PZnrx+TNKJCE46V6rpOor0MS80Ip5NyL1U0wWSEB7RrqMARVV42PWGCTozSR2EszRMaTdXfExmOlBpHgenMd1TzXi7+53VTHV56GRNJqqkgs4/ClCMdozwP1GeSEs3HhmAimdkVkSGWmGiTWtmE4M6fvEhatarrVN3b80r9qoijBEdwDKfgwgXU4QYa0AQCD/AEL/BqPVrP1pv1PmtdsoqZA/gD6+MbGRKXOA==</latexit><latexit sha1_base64="LAh1bD6Buz5r9G5F3/oEnCjBjEU=">AAACAnicbVDLSsNAFL3xWesr6krcDBbBhZSkCLosunFZwT6gDWEynbRDJ5MwMxFKKG78FTcuFHHrV7jzb5y0EbT1wMC559zL3HuChDOlHefLWlpeWV1bL22UN7e2d3btvf2WilNJaJPEPJadACvKmaBNzTSnnURSHAWctoPRde6376lULBZ3epxQL8IDwUJGsDaSbx/2IqyHQZi1J37t7KcITOHbFafqTIEWiVuQChRo+PZnrx+TNKJCE46V6rpOor0MS80Ip5NyL1U0wWSEB7RrqMARVV42PWGCTozSR2EszRMaTdXfExmOlBpHgenMd1TzXi7+53VTHV56GRNJqqkgs4/ClCMdozwP1GeSEs3HhmAimdkVkSGWmGiTWtmE4M6fvEhatarrVN3b80r9qoijBEdwDKfgwgXU4QYa0AQCD/AEL/BqPVrP1pv1PmtdsoqZA/gD6+MbGRKXOA==</latexit><latexit sha1_base64="LAh1bD6Buz5r9G5F3/oEnCjBjEU=">AAACAnicbVDLSsNAFL3xWesr6krcDBbBhZSkCLosunFZwT6gDWEynbRDJ5MwMxFKKG78FTcuFHHrV7jzb5y0EbT1wMC559zL3HuChDOlHefLWlpeWV1bL22UN7e2d3btvf2WilNJaJPEPJadACvKmaBNzTSnnURSHAWctoPRde6376lULBZ3epxQL8IDwUJGsDaSbx/2IqyHQZi1J37t7KcITOHbFafqTIEWiVuQChRo+PZnrx+TNKJCE46V6rpOor0MS80Ip5NyL1U0wWSEB7RrqMARVV42PWGCTozSR2EszRMaTdXfExmOlBpHgenMd1TzXi7+53VTHV56GRNJqqkgs4/ClCMdozwP1GeSEs3HhmAimdkVkSGWmGiTWtmE4M6fvEhatarrVN3b80r9qoijBEdwDKfgwgXU4QYa0AQCD/AEL/BqPVrP1pv1PmtdsoqZA/gD6+MbGRKXOA==</latexit>

�1
<latexit sha1_base64="ndvYTCCo70ultvBx/Ww5+X2/O7I=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlE0GXRjcsK9gFNCJPppB06k4SZiVJiP8WNC0Xc+iXu/BsnbRbaemDgcM693DMnTDlT2nG+rcra+sbmVnW7trO7t39g1w+7KskkoR2S8ET2Q6woZzHtaKY57aeSYhFy2gsnN4Xfe6BSsSS+19OU+gKPYhYxgrWRArvuCazHYZR7io0EngVuYDecpjMHWiVuSRpQoh3YX94wIZmgsSYcKzVwnVT7OZaaEU5nNS9TNMVkgkd0YGiMBVV+Po8+Q6dGGaIokebFGs3V3xs5FkpNRWgmi6Bq2SvE/7xBpqMrP2dxmmkak8WhKONIJ6joAQ2ZpETzqSGYSGayIjLGEhNt2qqZEtzlL6+S7nnTdZru3UWjdV3WUYVjOIEzcOESWnALbegAgUd4hld4s56sF+vd+liMVqxy5wj+wPr8AW8zlBg=</latexit><latexit sha1_base64="ndvYTCCo70ultvBx/Ww5+X2/O7I=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlE0GXRjcsK9gFNCJPppB06k4SZiVJiP8WNC0Xc+iXu/BsnbRbaemDgcM693DMnTDlT2nG+rcra+sbmVnW7trO7t39g1w+7KskkoR2S8ET2Q6woZzHtaKY57aeSYhFy2gsnN4Xfe6BSsSS+19OU+gKPYhYxgrWRArvuCazHYZR7io0EngVuYDecpjMHWiVuSRpQoh3YX94wIZmgsSYcKzVwnVT7OZaaEU5nNS9TNMVkgkd0YGiMBVV+Po8+Q6dGGaIokebFGs3V3xs5FkpNRWgmi6Bq2SvE/7xBpqMrP2dxmmkak8WhKONIJ6joAQ2ZpETzqSGYSGayIjLGEhNt2qqZEtzlL6+S7nnTdZru3UWjdV3WUYVjOIEzcOESWnALbegAgUd4hld4s56sF+vd+liMVqxy5wj+wPr8AW8zlBg=</latexit><latexit sha1_base64="ndvYTCCo70ultvBx/Ww5+X2/O7I=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlE0GXRjcsK9gFNCJPppB06k4SZiVJiP8WNC0Xc+iXu/BsnbRbaemDgcM693DMnTDlT2nG+rcra+sbmVnW7trO7t39g1w+7KskkoR2S8ET2Q6woZzHtaKY57aeSYhFy2gsnN4Xfe6BSsSS+19OU+gKPYhYxgrWRArvuCazHYZR7io0EngVuYDecpjMHWiVuSRpQoh3YX94wIZmgsSYcKzVwnVT7OZaaEU5nNS9TNMVkgkd0YGiMBVV+Po8+Q6dGGaIokebFGs3V3xs5FkpNRWgmi6Bq2SvE/7xBpqMrP2dxmmkak8WhKONIJ6joAQ2ZpETzqSGYSGayIjLGEhNt2qqZEtzlL6+S7nnTdZru3UWjdV3WUYVjOIEzcOESWnALbegAgUd4hld4s56sF+vd+liMVqxy5wj+wPr8AW8zlBg=</latexit><latexit sha1_base64="ndvYTCCo70ultvBx/Ww5+X2/O7I=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlE0GXRjcsK9gFNCJPppB06k4SZiVJiP8WNC0Xc+iXu/BsnbRbaemDgcM693DMnTDlT2nG+rcra+sbmVnW7trO7t39g1w+7KskkoR2S8ET2Q6woZzHtaKY57aeSYhFy2gsnN4Xfe6BSsSS+19OU+gKPYhYxgrWRArvuCazHYZR7io0EngVuYDecpjMHWiVuSRpQoh3YX94wIZmgsSYcKzVwnVT7OZaaEU5nNS9TNMVkgkd0YGiMBVV+Po8+Q6dGGaIokebFGs3V3xs5FkpNRWgmi6Bq2SvE/7xBpqMrP2dxmmkak8WhKONIJ6joAQ2ZpETzqSGYSGayIjLGEhNt2qqZEtzlL6+S7nnTdZru3UWjdV3WUYVjOIEzcOESWnALbegAgUd4hld4s56sF+vd+liMVqxy5wj+wPr8AW8zlBg=</latexit>

�2
<latexit sha1_base64="g+u+hCuiaAaWIP/BLqJE2YizrQc=">AAAB+nicbVDLSsNAFL3xWesr1aWbwSK4KkkRdFl047KCfUATwmQ6aYfOJGFmopTYT3HjQhG3fok7/8ZJm4W2Hhg4nHMv98wJU86Udpxva219Y3Nru7JT3d3bPzi0a0ddlWSS0A5JeCL7IVaUs5h2NNOc9lNJsQg57YWTm8LvPVCpWBLf62lKfYFHMYsYwdpIgV3zBNbjMMo9xUYCz4JmYNedhjMHWiVuSepQoh3YX94wIZmgsSYcKzVwnVT7OZaaEU5nVS9TNMVkgkd0YGiMBVV+Po8+Q2dGGaIokebFGs3V3xs5FkpNRWgmi6Bq2SvE/7xBpqMrP2dxmmkak8WhKONIJ6joAQ2ZpETzqSGYSGayIjLGEhNt2qqaEtzlL6+SbrPhOg337qLeui7rqMAJnMI5uHAJLbiFNnSAwCM8wyu8WU/Wi/VufSxG16xy5xj+wPr8AXC3lBk=</latexit><latexit sha1_base64="g+u+hCuiaAaWIP/BLqJE2YizrQc=">AAAB+nicbVDLSsNAFL3xWesr1aWbwSK4KkkRdFl047KCfUATwmQ6aYfOJGFmopTYT3HjQhG3fok7/8ZJm4W2Hhg4nHMv98wJU86Udpxva219Y3Nru7JT3d3bPzi0a0ddlWSS0A5JeCL7IVaUs5h2NNOc9lNJsQg57YWTm8LvPVCpWBLf62lKfYFHMYsYwdpIgV3zBNbjMMo9xUYCz4JmYNedhjMHWiVuSepQoh3YX94wIZmgsSYcKzVwnVT7OZaaEU5nVS9TNMVkgkd0YGiMBVV+Po8+Q2dGGaIokebFGs3V3xs5FkpNRWgmi6Bq2SvE/7xBpqMrP2dxmmkak8WhKONIJ6joAQ2ZpETzqSGYSGayIjLGEhNt2qqaEtzlL6+SbrPhOg337qLeui7rqMAJnMI5uHAJLbiFNnSAwCM8wyu8WU/Wi/VufSxG16xy5xj+wPr8AXC3lBk=</latexit><latexit sha1_base64="g+u+hCuiaAaWIP/BLqJE2YizrQc=">AAAB+nicbVDLSsNAFL3xWesr1aWbwSK4KkkRdFl047KCfUATwmQ6aYfOJGFmopTYT3HjQhG3fok7/8ZJm4W2Hhg4nHMv98wJU86Udpxva219Y3Nru7JT3d3bPzi0a0ddlWSS0A5JeCL7IVaUs5h2NNOc9lNJsQg57YWTm8LvPVCpWBLf62lKfYFHMYsYwdpIgV3zBNbjMMo9xUYCz4JmYNedhjMHWiVuSepQoh3YX94wIZmgsSYcKzVwnVT7OZaaEU5nVS9TNMVkgkd0YGiMBVV+Po8+Q2dGGaIokebFGs3V3xs5FkpNRWgmi6Bq2SvE/7xBpqMrP2dxmmkak8WhKONIJ6joAQ2ZpETzqSGYSGayIjLGEhNt2qqaEtzlL6+SbrPhOg337qLeui7rqMAJnMI5uHAJLbiFNnSAwCM8wyu8WU/Wi/VufSxG16xy5xj+wPr8AXC3lBk=</latexit><latexit sha1_base64="g+u+hCuiaAaWIP/BLqJE2YizrQc=">AAAB+nicbVDLSsNAFL3xWesr1aWbwSK4KkkRdFl047KCfUATwmQ6aYfOJGFmopTYT3HjQhG3fok7/8ZJm4W2Hhg4nHMv98wJU86Udpxva219Y3Nru7JT3d3bPzi0a0ddlWSS0A5JeCL7IVaUs5h2NNOc9lNJsQg57YWTm8LvPVCpWBLf62lKfYFHMYsYwdpIgV3zBNbjMMo9xUYCz4JmYNedhjMHWiVuSepQoh3YX94wIZmgsSYcKzVwnVT7OZaaEU5nVS9TNMVkgkd0YGiMBVV+Po8+Q2dGGaIokebFGs3V3xs5FkpNRWgmi6Bq2SvE/7xBpqMrP2dxmmkak8WhKONIJ6joAQ2ZpETzqSGYSGayIjLGEhNt2qqaEtzlL6+SbrPhOg337qLeui7rqMAJnMI5uHAJLbiFNnSAwCM8wyu8WU/Wi/VufSxG16xy5xj+wPr8AXC3lBk=</latexit>



Optimization

!13

ReLU Triangle Relaxation Parallel Relaxation
� 2 {0, 1}

<latexit sha1_base64="0cb/NdvD3cnxDQQHA+m+7WDpQYw=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16WSyCBymJCHosevFYwX5AE8pmM2mXbjZhdyOWkL/ixYMiXv0j3vw3btsctPXBwOO9GWbmBSlnSjvOt1VZW9/Y3Kpu13Z29/YP7MN6VyWZpNChCU9kPyAKOBPQ0Uxz6KcSSBxw6AWT25nfewSpWCIe9DQFPyYjwSJGiTbS0K57IXBNsMeEl2Pn3PWKod1wms4ceJW4JWmgEu2h/eWFCc1iEJpyotTAdVLt50RqRjkUNS9TkBI6ISMYGCpIDMrP57cX+NQoIY4SaUpoPFd/T+QkVmoaB6YzJnqslr2Z+J83yHR07edMpJkGQReLooxjneBZEDhkEqjmU0MIlczciumYSEK1iatmQnCXX14l3Yum6zTd+8tG66aMo4qO0Qk6Qy66Qi10h9qogyh6Qs/oFb1ZhfVivVsfi9aKVc4coT+wPn8AjWuTdQ==</latexit><latexit sha1_base64="0cb/NdvD3cnxDQQHA+m+7WDpQYw=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16WSyCBymJCHosevFYwX5AE8pmM2mXbjZhdyOWkL/ixYMiXv0j3vw3btsctPXBwOO9GWbmBSlnSjvOt1VZW9/Y3Kpu13Z29/YP7MN6VyWZpNChCU9kPyAKOBPQ0Uxz6KcSSBxw6AWT25nfewSpWCIe9DQFPyYjwSJGiTbS0K57IXBNsMeEl2Pn3PWKod1wms4ceJW4JWmgEu2h/eWFCc1iEJpyotTAdVLt50RqRjkUNS9TkBI6ISMYGCpIDMrP57cX+NQoIY4SaUpoPFd/T+QkVmoaB6YzJnqslr2Z+J83yHR07edMpJkGQReLooxjneBZEDhkEqjmU0MIlczciumYSEK1iatmQnCXX14l3Yum6zTd+8tG66aMo4qO0Qk6Qy66Qi10h9qogyh6Qs/oFb1ZhfVivVsfi9aKVc4coT+wPn8AjWuTdQ==</latexit><latexit sha1_base64="0cb/NdvD3cnxDQQHA+m+7WDpQYw=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16WSyCBymJCHosevFYwX5AE8pmM2mXbjZhdyOWkL/ixYMiXv0j3vw3btsctPXBwOO9GWbmBSlnSjvOt1VZW9/Y3Kpu13Z29/YP7MN6VyWZpNChCU9kPyAKOBPQ0Uxz6KcSSBxw6AWT25nfewSpWCIe9DQFPyYjwSJGiTbS0K57IXBNsMeEl2Pn3PWKod1wms4ceJW4JWmgEu2h/eWFCc1iEJpyotTAdVLt50RqRjkUNS9TkBI6ISMYGCpIDMrP57cX+NQoIY4SaUpoPFd/T+QkVmoaB6YzJnqslr2Z+J83yHR07edMpJkGQReLooxjneBZEDhkEqjmU0MIlczciumYSEK1iatmQnCXX14l3Yum6zTd+8tG66aMo4qO0Qk6Qy66Qi10h9qogyh6Qs/oFb1ZhfVivVsfi9aKVc4coT+wPn8AjWuTdQ==</latexit><latexit sha1_base64="0cb/NdvD3cnxDQQHA+m+7WDpQYw=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16WSyCBymJCHosevFYwX5AE8pmM2mXbjZhdyOWkL/ixYMiXv0j3vw3btsctPXBwOO9GWbmBSlnSjvOt1VZW9/Y3Kpu13Z29/YP7MN6VyWZpNChCU9kPyAKOBPQ0Uxz6KcSSBxw6AWT25nfewSpWCIe9DQFPyYjwSJGiTbS0K57IXBNsMeEl2Pn3PWKod1wms4ceJW4JWmgEu2h/eWFCc1iEJpyotTAdVLt50RqRjkUNS9TkBI6ISMYGCpIDMrP57cX+NQoIY4SaUpoPFd/T+QkVmoaB6YzJnqslr2Z+J83yHR07edMpJkGQReLooxjneBZEDhkEqjmU0MIlczciumYSEK1iatmQnCXX14l3Yum6zTd+8tG66aMo4qO0Qk6Qy66Qi10h9qogyh6Qs/oFb1ZhfVivVsfi9aKVc4coT+wPn8AjWuTdQ==</latexit>

Mixed Integer Encoding



Search

!14

Satisfiability problem (SAT) Branch and Bound

2. Search in input/hidden domain1. Search in function space

ẑ1
<latexit sha1_base64="+DbVZEK9fzhwTplzuXmzx3LPOfY=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiQi6LLoxmUF+4AmhMl00g6dPJi5EWKIv+LGhSJu/RB3/o2TNgttPTBwOOde7pnjJ4IrsKxvo7a2vrG5Vd9u7Ozu7R+Yh0d9FaeSsh6NRSyHPlFM8Ij1gINgw0QyEvqCDfzZTekPHphUPI7uIUuYG5JJxANOCWjJM5vOlEDuhASmfoAfCy+3C89sWW1rDrxK7Iq0UIWuZ34545imIYuACqLUyLYScHMigVPBioaTKpYQOiMTNtI0IiFTbj4PX+BTrYxxEEv9IsBz9fdGTkKlstDXk2VKteyV4n/eKIXgys15lKTAIro4FKQCQ4zLJvCYS0ZBZJoQKrnOiumUSEJB99XQJdjLX14l/fO2bbXtu4tW57qqo46O0Qk6Qza6RB10i7qohyjK0DN6RW/Gk/FivBsfi9GaUe000R8Ynz/mZ5Tq</latexit><latexit sha1_base64="+DbVZEK9fzhwTplzuXmzx3LPOfY=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiQi6LLoxmUF+4AmhMl00g6dPJi5EWKIv+LGhSJu/RB3/o2TNgttPTBwOOde7pnjJ4IrsKxvo7a2vrG5Vd9u7Ozu7R+Yh0d9FaeSsh6NRSyHPlFM8Ij1gINgw0QyEvqCDfzZTekPHphUPI7uIUuYG5JJxANOCWjJM5vOlEDuhASmfoAfCy+3C89sWW1rDrxK7Iq0UIWuZ34545imIYuACqLUyLYScHMigVPBioaTKpYQOiMTNtI0IiFTbj4PX+BTrYxxEEv9IsBz9fdGTkKlstDXk2VKteyV4n/eKIXgys15lKTAIro4FKQCQ4zLJvCYS0ZBZJoQKrnOiumUSEJB99XQJdjLX14l/fO2bbXtu4tW57qqo46O0Qk6Qza6RB10i7qohyjK0DN6RW/Gk/FivBsfi9GaUe000R8Ynz/mZ5Tq</latexit><latexit sha1_base64="+DbVZEK9fzhwTplzuXmzx3LPOfY=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiQi6LLoxmUF+4AmhMl00g6dPJi5EWKIv+LGhSJu/RB3/o2TNgttPTBwOOde7pnjJ4IrsKxvo7a2vrG5Vd9u7Ozu7R+Yh0d9FaeSsh6NRSyHPlFM8Ij1gINgw0QyEvqCDfzZTekPHphUPI7uIUuYG5JJxANOCWjJM5vOlEDuhASmfoAfCy+3C89sWW1rDrxK7Iq0UIWuZ34545imIYuACqLUyLYScHMigVPBioaTKpYQOiMTNtI0IiFTbj4PX+BTrYxxEEv9IsBz9fdGTkKlstDXk2VKteyV4n/eKIXgys15lKTAIro4FKQCQ4zLJvCYS0ZBZJoQKrnOiumUSEJB99XQJdjLX14l/fO2bbXtu4tW57qqo46O0Qk6Qza6RB10i7qohyjK0DN6RW/Gk/FivBsfi9GaUe000R8Ynz/mZ5Tq</latexit><latexit sha1_base64="+DbVZEK9fzhwTplzuXmzx3LPOfY=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiQi6LLoxmUF+4AmhMl00g6dPJi5EWKIv+LGhSJu/RB3/o2TNgttPTBwOOde7pnjJ4IrsKxvo7a2vrG5Vd9u7Ozu7R+Yh0d9FaeSsh6NRSyHPlFM8Ij1gINgw0QyEvqCDfzZTekPHphUPI7uIUuYG5JJxANOCWjJM5vOlEDuhASmfoAfCy+3C89sWW1rDrxK7Iq0UIWuZ34545imIYuACqLUyLYScHMigVPBioaTKpYQOiMTNtI0IiFTbj4PX+BTrYxxEEv9IsBz9fdGTkKlstDXk2VKteyV4n/eKIXgys15lKTAIro4FKQCQ4zLJvCYS0ZBZJoQKrnOiumUSEJB99XQJdjLX14l/fO2bbXtu4tW57qqo46O0Qk6Qza6RB10i7qohyjK0DN6RW/Gk/FivBsfi9GaUe000R8Ynz/mZ5Tq</latexit>

ẑ2
<latexit sha1_base64="ztOqvQ1D6SB38cdUtxkbHXUSb3E=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBFclaQIuiy6cVnBPqAJYTKdtEMnD2ZuhBjir7hxoYhbP8Sdf+OkzUJbDwwczrmXe+b4ieAKLOvbWFvf2Nzaru3Ud/f2Dw7No+O+ilNJWY/GIpZDnygmeMR6wEGwYSIZCX3BBv7spvQHD0wqHkf3kCXMDckk4gGnBLTkmQ1nSiB3QgJTP8CPhZe3C89sWi1rDrxK7Io0UYWuZ34545imIYuACqLUyLYScHMigVPBirqTKpYQOiMTNtI0IiFTbj4PX+AzrYxxEEv9IsBz9fdGTkKlstDXk2VKteyV4n/eKIXgys15lKTAIro4FKQCQ4zLJvCYS0ZBZJoQKrnOiumUSEJB91XXJdjLX14l/XbLtlr23UWzc13VUUMn6BSdIxtdog66RV3UQxRl6Bm9ojfjyXgx3o2PxeiaUe000B8Ynz/n7JTr</latexit><latexit sha1_base64="ztOqvQ1D6SB38cdUtxkbHXUSb3E=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBFclaQIuiy6cVnBPqAJYTKdtEMnD2ZuhBjir7hxoYhbP8Sdf+OkzUJbDwwczrmXe+b4ieAKLOvbWFvf2Nzaru3Ud/f2Dw7No+O+ilNJWY/GIpZDnygmeMR6wEGwYSIZCX3BBv7spvQHD0wqHkf3kCXMDckk4gGnBLTkmQ1nSiB3QgJTP8CPhZe3C89sWi1rDrxK7Io0UYWuZ34545imIYuACqLUyLYScHMigVPBirqTKpYQOiMTNtI0IiFTbj4PX+AzrYxxEEv9IsBz9fdGTkKlstDXk2VKteyV4n/eKIXgys15lKTAIro4FKQCQ4zLJvCYS0ZBZJoQKrnOiumUSEJB91XXJdjLX14l/XbLtlr23UWzc13VUUMn6BSdIxtdog66RV3UQxRl6Bm9ojfjyXgx3o2PxeiaUe000B8Ynz/n7JTr</latexit><latexit sha1_base64="ztOqvQ1D6SB38cdUtxkbHXUSb3E=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBFclaQIuiy6cVnBPqAJYTKdtEMnD2ZuhBjir7hxoYhbP8Sdf+OkzUJbDwwczrmXe+b4ieAKLOvbWFvf2Nzaru3Ud/f2Dw7No+O+ilNJWY/GIpZDnygmeMR6wEGwYSIZCX3BBv7spvQHD0wqHkf3kCXMDckk4gGnBLTkmQ1nSiB3QgJTP8CPhZe3C89sWi1rDrxK7Io0UYWuZ34545imIYuACqLUyLYScHMigVPBirqTKpYQOiMTNtI0IiFTbj4PX+AzrYxxEEv9IsBz9fdGTkKlstDXk2VKteyV4n/eKIXgys15lKTAIro4FKQCQ4zLJvCYS0ZBZJoQKrnOiumUSEJB91XXJdjLX14l/XbLtlr23UWzc13VUUMn6BSdIxtdog66RV3UQxRl6Bm9ojfjyXgx3o2PxeiaUe000B8Ynz/n7JTr</latexit><latexit sha1_base64="ztOqvQ1D6SB38cdUtxkbHXUSb3E=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBFclaQIuiy6cVnBPqAJYTKdtEMnD2ZuhBjir7hxoYhbP8Sdf+OkzUJbDwwczrmXe+b4ieAKLOvbWFvf2Nzaru3Ud/f2Dw7No+O+ilNJWY/GIpZDnygmeMR6wEGwYSIZCX3BBv7spvQHD0wqHkf3kCXMDckk4gGnBLTkmQ1nSiB3QgJTP8CPhZe3C89sWi1rDrxK7Io0UYWuZ34545imIYuACqLUyLYScHMigVPBirqTKpYQOiMTNtI0IiFTbj4PX+AzrYxxEEv9IsBz9fdGTkKlstDXk2VKteyV4n/eKIXgys15lKTAIro4FKQCQ4zLJvCYS0ZBZJoQKrnOiumUSEJB91XXJdjLX14l/XbLtlr23UWzc13VUUMn6BSdIxtdog66RV3UQxRl6Bm9ojfjyXgx3o2PxeiaUe000B8Ynz/n7JTr</latexit>

z1
<latexit sha1_base64="vieKZAyBoUUDdSqAo6JpbX22bvI=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyURQZdFNy4r2Ae0IUymk3boZBJmJkIb8iVuXCji1k9x5984abPQ1gMDh3Pu5Z45QcKZ0o7zbVU2Nre2d6q7tb39g8O6fXTcVXEqCe2QmMeyH2BFORO0o5nmtJ9IiqOA014wvSv83hOVisXiUc8S6kV4LFjICNZG8u16NoywngQhmud+5ua+3XCazgJonbglaUCJtm9/DUcxSSMqNOFYqYHrJNrLsNSMcJrXhqmiCSZTPKYDQwWOqPKyRfAcnRtlhMJYmic0Wqi/NzIcKTWLAjNZpFSrXiH+5w1SHd54GRNJqqkgy0NhypGOUdECGjFJieYzQzCRzGRFZIIlJtp0VTMluKtfXifdy6brNN2Hq0brtqyjCqdwBhfgwjW04B7a0AECKTzDK7xZc+vFerc+lqMVq9w5gT+wPn8Ay5KTKQ==</latexit><latexit sha1_base64="vieKZAyBoUUDdSqAo6JpbX22bvI=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyURQZdFNy4r2Ae0IUymk3boZBJmJkIb8iVuXCji1k9x5984abPQ1gMDh3Pu5Z45QcKZ0o7zbVU2Nre2d6q7tb39g8O6fXTcVXEqCe2QmMeyH2BFORO0o5nmtJ9IiqOA014wvSv83hOVisXiUc8S6kV4LFjICNZG8u16NoywngQhmud+5ua+3XCazgJonbglaUCJtm9/DUcxSSMqNOFYqYHrJNrLsNSMcJrXhqmiCSZTPKYDQwWOqPKyRfAcnRtlhMJYmic0Wqi/NzIcKTWLAjNZpFSrXiH+5w1SHd54GRNJqqkgy0NhypGOUdECGjFJieYzQzCRzGRFZIIlJtp0VTMluKtfXifdy6brNN2Hq0brtqyjCqdwBhfgwjW04B7a0AECKTzDK7xZc+vFerc+lqMVq9w5gT+wPn8Ay5KTKQ==</latexit><latexit sha1_base64="vieKZAyBoUUDdSqAo6JpbX22bvI=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyURQZdFNy4r2Ae0IUymk3boZBJmJkIb8iVuXCji1k9x5984abPQ1gMDh3Pu5Z45QcKZ0o7zbVU2Nre2d6q7tb39g8O6fXTcVXEqCe2QmMeyH2BFORO0o5nmtJ9IiqOA014wvSv83hOVisXiUc8S6kV4LFjICNZG8u16NoywngQhmud+5ua+3XCazgJonbglaUCJtm9/DUcxSSMqNOFYqYHrJNrLsNSMcJrXhqmiCSZTPKYDQwWOqPKyRfAcnRtlhMJYmic0Wqi/NzIcKTWLAjNZpFSrXiH+5w1SHd54GRNJqqkgy0NhypGOUdECGjFJieYzQzCRzGRFZIIlJtp0VTMluKtfXifdy6brNN2Hq0brtqyjCqdwBhfgwjW04B7a0AECKTzDK7xZc+vFerc+lqMVq9w5gT+wPn8Ay5KTKQ==</latexit><latexit sha1_base64="vieKZAyBoUUDdSqAo6JpbX22bvI=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyURQZdFNy4r2Ae0IUymk3boZBJmJkIb8iVuXCji1k9x5984abPQ1gMDh3Pu5Z45QcKZ0o7zbVU2Nre2d6q7tb39g8O6fXTcVXEqCe2QmMeyH2BFORO0o5nmtJ9IiqOA014wvSv83hOVisXiUc8S6kV4LFjICNZG8u16NoywngQhmud+5ua+3XCazgJonbglaUCJtm9/DUcxSSMqNOFYqYHrJNrLsNSMcJrXhqmiCSZTPKYDQwWOqPKyRfAcnRtlhMJYmic0Wqi/NzIcKTWLAjNZpFSrXiH+5w1SHd54GRNJqqkgy0NhypGOUdECGjFJieYzQzCRzGRFZIIlJtp0VTMluKtfXifdy6brNN2Hq0brtqyjCqdwBhfgwjW04B7a0AECKTzDK7xZc+vFerc+lqMVq9w5gT+wPn8Ay5KTKQ==</latexit>

x
<latexit sha1_base64="PNhXodxz7BfcFth6hjyUBTHso7E=">AAAB8nicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+4A2lMl00g6dTMLMjVhCP8ONC0Xc+jXu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHJtRKwecJpwP6IjJULBKFqpl/UjiuMgJE+zQbXm1t05yCrxClKDAs1B9as/jFkacYVMUmN6npugn1GNgkk+q/RTwxPKJnTEe5YqGnHjZ/PIM3JmlSEJY22fQjJXf29kNDJmGgV2Mk9olr1c/M/rpRhe+5lQSYpcscVHYSoJxiS/nwyF5gzl1BLKtLBZCRtTTRnaliq2BG/55FXSvqh7bt27v6w1boo6ynACp3AOHlxBA+6gCS1gEMMzvMKbg86L8+58LEZLTrFzDH/gfP4AVtaRRg==</latexit><latexit sha1_base64="PNhXodxz7BfcFth6hjyUBTHso7E=">AAAB8nicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+4A2lMl00g6dTMLMjVhCP8ONC0Xc+jXu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHJtRKwecJpwP6IjJULBKFqpl/UjiuMgJE+zQbXm1t05yCrxClKDAs1B9as/jFkacYVMUmN6npugn1GNgkk+q/RTwxPKJnTEe5YqGnHjZ/PIM3JmlSEJY22fQjJXf29kNDJmGgV2Mk9olr1c/M/rpRhe+5lQSYpcscVHYSoJxiS/nwyF5gzl1BLKtLBZCRtTTRnaliq2BG/55FXSvqh7bt27v6w1boo6ynACp3AOHlxBA+6gCS1gEMMzvMKbg86L8+58LEZLTrFzDH/gfP4AVtaRRg==</latexit><latexit sha1_base64="PNhXodxz7BfcFth6hjyUBTHso7E=">AAAB8nicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+4A2lMl00g6dTMLMjVhCP8ONC0Xc+jXu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHJtRKwecJpwP6IjJULBKFqpl/UjiuMgJE+zQbXm1t05yCrxClKDAs1B9as/jFkacYVMUmN6npugn1GNgkk+q/RTwxPKJnTEe5YqGnHjZ/PIM3JmlSEJY22fQjJXf29kNDJmGgV2Mk9olr1c/M/rpRhe+5lQSYpcscVHYSoJxiS/nwyF5gzl1BLKtLBZCRtTTRnaliq2BG/55FXSvqh7bt27v6w1boo6ynACp3AOHlxBA+6gCS1gEMMzvMKbg86L8+58LEZLTrFzDH/gfP4AVtaRRg==</latexit><latexit sha1_base64="PNhXodxz7BfcFth6hjyUBTHso7E=">AAAB8nicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+4A2lMl00g6dTMLMjVhCP8ONC0Xc+jXu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHJtRKwecJpwP6IjJULBKFqpl/UjiuMgJE+zQbXm1t05yCrxClKDAs1B9as/jFkacYVMUmN6npugn1GNgkk+q/RTwxPKJnTEe5YqGnHjZ/PIM3JmlSEJY22fQjJXf29kNDJmGgV2Mk9olr1c/M/rpRhe+5lQSYpcscVHYSoJxiS/nwyF5gzl1BLKtLBZCRtTTRnaliq2BG/55FXSvqh7bt27v6w1boo6ynACp3AOHlxBA+6gCS1gEMMzvMKbg86L8+58LEZLTrFzDH/gfP4AVtaRRg==</latexit>

y
<latexit sha1_base64="3NMrVUqEzY7eJlo6LXqD4glki3A=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC20oWy2m3bpZhN2X4QQ+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmVtfWNzq7pd29nd2z+oHx51TZxqxjsslrHuBdRwKRTvoEDJe4nmNAokfwymt4X/+MS1EbF6wCzhfkTHSoSCUbRSPx9EFCdBSLLZsN5wm+4cZJV4JWlAifaw/jUYxSyNuEImqTF9z03Qz6lGwSSf1Qap4QllUzrmfUsVjbjx83nkGTmzyoiEsbZPIZmrvzdyGhmTRYGdLBKaZa8Q//P6KYbXfi5UkiJXbPFRmEqCMSnuJyOhOUOZWUKZFjYrYROqKUPbUs2W4C2fvEq6F03PbXr3l43WTVlHFU7gFM7BgytowR20oQMMYniGV3hz0Hlx3p2PxWjFKXeO4Q+czx9YW5FH</latexit><latexit sha1_base64="3NMrVUqEzY7eJlo6LXqD4glki3A=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC20oWy2m3bpZhN2X4QQ+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmVtfWNzq7pd29nd2z+oHx51TZxqxjsslrHuBdRwKRTvoEDJe4nmNAokfwymt4X/+MS1EbF6wCzhfkTHSoSCUbRSPx9EFCdBSLLZsN5wm+4cZJV4JWlAifaw/jUYxSyNuEImqTF9z03Qz6lGwSSf1Qap4QllUzrmfUsVjbjx83nkGTmzyoiEsbZPIZmrvzdyGhmTRYGdLBKaZa8Q//P6KYbXfi5UkiJXbPFRmEqCMSnuJyOhOUOZWUKZFjYrYROqKUPbUs2W4C2fvEq6F03PbXr3l43WTVlHFU7gFM7BgytowR20oQMMYniGV3hz0Hlx3p2PxWjFKXeO4Q+czx9YW5FH</latexit><latexit sha1_base64="3NMrVUqEzY7eJlo6LXqD4glki3A=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC20oWy2m3bpZhN2X4QQ+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmVtfWNzq7pd29nd2z+oHx51TZxqxjsslrHuBdRwKRTvoEDJe4nmNAokfwymt4X/+MS1EbF6wCzhfkTHSoSCUbRSPx9EFCdBSLLZsN5wm+4cZJV4JWlAifaw/jUYxSyNuEImqTF9z03Qz6lGwSSf1Qap4QllUzrmfUsVjbjx83nkGTmzyoiEsbZPIZmrvzdyGhmTRYGdLBKaZa8Q//P6KYbXfi5UkiJXbPFRmEqCMSnuJyOhOUOZWUKZFjYrYROqKUPbUs2W4C2fvEq6F03PbXr3l43WTVlHFU7gFM7BgytowR20oQMMYniGV3hz0Hlx3p2PxWjFKXeO4Q+czx9YW5FH</latexit><latexit sha1_base64="3NMrVUqEzY7eJlo6LXqD4glki3A=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC20oWy2m3bpZhN2X4QQ+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmVtfWNzq7pd29nd2z+oHx51TZxqxjsslrHuBdRwKRTvoEDJe4nmNAokfwymt4X/+MS1EbF6wCzhfkTHSoSCUbRSPx9EFCdBSLLZsN5wm+4cZJV4JWlAifaw/jUYxSyNuEImqTF9z03Qz6lGwSSf1Qap4QllUzrmfUsVjbjx83nkGTmzyoiEsbZPIZmrvzdyGhmTRYGdLBKaZa8Q//P6KYbXfi5UkiJXbPFRmEqCMSnuJyOhOUOZWUKZFjYrYROqKUPbUs2W4C2fvEq6F03PbXr3l43WTVlHFU7gFM7BgytowR20oQMMYniGV3hz0Hlx3p2PxWjFKXeO4Q+czx9YW5FH</latexit>

W1,b1
<latexit sha1_base64="oLiV9A1tjY5JPsTi6OOucrRo9Hc=">AAACAnicbVDLSsNAFL2pr1pfUVfiZrAILqQkIuiy6MZlBfuANoTJdNIOnUzCzEQoobjxV9y4UMStX+HOv3HSRtDWAwPnnnMvc+8JEs6Udpwvq7S0vLK6Vl6vbGxube/Yu3stFaeS0CaJeSw7AVaUM0GbmmlOO4mkOAo4bQej69xv31OpWCzu9DihXoQHgoWMYG0k3z7oRVgPgzBrT3z39KcITOHbVafmTIEWiVuQKhRo+PZnrx+TNKJCE46V6rpOor0MS80Ip5NKL1U0wWSEB7RrqMARVV42PWGCjo3SR2EszRMaTdXfExmOlBpHgenMd1TzXi7+53VTHV56GRNJqqkgs4/ClCMdozwP1GeSEs3HhmAimdkVkSGWmGiTWsWE4M6fvEhaZzXXqbm359X6VRFHGQ7hCE7AhQuoww00oAkEHuAJXuDVerSerTfrfdZasoqZffgD6+MbFf2XNg==</latexit><latexit sha1_base64="oLiV9A1tjY5JPsTi6OOucrRo9Hc=">AAACAnicbVDLSsNAFL2pr1pfUVfiZrAILqQkIuiy6MZlBfuANoTJdNIOnUzCzEQoobjxV9y4UMStX+HOv3HSRtDWAwPnnnMvc+8JEs6Udpwvq7S0vLK6Vl6vbGxube/Yu3stFaeS0CaJeSw7AVaUM0GbmmlOO4mkOAo4bQej69xv31OpWCzu9DihXoQHgoWMYG0k3z7oRVgPgzBrT3z39KcITOHbVafmTIEWiVuQKhRo+PZnrx+TNKJCE46V6rpOor0MS80Ip5NKL1U0wWSEB7RrqMARVV42PWGCjo3SR2EszRMaTdXfExmOlBpHgenMd1TzXi7+53VTHV56GRNJqqkgs4/ClCMdozwP1GeSEs3HhmAimdkVkSGWmGiTWsWE4M6fvEhaZzXXqbm359X6VRFHGQ7hCE7AhQuoww00oAkEHuAJXuDVerSerTfrfdZasoqZffgD6+MbFf2XNg==</latexit><latexit sha1_base64="oLiV9A1tjY5JPsTi6OOucrRo9Hc=">AAACAnicbVDLSsNAFL2pr1pfUVfiZrAILqQkIuiy6MZlBfuANoTJdNIOnUzCzEQoobjxV9y4UMStX+HOv3HSRtDWAwPnnnMvc+8JEs6Udpwvq7S0vLK6Vl6vbGxube/Yu3stFaeS0CaJeSw7AVaUM0GbmmlOO4mkOAo4bQej69xv31OpWCzu9DihXoQHgoWMYG0k3z7oRVgPgzBrT3z39KcITOHbVafmTIEWiVuQKhRo+PZnrx+TNKJCE46V6rpOor0MS80Ip5NKL1U0wWSEB7RrqMARVV42PWGCjo3SR2EszRMaTdXfExmOlBpHgenMd1TzXi7+53VTHV56GRNJqqkgs4/ClCMdozwP1GeSEs3HhmAimdkVkSGWmGiTWsWE4M6fvEhaZzXXqbm359X6VRFHGQ7hCE7AhQuoww00oAkEHuAJXuDVerSerTfrfdZasoqZffgD6+MbFf2XNg==</latexit><latexit sha1_base64="oLiV9A1tjY5JPsTi6OOucrRo9Hc=">AAACAnicbVDLSsNAFL2pr1pfUVfiZrAILqQkIuiy6MZlBfuANoTJdNIOnUzCzEQoobjxV9y4UMStX+HOv3HSRtDWAwPnnnMvc+8JEs6Udpwvq7S0vLK6Vl6vbGxube/Yu3stFaeS0CaJeSw7AVaUM0GbmmlOO4mkOAo4bQej69xv31OpWCzu9DihXoQHgoWMYG0k3z7oRVgPgzBrT3z39KcITOHbVafmTIEWiVuQKhRo+PZnrx+TNKJCE46V6rpOor0MS80Ip5NKL1U0wWSEB7RrqMARVV42PWGCjo3SR2EszRMaTdXfExmOlBpHgenMd1TzXi7+53VTHV56GRNJqqkgs4/ClCMdozwP1GeSEs3HhmAimdkVkSGWmGiTWsWE4M6fvEhaZzXXqbm359X6VRFHGQ7hCE7AhQuoww00oAkEHuAJXuDVerSerTfrfdZasoqZffgD6+MbFf2XNg==</latexit>

W2,b2
<latexit sha1_base64="LAh1bD6Buz5r9G5F3/oEnCjBjEU=">AAACAnicbVDLSsNAFL3xWesr6krcDBbBhZSkCLosunFZwT6gDWEynbRDJ5MwMxFKKG78FTcuFHHrV7jzb5y0EbT1wMC559zL3HuChDOlHefLWlpeWV1bL22UN7e2d3btvf2WilNJaJPEPJadACvKmaBNzTSnnURSHAWctoPRde6376lULBZ3epxQL8IDwUJGsDaSbx/2IqyHQZi1J37t7KcITOHbFafqTIEWiVuQChRo+PZnrx+TNKJCE46V6rpOor0MS80Ip5NyL1U0wWSEB7RrqMARVV42PWGCTozSR2EszRMaTdXfExmOlBpHgenMd1TzXi7+53VTHV56GRNJqqkgs4/ClCMdozwP1GeSEs3HhmAimdkVkSGWmGiTWtmE4M6fvEhatarrVN3b80r9qoijBEdwDKfgwgXU4QYa0AQCD/AEL/BqPVrP1pv1PmtdsoqZA/gD6+MbGRKXOA==</latexit><latexit sha1_base64="LAh1bD6Buz5r9G5F3/oEnCjBjEU=">AAACAnicbVDLSsNAFL3xWesr6krcDBbBhZSkCLosunFZwT6gDWEynbRDJ5MwMxFKKG78FTcuFHHrV7jzb5y0EbT1wMC559zL3HuChDOlHefLWlpeWV1bL22UN7e2d3btvf2WilNJaJPEPJadACvKmaBNzTSnnURSHAWctoPRde6376lULBZ3epxQL8IDwUJGsDaSbx/2IqyHQZi1J37t7KcITOHbFafqTIEWiVuQChRo+PZnrx+TNKJCE46V6rpOor0MS80Ip5NyL1U0wWSEB7RrqMARVV42PWGCTozSR2EszRMaTdXfExmOlBpHgenMd1TzXi7+53VTHV56GRNJqqkgs4/ClCMdozwP1GeSEs3HhmAimdkVkSGWmGiTWtmE4M6fvEhatarrVN3b80r9qoijBEdwDKfgwgXU4QYa0AQCD/AEL/BqPVrP1pv1PmtdsoqZA/gD6+MbGRKXOA==</latexit><latexit sha1_base64="LAh1bD6Buz5r9G5F3/oEnCjBjEU=">AAACAnicbVDLSsNAFL3xWesr6krcDBbBhZSkCLosunFZwT6gDWEynbRDJ5MwMxFKKG78FTcuFHHrV7jzb5y0EbT1wMC559zL3HuChDOlHefLWlpeWV1bL22UN7e2d3btvf2WilNJaJPEPJadACvKmaBNzTSnnURSHAWctoPRde6376lULBZ3epxQL8IDwUJGsDaSbx/2IqyHQZi1J37t7KcITOHbFafqTIEWiVuQChRo+PZnrx+TNKJCE46V6rpOor0MS80Ip5NyL1U0wWSEB7RrqMARVV42PWGCTozSR2EszRMaTdXfExmOlBpHgenMd1TzXi7+53VTHV56GRNJqqkgs4/ClCMdozwP1GeSEs3HhmAimdkVkSGWmGiTWtmE4M6fvEhatarrVN3b80r9qoijBEdwDKfgwgXU4QYa0AQCD/AEL/BqPVrP1pv1PmtdsoqZA/gD6+MbGRKXOA==</latexit><latexit sha1_base64="LAh1bD6Buz5r9G5F3/oEnCjBjEU=">AAACAnicbVDLSsNAFL3xWesr6krcDBbBhZSkCLosunFZwT6gDWEynbRDJ5MwMxFKKG78FTcuFHHrV7jzb5y0EbT1wMC559zL3HuChDOlHefLWlpeWV1bL22UN7e2d3btvf2WilNJaJPEPJadACvKmaBNzTSnnURSHAWctoPRde6376lULBZ3epxQL8IDwUJGsDaSbx/2IqyHQZi1J37t7KcITOHbFafqTIEWiVuQChRo+PZnrx+TNKJCE46V6rpOor0MS80Ip5NyL1U0wWSEB7RrqMARVV42PWGCTozSR2EszRMaTdXfExmOlBpHgenMd1TzXi7+53VTHV56GRNJqqkgs4/ClCMdozwP1GeSEs3HhmAimdkVkSGWmGiTWtmE4M6fvEhatarrVN3b80r9qoijBEdwDKfgwgXU4QYa0AQCD/AEL/BqPVrP1pv1PmtdsoqZA/gD6+MbGRKXOA==</latexit>0/1
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ĝĮĦĳķĨĺħİĸ ĥĳķ ľģķĨĥŁĨıĦ Ģģģĵ ıģļķĝĮ ıģĺĿĳķĭĸ ΄

; 0WFSWJFX PG .FUIPET
5IJT TFDUJPO PWFSWJFXT FYJTUJOH NFUIPET UIBU BSF TUVEJFE JO UIJT TVSWFZ� 5IFJS DPNNPO DPN�
QPOFOUT XJMM CF PVUMJOFE� "T NFOUJPOFE FBSMJFS
 UIFSF BSF UISFF CBTJD WFSJaDBUJPO NFUIPET

J�F�
 SFBDIBCJMJUZ
 PQUJNJ[BUJPO
 BOE TFBSDI� 3FHBSEJOH UIF UISFF CBTJD NFUIPET
 XF DBUFHPSJ[F
UIPTF NFUIPET JOUP UIF GPMMPXJOH aWF DBUFHPSJFT BT TIPXO JO aHVSF ;� 5IF NFUIPET BSF BMTP
TVNNBSJ[FE JO UBCMF ͼ�
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'JHVSF ;� 0WFSWJFX PG BMM NFUI�
PET JO UIF TVSWFZ� (JWFO UIF
UISFF CBTJD NFUIPET� SFBDIBCJM�
JUZ
 PQUJNJ[BUJPO
 BOE TFBSDI
 FY�
JTUJOH NFUIPET BSF EJWJEFE JOUP
aWF DBUFHPSJFT� SFBDIBCJMJUZ
 QSJ�
NBM PQUJNJ[BUJPO
 EVBM PQUJNJ[B�
UJPO
 TFBSDI BOE SFBDIBCJMJUZ
 BOE
TFBSDI BOE PQUJNJ[BUJPO� 3FMBUJPO�
TIJQT BNPOH EJêFSFOU NFUIPET BSF
TIPXO JO UIF aHVSF�

;�ͼ 3FBDIBCJMJUZ
5IFTF NFUIPET QFSGPSN MBZFS�CZ�MBZFS SFBDIBCJMJUZ BOBMZTJT UP DPNQVUF UIF SFBDIBCMF TFU
R(X , f)� 5IFZ VTVBMMZ HFOFSBUF ReachabilityResult�

&YBDU3FBDI <Ϳ΁> DPNQVUFT UIF FYBDU SFBDIBCMF TFU GPS OFUXPSLT XJUI POMZ 3F-6 BDUJWBUJPOT�
5IF LFZ JOTJHIU JT UIBU JG UIF JOQVU TFU UP B 3F-6 GVODUJPO JT B VOJPO PG QPMZUPQFT
 UIFO UIF PVUQVU
SFBDIBCMF TFU JT BMTP B VOJPO PG QPMZUPQFT� "T UIFSF JT OP PWFS�BQQSPYJNBUJPO
 UIJT NFUIPE JT
TPVOE BOE DPNQMFUF� )PXFWFS
 CFDBVTF UIF OVNCFS PG QPMZUPQFT HSPXT FYQPOFOUJBMMZ XJUI
FBDI MBZFS
 UIJT NFUIPE EPFT OPU TDBMF�

"Jͽ <ͼͿ> VTFT SFQSFTFOUBUJPOT UIBU PWFS�BQQSPYJNBUF UIF SFBDIBCMF TFU� *U USBEFT QSFDJTJPO PG
UIF SFBDIBCMF TFU GPS TDBMBCJMJUZ PG UIF BMHPSJUIN� *U XPSLT GPS BOZ QJFDFXJTF MJOFBS BDUJWBUJPO
GVODUJPOT
 TVDI BT 3F-6 BOE NBY QPPMJOH� %VF UP JUT BQQSPYJNBUJPO
 UIF OVNCFS PG HFPNFUSJD
PCKFDUT UP CF USBDFE EVSJOH MBZFS�CZ�MBZFS BOBMZTJT JT HSFBUMZ SFEVDFE� 5IPVHI"Jͽ JT OPU DPNQMFUF

JU TDBMFT XFMM�

.BY4FOT <ͿͿ> QBSUJUJPOT UIF JOQVU EPNBJO JOUP TNBMM HSJE DFMMT
 BOE MPPTFMZ BQQSPYJNBUFT
UIF SFBDIBCMF TFU GPS FBDI HSJE DFMM DPOTJEFSJOH UIF NBYJNVN TFOTJUJWJUZ PG UIF OFUXPSL BU FBDI
HSJE DFMM� 4FOTJUJWJUZ PG B GVODUJPO JT FRVJWBMFOU UP UIF -JQTDIJU[ DPOTUBOU PG UIF GVODUJPO� 5IF
VOJPO PG UIPTF SFBDIBCMF TFUT JT UIF PVUQVU SFBDIBCMF TFU� 5IF aOFS UIF QBSUJUJPO
 UIF UJHIUFS UIF
PVUQVU SFBDIBCMF TFU� .BY4FOT JT OPU DPNQMFUF� *U XPSLT GPS BOZ BDUJWBUJPO GVODUJPO BOE TDBMFT
XFMM�
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Exact Reachability 
Split-and-Join 
Interval Arithmetic 
Symbolic Propagation 
Network Approximation

Keep track of all polytopes
ExactReach

ReLU

ẑi
<latexit sha1_base64="U0G91suWl9iXcklZkT4XycmRsn8=">AAAB+nicbVDLSsNAFL3xWesr1aWbwSK4KokIuiy6cVnBPqAJYTKdtEMnkzAzUWrsp7hxoYhbv8Sdf+OkzUJbDwwczrmXe+aEKWdKO863tbK6tr6xWdmqbu/s7u3btYOOSjJJaJskPJG9ECvKmaBtzTSnvVRSHIecdsPxdeF376lULBF3epJSP8ZDwSJGsDZSYNe8Eda5F2M9CiP0OA1YYNedhjMDWiZuSepQohXYX94gIVlMhSYcK9V3nVT7OZaaEU6nVS9TNMVkjIe0b6jAMVV+Pos+RSdGGaAokeYJjWbq740cx0pN4tBMFhnVoleI/3n9TEeXfs5EmmkqyPxQlHGkE1T0gAZMUqL5xBBMJDNZERlhiYk2bVVNCe7il5dJ56zhOg339rzevCrrqMARHMMpuHABTbiBFrSBwAM8wyu8WU/Wi/VufcxHV6xy5xD+wPr8AWs5lBY=</latexit><latexit sha1_base64="U0G91suWl9iXcklZkT4XycmRsn8=">AAAB+nicbVDLSsNAFL3xWesr1aWbwSK4KokIuiy6cVnBPqAJYTKdtEMnkzAzUWrsp7hxoYhbv8Sdf+OkzUJbDwwczrmXe+aEKWdKO863tbK6tr6xWdmqbu/s7u3btYOOSjJJaJskPJG9ECvKmaBtzTSnvVRSHIecdsPxdeF376lULBF3epJSP8ZDwSJGsDZSYNe8Eda5F2M9CiP0OA1YYNedhjMDWiZuSepQohXYX94gIVlMhSYcK9V3nVT7OZaaEU6nVS9TNMVkjIe0b6jAMVV+Pos+RSdGGaAokeYJjWbq740cx0pN4tBMFhnVoleI/3n9TEeXfs5EmmkqyPxQlHGkE1T0gAZMUqL5xBBMJDNZERlhiYk2bVVNCe7il5dJ56zhOg339rzevCrrqMARHMMpuHABTbiBFrSBwAM8wyu8WU/Wi/VufcxHV6xy5xD+wPr8AWs5lBY=</latexit><latexit sha1_base64="U0G91suWl9iXcklZkT4XycmRsn8=">AAAB+nicbVDLSsNAFL3xWesr1aWbwSK4KokIuiy6cVnBPqAJYTKdtEMnkzAzUWrsp7hxoYhbv8Sdf+OkzUJbDwwczrmXe+aEKWdKO863tbK6tr6xWdmqbu/s7u3btYOOSjJJaJskPJG9ECvKmaBtzTSnvVRSHIecdsPxdeF376lULBF3epJSP8ZDwSJGsDZSYNe8Eda5F2M9CiP0OA1YYNedhjMDWiZuSepQohXYX94gIVlMhSYcK9V3nVT7OZaaEU6nVS9TNMVkjIe0b6jAMVV+Pos+RSdGGaAokeYJjWbq740cx0pN4tBMFhnVoleI/3n9TEeXfs5EmmkqyPxQlHGkE1T0gAZMUqL5xBBMJDNZERlhiYk2bVVNCe7il5dJ56zhOg339rzevCrrqMARHMMpuHABTbiBFrSBwAM8wyu8WU/Wi/VufcxHV6xy5xD+wPr8AWs5lBY=</latexit><latexit sha1_base64="U0G91suWl9iXcklZkT4XycmRsn8=">AAAB+nicbVDLSsNAFL3xWesr1aWbwSK4KokIuiy6cVnBPqAJYTKdtEMnkzAzUWrsp7hxoYhbv8Sdf+OkzUJbDwwczrmXe+aEKWdKO863tbK6tr6xWdmqbu/s7u3btYOOSjJJaJskPJG9ECvKmaBtzTSnvVRSHIecdsPxdeF376lULBF3epJSP8ZDwSJGsDZSYNe8Eda5F2M9CiP0OA1YYNedhjMDWiZuSepQohXYX94gIVlMhSYcK9V3nVT7OZaaEU6nVS9TNMVkjIe0b6jAMVV+Pos+RSdGGaAokeYJjWbq740cx0pN4tBMFhnVoleI/3n9TEeXfs5EmmkqyPxQlHGkE1T0gAZMUqL5xBBMJDNZERlhiYk2bVVNCe7il5dJ56zhOg339rzevCrrqMARHMMpuHABTbiBFrSBwAM8wyu8WU/Wi/VufcxHV6xy5xD+wPr8AWs5lBY=</latexit>

zi
<latexit sha1_base64="X8PmFSijVATJcINGbER7itCKuyU=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV7APaoWTSTBuayYzJnUId+h1uXCji1o9x59+YtrPQ1gOBwzn3ck9OkEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGtzO/NebaiFg94CThfkQHSoSCUbSSn3UjisMgJE/TnuiVK27VnYOsEi8nFchR75W/uv2YpRFXyCQ1puO5CfoZ1SiY5NNSNzU8oWxEB7xjqaIRN342Dz0lZ1bpkzDW9ikkc/X3RkYjYyZRYCdnGc2yNxP/8zophtd+JlSSIldscShMJcGYzBogfaE5QzmxhDItbFbChlRThranki3BW/7yKmleVD236t1fVmo3eR1FOIFTOAcPrqAGd1CHBjB4hGd4hTdn7Lw4787HYrTg5DvH8AfO5w/cIJIk</latexit><latexit sha1_base64="X8PmFSijVATJcINGbER7itCKuyU=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV7APaoWTSTBuayYzJnUId+h1uXCji1o9x59+YtrPQ1gOBwzn3ck9OkEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGtzO/NebaiFg94CThfkQHSoSCUbSSn3UjisMgJE/TnuiVK27VnYOsEi8nFchR75W/uv2YpRFXyCQ1puO5CfoZ1SiY5NNSNzU8oWxEB7xjqaIRN342Dz0lZ1bpkzDW9ikkc/X3RkYjYyZRYCdnGc2yNxP/8zophtd+JlSSIldscShMJcGYzBogfaE5QzmxhDItbFbChlRThranki3BW/7yKmleVD236t1fVmo3eR1FOIFTOAcPrqAGd1CHBjB4hGd4hTdn7Lw4787HYrTg5DvH8AfO5w/cIJIk</latexit><latexit sha1_base64="X8PmFSijVATJcINGbER7itCKuyU=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV7APaoWTSTBuayYzJnUId+h1uXCji1o9x59+YtrPQ1gOBwzn3ck9OkEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGtzO/NebaiFg94CThfkQHSoSCUbSSn3UjisMgJE/TnuiVK27VnYOsEi8nFchR75W/uv2YpRFXyCQ1puO5CfoZ1SiY5NNSNzU8oWxEB7xjqaIRN342Dz0lZ1bpkzDW9ikkc/X3RkYjYyZRYCdnGc2yNxP/8zophtd+JlSSIldscShMJcGYzBogfaE5QzmxhDItbFbChlRThranki3BW/7yKmleVD236t1fVmo3eR1FOIFTOAcPrqAGd1CHBjB4hGd4hTdn7Lw4787HYrTg5DvH8AfO5w/cIJIk</latexit><latexit sha1_base64="X8PmFSijVATJcINGbER7itCKuyU=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV7APaoWTSTBuayYzJnUId+h1uXCji1o9x59+YtrPQ1gOBwzn3ck9OkEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGtzO/NebaiFg94CThfkQHSoSCUbSSn3UjisMgJE/TnuiVK27VnYOsEi8nFchR75W/uv2YpRFXyCQ1puO5CfoZ1SiY5NNSNzU8oWxEB7xjqaIRN342Dz0lZ1bpkzDW9ikkc/X3RkYjYyZRYCdnGc2yNxP/8zophtd+JlSSIldscShMJcGYzBogfaE5QzmxhDItbFbChlRThranki3BW/7yKmleVD236t1fVmo3eR1FOIFTOAcPrqAGd1CHBjB4hGd4hTdn7Lw4787HYrTg5DvH8AfO5w/cIJIk</latexit>



Reachability

!17

Exact Reachability 
Split-and-Join 
Interval Arithmetic 
Symbolic Propagation 
Network Approximation

Join the polytopes for each layer
Ai2

ReLU

ẑi
<latexit sha1_base64="U0G91suWl9iXcklZkT4XycmRsn8=">AAAB+nicbVDLSsNAFL3xWesr1aWbwSK4KokIuiy6cVnBPqAJYTKdtEMnkzAzUWrsp7hxoYhbv8Sdf+OkzUJbDwwczrmXe+aEKWdKO863tbK6tr6xWdmqbu/s7u3btYOOSjJJaJskPJG9ECvKmaBtzTSnvVRSHIecdsPxdeF376lULBF3epJSP8ZDwSJGsDZSYNe8Eda5F2M9CiP0OA1YYNedhjMDWiZuSepQohXYX94gIVlMhSYcK9V3nVT7OZaaEU6nVS9TNMVkjIe0b6jAMVV+Pos+RSdGGaAokeYJjWbq740cx0pN4tBMFhnVoleI/3n9TEeXfs5EmmkqyPxQlHGkE1T0gAZMUqL5xBBMJDNZERlhiYk2bVVNCe7il5dJ56zhOg339rzevCrrqMARHMMpuHABTbiBFrSBwAM8wyu8WU/Wi/VufcxHV6xy5xD+wPr8AWs5lBY=</latexit><latexit sha1_base64="U0G91suWl9iXcklZkT4XycmRsn8=">AAAB+nicbVDLSsNAFL3xWesr1aWbwSK4KokIuiy6cVnBPqAJYTKdtEMnkzAzUWrsp7hxoYhbv8Sdf+OkzUJbDwwczrmXe+aEKWdKO863tbK6tr6xWdmqbu/s7u3btYOOSjJJaJskPJG9ECvKmaBtzTSnvVRSHIecdsPxdeF376lULBF3epJSP8ZDwSJGsDZSYNe8Eda5F2M9CiP0OA1YYNedhjMDWiZuSepQohXYX94gIVlMhSYcK9V3nVT7OZaaEU6nVS9TNMVkjIe0b6jAMVV+Pos+RSdGGaAokeYJjWbq740cx0pN4tBMFhnVoleI/3n9TEeXfs5EmmkqyPxQlHGkE1T0gAZMUqL5xBBMJDNZERlhiYk2bVVNCe7il5dJ56zhOg339rzevCrrqMARHMMpuHABTbiBFrSBwAM8wyu8WU/Wi/VufcxHV6xy5xD+wPr8AWs5lBY=</latexit><latexit sha1_base64="U0G91suWl9iXcklZkT4XycmRsn8=">AAAB+nicbVDLSsNAFL3xWesr1aWbwSK4KokIuiy6cVnBPqAJYTKdtEMnkzAzUWrsp7hxoYhbv8Sdf+OkzUJbDwwczrmXe+aEKWdKO863tbK6tr6xWdmqbu/s7u3btYOOSjJJaJskPJG9ECvKmaBtzTSnvVRSHIecdsPxdeF376lULBF3epJSP8ZDwSJGsDZSYNe8Eda5F2M9CiP0OA1YYNedhjMDWiZuSepQohXYX94gIVlMhSYcK9V3nVT7OZaaEU6nVS9TNMVkjIe0b6jAMVV+Pos+RSdGGaAokeYJjWbq740cx0pN4tBMFhnVoleI/3n9TEeXfs5EmmkqyPxQlHGkE1T0gAZMUqL5xBBMJDNZERlhiYk2bVVNCe7il5dJ56zhOg339rzevCrrqMARHMMpuHABTbiBFrSBwAM8wyu8WU/Wi/VufcxHV6xy5xD+wPr8AWs5lBY=</latexit><latexit sha1_base64="U0G91suWl9iXcklZkT4XycmRsn8=">AAAB+nicbVDLSsNAFL3xWesr1aWbwSK4KokIuiy6cVnBPqAJYTKdtEMnkzAzUWrsp7hxoYhbv8Sdf+OkzUJbDwwczrmXe+aEKWdKO863tbK6tr6xWdmqbu/s7u3btYOOSjJJaJskPJG9ECvKmaBtzTSnvVRSHIecdsPxdeF376lULBF3epJSP8ZDwSJGsDZSYNe8Eda5F2M9CiP0OA1YYNedhjMDWiZuSepQohXYX94gIVlMhSYcK9V3nVT7OZaaEU6nVS9TNMVkjIe0b6jAMVV+Pos+RSdGGaAokeYJjWbq740cx0pN4tBMFhnVoleI/3n9TEeXfs5EmmkqyPxQlHGkE1T0gAZMUqL5xBBMJDNZERlhiYk2bVVNCe7il5dJ56zhOg339rzevCrrqMARHMMpuHABTbiBFrSBwAM8wyu8WU/Wi/VufcxHV6xy5xD+wPr8AWs5lBY=</latexit>

zi
<latexit sha1_base64="X8PmFSijVATJcINGbER7itCKuyU=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV7APaoWTSTBuayYzJnUId+h1uXCji1o9x59+YtrPQ1gOBwzn3ck9OkEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGtzO/NebaiFg94CThfkQHSoSCUbSSn3UjisMgJE/TnuiVK27VnYOsEi8nFchR75W/uv2YpRFXyCQ1puO5CfoZ1SiY5NNSNzU8oWxEB7xjqaIRN342Dz0lZ1bpkzDW9ikkc/X3RkYjYyZRYCdnGc2yNxP/8zophtd+JlSSIldscShMJcGYzBogfaE5QzmxhDItbFbChlRThranki3BW/7yKmleVD236t1fVmo3eR1FOIFTOAcPrqAGd1CHBjB4hGd4hTdn7Lw4787HYrTg5DvH8AfO5w/cIJIk</latexit><latexit sha1_base64="X8PmFSijVATJcINGbER7itCKuyU=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV7APaoWTSTBuayYzJnUId+h1uXCji1o9x59+YtrPQ1gOBwzn3ck9OkEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGtzO/NebaiFg94CThfkQHSoSCUbSSn3UjisMgJE/TnuiVK27VnYOsEi8nFchR75W/uv2YpRFXyCQ1puO5CfoZ1SiY5NNSNzU8oWxEB7xjqaIRN342Dz0lZ1bpkzDW9ikkc/X3RkYjYyZRYCdnGc2yNxP/8zophtd+JlSSIldscShMJcGYzBogfaE5QzmxhDItbFbChlRThranki3BW/7yKmleVD236t1fVmo3eR1FOIFTOAcPrqAGd1CHBjB4hGd4hTdn7Lw4787HYrTg5DvH8AfO5w/cIJIk</latexit><latexit sha1_base64="X8PmFSijVATJcINGbER7itCKuyU=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV7APaoWTSTBuayYzJnUId+h1uXCji1o9x59+YtrPQ1gOBwzn3ck9OkEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGtzO/NebaiFg94CThfkQHSoSCUbSSn3UjisMgJE/TnuiVK27VnYOsEi8nFchR75W/uv2YpRFXyCQ1puO5CfoZ1SiY5NNSNzU8oWxEB7xjqaIRN342Dz0lZ1bpkzDW9ikkc/X3RkYjYyZRYCdnGc2yNxP/8zophtd+JlSSIldscShMJcGYzBogfaE5QzmxhDItbFbChlRThranki3BW/7yKmleVD236t1fVmo3eR1FOIFTOAcPrqAGd1CHBjB4hGd4hTdn7Lw4787HYrTg5DvH8AfO5w/cIJIk</latexit><latexit sha1_base64="X8PmFSijVATJcINGbER7itCKuyU=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV7APaoWTSTBuayYzJnUId+h1uXCji1o9x59+YtrPQ1gOBwzn3ck9OkEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGtzO/NebaiFg94CThfkQHSoSCUbSSn3UjisMgJE/TnuiVK27VnYOsEi8nFchR75W/uv2YpRFXyCQ1puO5CfoZ1SiY5NNSNzU8oWxEB7xjqaIRN342Dz0lZ1bpkzDW9ikkc/X3RkYjYyZRYCdnGc2yNxP/8zophtd+JlSSIldscShMJcGYzBogfaE5QzmxhDItbFbChlRThranki3BW/7yKmleVD236t1fVmo3eR1FOIFTOAcPrqAGd1CHBjB4hGd4hTdn7Lw4787HYrTg5DvH8AfO5w/cIJIk</latexit>



Reachability

!17

Exact Reachability 
Split-and-Join 
Interval Arithmetic 
Symbolic Propagation 
Network Approximation

Join the polytopes for each layer
Ai2

ReLU

ẑi
<latexit sha1_base64="U0G91suWl9iXcklZkT4XycmRsn8=">AAAB+nicbVDLSsNAFL3xWesr1aWbwSK4KokIuiy6cVnBPqAJYTKdtEMnkzAzUWrsp7hxoYhbv8Sdf+OkzUJbDwwczrmXe+aEKWdKO863tbK6tr6xWdmqbu/s7u3btYOOSjJJaJskPJG9ECvKmaBtzTSnvVRSHIecdsPxdeF376lULBF3epJSP8ZDwSJGsDZSYNe8Eda5F2M9CiP0OA1YYNedhjMDWiZuSepQohXYX94gIVlMhSYcK9V3nVT7OZaaEU6nVS9TNMVkjIe0b6jAMVV+Pos+RSdGGaAokeYJjWbq740cx0pN4tBMFhnVoleI/3n9TEeXfs5EmmkqyPxQlHGkE1T0gAZMUqL5xBBMJDNZERlhiYk2bVVNCe7il5dJ56zhOg339rzevCrrqMARHMMpuHABTbiBFrSBwAM8wyu8WU/Wi/VufcxHV6xy5xD+wPr8AWs5lBY=</latexit><latexit sha1_base64="U0G91suWl9iXcklZkT4XycmRsn8=">AAAB+nicbVDLSsNAFL3xWesr1aWbwSK4KokIuiy6cVnBPqAJYTKdtEMnkzAzUWrsp7hxoYhbv8Sdf+OkzUJbDwwczrmXe+aEKWdKO863tbK6tr6xWdmqbu/s7u3btYOOSjJJaJskPJG9ECvKmaBtzTSnvVRSHIecdsPxdeF376lULBF3epJSP8ZDwSJGsDZSYNe8Eda5F2M9CiP0OA1YYNedhjMDWiZuSepQohXYX94gIVlMhSYcK9V3nVT7OZaaEU6nVS9TNMVkjIe0b6jAMVV+Pos+RSdGGaAokeYJjWbq740cx0pN4tBMFhnVoleI/3n9TEeXfs5EmmkqyPxQlHGkE1T0gAZMUqL5xBBMJDNZERlhiYk2bVVNCe7il5dJ56zhOg339rzevCrrqMARHMMpuHABTbiBFrSBwAM8wyu8WU/Wi/VufcxHV6xy5xD+wPr8AWs5lBY=</latexit><latexit sha1_base64="U0G91suWl9iXcklZkT4XycmRsn8=">AAAB+nicbVDLSsNAFL3xWesr1aWbwSK4KokIuiy6cVnBPqAJYTKdtEMnkzAzUWrsp7hxoYhbv8Sdf+OkzUJbDwwczrmXe+aEKWdKO863tbK6tr6xWdmqbu/s7u3btYOOSjJJaJskPJG9ECvKmaBtzTSnvVRSHIecdsPxdeF376lULBF3epJSP8ZDwSJGsDZSYNe8Eda5F2M9CiP0OA1YYNedhjMDWiZuSepQohXYX94gIVlMhSYcK9V3nVT7OZaaEU6nVS9TNMVkjIe0b6jAMVV+Pos+RSdGGaAokeYJjWbq740cx0pN4tBMFhnVoleI/3n9TEeXfs5EmmkqyPxQlHGkE1T0gAZMUqL5xBBMJDNZERlhiYk2bVVNCe7il5dJ56zhOg339rzevCrrqMARHMMpuHABTbiBFrSBwAM8wyu8WU/Wi/VufcxHV6xy5xD+wPr8AWs5lBY=</latexit><latexit sha1_base64="U0G91suWl9iXcklZkT4XycmRsn8=">AAAB+nicbVDLSsNAFL3xWesr1aWbwSK4KokIuiy6cVnBPqAJYTKdtEMnkzAzUWrsp7hxoYhbv8Sdf+OkzUJbDwwczrmXe+aEKWdKO863tbK6tr6xWdmqbu/s7u3btYOOSjJJaJskPJG9ECvKmaBtzTSnvVRSHIecdsPxdeF376lULBF3epJSP8ZDwSJGsDZSYNe8Eda5F2M9CiP0OA1YYNedhjMDWiZuSepQohXYX94gIVlMhSYcK9V3nVT7OZaaEU6nVS9TNMVkjIe0b6jAMVV+Pos+RSdGGaAokeYJjWbq740cx0pN4tBMFhnVoleI/3n9TEeXfs5EmmkqyPxQlHGkE1T0gAZMUqL5xBBMJDNZERlhiYk2bVVNCe7il5dJ56zhOg339rzevCrrqMARHMMpuHABTbiBFrSBwAM8wyu8WU/Wi/VufcxHV6xy5xD+wPr8AWs5lBY=</latexit>

zi
<latexit sha1_base64="X8PmFSijVATJcINGbER7itCKuyU=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV7APaoWTSTBuayYzJnUId+h1uXCji1o9x59+YtrPQ1gOBwzn3ck9OkEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGtzO/NebaiFg94CThfkQHSoSCUbSSn3UjisMgJE/TnuiVK27VnYOsEi8nFchR75W/uv2YpRFXyCQ1puO5CfoZ1SiY5NNSNzU8oWxEB7xjqaIRN342Dz0lZ1bpkzDW9ikkc/X3RkYjYyZRYCdnGc2yNxP/8zophtd+JlSSIldscShMJcGYzBogfaE5QzmxhDItbFbChlRThranki3BW/7yKmleVD236t1fVmo3eR1FOIFTOAcPrqAGd1CHBjB4hGd4hTdn7Lw4787HYrTg5DvH8AfO5w/cIJIk</latexit><latexit sha1_base64="X8PmFSijVATJcINGbER7itCKuyU=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV7APaoWTSTBuayYzJnUId+h1uXCji1o9x59+YtrPQ1gOBwzn3ck9OkEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGtzO/NebaiFg94CThfkQHSoSCUbSSn3UjisMgJE/TnuiVK27VnYOsEi8nFchR75W/uv2YpRFXyCQ1puO5CfoZ1SiY5NNSNzU8oWxEB7xjqaIRN342Dz0lZ1bpkzDW9ikkc/X3RkYjYyZRYCdnGc2yNxP/8zophtd+JlSSIldscShMJcGYzBogfaE5QzmxhDItbFbChlRThranki3BW/7yKmleVD236t1fVmo3eR1FOIFTOAcPrqAGd1CHBjB4hGd4hTdn7Lw4787HYrTg5DvH8AfO5w/cIJIk</latexit><latexit sha1_base64="X8PmFSijVATJcINGbER7itCKuyU=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV7APaoWTSTBuayYzJnUId+h1uXCji1o9x59+YtrPQ1gOBwzn3ck9OkEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGtzO/NebaiFg94CThfkQHSoSCUbSSn3UjisMgJE/TnuiVK27VnYOsEi8nFchR75W/uv2YpRFXyCQ1puO5CfoZ1SiY5NNSNzU8oWxEB7xjqaIRN342Dz0lZ1bpkzDW9ikkc/X3RkYjYyZRYCdnGc2yNxP/8zophtd+JlSSIldscShMJcGYzBogfaE5QzmxhDItbFbChlRThranki3BW/7yKmleVD236t1fVmo3eR1FOIFTOAcPrqAGd1CHBjB4hGd4hTdn7Lw4787HYrTg5DvH8AfO5w/cIJIk</latexit><latexit sha1_base64="X8PmFSijVATJcINGbER7itCKuyU=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV7APaoWTSTBuayYzJnUId+h1uXCji1o9x59+YtrPQ1gOBwzn3ck9OkEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGtzO/NebaiFg94CThfkQHSoSCUbSSn3UjisMgJE/TnuiVK27VnYOsEi8nFchR75W/uv2YpRFXyCQ1puO5CfoZ1SiY5NNSNzU8oWxEB7xjqaIRN342Dz0lZ1bpkzDW9ikkc/X3RkYjYyZRYCdnGc2yNxP/8zophtd+JlSSIldscShMJcGYzBogfaE5QzmxhDItbFbChlRThranki3BW/7yKmleVD236t1fVmo3eR1FOIFTOAcPrqAGd1CHBjB4hGd4hTdn7Lw4787HYrTg5DvH8AfO5w/cIJIk</latexit>



Reachability
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Exact Reachability 
Split-and-Join 
Interval Arithmetic 
Symbolic Propagation 
Network Approximation

Set transformation

Interval arithmetic 
Each axis is computed independently

MaxSens



Reachability
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Exact Reachability 
Split-and-Join 
Interval Arithmetic 
Symbolic Propagation 
Network Approximation

Minimize over approximation in the hidden layers

ReluVal

[1, 10]
1

2

1

2 ReLU
1

-1
[1, 2]

[3, 14]

[3, 22]

[3, 14]

[3, 22]

[-19, 11]

[1, 10]
1

2

1

2 ReLU
1

-1
[1, 2]

[-9, 1]

x1

x2

x1+2x2 x1+2x2

2x1+x2 2x1+x2

x2-x1



Reachability
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Exact Reachability 
Split-and-Join 
Interval Arithmetic 
Symbolic Propagation 
Network Approximation

FastLin

* Dual network



Primal Optimization

!21

ReLU
� 2 {0, 1}

<latexit sha1_base64="0cb/NdvD3cnxDQQHA+m+7WDpQYw=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16WSyCBymJCHosevFYwX5AE8pmM2mXbjZhdyOWkL/ixYMiXv0j3vw3btsctPXBwOO9GWbmBSlnSjvOt1VZW9/Y3Kpu13Z29/YP7MN6VyWZpNChCU9kPyAKOBPQ0Uxz6KcSSBxw6AWT25nfewSpWCIe9DQFPyYjwSJGiTbS0K57IXBNsMeEl2Pn3PWKod1wms4ceJW4JWmgEu2h/eWFCc1iEJpyotTAdVLt50RqRjkUNS9TkBI6ISMYGCpIDMrP57cX+NQoIY4SaUpoPFd/T+QkVmoaB6YzJnqslr2Z+J83yHR07edMpJkGQReLooxjneBZEDhkEqjmU0MIlczciumYSEK1iatmQnCXX14l3Yum6zTd+8tG66aMo4qO0Qk6Qy66Qi10h9qogyh6Qs/oFb1ZhfVivVsfi9aKVc4coT+wPn8AjWuTdQ==</latexit><latexit sha1_base64="0cb/NdvD3cnxDQQHA+m+7WDpQYw=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16WSyCBymJCHosevFYwX5AE8pmM2mXbjZhdyOWkL/ixYMiXv0j3vw3btsctPXBwOO9GWbmBSlnSjvOt1VZW9/Y3Kpu13Z29/YP7MN6VyWZpNChCU9kPyAKOBPQ0Uxz6KcSSBxw6AWT25nfewSpWCIe9DQFPyYjwSJGiTbS0K57IXBNsMeEl2Pn3PWKod1wms4ceJW4JWmgEu2h/eWFCc1iEJpyotTAdVLt50RqRjkUNS9TkBI6ISMYGCpIDMrP57cX+NQoIY4SaUpoPFd/T+QkVmoaB6YzJnqslr2Z+J83yHR07edMpJkGQReLooxjneBZEDhkEqjmU0MIlczciumYSEK1iatmQnCXX14l3Yum6zTd+8tG66aMo4qO0Qk6Qy66Qi10h9qogyh6Qs/oFb1ZhfVivVsfi9aKVc4coT+wPn8AjWuTdQ==</latexit><latexit sha1_base64="0cb/NdvD3cnxDQQHA+m+7WDpQYw=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16WSyCBymJCHosevFYwX5AE8pmM2mXbjZhdyOWkL/ixYMiXv0j3vw3btsctPXBwOO9GWbmBSlnSjvOt1VZW9/Y3Kpu13Z29/YP7MN6VyWZpNChCU9kPyAKOBPQ0Uxz6KcSSBxw6AWT25nfewSpWCIe9DQFPyYjwSJGiTbS0K57IXBNsMeEl2Pn3PWKod1wms4ceJW4JWmgEu2h/eWFCc1iEJpyotTAdVLt50RqRjkUNS9TkBI6ISMYGCpIDMrP57cX+NQoIY4SaUpoPFd/T+QkVmoaB6YzJnqslr2Z+J83yHR07edMpJkGQReLooxjneBZEDhkEqjmU0MIlczciumYSEK1iatmQnCXX14l3Yum6zTd+8tG66aMo4qO0Qk6Qy66Qi10h9qogyh6Qs/oFb1ZhfVivVsfi9aKVc4coT+wPn8AjWuTdQ==</latexit><latexit sha1_base64="0cb/NdvD3cnxDQQHA+m+7WDpQYw=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16WSyCBymJCHosevFYwX5AE8pmM2mXbjZhdyOWkL/ixYMiXv0j3vw3btsctPXBwOO9GWbmBSlnSjvOt1VZW9/Y3Kpu13Z29/YP7MN6VyWZpNChCU9kPyAKOBPQ0Uxz6KcSSBxw6AWT25nfewSpWCIe9DQFPyYjwSJGiTbS0K57IXBNsMeEl2Pn3PWKod1wms4ceJW4JWmgEu2h/eWFCc1iEJpyotTAdVLt50RqRjkUNS9TkBI6ISMYGCpIDMrP57cX+NQoIY4SaUpoPFd/T+QkVmoaB6YzJnqslr2Z+J83yHR07edMpJkGQReLooxjneBZEDhkEqjmU0MIlczciumYSEK1iatmQnCXX14l3Yum6zTd+8tG66aMo4qO0Qk6Qy66Qi10h9qogyh6Qs/oFb1ZhfVivVsfi9aKVc4coT+wPn8AjWuTdQ==</latexit>

Mixed Integer Encoding

f
<latexit sha1_base64="KLeSH6qxkMAnU4KzuX/RM4tFNWE=">AAAB8HicbVDLSgMxFL2pr1pfVZdugkVwVWZE0GXRjcsK9iHtUDJppg1NMkOSEcrQr3DjQhG3fo47/8ZMOwttPRA4nHMvOfeEieDGet43Kq2tb2xulbcrO7t7+wfVw6O2iVNNWYvGItbdkBgmuGIty61g3UQzIkPBOuHkNvc7T0wbHqsHO01YIMlI8YhTYp302JfEjsMIR4Nqzat7c+BV4hekBgWag+pXfxjTVDJlqSDG9HwvsUFGtOVUsFmlnxqWEDohI9ZzVBHJTJDNA8/wmVOGOIq1e8riufp7IyPSmKkM3WQe0Cx7ufif10ttdB1kXCWpZYouPopSgW2M8+vxkGtGrZg6QqjmLiumY6IJta6jiivBXz55lbQv6r5X9+8va42boo4ynMApnIMPV9CAO2hCCyhIeIZXeEMavaB39LEYLaFi5xj+AH3+AHFykCg=</latexit><latexit sha1_base64="KLeSH6qxkMAnU4KzuX/RM4tFNWE=">AAAB8HicbVDLSgMxFL2pr1pfVZdugkVwVWZE0GXRjcsK9iHtUDJppg1NMkOSEcrQr3DjQhG3fo47/8ZMOwttPRA4nHMvOfeEieDGet43Kq2tb2xulbcrO7t7+wfVw6O2iVNNWYvGItbdkBgmuGIty61g3UQzIkPBOuHkNvc7T0wbHqsHO01YIMlI8YhTYp302JfEjsMIR4Nqzat7c+BV4hekBgWag+pXfxjTVDJlqSDG9HwvsUFGtOVUsFmlnxqWEDohI9ZzVBHJTJDNA8/wmVOGOIq1e8riufp7IyPSmKkM3WQe0Cx7ufif10ttdB1kXCWpZYouPopSgW2M8+vxkGtGrZg6QqjmLiumY6IJta6jiivBXz55lbQv6r5X9+8va42boo4ynMApnIMPV9CAO2hCCyhIeIZXeEMavaB39LEYLaFi5xj+AH3+AHFykCg=</latexit><latexit sha1_base64="KLeSH6qxkMAnU4KzuX/RM4tFNWE=">AAAB8HicbVDLSgMxFL2pr1pfVZdugkVwVWZE0GXRjcsK9iHtUDJppg1NMkOSEcrQr3DjQhG3fo47/8ZMOwttPRA4nHMvOfeEieDGet43Kq2tb2xulbcrO7t7+wfVw6O2iVNNWYvGItbdkBgmuGIty61g3UQzIkPBOuHkNvc7T0wbHqsHO01YIMlI8YhTYp302JfEjsMIR4Nqzat7c+BV4hekBgWag+pXfxjTVDJlqSDG9HwvsUFGtOVUsFmlnxqWEDohI9ZzVBHJTJDNA8/wmVOGOIq1e8riufp7IyPSmKkM3WQe0Cx7ufif10ttdB1kXCWpZYouPopSgW2M8+vxkGtGrZg6QqjmLiumY6IJta6jiivBXz55lbQv6r5X9+8va42boo4ynMApnIMPV9CAO2hCCyhIeIZXeEMavaB39LEYLaFi5xj+AH3+AHFykCg=</latexit><latexit sha1_base64="KLeSH6qxkMAnU4KzuX/RM4tFNWE=">AAAB8HicbVDLSgMxFL2pr1pfVZdugkVwVWZE0GXRjcsK9iHtUDJppg1NMkOSEcrQr3DjQhG3fo47/8ZMOwttPRA4nHMvOfeEieDGet43Kq2tb2xulbcrO7t7+wfVw6O2iVNNWYvGItbdkBgmuGIty61g3UQzIkPBOuHkNvc7T0wbHqsHO01YIMlI8YhTYp302JfEjsMIR4Nqzat7c+BV4hekBgWag+pXfxjTVDJlqSDG9HwvsUFGtOVUsFmlnxqWEDohI9ZzVBHJTJDNA8/wmVOGOIq1e8riufp7IyPSmKkM3WQe0Cx7ufif10ttdB1kXCWpZYouPopSgW2M8+vxkGtGrZg6QqjmLiumY6IJta6jiivBXz55lbQv6r5X9+8va42boo4ynMApnIMPV9CAO2hCCyhIeIZXeEMavaB39LEYLaFi5xj+AH3+AHFykCg=</latexit>

x
<latexit sha1_base64="PNhXodxz7BfcFth6hjyUBTHso7E=">AAAB8nicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+4A2lMl00g6dTMLMjVhCP8ONC0Xc+jXu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHJtRKwecJpwP6IjJULBKFqpl/UjiuMgJE+zQbXm1t05yCrxClKDAs1B9as/jFkacYVMUmN6npugn1GNgkk+q/RTwxPKJnTEe5YqGnHjZ/PIM3JmlSEJY22fQjJXf29kNDJmGgV2Mk9olr1c/M/rpRhe+5lQSYpcscVHYSoJxiS/nwyF5gzl1BLKtLBZCRtTTRnaliq2BG/55FXSvqh7bt27v6w1boo6ynACp3AOHlxBA+6gCS1gEMMzvMKbg86L8+58LEZLTrFzDH/gfP4AVtaRRg==</latexit><latexit sha1_base64="PNhXodxz7BfcFth6hjyUBTHso7E=">AAAB8nicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+4A2lMl00g6dTMLMjVhCP8ONC0Xc+jXu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHJtRKwecJpwP6IjJULBKFqpl/UjiuMgJE+zQbXm1t05yCrxClKDAs1B9as/jFkacYVMUmN6npugn1GNgkk+q/RTwxPKJnTEe5YqGnHjZ/PIM3JmlSEJY22fQjJXf29kNDJmGgV2Mk9olr1c/M/rpRhe+5lQSYpcscVHYSoJxiS/nwyF5gzl1BLKtLBZCRtTTRnaliq2BG/55FXSvqh7bt27v6w1boo6ynACp3AOHlxBA+6gCS1gEMMzvMKbg86L8+58LEZLTrFzDH/gfP4AVtaRRg==</latexit><latexit sha1_base64="PNhXodxz7BfcFth6hjyUBTHso7E=">AAAB8nicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+4A2lMl00g6dTMLMjVhCP8ONC0Xc+jXu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHJtRKwecJpwP6IjJULBKFqpl/UjiuMgJE+zQbXm1t05yCrxClKDAs1B9as/jFkacYVMUmN6npugn1GNgkk+q/RTwxPKJnTEe5YqGnHjZ/PIM3JmlSEJY22fQjJXf29kNDJmGgV2Mk9olr1c/M/rpRhe+5lQSYpcscVHYSoJxiS/nwyF5gzl1BLKtLBZCRtTTRnaliq2BG/55FXSvqh7bt27v6w1boo6ynACp3AOHlxBA+6gCS1gEMMzvMKbg86L8+58LEZLTrFzDH/gfP4AVtaRRg==</latexit><latexit sha1_base64="PNhXodxz7BfcFth6hjyUBTHso7E=">AAAB8nicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+4A2lMl00g6dTMLMjVhCP8ONC0Xc+jXu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHJtRKwecJpwP6IjJULBKFqpl/UjiuMgJE+zQbXm1t05yCrxClKDAs1B9as/jFkacYVMUmN6npugn1GNgkk+q/RTwxPKJnTEe5YqGnHjZ/PIM3JmlSEJY22fQjJXf29kNDJmGgV2Mk9olr1c/M/rpRhe+5lQSYpcscVHYSoJxiS/nwyF5gzl1BLKtLBZCRtTTRnaliq2BG/55FXSvqh7bt27v6w1boo6ynACp3AOHlxBA+6gCS1gEMMzvMKbg86L8+58LEZLTrFzDH/gfP4AVtaRRg==</latexit>

y
<latexit sha1_base64="3NMrVUqEzY7eJlo6LXqD4glki3A=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC20oWy2m3bpZhN2X4QQ+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmVtfWNzq7pd29nd2z+oHx51TZxqxjsslrHuBdRwKRTvoEDJe4nmNAokfwymt4X/+MS1EbF6wCzhfkTHSoSCUbRSPx9EFCdBSLLZsN5wm+4cZJV4JWlAifaw/jUYxSyNuEImqTF9z03Qz6lGwSSf1Qap4QllUzrmfUsVjbjx83nkGTmzyoiEsbZPIZmrvzdyGhmTRYGdLBKaZa8Q//P6KYbXfi5UkiJXbPFRmEqCMSnuJyOhOUOZWUKZFjYrYROqKUPbUs2W4C2fvEq6F03PbXr3l43WTVlHFU7gFM7BgytowR20oQMMYniGV3hz0Hlx3p2PxWjFKXeO4Q+czx9YW5FH</latexit><latexit sha1_base64="3NMrVUqEzY7eJlo6LXqD4glki3A=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC20oWy2m3bpZhN2X4QQ+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmVtfWNzq7pd29nd2z+oHx51TZxqxjsslrHuBdRwKRTvoEDJe4nmNAokfwymt4X/+MS1EbF6wCzhfkTHSoSCUbRSPx9EFCdBSLLZsN5wm+4cZJV4JWlAifaw/jUYxSyNuEImqTF9z03Qz6lGwSSf1Qap4QllUzrmfUsVjbjx83nkGTmzyoiEsbZPIZmrvzdyGhmTRYGdLBKaZa8Q//P6KYbXfi5UkiJXbPFRmEqCMSnuJyOhOUOZWUKZFjYrYROqKUPbUs2W4C2fvEq6F03PbXr3l43WTVlHFU7gFM7BgytowR20oQMMYniGV3hz0Hlx3p2PxWjFKXeO4Q+czx9YW5FH</latexit><latexit sha1_base64="3NMrVUqEzY7eJlo6LXqD4glki3A=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC20oWy2m3bpZhN2X4QQ+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmVtfWNzq7pd29nd2z+oHx51TZxqxjsslrHuBdRwKRTvoEDJe4nmNAokfwymt4X/+MS1EbF6wCzhfkTHSoSCUbRSPx9EFCdBSLLZsN5wm+4cZJV4JWlAifaw/jUYxSyNuEImqTF9z03Qz6lGwSSf1Qap4QllUzrmfUsVjbjx83nkGTmzyoiEsbZPIZmrvzdyGhmTRYGdLBKaZa8Q//P6KYbXfi5UkiJXbPFRmEqCMSnuJyOhOUOZWUKZFjYrYROqKUPbUs2W4C2fvEq6F03PbXr3l43WTVlHFU7gFM7BgytowR20oQMMYniGV3hz0Hlx3p2PxWjFKXeO4Q+czx9YW5FH</latexit><latexit sha1_base64="3NMrVUqEzY7eJlo6LXqD4glki3A=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC20oWy2m3bpZhN2X4QQ+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmVtfWNzq7pd29nd2z+oHx51TZxqxjsslrHuBdRwKRTvoEDJe4nmNAokfwymt4X/+MS1EbF6wCzhfkTHSoSCUbRSPx9EFCdBSLLZsN5wm+4cZJV4JWlAifaw/jUYxSyNuEImqTF9z03Qz6lGwSSf1Qap4QllUzrmfUsVjbjx83nkGTmzyoiEsbZPIZmrvzdyGhmTRYGdLBKaZa8Q//P6KYbXfi5UkiJXbPFRmEqCMSnuJyOhOUOZWUKZFjYrYROqKUPbUs2W4C2fvEq6F03PbXr3l43WTVlHFU7gFM7BgytowR20oQMMYniGV3hz0Hlx3p2PxWjFKXeO4Q+czx9YW5FH</latexit>



Primal Optimization

!22

ReLU
� 2 {0, 1}

<latexit sha1_base64="0cb/NdvD3cnxDQQHA+m+7WDpQYw=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16WSyCBymJCHosevFYwX5AE8pmM2mXbjZhdyOWkL/ixYMiXv0j3vw3btsctPXBwOO9GWbmBSlnSjvOt1VZW9/Y3Kpu13Z29/YP7MN6VyWZpNChCU9kPyAKOBPQ0Uxz6KcSSBxw6AWT25nfewSpWCIe9DQFPyYjwSJGiTbS0K57IXBNsMeEl2Pn3PWKod1wms4ceJW4JWmgEu2h/eWFCc1iEJpyotTAdVLt50RqRjkUNS9TkBI6ISMYGCpIDMrP57cX+NQoIY4SaUpoPFd/T+QkVmoaB6YzJnqslr2Z+J83yHR07edMpJkGQReLooxjneBZEDhkEqjmU0MIlczciumYSEK1iatmQnCXX14l3Yum6zTd+8tG66aMo4qO0Qk6Qy66Qi10h9qogyh6Qs/oFb1ZhfVivVsfi9aKVc4coT+wPn8AjWuTdQ==</latexit><latexit sha1_base64="0cb/NdvD3cnxDQQHA+m+7WDpQYw=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16WSyCBymJCHosevFYwX5AE8pmM2mXbjZhdyOWkL/ixYMiXv0j3vw3btsctPXBwOO9GWbmBSlnSjvOt1VZW9/Y3Kpu13Z29/YP7MN6VyWZpNChCU9kPyAKOBPQ0Uxz6KcSSBxw6AWT25nfewSpWCIe9DQFPyYjwSJGiTbS0K57IXBNsMeEl2Pn3PWKod1wms4ceJW4JWmgEu2h/eWFCc1iEJpyotTAdVLt50RqRjkUNS9TkBI6ISMYGCpIDMrP57cX+NQoIY4SaUpoPFd/T+QkVmoaB6YzJnqslr2Z+J83yHR07edMpJkGQReLooxjneBZEDhkEqjmU0MIlczciumYSEK1iatmQnCXX14l3Yum6zTd+8tG66aMo4qO0Qk6Qy66Qi10h9qogyh6Qs/oFb1ZhfVivVsfi9aKVc4coT+wPn8AjWuTdQ==</latexit><latexit sha1_base64="0cb/NdvD3cnxDQQHA+m+7WDpQYw=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16WSyCBymJCHosevFYwX5AE8pmM2mXbjZhdyOWkL/ixYMiXv0j3vw3btsctPXBwOO9GWbmBSlnSjvOt1VZW9/Y3Kpu13Z29/YP7MN6VyWZpNChCU9kPyAKOBPQ0Uxz6KcSSBxw6AWT25nfewSpWCIe9DQFPyYjwSJGiTbS0K57IXBNsMeEl2Pn3PWKod1wms4ceJW4JWmgEu2h/eWFCc1iEJpyotTAdVLt50RqRjkUNS9TkBI6ISMYGCpIDMrP57cX+NQoIY4SaUpoPFd/T+QkVmoaB6YzJnqslr2Z+J83yHR07edMpJkGQReLooxjneBZEDhkEqjmU0MIlczciumYSEK1iatmQnCXX14l3Yum6zTd+8tG66aMo4qO0Qk6Qy66Qi10h9qogyh6Qs/oFb1ZhfVivVsfi9aKVc4coT+wPn8AjWuTdQ==</latexit><latexit sha1_base64="0cb/NdvD3cnxDQQHA+m+7WDpQYw=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16WSyCBymJCHosevFYwX5AE8pmM2mXbjZhdyOWkL/ixYMiXv0j3vw3btsctPXBwOO9GWbmBSlnSjvOt1VZW9/Y3Kpu13Z29/YP7MN6VyWZpNChCU9kPyAKOBPQ0Uxz6KcSSBxw6AWT25nfewSpWCIe9DQFPyYjwSJGiTbS0K57IXBNsMeEl2Pn3PWKod1wms4ceJW4JWmgEu2h/eWFCc1iEJpyotTAdVLt50RqRjkUNS9TkBI6ISMYGCpIDMrP57cX+NQoIY4SaUpoPFd/T+QkVmoaB6YzJnqslr2Z+J83yHR07edMpJkGQReLooxjneBZEDhkEqjmU0MIlczciumYSEK1iatmQnCXX14l3Yum6zTd+8tG66aMo4qO0Qk6Qy66Qi10h9qogyh6Qs/oFb1ZhfVivVsfi9aKVc4coT+wPn8AjWuTdQ==</latexit>

Mixed Integer Encoding

NSVerify MIPVerify ILP

zi,j = �i,j ẑi,j
<latexit sha1_base64="zeNYf0XprVlGFd6bjLhIgMl57eI=">AAACC3icbVDLSsNAFJ3UV62vqEs3Q4vgQkoigm6EohuXFewDmhAmk0k7dvJg5kaooXs3/oobF4q49Qfc+TdO2yy09cCFM+fcy9x7/FRwBZb1bZSWlldW18rrlY3Nre0dc3evrZJMUtaiiUhk1yeKCR6zFnAQrJtKRiJfsI4/vJr4nXsmFU/iWxilzI1IP+YhpwS05JnVBy/nx3djfIGdgAkgs6czIIALyzNrVt2aAi8SuyA1VKDpmV9OkNAsYjFQQZTq2VYKbk4kcCrYuOJkiqWEDkmf9TSNScSUm09vGeNDrQQ4TKSuGPBU/T2Rk0ipUeTrzojAQM17E/E/r5dBeO7mPE4zYDGdfRRmAkOCJ8HggEtGQYw0IVRyvSumAyIJBR1fRYdgz5+8SNondduq2zentcZlEUcZHaAqOkI2OkMNdI2aqIUoekTP6BW9GU/Gi/FufMxaS0Yxs4/+wPj8AUq/mpE=</latexit><latexit sha1_base64="zeNYf0XprVlGFd6bjLhIgMl57eI=">AAACC3icbVDLSsNAFJ3UV62vqEs3Q4vgQkoigm6EohuXFewDmhAmk0k7dvJg5kaooXs3/oobF4q49Qfc+TdO2yy09cCFM+fcy9x7/FRwBZb1bZSWlldW18rrlY3Nre0dc3evrZJMUtaiiUhk1yeKCR6zFnAQrJtKRiJfsI4/vJr4nXsmFU/iWxilzI1IP+YhpwS05JnVBy/nx3djfIGdgAkgs6czIIALyzNrVt2aAi8SuyA1VKDpmV9OkNAsYjFQQZTq2VYKbk4kcCrYuOJkiqWEDkmf9TSNScSUm09vGeNDrQQ4TKSuGPBU/T2Rk0ipUeTrzojAQM17E/E/r5dBeO7mPE4zYDGdfRRmAkOCJ8HggEtGQYw0IVRyvSumAyIJBR1fRYdgz5+8SNondduq2zentcZlEUcZHaAqOkI2OkMNdI2aqIUoekTP6BW9GU/Gi/FufMxaS0Yxs4/+wPj8AUq/mpE=</latexit><latexit sha1_base64="zeNYf0XprVlGFd6bjLhIgMl57eI=">AAACC3icbVDLSsNAFJ3UV62vqEs3Q4vgQkoigm6EohuXFewDmhAmk0k7dvJg5kaooXs3/oobF4q49Qfc+TdO2yy09cCFM+fcy9x7/FRwBZb1bZSWlldW18rrlY3Nre0dc3evrZJMUtaiiUhk1yeKCR6zFnAQrJtKRiJfsI4/vJr4nXsmFU/iWxilzI1IP+YhpwS05JnVBy/nx3djfIGdgAkgs6czIIALyzNrVt2aAi8SuyA1VKDpmV9OkNAsYjFQQZTq2VYKbk4kcCrYuOJkiqWEDkmf9TSNScSUm09vGeNDrQQ4TKSuGPBU/T2Rk0ipUeTrzojAQM17E/E/r5dBeO7mPE4zYDGdfRRmAkOCJ8HggEtGQYw0IVRyvSumAyIJBR1fRYdgz5+8SNondduq2zentcZlEUcZHaAqOkI2OkMNdI2aqIUoekTP6BW9GU/Gi/FufMxaS0Yxs4/+wPj8AUq/mpE=</latexit><latexit sha1_base64="zeNYf0XprVlGFd6bjLhIgMl57eI=">AAACC3icbVDLSsNAFJ3UV62vqEs3Q4vgQkoigm6EohuXFewDmhAmk0k7dvJg5kaooXs3/oobF4q49Qfc+TdO2yy09cCFM+fcy9x7/FRwBZb1bZSWlldW18rrlY3Nre0dc3evrZJMUtaiiUhk1yeKCR6zFnAQrJtKRiJfsI4/vJr4nXsmFU/iWxilzI1IP+YhpwS05JnVBy/nx3djfIGdgAkgs6czIIALyzNrVt2aAi8SuyA1VKDpmV9OkNAsYjFQQZTq2VYKbk4kcCrYuOJkiqWEDkmf9TSNScSUm09vGeNDrQQ4TKSuGPBU/T2Rk0ipUeTrzojAQM17E/E/r5dBeO7mPE4zYDGdfRRmAkOCJ8HggEtGQYw0IVRyvSumAyIJBR1fRYdgz5+8SNondduq2zentcZlEUcZHaAqOkI2OkMNdI2aqIUoekTP6BW9GU/Gi/FufMxaS0Yxs4/+wPj8AUq/mpE=</latexit>



Dual Optimization

!23

zi
<latexit sha1_base64="5xR0bOwYx5yPO4yYzLFvt+w+2II=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV7APaoWTSTBuayYzJnUId+h1uXCji1o9x59+YtrPQ1gOBwzn3ck9OkEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGtzO/NebaiFg94CThfkQHSoSCUbSS340oDoOQPPUyMe2VK27VnYOsEi8nFchR75W/uv2YpRFXyCQ1puO5CfoZ1SiY5NNSNzU8oWxEB7xjqaIRN342Dz0lZ1bpkzDW9ikkc/X3RkYjYyZRYCdnIc2yNxP/8zophtd+JlSSIldscShMJcGYzBogfaE5QzmxhDItbFbChlRThranki3BW/7yKmleVD236t1fVmo3eR1FOIFTOAcPrqAGd1CHBjB4hGd4hTdn7Lw4787HYrTg5DvH8AfO5w/a55Ik</latexit><latexit sha1_base64="5xR0bOwYx5yPO4yYzLFvt+w+2II=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV7APaoWTSTBuayYzJnUId+h1uXCji1o9x59+YtrPQ1gOBwzn3ck9OkEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGtzO/NebaiFg94CThfkQHSoSCUbSS340oDoOQPPUyMe2VK27VnYOsEi8nFchR75W/uv2YpRFXyCQ1puO5CfoZ1SiY5NNSNzU8oWxEB7xjqaIRN342Dz0lZ1bpkzDW9ikkc/X3RkYjYyZRYCdnIc2yNxP/8zophtd+JlSSIldscShMJcGYzBogfaE5QzmxhDItbFbChlRThranki3BW/7yKmleVD236t1fVmo3eR1FOIFTOAcPrqAGd1CHBjB4hGd4hTdn7Lw4787HYrTg5DvH8AfO5w/a55Ik</latexit><latexit sha1_base64="5xR0bOwYx5yPO4yYzLFvt+w+2II=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV7APaoWTSTBuayYzJnUId+h1uXCji1o9x59+YtrPQ1gOBwzn3ck9OkEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGtzO/NebaiFg94CThfkQHSoSCUbSS340oDoOQPPUyMe2VK27VnYOsEi8nFchR75W/uv2YpRFXyCQ1puO5CfoZ1SiY5NNSNzU8oWxEB7xjqaIRN342Dz0lZ1bpkzDW9ikkc/X3RkYjYyZRYCdnIc2yNxP/8zophtd+JlSSIldscShMJcGYzBogfaE5QzmxhDItbFbChlRThranki3BW/7yKmleVD236t1fVmo3eR1FOIFTOAcPrqAGd1CHBjB4hGd4hTdn7Lw4787HYrTg5DvH8AfO5w/a55Ik</latexit><latexit sha1_base64="5xR0bOwYx5yPO4yYzLFvt+w+2II=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV7APaoWTSTBuayYzJnUId+h1uXCji1o9x59+YtrPQ1gOBwzn3ck9OkEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGtzO/NebaiFg94CThfkQHSoSCUbSS340oDoOQPPUyMe2VK27VnYOsEi8nFchR75W/uv2YpRFXyCQ1puO5CfoZ1SiY5NNSNzU8oWxEB7xjqaIRN342Dz0lZ1bpkzDW9ikkc/X3RkYjYyZRYCdnIc2yNxP/8zophtd+JlSSIldscShMJcGYzBogfaE5QzmxhDItbFbChlRThranki3BW/7yKmleVD236t1fVmo3eR1FOIFTOAcPrqAGd1CHBjB4hGd4hTdn7Lw4787HYrTg5DvH8AfO5w/a55Ik</latexit>

ẑi
<latexit sha1_base64="anZ0lN/hHunYONgqPXXGxaHQ8Fo=">AAAB/HicbVDLSsNAFL2pr1pf0S7dDBbBVUlE0GXRjcsK9gFNCJPppB06eTAzEWKIv+LGhSJu/RB3/o2TNgttPTBwOOde7pnjJ5xJZVnfRm1tfWNzq77d2Nnd2z8wD4/6Mk4FoT0S81gMfSwpZxHtKaY4HSaC4tDndODPbkp/8ECFZHF0r7KEuiGeRCxgBCsteWbTmWKVOyFWUz9Aj4WXs8IzW1bbmgOtErsiLajQ9cwvZxyTNKSRIhxLObKtRLk5FooRTouGk0qaYDLDEzrSNMIhlW4+D1+gU62MURAL/SKF5urvjRyHUmahryfLlHLZK8X/vFGqgis3Z1GSKhqRxaEg5UjFqGwCjZmgRPFME0wE01kRmWKBidJ9NXQJ9vKXV0n/vG1bbfvuotW5ruqowzGcwBnYcAkduIUu9IBABs/wCm/Gk/FivBsfi9GaUe004Q+Mzx87jpUi</latexit><latexit sha1_base64="anZ0lN/hHunYONgqPXXGxaHQ8Fo=">AAAB/HicbVDLSsNAFL2pr1pf0S7dDBbBVUlE0GXRjcsK9gFNCJPppB06eTAzEWKIv+LGhSJu/RB3/o2TNgttPTBwOOde7pnjJ5xJZVnfRm1tfWNzq77d2Nnd2z8wD4/6Mk4FoT0S81gMfSwpZxHtKaY4HSaC4tDndODPbkp/8ECFZHF0r7KEuiGeRCxgBCsteWbTmWKVOyFWUz9Aj4WXs8IzW1bbmgOtErsiLajQ9cwvZxyTNKSRIhxLObKtRLk5FooRTouGk0qaYDLDEzrSNMIhlW4+D1+gU62MURAL/SKF5urvjRyHUmahryfLlHLZK8X/vFGqgis3Z1GSKhqRxaEg5UjFqGwCjZmgRPFME0wE01kRmWKBidJ9NXQJ9vKXV0n/vG1bbfvuotW5ruqowzGcwBnYcAkduIUu9IBABs/wCm/Gk/FivBsfi9GaUe004Q+Mzx87jpUi</latexit><latexit sha1_base64="anZ0lN/hHunYONgqPXXGxaHQ8Fo=">AAAB/HicbVDLSsNAFL2pr1pf0S7dDBbBVUlE0GXRjcsK9gFNCJPppB06eTAzEWKIv+LGhSJu/RB3/o2TNgttPTBwOOde7pnjJ5xJZVnfRm1tfWNzq77d2Nnd2z8wD4/6Mk4FoT0S81gMfSwpZxHtKaY4HSaC4tDndODPbkp/8ECFZHF0r7KEuiGeRCxgBCsteWbTmWKVOyFWUz9Aj4WXs8IzW1bbmgOtErsiLajQ9cwvZxyTNKSRIhxLObKtRLk5FooRTouGk0qaYDLDEzrSNMIhlW4+D1+gU62MURAL/SKF5urvjRyHUmahryfLlHLZK8X/vFGqgis3Z1GSKhqRxaEg5UjFqGwCjZmgRPFME0wE01kRmWKBidJ9NXQJ9vKXV0n/vG1bbfvuotW5ruqowzGcwBnYcAkduIUu9IBABs/wCm/Gk/FivBsfi9GaUe004Q+Mzx87jpUi</latexit><latexit sha1_base64="anZ0lN/hHunYONgqPXXGxaHQ8Fo=">AAAB/HicbVDLSsNAFL2pr1pf0S7dDBbBVUlE0GXRjcsK9gFNCJPppB06eTAzEWKIv+LGhSJu/RB3/o2TNgttPTBwOOde7pnjJ5xJZVnfRm1tfWNzq77d2Nnd2z8wD4/6Mk4FoT0S81gMfSwpZxHtKaY4HSaC4tDndODPbkp/8ECFZHF0r7KEuiGeRCxgBCsteWbTmWKVOyFWUz9Aj4WXs8IzW1bbmgOtErsiLajQ9cwvZxyTNKSRIhxLObKtRLk5FooRTouGk0qaYDLDEzrSNMIhlW4+D1+gU62MURAL/SKF5urvjRyHUmahryfLlHLZK8X/vFGqgis3Z1GSKhqRxaEg5UjFqGwCjZmgRPFME0wE01kRmWKBidJ9NXQJ9vKXV0n/vG1bbfvuotW5ruqowzGcwBnYcAkduIUu9IBABs/wCm/Gk/FivBsfi9GaUe004Q+Mzx87jpUi</latexit>

ẑi+1
<latexit sha1_base64="OkvTXUscnzzzrrk3e5zjosB6haY=">AAAB/nicbVBNS8NAFHypX7V+RcWTl8UiCEJJRNBj0YvHCrYWmlA22027dLMJuxuhhoB/xYsHRbz6O7z5b9y0OWjrwMIw8x5vdoKEM6Ud59uqLC2vrK5V12sbm1vbO/buXkfFqSS0TWIey26AFeVM0LZmmtNuIimOAk7vg/F14d8/UKlYLO70JKF+hIeChYxgbaS+feCNsM68COtREKLHvJ+xUzfv23Wn4UyBFolbkjqUaPXtL28QkzSiQhOOleq5TqL9DEvNCKd5zUsVTTAZ4yHtGSpwRJWfTePn6NgoAxTG0jyh0VT9vZHhSKlJFJjJIqea9wrxP6+X6vDSz5hIUk0FmR0KU450jIou0IBJSjSfGIKJZCYrIiMsMdGmsZopwZ3/8iLpnDVcp+HentebV2UdVTiEIzgBFy6gCTfQgjYQyOAZXuHNerJerHfrYzZascqdffgD6/MHIFyVkg==</latexit><latexit sha1_base64="OkvTXUscnzzzrrk3e5zjosB6haY=">AAAB/nicbVBNS8NAFHypX7V+RcWTl8UiCEJJRNBj0YvHCrYWmlA22027dLMJuxuhhoB/xYsHRbz6O7z5b9y0OWjrwMIw8x5vdoKEM6Ud59uqLC2vrK5V12sbm1vbO/buXkfFqSS0TWIey26AFeVM0LZmmtNuIimOAk7vg/F14d8/UKlYLO70JKF+hIeChYxgbaS+feCNsM68COtREKLHvJ+xUzfv23Wn4UyBFolbkjqUaPXtL28QkzSiQhOOleq5TqL9DEvNCKd5zUsVTTAZ4yHtGSpwRJWfTePn6NgoAxTG0jyh0VT9vZHhSKlJFJjJIqea9wrxP6+X6vDSz5hIUk0FmR0KU450jIou0IBJSjSfGIKJZCYrIiMsMdGmsZopwZ3/8iLpnDVcp+HentebV2UdVTiEIzgBFy6gCTfQgjYQyOAZXuHNerJerHfrYzZascqdffgD6/MHIFyVkg==</latexit><latexit sha1_base64="OkvTXUscnzzzrrk3e5zjosB6haY=">AAAB/nicbVBNS8NAFHypX7V+RcWTl8UiCEJJRNBj0YvHCrYWmlA22027dLMJuxuhhoB/xYsHRbz6O7z5b9y0OWjrwMIw8x5vdoKEM6Ud59uqLC2vrK5V12sbm1vbO/buXkfFqSS0TWIey26AFeVM0LZmmtNuIimOAk7vg/F14d8/UKlYLO70JKF+hIeChYxgbaS+feCNsM68COtREKLHvJ+xUzfv23Wn4UyBFolbkjqUaPXtL28QkzSiQhOOleq5TqL9DEvNCKd5zUsVTTAZ4yHtGSpwRJWfTePn6NgoAxTG0jyh0VT9vZHhSKlJFJjJIqea9wrxP6+X6vDSz5hIUk0FmR0KU450jIou0IBJSjSfGIKJZCYrIiMsMdGmsZopwZ3/8iLpnDVcp+HentebV2UdVTiEIzgBFy6gCTfQgjYQyOAZXuHNerJerHfrYzZascqdffgD6/MHIFyVkg==</latexit><latexit sha1_base64="OkvTXUscnzzzrrk3e5zjosB6haY=">AAAB/nicbVBNS8NAFHypX7V+RcWTl8UiCEJJRNBj0YvHCrYWmlA22027dLMJuxuhhoB/xYsHRbz6O7z5b9y0OWjrwMIw8x5vdoKEM6Ud59uqLC2vrK5V12sbm1vbO/buXkfFqSS0TWIey26AFeVM0LZmmtNuIimOAk7vg/F14d8/UKlYLO70JKF+hIeChYxgbaS+feCNsM68COtREKLHvJ+xUzfv23Wn4UyBFolbkjqUaPXtL28QkzSiQhOOleq5TqL9DEvNCKd5zUsVTTAZ4yHtGSpwRJWfTePn6NgoAxTG0jyh0VT9vZHhSKlJFJjJIqea9wrxP6+X6vDSz5hIUk0FmR0KU450jIou0IBJSjSfGIKJZCYrIiMsMdGmsZopwZ3/8iLpnDVcp+HentebV2UdVTiEIzgBFy6gCTfQgjYQyOAZXuHNerJerHfrYzZascqdffgD6/MHIFyVkg==</latexit>

ẑn
<latexit sha1_base64="XFa5aGx70wt+ujM2kRMjvEfipcA=">AAAB/XicbVDLSsNAFL3xWesrPnZuBovgqiQi6LLoxmUF+4AmlMl00g6dTMLMRGhD8FfcuFDErf/hzr9x0mahrQcGDufcyz1zgoQzpR3n21pZXVvf2KxsVbd3dvf27YPDtopTSWiLxDyW3QArypmgLc00p91EUhwFnHaC8W3hdx6pVCwWD3qSUD/CQ8FCRrA2Ut8+9kZYZ16E9SgIs2me9zOR9+2aU3dmQMvELUkNSjT79pc3iEkaUaEJx0r1XCfRfoalZoTTvOqliiaYjPGQ9gwVOKLKz2bpc3RmlAEKY2me0Gim/t7IcKTUJArMZBFTLXqF+J/XS3V47WdMJKmmgswPhSlHOkZFFWjAJCWaTwzBRDKTFZERlphoU1jVlOAufnmZtC/qrlN37y9rjZuyjgqcwCmcgwtX0IA7aEILCEzhGV7hzXqyXqx362M+umKVO0fwB9bnD7onlgk=</latexit><latexit sha1_base64="XFa5aGx70wt+ujM2kRMjvEfipcA=">AAAB/XicbVDLSsNAFL3xWesrPnZuBovgqiQi6LLoxmUF+4AmlMl00g6dTMLMRGhD8FfcuFDErf/hzr9x0mahrQcGDufcyz1zgoQzpR3n21pZXVvf2KxsVbd3dvf27YPDtopTSWiLxDyW3QArypmgLc00p91EUhwFnHaC8W3hdx6pVCwWD3qSUD/CQ8FCRrA2Ut8+9kZYZ16E9SgIs2me9zOR9+2aU3dmQMvELUkNSjT79pc3iEkaUaEJx0r1XCfRfoalZoTTvOqliiaYjPGQ9gwVOKLKz2bpc3RmlAEKY2me0Gim/t7IcKTUJArMZBFTLXqF+J/XS3V47WdMJKmmgswPhSlHOkZFFWjAJCWaTwzBRDKTFZERlphoU1jVlOAufnmZtC/qrlN37y9rjZuyjgqcwCmcgwtX0IA7aEILCEzhGV7hzXqyXqx362M+umKVO0fwB9bnD7onlgk=</latexit><latexit sha1_base64="XFa5aGx70wt+ujM2kRMjvEfipcA=">AAAB/XicbVDLSsNAFL3xWesrPnZuBovgqiQi6LLoxmUF+4AmlMl00g6dTMLMRGhD8FfcuFDErf/hzr9x0mahrQcGDufcyz1zgoQzpR3n21pZXVvf2KxsVbd3dvf27YPDtopTSWiLxDyW3QArypmgLc00p91EUhwFnHaC8W3hdx6pVCwWD3qSUD/CQ8FCRrA2Ut8+9kZYZ16E9SgIs2me9zOR9+2aU3dmQMvELUkNSjT79pc3iEkaUaEJx0r1XCfRfoalZoTTvOqliiaYjPGQ9gwVOKLKz2bpc3RmlAEKY2me0Gim/t7IcKTUJArMZBFTLXqF+J/XS3V47WdMJKmmgswPhSlHOkZFFWjAJCWaTwzBRDKTFZERlphoU1jVlOAufnmZtC/qrlN37y9rjZuyjgqcwCmcgwtX0IA7aEILCEzhGV7hzXqyXqx362M+umKVO0fwB9bnD7onlgk=</latexit><latexit sha1_base64="XFa5aGx70wt+ujM2kRMjvEfipcA=">AAAB/XicbVDLSsNAFL3xWesrPnZuBovgqiQi6LLoxmUF+4AmlMl00g6dTMLMRGhD8FfcuFDErf/hzr9x0mahrQcGDufcyz1zgoQzpR3n21pZXVvf2KxsVbd3dvf27YPDtopTSWiLxDyW3QArypmgLc00p91EUhwFnHaC8W3hdx6pVCwWD3qSUD/CQ8FCRrA2Ut8+9kZYZ16E9SgIs2me9zOR9+2aU3dmQMvELUkNSjT79pc3iEkaUaEJx0r1XCfRfoalZoTTvOqliiaYjPGQ9gwVOKLKz2bpc3RmlAEKY2me0Gim/t7IcKTUJArMZBFTLXqF+J/XS3V47WdMJKmmgswPhSlHOkZFFWjAJCWaTwzBRDKTFZERlphoU1jVlOAufnmZtC/qrlN37y9rjZuyjgqcwCmcgwtX0IA7aEILCEzhGV7hzXqyXqx362M+umKVO0fwB9bnD7onlgk=</latexit>

J = cTẑn � d
<latexit sha1_base64="18uchy2plFszkuzpQUzGMWj6kdQ=">AAACJnicbVDLSgMxFM34rPU16tJNsAhuWmZE0U2h6EZcVegLOrVk0kwbmmSGJCPUYb7Gjb/ixkVFxJ2fYjqtoK0HAodzziX3Hj9iVGnH+bSWlldW19ZzG/nNre2dXXtvv6HCWGJSxyELZctHijAqSF1TzUgrkgRxn5GmP7ye+M0HIhUNRU2PItLhqC9oQDHSRura5VtYhh5HeuAHCU7vE48PiRRFt3TO40xXQVJLU2+AdPKTe0zTroBF2OvaBafkZICLxJ2RApih2rXHXi/EMSdCY4aUartOpDsJkppiRtK8FysSITxEfdI2VCBOVCfJzkzhsVF6MAileULDTP09kSCu1Ij7JpktPu9NxP+8dqyDy05CRRRrIvD0oyBmUIdw0hnsUUmwZiNDEJbU7ArxAEmEtWk2b0pw509eJI3TkuuU3LuzQuVqVkcOHIIjcAJccAEq4AZUQR1g8ARewBi8Wc/Wq/VufUyjS9Zs5gD8gfX1Dd49pgk=</latexit><latexit sha1_base64="18uchy2plFszkuzpQUzGMWj6kdQ=">AAACJnicbVDLSgMxFM34rPU16tJNsAhuWmZE0U2h6EZcVegLOrVk0kwbmmSGJCPUYb7Gjb/ixkVFxJ2fYjqtoK0HAodzziX3Hj9iVGnH+bSWlldW19ZzG/nNre2dXXtvv6HCWGJSxyELZctHijAqSF1TzUgrkgRxn5GmP7ye+M0HIhUNRU2PItLhqC9oQDHSRura5VtYhh5HeuAHCU7vE48PiRRFt3TO40xXQVJLU2+AdPKTe0zTroBF2OvaBafkZICLxJ2RApih2rXHXi/EMSdCY4aUartOpDsJkppiRtK8FysSITxEfdI2VCBOVCfJzkzhsVF6MAileULDTP09kSCu1Ij7JpktPu9NxP+8dqyDy05CRRRrIvD0oyBmUIdw0hnsUUmwZiNDEJbU7ArxAEmEtWk2b0pw509eJI3TkuuU3LuzQuVqVkcOHIIjcAJccAEq4AZUQR1g8ARewBi8Wc/Wq/VufUyjS9Zs5gD8gfX1Dd49pgk=</latexit><latexit sha1_base64="18uchy2plFszkuzpQUzGMWj6kdQ=">AAACJnicbVDLSgMxFM34rPU16tJNsAhuWmZE0U2h6EZcVegLOrVk0kwbmmSGJCPUYb7Gjb/ixkVFxJ2fYjqtoK0HAodzziX3Hj9iVGnH+bSWlldW19ZzG/nNre2dXXtvv6HCWGJSxyELZctHijAqSF1TzUgrkgRxn5GmP7ye+M0HIhUNRU2PItLhqC9oQDHSRura5VtYhh5HeuAHCU7vE48PiRRFt3TO40xXQVJLU2+AdPKTe0zTroBF2OvaBafkZICLxJ2RApih2rXHXi/EMSdCY4aUartOpDsJkppiRtK8FysSITxEfdI2VCBOVCfJzkzhsVF6MAileULDTP09kSCu1Ij7JpktPu9NxP+8dqyDy05CRRRrIvD0oyBmUIdw0hnsUUmwZiNDEJbU7ArxAEmEtWk2b0pw509eJI3TkuuU3LuzQuVqVkcOHIIjcAJccAEq4AZUQR1g8ARewBi8Wc/Wq/VufUyjS9Zs5gD8gfX1Dd49pgk=</latexit><latexit sha1_base64="18uchy2plFszkuzpQUzGMWj6kdQ=">AAACJnicbVDLSgMxFM34rPU16tJNsAhuWmZE0U2h6EZcVegLOrVk0kwbmmSGJCPUYb7Gjb/ixkVFxJ2fYjqtoK0HAodzziX3Hj9iVGnH+bSWlldW19ZzG/nNre2dXXtvv6HCWGJSxyELZctHijAqSF1TzUgrkgRxn5GmP7ye+M0HIhUNRU2PItLhqC9oQDHSRura5VtYhh5HeuAHCU7vE48PiRRFt3TO40xXQVJLU2+AdPKTe0zTroBF2OvaBafkZICLxJ2RApih2rXHXi/EMSdCY4aUartOpDsJkppiRtK8FysSITxEfdI2VCBOVCfJzkzhsVF6MAileULDTP09kSCu1Ij7JpktPu9NxP+8dqyDy05CRRRrIvD0oyBmUIdw0hnsUUmwZiNDEJbU7ArxAEmEtWk2b0pw509eJI3TkuuU3LuzQuVqVkcOHIIjcAJccAEq4AZUQR1g8ARewBi8Wc/Wq/VufUyjS9Zs5gD8gfX1Dd49pgk=</latexit>

⌫T
nẑn + �n

<latexit sha1_base64="u/PTw1AgEyPDuRKRnWHVjA2Lras="></latexit><latexit sha1_base64="u/PTw1AgEyPDuRKRnWHVjA2Lras="></latexit><latexit sha1_base64="u/PTw1AgEyPDuRKRnWHVjA2Lras="></latexit><latexit sha1_base64="u/PTw1AgEyPDuRKRnWHVjA2Lras="></latexit>

⌫T
i ẑi + �i

<latexit sha1_base64="T3ECVXnBMSCMKgOKOMSzWxL839Y="></latexit><latexit sha1_base64="T3ECVXnBMSCMKgOKOMSzWxL839Y="></latexit><latexit sha1_base64="T3ECVXnBMSCMKgOKOMSzWxL839Y="></latexit><latexit sha1_base64="T3ECVXnBMSCMKgOKOMSzWxL839Y="></latexit>

⌫T
i+1ẑi+1 + �i+1

<latexit sha1_base64="yC7pccshrqrgAGO8/QqpH6sqG4c="></latexit><latexit sha1_base64="yC7pccshrqrgAGO8/QqpH6sqG4c="></latexit><latexit sha1_base64="yC7pccshrqrgAGO8/QqpH6sqG4c="></latexit><latexit sha1_base64="yC7pccshrqrgAGO8/QqpH6sqG4c="></latexit>

⌫i+1
<latexit sha1_base64="iM+EU2yr+brP/helBVQ0RLIU3Pg=">AAAB/3icbVBPS8MwHE3nvzn/VQUvXoJDEITRiqDHoRePE9wcrKWkabqFpUlJUmHUHvwqXjwo4tWv4c1vY7r1oJsPQh7v/X7k5YUpo0o7zrdVW1peWV2rrzc2Nre2d+zdvZ4SmcSkiwUTsh8iRRjlpKupZqSfSoKSkJH7cHxd+vcPRCoq+J2epMRP0JDTmGKkjRTYB14oWKQmiblyj2dFkNNTtwjsptNypoCLxK1IE1ToBPaXFwmcJYRrzJBSA9dJtZ8jqSlmpGh4mSIpwmM0JANDOUqI8vNp/gIeGyWCsZDmcA2n6u+NHCWqjGgmE6RHat4rxf+8QabjSz+nPM004Xj2UJwxqAUsy4ARlQRrNjEEYUlNVohHSCKsTWUNU4I7/+VF0jtruU7LvT1vtq+qOurgEByBE+CCC9AGN6ADugCDR/AMXsGb9WS9WO/Wx2y0ZlU7++APrM8fjraWbQ==</latexit><latexit sha1_base64="iM+EU2yr+brP/helBVQ0RLIU3Pg=">AAAB/3icbVBPS8MwHE3nvzn/VQUvXoJDEITRiqDHoRePE9wcrKWkabqFpUlJUmHUHvwqXjwo4tWv4c1vY7r1oJsPQh7v/X7k5YUpo0o7zrdVW1peWV2rrzc2Nre2d+zdvZ4SmcSkiwUTsh8iRRjlpKupZqSfSoKSkJH7cHxd+vcPRCoq+J2epMRP0JDTmGKkjRTYB14oWKQmiblyj2dFkNNTtwjsptNypoCLxK1IE1ToBPaXFwmcJYRrzJBSA9dJtZ8jqSlmpGh4mSIpwmM0JANDOUqI8vNp/gIeGyWCsZDmcA2n6u+NHCWqjGgmE6RHat4rxf+8QabjSz+nPM004Xj2UJwxqAUsy4ARlQRrNjEEYUlNVohHSCKsTWUNU4I7/+VF0jtruU7LvT1vtq+qOurgEByBE+CCC9AGN6ADugCDR/AMXsGb9WS9WO/Wx2y0ZlU7++APrM8fjraWbQ==</latexit><latexit sha1_base64="iM+EU2yr+brP/helBVQ0RLIU3Pg=">AAAB/3icbVBPS8MwHE3nvzn/VQUvXoJDEITRiqDHoRePE9wcrKWkabqFpUlJUmHUHvwqXjwo4tWv4c1vY7r1oJsPQh7v/X7k5YUpo0o7zrdVW1peWV2rrzc2Nre2d+zdvZ4SmcSkiwUTsh8iRRjlpKupZqSfSoKSkJH7cHxd+vcPRCoq+J2epMRP0JDTmGKkjRTYB14oWKQmiblyj2dFkNNTtwjsptNypoCLxK1IE1ToBPaXFwmcJYRrzJBSA9dJtZ8jqSlmpGh4mSIpwmM0JANDOUqI8vNp/gIeGyWCsZDmcA2n6u+NHCWqjGgmE6RHat4rxf+8QabjSz+nPM004Xj2UJwxqAUsy4ARlQRrNjEEYUlNVohHSCKsTWUNU4I7/+VF0jtruU7LvT1vtq+qOurgEByBE+CCC9AGN6ADugCDR/AMXsGb9WS9WO/Wx2y0ZlU7++APrM8fjraWbQ==</latexit><latexit sha1_base64="iM+EU2yr+brP/helBVQ0RLIU3Pg=">AAAB/3icbVBPS8MwHE3nvzn/VQUvXoJDEITRiqDHoRePE9wcrKWkabqFpUlJUmHUHvwqXjwo4tWv4c1vY7r1oJsPQh7v/X7k5YUpo0o7zrdVW1peWV2rrzc2Nre2d+zdvZ4SmcSkiwUTsh8iRRjlpKupZqSfSoKSkJH7cHxd+vcPRCoq+J2epMRP0JDTmGKkjRTYB14oWKQmiblyj2dFkNNTtwjsptNypoCLxK1IE1ToBPaXFwmcJYRrzJBSA9dJtZ8jqSlmpGh4mSIpwmM0JANDOUqI8vNp/gIeGyWCsZDmcA2n6u+NHCWqjGgmE6RHat4rxf+8QabjSz+nPM004Xj2UJwxqAUsy4ARlQRrNjEEYUlNVohHSCKsTWUNU4I7/+VF0jtruU7LvT1vtq+qOurgEByBE+CCC9AGN6ADugCDR/AMXsGb9WS9WO/Wx2y0ZlU7++APrM8fjraWbQ==</latexit>

⌫i
<latexit sha1_base64="xeZPEWApUwudaDPAn9SNJrPcH9k=">AAAB/XicbVDNS8MwHE3n15xf9ePmJTgET6MVQY9DLx4nuA9YS0nTdAtLk5KkwizFf8WLB0W8+n94878x3XrQzQchj/d+P/LywpRRpR3n26qtrK6tb9Q3G1vbO7t79v5BT4lMYtLFggk5CJEijHLS1VQzMkglQUnISD+c3JR+/4FIRQW/19OU+AkacRpTjLSRAvvICwWL1DQxV+7xrAhyWgR202k5M8Bl4lakCSp0AvvLiwTOEsI1Zkipoeuk2s+R1BQzUjS8TJEU4QkakaGhHCVE+fksfQFPjRLBWEhzuIYz9fdGjhJVBjSTCdJjteiV4n/eMNPxlZ9TnmaacDx/KM4Y1AKWVcCISoI1mxqCsKQmK8RjJBHWprCGKcFd/PIy6Z23XKfl3l0029dVHXVwDE7AGXDBJWiDW9ABXYDBI3gGr+DNerJerHfrYz5as6qdQ/AH1ucPqEKV/Q==</latexit><latexit sha1_base64="xeZPEWApUwudaDPAn9SNJrPcH9k=">AAAB/XicbVDNS8MwHE3n15xf9ePmJTgET6MVQY9DLx4nuA9YS0nTdAtLk5KkwizFf8WLB0W8+n94878x3XrQzQchj/d+P/LywpRRpR3n26qtrK6tb9Q3G1vbO7t79v5BT4lMYtLFggk5CJEijHLS1VQzMkglQUnISD+c3JR+/4FIRQW/19OU+AkacRpTjLSRAvvICwWL1DQxV+7xrAhyWgR202k5M8Bl4lakCSp0AvvLiwTOEsI1Zkipoeuk2s+R1BQzUjS8TJEU4QkakaGhHCVE+fksfQFPjRLBWEhzuIYz9fdGjhJVBjSTCdJjteiV4n/eMNPxlZ9TnmaacDx/KM4Y1AKWVcCISoI1mxqCsKQmK8RjJBHWprCGKcFd/PIy6Z23XKfl3l0029dVHXVwDE7AGXDBJWiDW9ABXYDBI3gGr+DNerJerHfrYz5as6qdQ/AH1ucPqEKV/Q==</latexit><latexit sha1_base64="xeZPEWApUwudaDPAn9SNJrPcH9k=">AAAB/XicbVDNS8MwHE3n15xf9ePmJTgET6MVQY9DLx4nuA9YS0nTdAtLk5KkwizFf8WLB0W8+n94878x3XrQzQchj/d+P/LywpRRpR3n26qtrK6tb9Q3G1vbO7t79v5BT4lMYtLFggk5CJEijHLS1VQzMkglQUnISD+c3JR+/4FIRQW/19OU+AkacRpTjLSRAvvICwWL1DQxV+7xrAhyWgR202k5M8Bl4lakCSp0AvvLiwTOEsI1Zkipoeuk2s+R1BQzUjS8TJEU4QkakaGhHCVE+fksfQFPjRLBWEhzuIYz9fdGjhJVBjSTCdJjteiV4n/eMNPxlZ9TnmaacDx/KM4Y1AKWVcCISoI1mxqCsKQmK8RjJBHWprCGKcFd/PIy6Z23XKfl3l0029dVHXVwDE7AGXDBJWiDW9ABXYDBI3gGr+DNerJerHfrYz5as6qdQ/AH1ucPqEKV/Q==</latexit><latexit sha1_base64="xeZPEWApUwudaDPAn9SNJrPcH9k=">AAAB/XicbVDNS8MwHE3n15xf9ePmJTgET6MVQY9DLx4nuA9YS0nTdAtLk5KkwizFf8WLB0W8+n94878x3XrQzQchj/d+P/LywpRRpR3n26qtrK6tb9Q3G1vbO7t79v5BT4lMYtLFggk5CJEijHLS1VQzMkglQUnISD+c3JR+/4FIRQW/19OU+AkacRpTjLSRAvvICwWL1DQxV+7xrAhyWgR202k5M8Bl4lakCSp0AvvLiwTOEsI1Zkipoeuk2s+R1BQzUjS8TJEU4QkakaGhHCVE+fksfQFPjRLBWEhzuIYz9fdGjhJVBjSTCdJjteiV4n/eMNPxlZ9TnmaacDx/KM4Y1AKWVcCISoI1mxqCsKQmK8RjJBHWprCGKcFd/PIy6Z23XKfl3l0029dVHXVwDE7AGXDBJWiDW9ABXYDBI3gGr+DNerJerHfrYz5as6qdQ/AH1ucPqEKV/Q==</latexit>

⌫n
<latexit sha1_base64="fl5UPiW30H8wnoe6zckDErc6o9s=">AAAB/XicbVDNS8MwHE3n15xf9ePmJTgET6MVQY9DLx4nuA9YS0nTdAtLk5KkwizFf8WLB0W8+n94878x3XrQzQchj/d+P/LywpRRpR3n26qtrK6tb9Q3G1vbO7t79v5BT4lMYtLFggk5CJEijHLS1VQzMkglQUnISD+c3JR+/4FIRQW/19OU+AkacRpTjLSRAvvICwWL1DQxV+7xrAhyXgR202k5M8Bl4lakCSp0AvvLiwTOEsI1Zkipoeuk2s+R1BQzUjS8TJEU4QkakaGhHCVE+fksfQFPjRLBWEhzuIYz9fdGjhJVBjSTCdJjteiV4n/eMNPxlZ9TnmaacDx/KM4Y1AKWVcCISoI1mxqCsKQmK8RjJBHWprCGKcFd/PIy6Z23XKfl3l0029dVHXVwDE7AGXDBJWiDW9ABXYDBI3gGr+DNerJerHfrYz5as6qdQ/AH1ucPr9uWAg==</latexit><latexit sha1_base64="fl5UPiW30H8wnoe6zckDErc6o9s=">AAAB/XicbVDNS8MwHE3n15xf9ePmJTgET6MVQY9DLx4nuA9YS0nTdAtLk5KkwizFf8WLB0W8+n94878x3XrQzQchj/d+P/LywpRRpR3n26qtrK6tb9Q3G1vbO7t79v5BT4lMYtLFggk5CJEijHLS1VQzMkglQUnISD+c3JR+/4FIRQW/19OU+AkacRpTjLSRAvvICwWL1DQxV+7xrAhyXgR202k5M8Bl4lakCSp0AvvLiwTOEsI1Zkipoeuk2s+R1BQzUjS8TJEU4QkakaGhHCVE+fksfQFPjRLBWEhzuIYz9fdGjhJVBjSTCdJjteiV4n/eMNPxlZ9TnmaacDx/KM4Y1AKWVcCISoI1mxqCsKQmK8RjJBHWprCGKcFd/PIy6Z23XKfl3l0029dVHXVwDE7AGXDBJWiDW9ABXYDBI3gGr+DNerJerHfrYz5as6qdQ/AH1ucPr9uWAg==</latexit><latexit sha1_base64="fl5UPiW30H8wnoe6zckDErc6o9s=">AAAB/XicbVDNS8MwHE3n15xf9ePmJTgET6MVQY9DLx4nuA9YS0nTdAtLk5KkwizFf8WLB0W8+n94878x3XrQzQchj/d+P/LywpRRpR3n26qtrK6tb9Q3G1vbO7t79v5BT4lMYtLFggk5CJEijHLS1VQzMkglQUnISD+c3JR+/4FIRQW/19OU+AkacRpTjLSRAvvICwWL1DQxV+7xrAhyXgR202k5M8Bl4lakCSp0AvvLiwTOEsI1Zkipoeuk2s+R1BQzUjS8TJEU4QkakaGhHCVE+fksfQFPjRLBWEhzuIYz9fdGjhJVBjSTCdJjteiV4n/eMNPxlZ9TnmaacDx/KM4Y1AKWVcCISoI1mxqCsKQmK8RjJBHWprCGKcFd/PIy6Z23XKfl3l0029dVHXVwDE7AGXDBJWiDW9ABXYDBI3gGr+DNerJerHfrYz5as6qdQ/AH1ucPr9uWAg==</latexit><latexit sha1_base64="fl5UPiW30H8wnoe6zckDErc6o9s=">AAAB/XicbVDNS8MwHE3n15xf9ePmJTgET6MVQY9DLx4nuA9YS0nTdAtLk5KkwizFf8WLB0W8+n94878x3XrQzQchj/d+P/LywpRRpR3n26qtrK6tb9Q3G1vbO7t79v5BT4lMYtLFggk5CJEijHLS1VQzMkglQUnISD+c3JR+/4FIRQW/19OU+AkacRpTjLSRAvvICwWL1DQxV+7xrAhyXgR202k5M8Bl4lakCSp0AvvLiwTOEsI1Zkipoeuk2s+R1BQzUjS8TJEU4QkakaGhHCVE+fksfQFPjRLBWEhzuIYz9fdGjhJVBjSTCdJjteiV4n/eMNPxlZ9TnmaacDx/KM4Y1AKWVcCISoI1mxqCsKQmK8RjJBHWprCGKcFd/PIy6Z23XKfl3l0029dVHXVwDE7AGXDBJWiDW9ABXYDBI3gGr+DNerJerHfrYz5as6qdQ/AH1ucPr9uWAg==</latexit>

⌫̂i
<latexit sha1_base64="8qBmCg+5F02QZiRzx/PTJkKT5Xg=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBbBVUlE0GXRjcsK9gFNCJPJpB06mQkzE6GEgBt/xY0LRdz6E+78GydtFtp6YJjDOfdy7z1hyqjSjvNt1VZW19Y36puNre2d3T17/6CnRCYx6WLBhByESBFGOelqqhkZpJKgJGSkH05uSr//QKSigt/raUr8BI04jSlG2kiBfeSNkc69ULBITRPz5R7PiiLIaRHYTaflzACXiVuRJqjQCewvLxI4SwjXmCGlhq6Taj9HUlPMSNHwMkVShCdoRIaGcpQQ5eezGwp4apQIxkKaxzWcqb87cpSockNTmSA9VoteKf7nDTMdX/k55WmmCcfzQXHGoBawDARGVBKs2dQQhCU1u0I8RhJhbWJrmBDcxZOXSe+85Tot9+6i2b6u4qiDY3ACzoALLkEb3IIO6AIMHsEzeAVv1pP1Yr1bH/PSmlX1HII/sD5/AKOlmMo=</latexit><latexit sha1_base64="8qBmCg+5F02QZiRzx/PTJkKT5Xg=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBbBVUlE0GXRjcsK9gFNCJPJpB06mQkzE6GEgBt/xY0LRdz6E+78GydtFtp6YJjDOfdy7z1hyqjSjvNt1VZW19Y36puNre2d3T17/6CnRCYx6WLBhByESBFGOelqqhkZpJKgJGSkH05uSr//QKSigt/raUr8BI04jSlG2kiBfeSNkc69ULBITRPz5R7PiiLIaRHYTaflzACXiVuRJqjQCewvLxI4SwjXmCGlhq6Taj9HUlPMSNHwMkVShCdoRIaGcpQQ5eezGwp4apQIxkKaxzWcqb87cpSockNTmSA9VoteKf7nDTMdX/k55WmmCcfzQXHGoBawDARGVBKs2dQQhCU1u0I8RhJhbWJrmBDcxZOXSe+85Tot9+6i2b6u4qiDY3ACzoALLkEb3IIO6AIMHsEzeAVv1pP1Yr1bH/PSmlX1HII/sD5/AKOlmMo=</latexit><latexit sha1_base64="8qBmCg+5F02QZiRzx/PTJkKT5Xg=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBbBVUlE0GXRjcsK9gFNCJPJpB06mQkzE6GEgBt/xY0LRdz6E+78GydtFtp6YJjDOfdy7z1hyqjSjvNt1VZW19Y36puNre2d3T17/6CnRCYx6WLBhByESBFGOelqqhkZpJKgJGSkH05uSr//QKSigt/raUr8BI04jSlG2kiBfeSNkc69ULBITRPz5R7PiiLIaRHYTaflzACXiVuRJqjQCewvLxI4SwjXmCGlhq6Taj9HUlPMSNHwMkVShCdoRIaGcpQQ5eezGwp4apQIxkKaxzWcqb87cpSockNTmSA9VoteKf7nDTMdX/k55WmmCcfzQXHGoBawDARGVBKs2dQQhCU1u0I8RhJhbWJrmBDcxZOXSe+85Tot9+6i2b6u4qiDY3ACzoALLkEb3IIO6AIMHsEzeAVv1pP1Yr1bH/PSmlX1HII/sD5/AKOlmMo=</latexit><latexit sha1_base64="8qBmCg+5F02QZiRzx/PTJkKT5Xg=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBbBVUlE0GXRjcsK9gFNCJPJpB06mQkzE6GEgBt/xY0LRdz6E+78GydtFtp6YJjDOfdy7z1hyqjSjvNt1VZW19Y36puNre2d3T17/6CnRCYx6WLBhByESBFGOelqqhkZpJKgJGSkH05uSr//QKSigt/raUr8BI04jSlG2kiBfeSNkc69ULBITRPz5R7PiiLIaRHYTaflzACXiVuRJqjQCewvLxI4SwjXmCGlhq6Taj9HUlPMSNHwMkVShCdoRIaGcpQQ5eezGwp4apQIxkKaxzWcqb87cpSockNTmSA9VoteKf7nDTMdX/k55WmmCcfzQXHGoBawDARGVBKs2dQQhCU1u0I8RhJhbWJrmBDcxZOXSe+85Tot9+6i2b6u4qiDY3ACzoALLkEb3IIO6AIMHsEzeAVv1pP1Yr1bH/PSmlX1HII/sD5/AKOlmMo=</latexit>

Network Dual Network

WT
i+1

<latexit sha1_base64="TXNo3AnRPeluDDwEvSGzGWyAnIo=">AAACEnicbVDLSsNAFJ3UV62vqEs3wSIoYkhE0WXRjcsKfUETw2Q6aYfOTMLMRCgh3+DGX3HjQhG3rtz5N07TLLR64MLhnHu5954woUQqx/kyKguLS8sr1dXa2vrG5pa5vdORcSoQbqOYxqIXQokp4bitiKK4lwgMWUhxNxxfT/3uPRaSxLylJgn2GRxyEhEElZYC88hjUI3CKOvmQUaO3fwu89gYC37i2ucsLVwZZa08D8y6YzsFrL/ELUkdlGgG5qc3iFHKMFeIQin7rpMoP4NCEURxXvNSiROIxnCI+5pyyLD0s+Kl3DrQysCKYqGLK6tQf05kkEk5YaHuLE6c96bif14/VdGlnxGepApzNFsUpdRSsTXNxxoQgZGiE00gEkTfaqERFBApnWJNh+DOv/yXdE5t17Hd27N646qMowr2wD44BC64AA1wA5qgDRB4AE/gBbwaj8az8Wa8z1orRjmzC37B+PgGsleeGw==</latexit><latexit sha1_base64="TXNo3AnRPeluDDwEvSGzGWyAnIo=">AAACEnicbVDLSsNAFJ3UV62vqEs3wSIoYkhE0WXRjcsKfUETw2Q6aYfOTMLMRCgh3+DGX3HjQhG3rtz5N07TLLR64MLhnHu5954woUQqx/kyKguLS8sr1dXa2vrG5pa5vdORcSoQbqOYxqIXQokp4bitiKK4lwgMWUhxNxxfT/3uPRaSxLylJgn2GRxyEhEElZYC88hjUI3CKOvmQUaO3fwu89gYC37i2ucsLVwZZa08D8y6YzsFrL/ELUkdlGgG5qc3iFHKMFeIQin7rpMoP4NCEURxXvNSiROIxnCI+5pyyLD0s+Kl3DrQysCKYqGLK6tQf05kkEk5YaHuLE6c96bif14/VdGlnxGepApzNFsUpdRSsTXNxxoQgZGiE00gEkTfaqERFBApnWJNh+DOv/yXdE5t17Hd27N646qMowr2wD44BC64AA1wA5qgDRB4AE/gBbwaj8az8Wa8z1orRjmzC37B+PgGsleeGw==</latexit><latexit sha1_base64="TXNo3AnRPeluDDwEvSGzGWyAnIo=">AAACEnicbVDLSsNAFJ3UV62vqEs3wSIoYkhE0WXRjcsKfUETw2Q6aYfOTMLMRCgh3+DGX3HjQhG3rtz5N07TLLR64MLhnHu5954woUQqx/kyKguLS8sr1dXa2vrG5pa5vdORcSoQbqOYxqIXQokp4bitiKK4lwgMWUhxNxxfT/3uPRaSxLylJgn2GRxyEhEElZYC88hjUI3CKOvmQUaO3fwu89gYC37i2ucsLVwZZa08D8y6YzsFrL/ELUkdlGgG5qc3iFHKMFeIQin7rpMoP4NCEURxXvNSiROIxnCI+5pyyLD0s+Kl3DrQysCKYqGLK6tQf05kkEk5YaHuLE6c96bif14/VdGlnxGepApzNFsUpdRSsTXNxxoQgZGiE00gEkTfaqERFBApnWJNh+DOv/yXdE5t17Hd27N646qMowr2wD44BC64AA1wA5qgDRB4AE/gBbwaj8az8Wa8z1orRjmzC37B+PgGsleeGw==</latexit><latexit sha1_base64="TXNo3AnRPeluDDwEvSGzGWyAnIo=">AAACEnicbVDLSsNAFJ3UV62vqEs3wSIoYkhE0WXRjcsKfUETw2Q6aYfOTMLMRCgh3+DGX3HjQhG3rtz5N07TLLR64MLhnHu5954woUQqx/kyKguLS8sr1dXa2vrG5pa5vdORcSoQbqOYxqIXQokp4bitiKK4lwgMWUhxNxxfT/3uPRaSxLylJgn2GRxyEhEElZYC88hjUI3CKOvmQUaO3fwu89gYC37i2ucsLVwZZa08D8y6YzsFrL/ELUkdlGgG5qc3iFHKMFeIQin7rpMoP4NCEURxXvNSiROIxnCI+5pyyLD0s+Kl3DrQysCKYqGLK6tQf05kkEk5YaHuLE6c96bif14/VdGlnxGepApzNFsUpdRSsTXNxxoQgZGiE00gEkTfaqERFBApnWJNh+DOv/yXdE5t17Hd27N646qMowr2wD44BC64AA1wA5qgDRB4AE/gBbwaj8az8Wa8z1orRjmzC37B+PgGsleeGw==</latexit>

Objective

z0
<latexit sha1_base64="u9C19CmCdhKyepW8Rgx1fsIOne0=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+4CmlMl00g6dTMLMjVBDf8ONC0Xc+jPu/BsnbRbaemDgcM693DMnSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHJtRKwecJrwfkRHSoSCUbSS70cUx0GYPc0G7qBac+vuHGSVeAWpQYHmoPrlD2OWRlwhk9SYnucm2M+oRsEkn1X81PCEsgkd8Z6likbc9LN55hk5s8qQhLG2TyGZq783MhoZM40CO5lnNMteLv7n9VIMr/uZUEmKXLHFoTCVBGOSF0CGQnOGcmoJZVrYrISNqaYMbU0VW4K3/OVV0r6oe27du7+sNW6KOspwAqdwDh5cQQPuoAktYJDAM7zCm5M6L86787EYLTnFzjH8gfP5AyvqkcE=</latexit><latexit sha1_base64="u9C19CmCdhKyepW8Rgx1fsIOne0=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+4CmlMl00g6dTMLMjVBDf8ONC0Xc+jPu/BsnbRbaemDgcM693DMnSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHJtRKwecJrwfkRHSoSCUbSS70cUx0GYPc0G7qBac+vuHGSVeAWpQYHmoPrlD2OWRlwhk9SYnucm2M+oRsEkn1X81PCEsgkd8Z6likbc9LN55hk5s8qQhLG2TyGZq783MhoZM40CO5lnNMteLv7n9VIMr/uZUEmKXLHFoTCVBGOSF0CGQnOGcmoJZVrYrISNqaYMbU0VW4K3/OVV0r6oe27du7+sNW6KOspwAqdwDh5cQQPuoAktYJDAM7zCm5M6L86787EYLTnFzjH8gfP5AyvqkcE=</latexit><latexit sha1_base64="u9C19CmCdhKyepW8Rgx1fsIOne0=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+4CmlMl00g6dTMLMjVBDf8ONC0Xc+jPu/BsnbRbaemDgcM693DMnSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHJtRKwecJrwfkRHSoSCUbSS70cUx0GYPc0G7qBac+vuHGSVeAWpQYHmoPrlD2OWRlwhk9SYnucm2M+oRsEkn1X81PCEsgkd8Z6likbc9LN55hk5s8qQhLG2TyGZq783MhoZM40CO5lnNMteLv7n9VIMr/uZUEmKXLHFoTCVBGOSF0CGQnOGcmoJZVrYrISNqaYMbU0VW4K3/OVV0r6oe27du7+sNW6KOspwAqdwDh5cQQPuoAktYJDAM7zCm5M6L86787EYLTnFzjH8gfP5AyvqkcE=</latexit><latexit sha1_base64="u9C19CmCdhKyepW8Rgx1fsIOne0=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+4CmlMl00g6dTMLMjVBDf8ONC0Xc+jPu/BsnbRbaemDgcM693DMnSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHJtRKwecJrwfkRHSoSCUbSS70cUx0GYPc0G7qBac+vuHGSVeAWpQYHmoPrlD2OWRlwhk9SYnucm2M+oRsEkn1X81PCEsgkd8Z6likbc9LN55hk5s8qQhLG2TyGZq783MhoZM40CO5lnNMteLv7n9VIMr/uZUEmKXLHFoTCVBGOSF0CGQnOGcmoJZVrYrISNqaYMbU0VW4K3/OVV0r6oe27du7+sNW6KOspwAqdwDh5cQQPuoAktYJDAM7zCm5M6L86787EYLTnFzjH8gfP5AyvqkcE=</latexit>

⌫̂0
<latexit sha1_base64="HWBp7GJ9BqTZiyKKB78RAkDNeWk=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXJVEBF0W3bisYB/QhDCZTNqhk5kwMxFKiBt/xY0LRdz6F+78GydtFtp6YJjDOfdy7z1hyqjSjvNt1VZW19Y36puNre2d3T17/6CnRCYx6WLBhByESBFGOelqqhkZpJKgJGSkH05uSr//QKSigt/raUr8BI04jSlG2kiBfeSNkc69ULBITRPz5R7PiiJwArvptJwZ4DJxK9IEFTqB/eVFAmcJ4RozpNTQdVLt50hqihkpGl6mSIrwBI3I0FCOEqL8fHZBAU+NEsFYSPO4hjP1d0eOElXuZyoTpMdq0SvF/7xhpuMrP6c8zTTheD4ozhjUApZxwIhKgjWbGoKwpGZXiMdIIqxNaA0Tgrt48jLpnbdcp+XeXTTb11UcdXAMTsAZcMElaINb0AFdgMEjeAav4M16sl6sd+tjXlqzqp5D8AfW5w92DJeF</latexit><latexit sha1_base64="HWBp7GJ9BqTZiyKKB78RAkDNeWk=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXJVEBF0W3bisYB/QhDCZTNqhk5kwMxFKiBt/xY0LRdz6F+78GydtFtp6YJjDOfdy7z1hyqjSjvNt1VZW19Y36puNre2d3T17/6CnRCYx6WLBhByESBFGOelqqhkZpJKgJGSkH05uSr//QKSigt/raUr8BI04jSlG2kiBfeSNkc69ULBITRPz5R7PiiJwArvptJwZ4DJxK9IEFTqB/eVFAmcJ4RozpNTQdVLt50hqihkpGl6mSIrwBI3I0FCOEqL8fHZBAU+NEsFYSPO4hjP1d0eOElXuZyoTpMdq0SvF/7xhpuMrP6c8zTTheD4ozhjUApZxwIhKgjWbGoKwpGZXiMdIIqxNaA0Tgrt48jLpnbdcp+XeXTTb11UcdXAMTsAZcMElaINb0AFdgMEjeAav4M16sl6sd+tjXlqzqp5D8AfW5w92DJeF</latexit><latexit sha1_base64="HWBp7GJ9BqTZiyKKB78RAkDNeWk=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXJVEBF0W3bisYB/QhDCZTNqhk5kwMxFKiBt/xY0LRdz6F+78GydtFtp6YJjDOfdy7z1hyqjSjvNt1VZW19Y36puNre2d3T17/6CnRCYx6WLBhByESBFGOelqqhkZpJKgJGSkH05uSr//QKSigt/raUr8BI04jSlG2kiBfeSNkc69ULBITRPz5R7PiiJwArvptJwZ4DJxK9IEFTqB/eVFAmcJ4RozpNTQdVLt50hqihkpGl6mSIrwBI3I0FCOEqL8fHZBAU+NEsFYSPO4hjP1d0eOElXuZyoTpMdq0SvF/7xhpuMrP6c8zTTheD4ozhjUApZxwIhKgjWbGoKwpGZXiMdIIqxNaA0Tgrt48jLpnbdcp+XeXTTb11UcdXAMTsAZcMElaINb0AFdgMEjeAav4M16sl6sd+tjXlqzqp5D8AfW5w92DJeF</latexit><latexit sha1_base64="HWBp7GJ9BqTZiyKKB78RAkDNeWk=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXJVEBF0W3bisYB/QhDCZTNqhk5kwMxFKiBt/xY0LRdz6F+78GydtFtp6YJjDOfdy7z1hyqjSjvNt1VZW19Y36puNre2d3T17/6CnRCYx6WLBhByESBFGOelqqhkZpJKgJGSkH05uSr//QKSigt/raUr8BI04jSlG2kiBfeSNkc69ULBITRPz5R7PiiJwArvptJwZ4DJxK9IEFTqB/eVFAmcJ4RozpNTQdVLt50hqihkpGl6mSIrwBI3I0FCOEqL8fHZBAU+NEsFYSPO4hjP1d0eOElXuZyoTpMdq0SvF/7xhpuMrP6c8zTTheD4ozhjUApZxwIhKgjWbGoKwpGZXiMdIIqxNaA0Tgrt48jLpnbdcp+XeXTTb11UcdXAMTsAZcMElaINb0AFdgMEjeAav4M16sl6sd+tjXlqzqp5D8AfW5w92DJeF</latexit>

Wi+1
<latexit sha1_base64="bsmy7TTfEGd1Sli//thDXTYlISI=">AAAB+XicbVDLSsNAFL2pr1pfUZduBosgCCWRgi6LblxWsA9oQ5hMJ+3QySTMTAol5E/cuFDErX/izr9x0mahrQcGDufcyz1zgoQzpR3n26psbG5t71R3a3v7B4dH9vFJV8WpJLRDYh7LfoAV5UzQjmaa034iKY4CTnvB9L7wezMqFYvFk54n1IvwWLCQEayN5Nv2MMJ6EoRZL/czduXmvl13Gs4CaJ24JalDibZvfw1HMUkjKjThWKmB6yTay7DUjHCa14apogkmUzymA0MFjqjyskXyHF0YZYTCWJonNFqovzcyHCk1jwIzWeRUq14h/ucNUh3eehkTSaqpIMtDYcqRjlFRAxoxSYnmc0MwkcxkRWSCJSbalFUzJbirX14n3euG6zTcx2a9dVfWUYUzOIdLcOEGWvAAbegAgRk8wyu8WZn1Yr1bH8vRilXunMIfWJ8/cbyThA==</latexit><latexit sha1_base64="bsmy7TTfEGd1Sli//thDXTYlISI=">AAAB+XicbVDLSsNAFL2pr1pfUZduBosgCCWRgi6LblxWsA9oQ5hMJ+3QySTMTAol5E/cuFDErX/izr9x0mahrQcGDufcyz1zgoQzpR3n26psbG5t71R3a3v7B4dH9vFJV8WpJLRDYh7LfoAV5UzQjmaa034iKY4CTnvB9L7wezMqFYvFk54n1IvwWLCQEayN5Nv2MMJ6EoRZL/czduXmvl13Gs4CaJ24JalDibZvfw1HMUkjKjThWKmB6yTay7DUjHCa14apogkmUzymA0MFjqjyskXyHF0YZYTCWJonNFqovzcyHCk1jwIzWeRUq14h/ucNUh3eehkTSaqpIMtDYcqRjlFRAxoxSYnmc0MwkcxkRWSCJSbalFUzJbirX14n3euG6zTcx2a9dVfWUYUzOIdLcOEGWvAAbegAgRk8wyu8WZn1Yr1bH8vRilXunMIfWJ8/cbyThA==</latexit><latexit sha1_base64="bsmy7TTfEGd1Sli//thDXTYlISI=">AAAB+XicbVDLSsNAFL2pr1pfUZduBosgCCWRgi6LblxWsA9oQ5hMJ+3QySTMTAol5E/cuFDErX/izr9x0mahrQcGDufcyz1zgoQzpR3n26psbG5t71R3a3v7B4dH9vFJV8WpJLRDYh7LfoAV5UzQjmaa034iKY4CTnvB9L7wezMqFYvFk54n1IvwWLCQEayN5Nv2MMJ6EoRZL/czduXmvl13Gs4CaJ24JalDibZvfw1HMUkjKjThWKmB6yTay7DUjHCa14apogkmUzymA0MFjqjyskXyHF0YZYTCWJonNFqovzcyHCk1jwIzWeRUq14h/ucNUh3eehkTSaqpIMtDYcqRjlFRAxoxSYnmc0MwkcxkRWSCJSbalFUzJbirX14n3euG6zTcx2a9dVfWUYUzOIdLcOEGWvAAbegAgRk8wyu8WZn1Yr1bH8vRilXunMIfWJ8/cbyThA==</latexit><latexit sha1_base64="bsmy7TTfEGd1Sli//thDXTYlISI=">AAAB+XicbVDLSsNAFL2pr1pfUZduBosgCCWRgi6LblxWsA9oQ5hMJ+3QySTMTAol5E/cuFDErX/izr9x0mahrQcGDufcyz1zgoQzpR3n26psbG5t71R3a3v7B4dH9vFJV8WpJLRDYh7LfoAV5UzQjmaa034iKY4CTnvB9L7wezMqFYvFk54n1IvwWLCQEayN5Nv2MMJ6EoRZL/czduXmvl13Gs4CaJ24JalDibZvfw1HMUkjKjThWKmB6yTay7DUjHCa14apogkmUzymA0MFjqjyskXyHF0YZYTCWJonNFqovzcyHCk1jwIzWeRUq14h/ucNUh3eehkTSaqpIMtDYcqRjlFRAxoxSYnmc0MwkcxkRWSCJSbalFUzJbirX14n3euG6zTcx2a9dVfWUYUzOIdLcOEGWvAAbegAgRk8wyu8WZn1Yr1bH8vRilXunMIfWJ8/cbyThA==</latexit>

bi+1
<latexit sha1_base64="f9u/bZK0+1ISgueSx3rsX1dMqCc=">AAAB+XicbVDLSsNAFL2pr1pfUZduBosgCCWRgi6LblxWsA9oQ5hMJ+3QySTMTAol5E/cuFDErX/izr9x0mahrQcGDufcyz1zgoQzpR3n26psbG5t71R3a3v7B4dH9vFJV8WpJLRDYh7LfoAV5UzQjmaa034iKY4CTnvB9L7wezMqFYvFk54n1IvwWLCQEayN5Nv2MMJ6EoRZkPsZu3Jz3647DWcBtE7cktShRNu3v4ajmKQRFZpwrNTAdRLtZVhqRjjNa8NU0QSTKR7TgaECR1R52SJ5ji6MMkJhLM0TGi3U3xsZjpSaR4GZLHKqVa8Q//MGqQ5vvYyJJNVUkOWhMOVIx6ioAY2YpETzuSGYSGayIjLBEhNtyqqZEtzVL6+T7nXDdRruY7PeuivrqMIZnMMluHADLXiANnSAwAye4RXerMx6sd6tj+VoxSp3TuEPrM8fgrWTjw==</latexit><latexit sha1_base64="f9u/bZK0+1ISgueSx3rsX1dMqCc=">AAAB+XicbVDLSsNAFL2pr1pfUZduBosgCCWRgi6LblxWsA9oQ5hMJ+3QySTMTAol5E/cuFDErX/izr9x0mahrQcGDufcyz1zgoQzpR3n26psbG5t71R3a3v7B4dH9vFJV8WpJLRDYh7LfoAV5UzQjmaa034iKY4CTnvB9L7wezMqFYvFk54n1IvwWLCQEayN5Nv2MMJ6EoRZkPsZu3Jz3647DWcBtE7cktShRNu3v4ajmKQRFZpwrNTAdRLtZVhqRjjNa8NU0QSTKR7TgaECR1R52SJ5ji6MMkJhLM0TGi3U3xsZjpSaR4GZLHKqVa8Q//MGqQ5vvYyJJNVUkOWhMOVIx6ioAY2YpETzuSGYSGayIjLBEhNtyqqZEtzVL6+T7nXDdRruY7PeuivrqMIZnMMluHADLXiANnSAwAye4RXerMx6sd6tj+VoxSp3TuEPrM8fgrWTjw==</latexit><latexit sha1_base64="f9u/bZK0+1ISgueSx3rsX1dMqCc=">AAAB+XicbVDLSsNAFL2pr1pfUZduBosgCCWRgi6LblxWsA9oQ5hMJ+3QySTMTAol5E/cuFDErX/izr9x0mahrQcGDufcyz1zgoQzpR3n26psbG5t71R3a3v7B4dH9vFJV8WpJLRDYh7LfoAV5UzQjmaa034iKY4CTnvB9L7wezMqFYvFk54n1IvwWLCQEayN5Nv2MMJ6EoRZkPsZu3Jz3647DWcBtE7cktShRNu3v4ajmKQRFZpwrNTAdRLtZVhqRjjNa8NU0QSTKR7TgaECR1R52SJ5ji6MMkJhLM0TGi3U3xsZjpSaR4GZLHKqVa8Q//MGqQ5vvYyJJNVUkOWhMOVIx6ioAY2YpETzuSGYSGayIjLBEhNtyqqZEtzVL6+T7nXDdRruY7PeuivrqMIZnMMluHADLXiANnSAwAye4RXerMx6sd6tj+VoxSp3TuEPrM8fgrWTjw==</latexit><latexit sha1_base64="f9u/bZK0+1ISgueSx3rsX1dMqCc=">AAAB+XicbVDLSsNAFL2pr1pfUZduBosgCCWRgi6LblxWsA9oQ5hMJ+3QySTMTAol5E/cuFDErX/izr9x0mahrQcGDufcyz1zgoQzpR3n26psbG5t71R3a3v7B4dH9vFJV8WpJLRDYh7LfoAV5UzQjmaa034iKY4CTnvB9L7wezMqFYvFk54n1IvwWLCQEayN5Nv2MMJ6EoRZkPsZu3Jz3647DWcBtE7cktShRNu3v4ajmKQRFZpwrNTAdRLtZVhqRjjNa8NU0QSTKR7TgaECR1R52SJ5ji6MMkJhLM0TGi3U3xsZjpSaR4GZLHKqVa8Q//MGqQ5vvYyJJNVUkOWhMOVIx6ioAY2YpETzuSGYSGayIjLBEhNtyqqZEtzVL6+T7nXDdRruY7PeuivrqMIZnMMluHADLXiANnSAwAye4RXerMx6sd6tj+VoxSp3TuEPrM8fgrWTjw==</latexit>

�⇤
i

<latexit sha1_base64="GDFirQvxJQimG+DmwdLKOJR61I0=">AAACAHicbVC7TsMwFHV4lvIKMDCwWFRIiKFKEBKMFSyMRaIPqQmR4zitVTuObAepirLwKywMIMTKZ7DxNzhtBmg5kuWjc+7VvfeEKaNKO863tbS8srq2Xtuob25t7+zae/tdJTKJSQcLJmQ/RIowmpCOppqRfioJ4iEjvXB8U/q9RyIVFcm9nqTE52iY0JhipI0U2IdeKFikJtx8uafokKMioA9ngd1wms4UcJG4FWmACu3A/vIigTNOEo0ZUmrgOqn2cyQ1xYwUdS9TJEV4jIZkYGiCOFF+Pj2ggCdGiWAspHmJhlP1d0eOuCp3NJUc6ZGa90rxP2+Q6fjKz2mSZpokeDYozhjUApZpwIhKgjWbGIKwpGZXiEdIIqxNZnUTgjt/8iLpnjddp+neXTRa11UcNXAEjsEpcMElaIFb0AYdgEEBnsEreLOerBfr3fqYlS5ZVc8B+APr8wdRopbZ</latexit><latexit sha1_base64="GDFirQvxJQimG+DmwdLKOJR61I0=">AAACAHicbVC7TsMwFHV4lvIKMDCwWFRIiKFKEBKMFSyMRaIPqQmR4zitVTuObAepirLwKywMIMTKZ7DxNzhtBmg5kuWjc+7VvfeEKaNKO863tbS8srq2Xtuob25t7+zae/tdJTKJSQcLJmQ/RIowmpCOppqRfioJ4iEjvXB8U/q9RyIVFcm9nqTE52iY0JhipI0U2IdeKFikJtx8uafokKMioA9ngd1wms4UcJG4FWmACu3A/vIigTNOEo0ZUmrgOqn2cyQ1xYwUdS9TJEV4jIZkYGiCOFF+Pj2ggCdGiWAspHmJhlP1d0eOuCp3NJUc6ZGa90rxP2+Q6fjKz2mSZpokeDYozhjUApZpwIhKgjWbGIKwpGZXiEdIIqxNZnUTgjt/8iLpnjddp+neXTRa11UcNXAEjsEpcMElaIFb0AYdgEEBnsEreLOerBfr3fqYlS5ZVc8B+APr8wdRopbZ</latexit><latexit sha1_base64="GDFirQvxJQimG+DmwdLKOJR61I0=">AAACAHicbVC7TsMwFHV4lvIKMDCwWFRIiKFKEBKMFSyMRaIPqQmR4zitVTuObAepirLwKywMIMTKZ7DxNzhtBmg5kuWjc+7VvfeEKaNKO863tbS8srq2Xtuob25t7+zae/tdJTKJSQcLJmQ/RIowmpCOppqRfioJ4iEjvXB8U/q9RyIVFcm9nqTE52iY0JhipI0U2IdeKFikJtx8uafokKMioA9ngd1wms4UcJG4FWmACu3A/vIigTNOEo0ZUmrgOqn2cyQ1xYwUdS9TJEV4jIZkYGiCOFF+Pj2ggCdGiWAspHmJhlP1d0eOuCp3NJUc6ZGa90rxP2+Q6fjKz2mSZpokeDYozhjUApZpwIhKgjWbGIKwpGZXiEdIIqxNZnUTgjt/8iLpnjddp+neXTRa11UcNXAEjsEpcMElaIFb0AYdgEEBnsEreLOerBfr3fqYlS5ZVc8B+APr8wdRopbZ</latexit><latexit sha1_base64="GDFirQvxJQimG+DmwdLKOJR61I0=">AAACAHicbVC7TsMwFHV4lvIKMDCwWFRIiKFKEBKMFSyMRaIPqQmR4zitVTuObAepirLwKywMIMTKZ7DxNzhtBmg5kuWjc+7VvfeEKaNKO863tbS8srq2Xtuob25t7+zae/tdJTKJSQcLJmQ/RIowmpCOppqRfioJ4iEjvXB8U/q9RyIVFcm9nqTE52iY0JhipI0U2IdeKFikJtx8uafokKMioA9ngd1wms4UcJG4FWmACu3A/vIigTNOEo0ZUmrgOqn2cyQ1xYwUdS9TJEV4jIZkYGiCOFF+Pj2ggCdGiWAspHmJhlP1d0eOuCp3NJUc6ZGa90rxP2+Q6fjKz2mSZpokeDYozhjUApZpwIhKgjWbGIKwpGZXiEdIIqxNZnUTgjt/8iLpnjddp+neXTRa11UcNXAEjsEpcMElaIFb0AYdgEEBnsEreLOerBfr3fqYlS5ZVc8B+APr8wdRopbZ</latexit>

�i
<latexit sha1_base64="Uob98sGEUCoOrBSjf4yycqAjqxk=">AAAB/nicbVDNS8MwHE3n15xfVfHkJTgET6MVQY9DLx4nuDlYS0nTdAvLR0lSYZSB/4oXD4p49e/w5n9juvWgmw9CHu/9fuTlxRmj2njet1NbWV1b36hvNra2d3b33P2Dnpa5wqSLJZOqHyNNGBWka6hhpJ8pgnjMyEM8vin9h0eiNJXi3kwyEnI0FDSlGBkrRe5REEuW6Am3VxFoOuRoGtHIbXotbwa4TPyKNEGFTuR+BYnEOSfCYIa0HvheZsICKUMxI9NGkGuSITxGQzKwVCBOdFjM4k/hqVUSmEpljzBwpv7eKBDXZUI7yZEZ6UWvFP/zBrlJr8KCiiw3ROD5Q2nOoJGw7AImVBFs2MQShBW1WSEeIYWwsY01bAn+4peXSe+85Xst/+6i2b6u6qiDY3ACzoAPLkEb3IIO6AIMCvAMXsGb8+S8OO/Ox3y05lQ7h+APnM8fJz2WPQ==</latexit><latexit sha1_base64="Uob98sGEUCoOrBSjf4yycqAjqxk=">AAAB/nicbVDNS8MwHE3n15xfVfHkJTgET6MVQY9DLx4nuDlYS0nTdAvLR0lSYZSB/4oXD4p49e/w5n9juvWgmw9CHu/9fuTlxRmj2njet1NbWV1b36hvNra2d3b33P2Dnpa5wqSLJZOqHyNNGBWka6hhpJ8pgnjMyEM8vin9h0eiNJXi3kwyEnI0FDSlGBkrRe5REEuW6Am3VxFoOuRoGtHIbXotbwa4TPyKNEGFTuR+BYnEOSfCYIa0HvheZsICKUMxI9NGkGuSITxGQzKwVCBOdFjM4k/hqVUSmEpljzBwpv7eKBDXZUI7yZEZ6UWvFP/zBrlJr8KCiiw3ROD5Q2nOoJGw7AImVBFs2MQShBW1WSEeIYWwsY01bAn+4peXSe+85Xst/+6i2b6u6qiDY3ACzoAPLkEb3IIO6AIMCvAMXsGb8+S8OO/Ox3y05lQ7h+APnM8fJz2WPQ==</latexit><latexit sha1_base64="Uob98sGEUCoOrBSjf4yycqAjqxk=">AAAB/nicbVDNS8MwHE3n15xfVfHkJTgET6MVQY9DLx4nuDlYS0nTdAvLR0lSYZSB/4oXD4p49e/w5n9juvWgmw9CHu/9fuTlxRmj2njet1NbWV1b36hvNra2d3b33P2Dnpa5wqSLJZOqHyNNGBWka6hhpJ8pgnjMyEM8vin9h0eiNJXi3kwyEnI0FDSlGBkrRe5REEuW6Am3VxFoOuRoGtHIbXotbwa4TPyKNEGFTuR+BYnEOSfCYIa0HvheZsICKUMxI9NGkGuSITxGQzKwVCBOdFjM4k/hqVUSmEpljzBwpv7eKBDXZUI7yZEZ6UWvFP/zBrlJr8KCiiw3ROD5Q2nOoJGw7AImVBFs2MQShBW1WSEeIYWwsY01bAn+4peXSe+85Xst/+6i2b6u6qiDY3ACzoAPLkEb3IIO6AIMCvAMXsGb8+S8OO/Ox3y05lQ7h+APnM8fJz2WPQ==</latexit><latexit sha1_base64="Uob98sGEUCoOrBSjf4yycqAjqxk=">AAAB/nicbVDNS8MwHE3n15xfVfHkJTgET6MVQY9DLx4nuDlYS0nTdAvLR0lSYZSB/4oXD4p49e/w5n9juvWgmw9CHu/9fuTlxRmj2njet1NbWV1b36hvNra2d3b33P2Dnpa5wqSLJZOqHyNNGBWka6hhpJ8pgnjMyEM8vin9h0eiNJXi3kwyEnI0FDSlGBkrRe5REEuW6Am3VxFoOuRoGtHIbXotbwa4TPyKNEGFTuR+BYnEOSfCYIa0HvheZsICKUMxI9NGkGuSITxGQzKwVCBOdFjM4k/hqVUSmEpljzBwpv7eKBDXZUI7yZEZ6UWvFP/zBrlJr8KCiiw3ROD5Q2nOoJGw7AImVBFs2MQShBW1WSEeIYWwsY01bAn+4peXSe+85Xst/+6i2b6u6qiDY3ACzoAPLkEb3IIO6AIMCvAMXsGb8+S8OO/Ox3y05lQ7h+APnM8fJz2WPQ==</latexit>

⌫̂T
0z0 + �̂0

<latexit sha1_base64="gJ4YdDi3LmKPLDGNWhYSe8z2Otg="></latexit><latexit sha1_base64="gJ4YdDi3LmKPLDGNWhYSe8z2Otg="></latexit><latexit sha1_base64="gJ4YdDi3LmKPLDGNWhYSe8z2Otg="></latexit><latexit sha1_base64="gJ4YdDi3LmKPLDGNWhYSe8z2Otg="></latexit>

Three interpretations: 
1. Co-state or shadow price 
2. Lagrangian multiplier 
3. Back-propagation network

need to find minimum dual function



Dual Optimization
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Lagrangian relaxation 
Network relaxation 
Semidefinite relaxation

Duality
min
⌫̂i,⌫i

max
l̂iẑiûi

⌫̂T
i �i(ẑi)� ⌫T

i ẑi
<latexit sha1_base64="M9taxS1ovyh3aUv55oq+c7xSamA="></latexit><latexit sha1_base64="M9taxS1ovyh3aUv55oq+c7xSamA="></latexit><latexit sha1_base64="M9taxS1ovyh3aUv55oq+c7xSamA="></latexit><latexit sha1_base64="M9taxS1ovyh3aUv55oq+c7xSamA="></latexit>

zi
<latexit sha1_base64="5xR0bOwYx5yPO4yYzLFvt+w+2II=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV7APaoWTSTBuayYzJnUId+h1uXCji1o9x59+YtrPQ1gOBwzn3ck9OkEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGtzO/NebaiFg94CThfkQHSoSCUbSS340oDoOQPPUyMe2VK27VnYOsEi8nFchR75W/uv2YpRFXyCQ1puO5CfoZ1SiY5NNSNzU8oWxEB7xjqaIRN342Dz0lZ1bpkzDW9ikkc/X3RkYjYyZRYCdnIc2yNxP/8zophtd+JlSSIldscShMJcGYzBogfaE5QzmxhDItbFbChlRThranki3BW/7yKmleVD236t1fVmo3eR1FOIFTOAcPrqAGd1CHBjB4hGd4hTdn7Lw4787HYrTg5DvH8AfO5w/a55Ik</latexit><latexit sha1_base64="5xR0bOwYx5yPO4yYzLFvt+w+2II=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV7APaoWTSTBuayYzJnUId+h1uXCji1o9x59+YtrPQ1gOBwzn3ck9OkEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGtzO/NebaiFg94CThfkQHSoSCUbSS340oDoOQPPUyMe2VK27VnYOsEi8nFchR75W/uv2YpRFXyCQ1puO5CfoZ1SiY5NNSNzU8oWxEB7xjqaIRN342Dz0lZ1bpkzDW9ikkc/X3RkYjYyZRYCdnIc2yNxP/8zophtd+JlSSIldscShMJcGYzBogfaE5QzmxhDItbFbChlRThranki3BW/7yKmleVD236t1fVmo3eR1FOIFTOAcPrqAGd1CHBjB4hGd4hTdn7Lw4787HYrTg5DvH8AfO5w/a55Ik</latexit><latexit sha1_base64="5xR0bOwYx5yPO4yYzLFvt+w+2II=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV7APaoWTSTBuayYzJnUId+h1uXCji1o9x59+YtrPQ1gOBwzn3ck9OkEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGtzO/NebaiFg94CThfkQHSoSCUbSS340oDoOQPPUyMe2VK27VnYOsEi8nFchR75W/uv2YpRFXyCQ1puO5CfoZ1SiY5NNSNzU8oWxEB7xjqaIRN342Dz0lZ1bpkzDW9ikkc/X3RkYjYyZRYCdnIc2yNxP/8zophtd+JlSSIldscShMJcGYzBogfaE5QzmxhDItbFbChlRThranki3BW/7yKmleVD236t1fVmo3eR1FOIFTOAcPrqAGd1CHBjB4hGd4hTdn7Lw4787HYrTg5DvH8AfO5w/a55Ik</latexit><latexit sha1_base64="5xR0bOwYx5yPO4yYzLFvt+w+2II=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV7APaoWTSTBuayYzJnUId+h1uXCji1o9x59+YtrPQ1gOBwzn3ck9OkEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGtzO/NebaiFg94CThfkQHSoSCUbSS340oDoOQPPUyMe2VK27VnYOsEi8nFchR75W/uv2YpRFXyCQ1puO5CfoZ1SiY5NNSNzU8oWxEB7xjqaIRN342Dz0lZ1bpkzDW9ikkc/X3RkYjYyZRYCdnIc2yNxP/8zophtd+JlSSIldscShMJcGYzBogfaE5QzmxhDItbFbChlRThranki3BW/7yKmleVD236t1fVmo3eR1FOIFTOAcPrqAGd1CHBjB4hGd4hTdn7Lw4787HYrTg5DvH8AfO5w/a55Ik</latexit>

ẑi
<latexit sha1_base64="anZ0lN/hHunYONgqPXXGxaHQ8Fo=">AAAB/HicbVDLSsNAFL2pr1pf0S7dDBbBVUlE0GXRjcsK9gFNCJPppB06eTAzEWKIv+LGhSJu/RB3/o2TNgttPTBwOOde7pnjJ5xJZVnfRm1tfWNzq77d2Nnd2z8wD4/6Mk4FoT0S81gMfSwpZxHtKaY4HSaC4tDndODPbkp/8ECFZHF0r7KEuiGeRCxgBCsteWbTmWKVOyFWUz9Aj4WXs8IzW1bbmgOtErsiLajQ9cwvZxyTNKSRIhxLObKtRLk5FooRTouGk0qaYDLDEzrSNMIhlW4+D1+gU62MURAL/SKF5urvjRyHUmahryfLlHLZK8X/vFGqgis3Z1GSKhqRxaEg5UjFqGwCjZmgRPFME0wE01kRmWKBidJ9NXQJ9vKXV0n/vG1bbfvuotW5ruqowzGcwBnYcAkduIUu9IBABs/wCm/Gk/FivBsfi9GaUe004Q+Mzx87jpUi</latexit><latexit sha1_base64="anZ0lN/hHunYONgqPXXGxaHQ8Fo=">AAAB/HicbVDLSsNAFL2pr1pf0S7dDBbBVUlE0GXRjcsK9gFNCJPppB06eTAzEWKIv+LGhSJu/RB3/o2TNgttPTBwOOde7pnjJ5xJZVnfRm1tfWNzq77d2Nnd2z8wD4/6Mk4FoT0S81gMfSwpZxHtKaY4HSaC4tDndODPbkp/8ECFZHF0r7KEuiGeRCxgBCsteWbTmWKVOyFWUz9Aj4WXs8IzW1bbmgOtErsiLajQ9cwvZxyTNKSRIhxLObKtRLk5FooRTouGk0qaYDLDEzrSNMIhlW4+D1+gU62MURAL/SKF5urvjRyHUmahryfLlHLZK8X/vFGqgis3Z1GSKhqRxaEg5UjFqGwCjZmgRPFME0wE01kRmWKBidJ9NXQJ9vKXV0n/vG1bbfvuotW5ruqowzGcwBnYcAkduIUu9IBABs/wCm/Gk/FivBsfi9GaUe004Q+Mzx87jpUi</latexit><latexit sha1_base64="anZ0lN/hHunYONgqPXXGxaHQ8Fo=">AAAB/HicbVDLSsNAFL2pr1pf0S7dDBbBVUlE0GXRjcsK9gFNCJPppB06eTAzEWKIv+LGhSJu/RB3/o2TNgttPTBwOOde7pnjJ5xJZVnfRm1tfWNzq77d2Nnd2z8wD4/6Mk4FoT0S81gMfSwpZxHtKaY4HSaC4tDndODPbkp/8ECFZHF0r7KEuiGeRCxgBCsteWbTmWKVOyFWUz9Aj4WXs8IzW1bbmgOtErsiLajQ9cwvZxyTNKSRIhxLObKtRLk5FooRTouGk0qaYDLDEzrSNMIhlW4+D1+gU62MURAL/SKF5urvjRyHUmahryfLlHLZK8X/vFGqgis3Z1GSKhqRxaEg5UjFqGwCjZmgRPFME0wE01kRmWKBidJ9NXQJ9vKXV0n/vG1bbfvuotW5ruqowzGcwBnYcAkduIUu9IBABs/wCm/Gk/FivBsfi9GaUe004Q+Mzx87jpUi</latexit><latexit sha1_base64="anZ0lN/hHunYONgqPXXGxaHQ8Fo=">AAAB/HicbVDLSsNAFL2pr1pf0S7dDBbBVUlE0GXRjcsK9gFNCJPppB06eTAzEWKIv+LGhSJu/RB3/o2TNgttPTBwOOde7pnjJ5xJZVnfRm1tfWNzq77d2Nnd2z8wD4/6Mk4FoT0S81gMfSwpZxHtKaY4HSaC4tDndODPbkp/8ECFZHF0r7KEuiGeRCxgBCsteWbTmWKVOyFWUz9Aj4WXs8IzW1bbmgOtErsiLajQ9cwvZxyTNKSRIhxLObKtRLk5FooRTouGk0qaYDLDEzrSNMIhlW4+D1+gU62MURAL/SKF5urvjRyHUmahryfLlHLZK8X/vFGqgis3Z1GSKhqRxaEg5UjFqGwCjZmgRPFME0wE01kRmWKBidJ9NXQJ9vKXV0n/vG1bbfvuotW5ruqowzGcwBnYcAkduIUu9IBABs/wCm/Gk/FivBsfi9GaUe004Q+Mzx87jpUi</latexit>

ẑi+1
<latexit sha1_base64="OkvTXUscnzzzrrk3e5zjosB6haY=">AAAB/nicbVBNS8NAFHypX7V+RcWTl8UiCEJJRNBj0YvHCrYWmlA22027dLMJuxuhhoB/xYsHRbz6O7z5b9y0OWjrwMIw8x5vdoKEM6Ud59uqLC2vrK5V12sbm1vbO/buXkfFqSS0TWIey26AFeVM0LZmmtNuIimOAk7vg/F14d8/UKlYLO70JKF+hIeChYxgbaS+feCNsM68COtREKLHvJ+xUzfv23Wn4UyBFolbkjqUaPXtL28QkzSiQhOOleq5TqL9DEvNCKd5zUsVTTAZ4yHtGSpwRJWfTePn6NgoAxTG0jyh0VT9vZHhSKlJFJjJIqea9wrxP6+X6vDSz5hIUk0FmR0KU450jIou0IBJSjSfGIKJZCYrIiMsMdGmsZopwZ3/8iLpnDVcp+HentebV2UdVTiEIzgBFy6gCTfQgjYQyOAZXuHNerJerHfrYzZascqdffgD6/MHIFyVkg==</latexit><latexit sha1_base64="OkvTXUscnzzzrrk3e5zjosB6haY=">AAAB/nicbVBNS8NAFHypX7V+RcWTl8UiCEJJRNBj0YvHCrYWmlA22027dLMJuxuhhoB/xYsHRbz6O7z5b9y0OWjrwMIw8x5vdoKEM6Ud59uqLC2vrK5V12sbm1vbO/buXkfFqSS0TWIey26AFeVM0LZmmtNuIimOAk7vg/F14d8/UKlYLO70JKF+hIeChYxgbaS+feCNsM68COtREKLHvJ+xUzfv23Wn4UyBFolbkjqUaPXtL28QkzSiQhOOleq5TqL9DEvNCKd5zUsVTTAZ4yHtGSpwRJWfTePn6NgoAxTG0jyh0VT9vZHhSKlJFJjJIqea9wrxP6+X6vDSz5hIUk0FmR0KU450jIou0IBJSjSfGIKJZCYrIiMsMdGmsZopwZ3/8iLpnDVcp+HentebV2UdVTiEIzgBFy6gCTfQgjYQyOAZXuHNerJerHfrYzZascqdffgD6/MHIFyVkg==</latexit><latexit sha1_base64="OkvTXUscnzzzrrk3e5zjosB6haY=">AAAB/nicbVBNS8NAFHypX7V+RcWTl8UiCEJJRNBj0YvHCrYWmlA22027dLMJuxuhhoB/xYsHRbz6O7z5b9y0OWjrwMIw8x5vdoKEM6Ud59uqLC2vrK5V12sbm1vbO/buXkfFqSS0TWIey26AFeVM0LZmmtNuIimOAk7vg/F14d8/UKlYLO70JKF+hIeChYxgbaS+feCNsM68COtREKLHvJ+xUzfv23Wn4UyBFolbkjqUaPXtL28QkzSiQhOOleq5TqL9DEvNCKd5zUsVTTAZ4yHtGSpwRJWfTePn6NgoAxTG0jyh0VT9vZHhSKlJFJjJIqea9wrxP6+X6vDSz5hIUk0FmR0KU450jIou0IBJSjSfGIKJZCYrIiMsMdGmsZopwZ3/8iLpnDVcp+HentebV2UdVTiEIzgBFy6gCTfQgjYQyOAZXuHNerJerHfrYzZascqdffgD6/MHIFyVkg==</latexit><latexit sha1_base64="OkvTXUscnzzzrrk3e5zjosB6haY=">AAAB/nicbVBNS8NAFHypX7V+RcWTl8UiCEJJRNBj0YvHCrYWmlA22027dLMJuxuhhoB/xYsHRbz6O7z5b9y0OWjrwMIw8x5vdoKEM6Ud59uqLC2vrK5V12sbm1vbO/buXkfFqSS0TWIey26AFeVM0LZmmtNuIimOAk7vg/F14d8/UKlYLO70JKF+hIeChYxgbaS+feCNsM68COtREKLHvJ+xUzfv23Wn4UyBFolbkjqUaPXtL28QkzSiQhOOleq5TqL9DEvNCKd5zUsVTTAZ4yHtGSpwRJWfTePn6NgoAxTG0jyh0VT9vZHhSKlJFJjJIqea9wrxP6+X6vDSz5hIUk0FmR0KU450jIou0IBJSjSfGIKJZCYrIiMsMdGmsZopwZ3/8iLpnDVcp+HentebV2UdVTiEIzgBFy6gCTfQgjYQyOAZXuHNerJerHfrYzZascqdffgD6/MHIFyVkg==</latexit>

⌫i+1
<latexit sha1_base64="iM+EU2yr+brP/helBVQ0RLIU3Pg=">AAAB/3icbVBPS8MwHE3nvzn/VQUvXoJDEITRiqDHoRePE9wcrKWkabqFpUlJUmHUHvwqXjwo4tWv4c1vY7r1oJsPQh7v/X7k5YUpo0o7zrdVW1peWV2rrzc2Nre2d+zdvZ4SmcSkiwUTsh8iRRjlpKupZqSfSoKSkJH7cHxd+vcPRCoq+J2epMRP0JDTmGKkjRTYB14oWKQmiblyj2dFkNNTtwjsptNypoCLxK1IE1ToBPaXFwmcJYRrzJBSA9dJtZ8jqSlmpGh4mSIpwmM0JANDOUqI8vNp/gIeGyWCsZDmcA2n6u+NHCWqjGgmE6RHat4rxf+8QabjSz+nPM004Xj2UJwxqAUsy4ARlQRrNjEEYUlNVohHSCKsTWUNU4I7/+VF0jtruU7LvT1vtq+qOurgEByBE+CCC9AGN6ADugCDR/AMXsGb9WS9WO/Wx2y0ZlU7++APrM8fjraWbQ==</latexit><latexit sha1_base64="iM+EU2yr+brP/helBVQ0RLIU3Pg=">AAAB/3icbVBPS8MwHE3nvzn/VQUvXoJDEITRiqDHoRePE9wcrKWkabqFpUlJUmHUHvwqXjwo4tWv4c1vY7r1oJsPQh7v/X7k5YUpo0o7zrdVW1peWV2rrzc2Nre2d+zdvZ4SmcSkiwUTsh8iRRjlpKupZqSfSoKSkJH7cHxd+vcPRCoq+J2epMRP0JDTmGKkjRTYB14oWKQmiblyj2dFkNNTtwjsptNypoCLxK1IE1ToBPaXFwmcJYRrzJBSA9dJtZ8jqSlmpGh4mSIpwmM0JANDOUqI8vNp/gIeGyWCsZDmcA2n6u+NHCWqjGgmE6RHat4rxf+8QabjSz+nPM004Xj2UJwxqAUsy4ARlQRrNjEEYUlNVohHSCKsTWUNU4I7/+VF0jtruU7LvT1vtq+qOurgEByBE+CCC9AGN6ADugCDR/AMXsGb9WS9WO/Wx2y0ZlU7++APrM8fjraWbQ==</latexit><latexit sha1_base64="iM+EU2yr+brP/helBVQ0RLIU3Pg=">AAAB/3icbVBPS8MwHE3nvzn/VQUvXoJDEITRiqDHoRePE9wcrKWkabqFpUlJUmHUHvwqXjwo4tWv4c1vY7r1oJsPQh7v/X7k5YUpo0o7zrdVW1peWV2rrzc2Nre2d+zdvZ4SmcSkiwUTsh8iRRjlpKupZqSfSoKSkJH7cHxd+vcPRCoq+J2epMRP0JDTmGKkjRTYB14oWKQmiblyj2dFkNNTtwjsptNypoCLxK1IE1ToBPaXFwmcJYRrzJBSA9dJtZ8jqSlmpGh4mSIpwmM0JANDOUqI8vNp/gIeGyWCsZDmcA2n6u+NHCWqjGgmE6RHat4rxf+8QabjSz+nPM004Xj2UJwxqAUsy4ARlQRrNjEEYUlNVohHSCKsTWUNU4I7/+VF0jtruU7LvT1vtq+qOurgEByBE+CCC9AGN6ADugCDR/AMXsGb9WS9WO/Wx2y0ZlU7++APrM8fjraWbQ==</latexit><latexit sha1_base64="iM+EU2yr+brP/helBVQ0RLIU3Pg=">AAAB/3icbVBPS8MwHE3nvzn/VQUvXoJDEITRiqDHoRePE9wcrKWkabqFpUlJUmHUHvwqXjwo4tWv4c1vY7r1oJsPQh7v/X7k5YUpo0o7zrdVW1peWV2rrzc2Nre2d+zdvZ4SmcSkiwUTsh8iRRjlpKupZqSfSoKSkJH7cHxd+vcPRCoq+J2epMRP0JDTmGKkjRTYB14oWKQmiblyj2dFkNNTtwjsptNypoCLxK1IE1ToBPaXFwmcJYRrzJBSA9dJtZ8jqSlmpGh4mSIpwmM0JANDOUqI8vNp/gIeGyWCsZDmcA2n6u+NHCWqjGgmE6RHat4rxf+8QabjSz+nPM004Xj2UJwxqAUsy4ARlQRrNjEEYUlNVohHSCKsTWUNU4I7/+VF0jtruU7LvT1vtq+qOurgEByBE+CCC9AGN6ADugCDR/AMXsGb9WS9WO/Wx2y0ZlU7++APrM8fjraWbQ==</latexit>

⌫i
<latexit sha1_base64="xeZPEWApUwudaDPAn9SNJrPcH9k=">AAAB/XicbVDNS8MwHE3n15xf9ePmJTgET6MVQY9DLx4nuA9YS0nTdAtLk5KkwizFf8WLB0W8+n94878x3XrQzQchj/d+P/LywpRRpR3n26qtrK6tb9Q3G1vbO7t79v5BT4lMYtLFggk5CJEijHLS1VQzMkglQUnISD+c3JR+/4FIRQW/19OU+AkacRpTjLSRAvvICwWL1DQxV+7xrAhyWgR202k5M8Bl4lakCSp0AvvLiwTOEsI1Zkipoeuk2s+R1BQzUjS8TJEU4QkakaGhHCVE+fksfQFPjRLBWEhzuIYz9fdGjhJVBjSTCdJjteiV4n/eMNPxlZ9TnmaacDx/KM4Y1AKWVcCISoI1mxqCsKQmK8RjJBHWprCGKcFd/PIy6Z23XKfl3l0029dVHXVwDE7AGXDBJWiDW9ABXYDBI3gGr+DNerJerHfrYz5as6qdQ/AH1ucPqEKV/Q==</latexit><latexit sha1_base64="xeZPEWApUwudaDPAn9SNJrPcH9k=">AAAB/XicbVDNS8MwHE3n15xf9ePmJTgET6MVQY9DLx4nuA9YS0nTdAtLk5KkwizFf8WLB0W8+n94878x3XrQzQchj/d+P/LywpRRpR3n26qtrK6tb9Q3G1vbO7t79v5BT4lMYtLFggk5CJEijHLS1VQzMkglQUnISD+c3JR+/4FIRQW/19OU+AkacRpTjLSRAvvICwWL1DQxV+7xrAhyWgR202k5M8Bl4lakCSp0AvvLiwTOEsI1Zkipoeuk2s+R1BQzUjS8TJEU4QkakaGhHCVE+fksfQFPjRLBWEhzuIYz9fdGjhJVBjSTCdJjteiV4n/eMNPxlZ9TnmaacDx/KM4Y1AKWVcCISoI1mxqCsKQmK8RjJBHWprCGKcFd/PIy6Z23XKfl3l0029dVHXVwDE7AGXDBJWiDW9ABXYDBI3gGr+DNerJerHfrYz5as6qdQ/AH1ucPqEKV/Q==</latexit><latexit sha1_base64="xeZPEWApUwudaDPAn9SNJrPcH9k=">AAAB/XicbVDNS8MwHE3n15xf9ePmJTgET6MVQY9DLx4nuA9YS0nTdAtLk5KkwizFf8WLB0W8+n94878x3XrQzQchj/d+P/LywpRRpR3n26qtrK6tb9Q3G1vbO7t79v5BT4lMYtLFggk5CJEijHLS1VQzMkglQUnISD+c3JR+/4FIRQW/19OU+AkacRpTjLSRAvvICwWL1DQxV+7xrAhyWgR202k5M8Bl4lakCSp0AvvLiwTOEsI1Zkipoeuk2s+R1BQzUjS8TJEU4QkakaGhHCVE+fksfQFPjRLBWEhzuIYz9fdGjhJVBjSTCdJjteiV4n/eMNPxlZ9TnmaacDx/KM4Y1AKWVcCISoI1mxqCsKQmK8RjJBHWprCGKcFd/PIy6Z23XKfl3l0029dVHXVwDE7AGXDBJWiDW9ABXYDBI3gGr+DNerJerHfrYz5as6qdQ/AH1ucPqEKV/Q==</latexit><latexit sha1_base64="xeZPEWApUwudaDPAn9SNJrPcH9k=">AAAB/XicbVDNS8MwHE3n15xf9ePmJTgET6MVQY9DLx4nuA9YS0nTdAtLk5KkwizFf8WLB0W8+n94878x3XrQzQchj/d+P/LywpRRpR3n26qtrK6tb9Q3G1vbO7t79v5BT4lMYtLFggk5CJEijHLS1VQzMkglQUnISD+c3JR+/4FIRQW/19OU+AkacRpTjLSRAvvICwWL1DQxV+7xrAhyWgR202k5M8Bl4lakCSp0AvvLiwTOEsI1Zkipoeuk2s+R1BQzUjS8TJEU4QkakaGhHCVE+fksfQFPjRLBWEhzuIYz9fdGjhJVBjSTCdJjteiV4n/eMNPxlZ9TnmaacDx/KM4Y1AKWVcCISoI1mxqCsKQmK8RjJBHWprCGKcFd/PIy6Z23XKfl3l0029dVHXVwDE7AGXDBJWiDW9ABXYDBI3gGr+DNerJerHfrYz5as6qdQ/AH1ucPqEKV/Q==</latexit>

⌫̂i
<latexit sha1_base64="8qBmCg+5F02QZiRzx/PTJkKT5Xg=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBbBVUlE0GXRjcsK9gFNCJPJpB06mQkzE6GEgBt/xY0LRdz6E+78GydtFtp6YJjDOfdy7z1hyqjSjvNt1VZW19Y36puNre2d3T17/6CnRCYx6WLBhByESBFGOelqqhkZpJKgJGSkH05uSr//QKSigt/raUr8BI04jSlG2kiBfeSNkc69ULBITRPz5R7PiiLIaRHYTaflzACXiVuRJqjQCewvLxI4SwjXmCGlhq6Taj9HUlPMSNHwMkVShCdoRIaGcpQQ5eezGwp4apQIxkKaxzWcqb87cpSockNTmSA9VoteKf7nDTMdX/k55WmmCcfzQXHGoBawDARGVBKs2dQQhCU1u0I8RhJhbWJrmBDcxZOXSe+85Tot9+6i2b6u4qiDY3ACzoALLkEb3IIO6AIMHsEzeAVv1pP1Yr1bH/PSmlX1HII/sD5/AKOlmMo=</latexit><latexit sha1_base64="8qBmCg+5F02QZiRzx/PTJkKT5Xg=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBbBVUlE0GXRjcsK9gFNCJPJpB06mQkzE6GEgBt/xY0LRdz6E+78GydtFtp6YJjDOfdy7z1hyqjSjvNt1VZW19Y36puNre2d3T17/6CnRCYx6WLBhByESBFGOelqqhkZpJKgJGSkH05uSr//QKSigt/raUr8BI04jSlG2kiBfeSNkc69ULBITRPz5R7PiiLIaRHYTaflzACXiVuRJqjQCewvLxI4SwjXmCGlhq6Taj9HUlPMSNHwMkVShCdoRIaGcpQQ5eezGwp4apQIxkKaxzWcqb87cpSockNTmSA9VoteKf7nDTMdX/k55WmmCcfzQXHGoBawDARGVBKs2dQQhCU1u0I8RhJhbWJrmBDcxZOXSe+85Tot9+6i2b6u4qiDY3ACzoALLkEb3IIO6AIMHsEzeAVv1pP1Yr1bH/PSmlX1HII/sD5/AKOlmMo=</latexit><latexit sha1_base64="8qBmCg+5F02QZiRzx/PTJkKT5Xg=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBbBVUlE0GXRjcsK9gFNCJPJpB06mQkzE6GEgBt/xY0LRdz6E+78GydtFtp6YJjDOfdy7z1hyqjSjvNt1VZW19Y36puNre2d3T17/6CnRCYx6WLBhByESBFGOelqqhkZpJKgJGSkH05uSr//QKSigt/raUr8BI04jSlG2kiBfeSNkc69ULBITRPz5R7PiiLIaRHYTaflzACXiVuRJqjQCewvLxI4SwjXmCGlhq6Taj9HUlPMSNHwMkVShCdoRIaGcpQQ5eezGwp4apQIxkKaxzWcqb87cpSockNTmSA9VoteKf7nDTMdX/k55WmmCcfzQXHGoBawDARGVBKs2dQQhCU1u0I8RhJhbWJrmBDcxZOXSe+85Tot9+6i2b6u4qiDY3ACzoALLkEb3IIO6AIMHsEzeAVv1pP1Yr1bH/PSmlX1HII/sD5/AKOlmMo=</latexit><latexit sha1_base64="8qBmCg+5F02QZiRzx/PTJkKT5Xg=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBbBVUlE0GXRjcsK9gFNCJPJpB06mQkzE6GEgBt/xY0LRdz6E+78GydtFtp6YJjDOfdy7z1hyqjSjvNt1VZW19Y36puNre2d3T17/6CnRCYx6WLBhByESBFGOelqqhkZpJKgJGSkH05uSr//QKSigt/raUr8BI04jSlG2kiBfeSNkc69ULBITRPz5R7PiiLIaRHYTaflzACXiVuRJqjQCewvLxI4SwjXmCGlhq6Taj9HUlPMSNHwMkVShCdoRIaGcpQQ5eezGwp4apQIxkKaxzWcqb87cpSockNTmSA9VoteKf7nDTMdX/k55WmmCcfzQXHGoBawDARGVBKs2dQQhCU1u0I8RhJhbWJrmBDcxZOXSe+85Tot9+6i2b6u4qiDY3ACzoALLkEb3IIO6AIMHsEzeAVv1pP1Yr1bH/PSmlX1HII/sD5/AKOlmMo=</latexit>

WT
i+1

<latexit sha1_base64="TXNo3AnRPeluDDwEvSGzGWyAnIo=">AAACEnicbVDLSsNAFJ3UV62vqEs3wSIoYkhE0WXRjcsKfUETw2Q6aYfOTMLMRCgh3+DGX3HjQhG3rtz5N07TLLR64MLhnHu5954woUQqx/kyKguLS8sr1dXa2vrG5pa5vdORcSoQbqOYxqIXQokp4bitiKK4lwgMWUhxNxxfT/3uPRaSxLylJgn2GRxyEhEElZYC88hjUI3CKOvmQUaO3fwu89gYC37i2ucsLVwZZa08D8y6YzsFrL/ELUkdlGgG5qc3iFHKMFeIQin7rpMoP4NCEURxXvNSiROIxnCI+5pyyLD0s+Kl3DrQysCKYqGLK6tQf05kkEk5YaHuLE6c96bif14/VdGlnxGepApzNFsUpdRSsTXNxxoQgZGiE00gEkTfaqERFBApnWJNh+DOv/yXdE5t17Hd27N646qMowr2wD44BC64AA1wA5qgDRB4AE/gBbwaj8az8Wa8z1orRjmzC37B+PgGsleeGw==</latexit><latexit sha1_base64="TXNo3AnRPeluDDwEvSGzGWyAnIo=">AAACEnicbVDLSsNAFJ3UV62vqEs3wSIoYkhE0WXRjcsKfUETw2Q6aYfOTMLMRCgh3+DGX3HjQhG3rtz5N07TLLR64MLhnHu5954woUQqx/kyKguLS8sr1dXa2vrG5pa5vdORcSoQbqOYxqIXQokp4bitiKK4lwgMWUhxNxxfT/3uPRaSxLylJgn2GRxyEhEElZYC88hjUI3CKOvmQUaO3fwu89gYC37i2ucsLVwZZa08D8y6YzsFrL/ELUkdlGgG5qc3iFHKMFeIQin7rpMoP4NCEURxXvNSiROIxnCI+5pyyLD0s+Kl3DrQysCKYqGLK6tQf05kkEk5YaHuLE6c96bif14/VdGlnxGepApzNFsUpdRSsTXNxxoQgZGiE00gEkTfaqERFBApnWJNh+DOv/yXdE5t17Hd27N646qMowr2wD44BC64AA1wA5qgDRB4AE/gBbwaj8az8Wa8z1orRjmzC37B+PgGsleeGw==</latexit><latexit sha1_base64="TXNo3AnRPeluDDwEvSGzGWyAnIo=">AAACEnicbVDLSsNAFJ3UV62vqEs3wSIoYkhE0WXRjcsKfUETw2Q6aYfOTMLMRCgh3+DGX3HjQhG3rtz5N07TLLR64MLhnHu5954woUQqx/kyKguLS8sr1dXa2vrG5pa5vdORcSoQbqOYxqIXQokp4bitiKK4lwgMWUhxNxxfT/3uPRaSxLylJgn2GRxyEhEElZYC88hjUI3CKOvmQUaO3fwu89gYC37i2ucsLVwZZa08D8y6YzsFrL/ELUkdlGgG5qc3iFHKMFeIQin7rpMoP4NCEURxXvNSiROIxnCI+5pyyLD0s+Kl3DrQysCKYqGLK6tQf05kkEk5YaHuLE6c96bif14/VdGlnxGepApzNFsUpdRSsTXNxxoQgZGiE00gEkTfaqERFBApnWJNh+DOv/yXdE5t17Hd27N646qMowr2wD44BC64AA1wA5qgDRB4AE/gBbwaj8az8Wa8z1orRjmzC37B+PgGsleeGw==</latexit><latexit sha1_base64="TXNo3AnRPeluDDwEvSGzGWyAnIo=">AAACEnicbVDLSsNAFJ3UV62vqEs3wSIoYkhE0WXRjcsKfUETw2Q6aYfOTMLMRCgh3+DGX3HjQhG3rtz5N07TLLR64MLhnHu5954woUQqx/kyKguLS8sr1dXa2vrG5pa5vdORcSoQbqOYxqIXQokp4bitiKK4lwgMWUhxNxxfT/3uPRaSxLylJgn2GRxyEhEElZYC88hjUI3CKOvmQUaO3fwu89gYC37i2ucsLVwZZa08D8y6YzsFrL/ELUkdlGgG5qc3iFHKMFeIQin7rpMoP4NCEURxXvNSiROIxnCI+5pyyLD0s+Kl3DrQysCKYqGLK6tQf05kkEk5YaHuLE6c96bif14/VdGlnxGepApzNFsUpdRSsTXNxxoQgZGiE00gEkTfaqERFBApnWJNh+DOv/yXdE5t17Hd27N646qMowr2wD44BC64AA1wA5qgDRB4AE/gBbwaj8az8Wa8z1orRjmzC37B+PgGsleeGw==</latexit>

Wi+1
<latexit sha1_base64="bsmy7TTfEGd1Sli//thDXTYlISI=">AAAB+XicbVDLSsNAFL2pr1pfUZduBosgCCWRgi6LblxWsA9oQ5hMJ+3QySTMTAol5E/cuFDErX/izr9x0mahrQcGDufcyz1zgoQzpR3n26psbG5t71R3a3v7B4dH9vFJV8WpJLRDYh7LfoAV5UzQjmaa034iKY4CTnvB9L7wezMqFYvFk54n1IvwWLCQEayN5Nv2MMJ6EoRZL/czduXmvl13Gs4CaJ24JalDibZvfw1HMUkjKjThWKmB6yTay7DUjHCa14apogkmUzymA0MFjqjyskXyHF0YZYTCWJonNFqovzcyHCk1jwIzWeRUq14h/ucNUh3eehkTSaqpIMtDYcqRjlFRAxoxSYnmc0MwkcxkRWSCJSbalFUzJbirX14n3euG6zTcx2a9dVfWUYUzOIdLcOEGWvAAbegAgRk8wyu8WZn1Yr1bH8vRilXunMIfWJ8/cbyThA==</latexit><latexit sha1_base64="bsmy7TTfEGd1Sli//thDXTYlISI=">AAAB+XicbVDLSsNAFL2pr1pfUZduBosgCCWRgi6LblxWsA9oQ5hMJ+3QySTMTAol5E/cuFDErX/izr9x0mahrQcGDufcyz1zgoQzpR3n26psbG5t71R3a3v7B4dH9vFJV8WpJLRDYh7LfoAV5UzQjmaa034iKY4CTnvB9L7wezMqFYvFk54n1IvwWLCQEayN5Nv2MMJ6EoRZL/czduXmvl13Gs4CaJ24JalDibZvfw1HMUkjKjThWKmB6yTay7DUjHCa14apogkmUzymA0MFjqjyskXyHF0YZYTCWJonNFqovzcyHCk1jwIzWeRUq14h/ucNUh3eehkTSaqpIMtDYcqRjlFRAxoxSYnmc0MwkcxkRWSCJSbalFUzJbirX14n3euG6zTcx2a9dVfWUYUzOIdLcOEGWvAAbegAgRk8wyu8WZn1Yr1bH8vRilXunMIfWJ8/cbyThA==</latexit><latexit sha1_base64="bsmy7TTfEGd1Sli//thDXTYlISI=">AAAB+XicbVDLSsNAFL2pr1pfUZduBosgCCWRgi6LblxWsA9oQ5hMJ+3QySTMTAol5E/cuFDErX/izr9x0mahrQcGDufcyz1zgoQzpR3n26psbG5t71R3a3v7B4dH9vFJV8WpJLRDYh7LfoAV5UzQjmaa034iKY4CTnvB9L7wezMqFYvFk54n1IvwWLCQEayN5Nv2MMJ6EoRZL/czduXmvl13Gs4CaJ24JalDibZvfw1HMUkjKjThWKmB6yTay7DUjHCa14apogkmUzymA0MFjqjyskXyHF0YZYTCWJonNFqovzcyHCk1jwIzWeRUq14h/ucNUh3eehkTSaqpIMtDYcqRjlFRAxoxSYnmc0MwkcxkRWSCJSbalFUzJbirX14n3euG6zTcx2a9dVfWUYUzOIdLcOEGWvAAbegAgRk8wyu8WZn1Yr1bH8vRilXunMIfWJ8/cbyThA==</latexit><latexit sha1_base64="bsmy7TTfEGd1Sli//thDXTYlISI=">AAAB+XicbVDLSsNAFL2pr1pfUZduBosgCCWRgi6LblxWsA9oQ5hMJ+3QySTMTAol5E/cuFDErX/izr9x0mahrQcGDufcyz1zgoQzpR3n26psbG5t71R3a3v7B4dH9vFJV8WpJLRDYh7LfoAV5UzQjmaa034iKY4CTnvB9L7wezMqFYvFk54n1IvwWLCQEayN5Nv2MMJ6EoRZL/czduXmvl13Gs4CaJ24JalDibZvfw1HMUkjKjThWKmB6yTay7DUjHCa14apogkmUzymA0MFjqjyskXyHF0YZYTCWJonNFqovzcyHCk1jwIzWeRUq14h/ucNUh3eehkTSaqpIMtDYcqRjlFRAxoxSYnmc0MwkcxkRWSCJSbalFUzJbirX14n3euG6zTcx2a9dVfWUYUzOIdLcOEGWvAAbegAgRk8wyu8WZn1Yr1bH8vRilXunMIfWJ8/cbyThA==</latexit>

bi+1
<latexit sha1_base64="f9u/bZK0+1ISgueSx3rsX1dMqCc=">AAAB+XicbVDLSsNAFL2pr1pfUZduBosgCCWRgi6LblxWsA9oQ5hMJ+3QySTMTAol5E/cuFDErX/izr9x0mahrQcGDufcyz1zgoQzpR3n26psbG5t71R3a3v7B4dH9vFJV8WpJLRDYh7LfoAV5UzQjmaa034iKY4CTnvB9L7wezMqFYvFk54n1IvwWLCQEayN5Nv2MMJ6EoRZkPsZu3Jz3647DWcBtE7cktShRNu3v4ajmKQRFZpwrNTAdRLtZVhqRjjNa8NU0QSTKR7TgaECR1R52SJ5ji6MMkJhLM0TGi3U3xsZjpSaR4GZLHKqVa8Q//MGqQ5vvYyJJNVUkOWhMOVIx6ioAY2YpETzuSGYSGayIjLBEhNtyqqZEtzVL6+T7nXDdRruY7PeuivrqMIZnMMluHADLXiANnSAwAye4RXerMx6sd6tj+VoxSp3TuEPrM8fgrWTjw==</latexit><latexit sha1_base64="f9u/bZK0+1ISgueSx3rsX1dMqCc=">AAAB+XicbVDLSsNAFL2pr1pfUZduBosgCCWRgi6LblxWsA9oQ5hMJ+3QySTMTAol5E/cuFDErX/izr9x0mahrQcGDufcyz1zgoQzpR3n26psbG5t71R3a3v7B4dH9vFJV8WpJLRDYh7LfoAV5UzQjmaa034iKY4CTnvB9L7wezMqFYvFk54n1IvwWLCQEayN5Nv2MMJ6EoRZkPsZu3Jz3647DWcBtE7cktShRNu3v4ajmKQRFZpwrNTAdRLtZVhqRjjNa8NU0QSTKR7TgaECR1R52SJ5ji6MMkJhLM0TGi3U3xsZjpSaR4GZLHKqVa8Q//MGqQ5vvYyJJNVUkOWhMOVIx6ioAY2YpETzuSGYSGayIjLBEhNtyqqZEtzVL6+T7nXDdRruY7PeuivrqMIZnMMluHADLXiANnSAwAye4RXerMx6sd6tj+VoxSp3TuEPrM8fgrWTjw==</latexit><latexit sha1_base64="f9u/bZK0+1ISgueSx3rsX1dMqCc=">AAAB+XicbVDLSsNAFL2pr1pfUZduBosgCCWRgi6LblxWsA9oQ5hMJ+3QySTMTAol5E/cuFDErX/izr9x0mahrQcGDufcyz1zgoQzpR3n26psbG5t71R3a3v7B4dH9vFJV8WpJLRDYh7LfoAV5UzQjmaa034iKY4CTnvB9L7wezMqFYvFk54n1IvwWLCQEayN5Nv2MMJ6EoRZkPsZu3Jz3647DWcBtE7cktShRNu3v4ajmKQRFZpwrNTAdRLtZVhqRjjNa8NU0QSTKR7TgaECR1R52SJ5ji6MMkJhLM0TGi3U3xsZjpSaR4GZLHKqVa8Q//MGqQ5vvYyJJNVUkOWhMOVIx6ioAY2YpETzuSGYSGayIjLBEhNtyqqZEtzVL6+T7nXDdRruY7PeuivrqMIZnMMluHADLXiANnSAwAye4RXerMx6sd6tj+VoxSp3TuEPrM8fgrWTjw==</latexit><latexit sha1_base64="f9u/bZK0+1ISgueSx3rsX1dMqCc=">AAAB+XicbVDLSsNAFL2pr1pfUZduBosgCCWRgi6LblxWsA9oQ5hMJ+3QySTMTAol5E/cuFDErX/izr9x0mahrQcGDufcyz1zgoQzpR3n26psbG5t71R3a3v7B4dH9vFJV8WpJLRDYh7LfoAV5UzQjmaa034iKY4CTnvB9L7wezMqFYvFk54n1IvwWLCQEayN5Nv2MMJ6EoRZkPsZu3Jz3647DWcBtE7cktShRNu3v4ajmKQRFZpwrNTAdRLtZVhqRjjNa8NU0QSTKR7TgaECR1R52SJ5ji6MMkJhLM0TGi3U3xsZjpSaR4GZLHKqVa8Q//MGqQ5vvYyJJNVUkOWhMOVIx6ioAY2YpETzuSGYSGayIjLBEhNtyqqZEtzVL6+T7nXDdRruY7PeuivrqMIZnMMluHADLXiANnSAwAye4RXerMx6sd6tj+VoxSp3TuEPrM8fgrWTjw==</latexit>

�⇤
i

<latexit sha1_base64="GDFirQvxJQimG+DmwdLKOJR61I0=">AAACAHicbVC7TsMwFHV4lvIKMDCwWFRIiKFKEBKMFSyMRaIPqQmR4zitVTuObAepirLwKywMIMTKZ7DxNzhtBmg5kuWjc+7VvfeEKaNKO863tbS8srq2Xtuob25t7+zae/tdJTKJSQcLJmQ/RIowmpCOppqRfioJ4iEjvXB8U/q9RyIVFcm9nqTE52iY0JhipI0U2IdeKFikJtx8uafokKMioA9ngd1wms4UcJG4FWmACu3A/vIigTNOEo0ZUmrgOqn2cyQ1xYwUdS9TJEV4jIZkYGiCOFF+Pj2ggCdGiWAspHmJhlP1d0eOuCp3NJUc6ZGa90rxP2+Q6fjKz2mSZpokeDYozhjUApZpwIhKgjWbGIKwpGZXiEdIIqxNZnUTgjt/8iLpnjddp+neXTRa11UcNXAEjsEpcMElaIFb0AYdgEEBnsEreLOerBfr3fqYlS5ZVc8B+APr8wdRopbZ</latexit><latexit sha1_base64="GDFirQvxJQimG+DmwdLKOJR61I0=">AAACAHicbVC7TsMwFHV4lvIKMDCwWFRIiKFKEBKMFSyMRaIPqQmR4zitVTuObAepirLwKywMIMTKZ7DxNzhtBmg5kuWjc+7VvfeEKaNKO863tbS8srq2Xtuob25t7+zae/tdJTKJSQcLJmQ/RIowmpCOppqRfioJ4iEjvXB8U/q9RyIVFcm9nqTE52iY0JhipI0U2IdeKFikJtx8uafokKMioA9ngd1wms4UcJG4FWmACu3A/vIigTNOEo0ZUmrgOqn2cyQ1xYwUdS9TJEV4jIZkYGiCOFF+Pj2ggCdGiWAspHmJhlP1d0eOuCp3NJUc6ZGa90rxP2+Q6fjKz2mSZpokeDYozhjUApZpwIhKgjWbGIKwpGZXiEdIIqxNZnUTgjt/8iLpnjddp+neXTRa11UcNXAEjsEpcMElaIFb0AYdgEEBnsEreLOerBfr3fqYlS5ZVc8B+APr8wdRopbZ</latexit><latexit sha1_base64="GDFirQvxJQimG+DmwdLKOJR61I0=">AAACAHicbVC7TsMwFHV4lvIKMDCwWFRIiKFKEBKMFSyMRaIPqQmR4zitVTuObAepirLwKywMIMTKZ7DxNzhtBmg5kuWjc+7VvfeEKaNKO863tbS8srq2Xtuob25t7+zae/tdJTKJSQcLJmQ/RIowmpCOppqRfioJ4iEjvXB8U/q9RyIVFcm9nqTE52iY0JhipI0U2IdeKFikJtx8uafokKMioA9ngd1wms4UcJG4FWmACu3A/vIigTNOEo0ZUmrgOqn2cyQ1xYwUdS9TJEV4jIZkYGiCOFF+Pj2ggCdGiWAspHmJhlP1d0eOuCp3NJUc6ZGa90rxP2+Q6fjKz2mSZpokeDYozhjUApZpwIhKgjWbGIKwpGZXiEdIIqxNZnUTgjt/8iLpnjddp+neXTRa11UcNXAEjsEpcMElaIFb0AYdgEEBnsEreLOerBfr3fqYlS5ZVc8B+APr8wdRopbZ</latexit><latexit sha1_base64="GDFirQvxJQimG+DmwdLKOJR61I0=">AAACAHicbVC7TsMwFHV4lvIKMDCwWFRIiKFKEBKMFSyMRaIPqQmR4zitVTuObAepirLwKywMIMTKZ7DxNzhtBmg5kuWjc+7VvfeEKaNKO863tbS8srq2Xtuob25t7+zae/tdJTKJSQcLJmQ/RIowmpCOppqRfioJ4iEjvXB8U/q9RyIVFcm9nqTE52iY0JhipI0U2IdeKFikJtx8uafokKMioA9ngd1wms4UcJG4FWmACu3A/vIigTNOEo0ZUmrgOqn2cyQ1xYwUdS9TJEV4jIZkYGiCOFF+Pj2ggCdGiWAspHmJhlP1d0eOuCp3NJUc6ZGa90rxP2+Q6fjKz2mSZpokeDYozhjUApZpwIhKgjWbGIKwpGZXiEdIIqxNZnUTgjt/8iLpnjddp+neXTRa11UcNXAEjsEpcMElaIFb0AYdgEEBnsEreLOerBfr3fqYlS5ZVc8B+APr8wdRopbZ</latexit>

�i
<latexit sha1_base64="Uob98sGEUCoOrBSjf4yycqAjqxk=">AAAB/nicbVDNS8MwHE3n15xfVfHkJTgET6MVQY9DLx4nuDlYS0nTdAvLR0lSYZSB/4oXD4p49e/w5n9juvWgmw9CHu/9fuTlxRmj2njet1NbWV1b36hvNra2d3b33P2Dnpa5wqSLJZOqHyNNGBWka6hhpJ8pgnjMyEM8vin9h0eiNJXi3kwyEnI0FDSlGBkrRe5REEuW6Am3VxFoOuRoGtHIbXotbwa4TPyKNEGFTuR+BYnEOSfCYIa0HvheZsICKUMxI9NGkGuSITxGQzKwVCBOdFjM4k/hqVUSmEpljzBwpv7eKBDXZUI7yZEZ6UWvFP/zBrlJr8KCiiw3ROD5Q2nOoJGw7AImVBFs2MQShBW1WSEeIYWwsY01bAn+4peXSe+85Xst/+6i2b6u6qiDY3ACzoAPLkEb3IIO6AIMCvAMXsGb8+S8OO/Ox3y05lQ7h+APnM8fJz2WPQ==</latexit><latexit sha1_base64="Uob98sGEUCoOrBSjf4yycqAjqxk=">AAAB/nicbVDNS8MwHE3n15xfVfHkJTgET6MVQY9DLx4nuDlYS0nTdAvLR0lSYZSB/4oXD4p49e/w5n9juvWgmw9CHu/9fuTlxRmj2njet1NbWV1b36hvNra2d3b33P2Dnpa5wqSLJZOqHyNNGBWka6hhpJ8pgnjMyEM8vin9h0eiNJXi3kwyEnI0FDSlGBkrRe5REEuW6Am3VxFoOuRoGtHIbXotbwa4TPyKNEGFTuR+BYnEOSfCYIa0HvheZsICKUMxI9NGkGuSITxGQzKwVCBOdFjM4k/hqVUSmEpljzBwpv7eKBDXZUI7yZEZ6UWvFP/zBrlJr8KCiiw3ROD5Q2nOoJGw7AImVBFs2MQShBW1WSEeIYWwsY01bAn+4peXSe+85Xst/+6i2b6u6qiDY3ACzoAPLkEb3IIO6AIMCvAMXsGb8+S8OO/Ox3y05lQ7h+APnM8fJz2WPQ==</latexit><latexit sha1_base64="Uob98sGEUCoOrBSjf4yycqAjqxk=">AAAB/nicbVDNS8MwHE3n15xfVfHkJTgET6MVQY9DLx4nuDlYS0nTdAvLR0lSYZSB/4oXD4p49e/w5n9juvWgmw9CHu/9fuTlxRmj2njet1NbWV1b36hvNra2d3b33P2Dnpa5wqSLJZOqHyNNGBWka6hhpJ8pgnjMyEM8vin9h0eiNJXi3kwyEnI0FDSlGBkrRe5REEuW6Am3VxFoOuRoGtHIbXotbwa4TPyKNEGFTuR+BYnEOSfCYIa0HvheZsICKUMxI9NGkGuSITxGQzKwVCBOdFjM4k/hqVUSmEpljzBwpv7eKBDXZUI7yZEZ6UWvFP/zBrlJr8KCiiw3ROD5Q2nOoJGw7AImVBFs2MQShBW1WSEeIYWwsY01bAn+4peXSe+85Xst/+6i2b6u6qiDY3ACzoAPLkEb3IIO6AIMCvAMXsGb8+S8OO/Ox3y05lQ7h+APnM8fJz2WPQ==</latexit><latexit sha1_base64="Uob98sGEUCoOrBSjf4yycqAjqxk=">AAAB/nicbVDNS8MwHE3n15xfVfHkJTgET6MVQY9DLx4nuDlYS0nTdAvLR0lSYZSB/4oXD4p49e/w5n9juvWgmw9CHu/9fuTlxRmj2njet1NbWV1b36hvNra2d3b33P2Dnpa5wqSLJZOqHyNNGBWka6hhpJ8pgnjMyEM8vin9h0eiNJXi3kwyEnI0FDSlGBkrRe5REEuW6Am3VxFoOuRoGtHIbXotbwa4TPyKNEGFTuR+BYnEOSfCYIa0HvheZsICKUMxI9NGkGuSITxGQzKwVCBOdFjM4k/hqVUSmEpljzBwpv7eKBDXZUI7yZEZ6UWvFP/zBrlJr8KCiiw3ROD5Q2nOoJGw7AImVBFs2MQShBW1WSEeIYWwsY01bAn+4peXSe+85Xst/+6i2b6u6qiDY3ACzoAPLkEb3IIO6AIMCvAMXsGb8+S8OO/Ox3y05lQ7h+APnM8fJz2WPQ==</latexit>

find minimum dual 
function



Dual Optimization
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Lagrangian relaxation 
Network relaxation 
Semidefinite relaxation

ConvDual

Primal

Dual

z
<latexit sha1_base64="HDzXchlsPlmuEyZZ/9zFJ+iVC6I=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N0IN/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB6UGM/g==</latexit><latexit sha1_base64="HDzXchlsPlmuEyZZ/9zFJ+iVC6I=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N0IN/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB6UGM/g==</latexit><latexit sha1_base64="HDzXchlsPlmuEyZZ/9zFJ+iVC6I=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N0IN/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB6UGM/g==</latexit><latexit sha1_base64="HDzXchlsPlmuEyZZ/9zFJ+iVC6I=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N0IN/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB6UGM/g==</latexit>

ẑ
<latexit sha1_base64="VGLSCN98gvocARP/3zXp0heglw4=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbTbt0swm7E6GG/ggvHhTx6u/x5r9x0+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHJtRKwecJpwP6IjJULBKFqp0x9TzJ5mg2rNrbtzkFXiFaQGBZqD6ld/GLM04gqZpMb0PDdBP6MaBZN8VumnhieUTeiI9yxVNOLGz+bnzsiZVYYkjLUthWSu/p7IaGTMNApsZ0RxbJa9XPzP66UYXvuZUEmKXLHFojCVBGOS/06GQnOGcmoJZVrYWwkbU00Z2oQqNgRv+eVV0r6oe27du7+sNW6KOMpwAqdwDh5cQQPuoAktYDCBZ3iFNydxXpx352PRWnKKmWP4A+fzB7NGj8s=</latexit><latexit sha1_base64="VGLSCN98gvocARP/3zXp0heglw4=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbTbt0swm7E6GG/ggvHhTx6u/x5r9x0+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHJtRKwecJpwP6IjJULBKFqp0x9TzJ5mg2rNrbtzkFXiFaQGBZqD6ld/GLM04gqZpMb0PDdBP6MaBZN8VumnhieUTeiI9yxVNOLGz+bnzsiZVYYkjLUthWSu/p7IaGTMNApsZ0RxbJa9XPzP66UYXvuZUEmKXLHFojCVBGOS/06GQnOGcmoJZVrYWwkbU00Z2oQqNgRv+eVV0r6oe27du7+sNW6KOMpwAqdwDh5cQQPuoAktYDCBZ3iFNydxXpx352PRWnKKmWP4A+fzB7NGj8s=</latexit><latexit sha1_base64="VGLSCN98gvocARP/3zXp0heglw4=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbTbt0swm7E6GG/ggvHhTx6u/x5r9x0+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHJtRKwecJpwP6IjJULBKFqp0x9TzJ5mg2rNrbtzkFXiFaQGBZqD6ld/GLM04gqZpMb0PDdBP6MaBZN8VumnhieUTeiI9yxVNOLGz+bnzsiZVYYkjLUthWSu/p7IaGTMNApsZ0RxbJa9XPzP66UYXvuZUEmKXLHFojCVBGOS/06GQnOGcmoJZVrYWwkbU00Z2oQqNgRv+eVV0r6oe27du7+sNW6KOMpwAqdwDh5cQQPuoAktYDCBZ3iFNydxXpx352PRWnKKmWP4A+fzB7NGj8s=</latexit><latexit sha1_base64="VGLSCN98gvocARP/3zXp0heglw4=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbTbt0swm7E6GG/ggvHhTx6u/x5r9x0+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHJtRKwecJpwP6IjJULBKFqp0x9TzJ5mg2rNrbtzkFXiFaQGBZqD6ld/GLM04gqZpMb0PDdBP6MaBZN8VumnhieUTeiI9yxVNOLGz+bnzsiZVYYkjLUthWSu/p7IaGTMNApsZ0RxbJa9XPzP66UYXvuZUEmKXLHFojCVBGOS/06GQnOGcmoJZVrYWwkbU00Z2oQqNgRv+eVV0r6oe27du7+sNW6KOMpwAqdwDh5cQQPuoAktYDCBZ3iFNydxXpx352PRWnKKmWP4A+fzB7NGj8s=</latexit>

û
<latexit sha1_base64="2zvh4JVwnE3OIbZ2rX93dcNACb4=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhNnJbDJkdnaZ6RHCko/w4kERr36PN//GSbIHTSxoKKq66e6KMikM+v63t7a+sbm1Xdop7+7tHxxWjo5bJrWa8SZLZao7ETVcCsWbKFDyTqY5TSLJ29H4bua3n7g2IlWPOMl4mNChErFgFJ3U7o0o5nbar1T9mj8HWSVBQapQoNGvfPUGKbMJV8gkNaYb+BmGOdUomOTTcs8anlE2pkPedVTRhJswn587JedOGZA41a4Ukrn6eyKniTGTJHKdCcWRWfZm4n9e12J8E+ZCZRa5YotFsZUEUzL7nQyE5gzlxBHKtHC3EjaimjJ0CZVdCMHyy6ukdVkL/FrwcFWt3xZxlOAUzuACAriGOtxDA5rAYAzP8ApvXua9eO/ex6J1zStmTuAPvM8fq62Pxg==</latexit><latexit sha1_base64="2zvh4JVwnE3OIbZ2rX93dcNACb4=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhNnJbDJkdnaZ6RHCko/w4kERr36PN//GSbIHTSxoKKq66e6KMikM+v63t7a+sbm1Xdop7+7tHxxWjo5bJrWa8SZLZao7ETVcCsWbKFDyTqY5TSLJ29H4bua3n7g2IlWPOMl4mNChErFgFJ3U7o0o5nbar1T9mj8HWSVBQapQoNGvfPUGKbMJV8gkNaYb+BmGOdUomOTTcs8anlE2pkPedVTRhJswn587JedOGZA41a4Ukrn6eyKniTGTJHKdCcWRWfZm4n9e12J8E+ZCZRa5YotFsZUEUzL7nQyE5gzlxBHKtHC3EjaimjJ0CZVdCMHyy6ukdVkL/FrwcFWt3xZxlOAUzuACAriGOtxDA5rAYAzP8ApvXua9eO/ex6J1zStmTuAPvM8fq62Pxg==</latexit><latexit sha1_base64="2zvh4JVwnE3OIbZ2rX93dcNACb4=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhNnJbDJkdnaZ6RHCko/w4kERr36PN//GSbIHTSxoKKq66e6KMikM+v63t7a+sbm1Xdop7+7tHxxWjo5bJrWa8SZLZao7ETVcCsWbKFDyTqY5TSLJ29H4bua3n7g2IlWPOMl4mNChErFgFJ3U7o0o5nbar1T9mj8HWSVBQapQoNGvfPUGKbMJV8gkNaYb+BmGOdUomOTTcs8anlE2pkPedVTRhJswn587JedOGZA41a4Ukrn6eyKniTGTJHKdCcWRWfZm4n9e12J8E+ZCZRa5YotFsZUEUzL7nQyE5gzlxBHKtHC3EjaimjJ0CZVdCMHyy6ukdVkL/FrwcFWt3xZxlOAUzuACAriGOtxDA5rAYAzP8ApvXua9eO/ex6J1zStmTuAPvM8fq62Pxg==</latexit><latexit sha1_base64="2zvh4JVwnE3OIbZ2rX93dcNACb4=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhNnJbDJkdnaZ6RHCko/w4kERr36PN//GSbIHTSxoKKq66e6KMikM+v63t7a+sbm1Xdop7+7tHxxWjo5bJrWa8SZLZao7ETVcCsWbKFDyTqY5TSLJ29H4bua3n7g2IlWPOMl4mNChErFgFJ3U7o0o5nbar1T9mj8HWSVBQapQoNGvfPUGKbMJV8gkNaYb+BmGOdUomOTTcs8anlE2pkPedVTRhJswn587JedOGZA41a4Ukrn6eyKniTGTJHKdCcWRWfZm4n9e12J8E+ZCZRa5YotFsZUEUzL7nQyE5gzlxBHKtHC3EjaimjJ0CZVdCMHyy6ukdVkL/FrwcFWt3xZxlOAUzuACAriGOtxDA5rAYAzP8ApvXua9eO/ex6J1zStmTuAPvM8fq62Pxg==</latexit>

l̂
<latexit sha1_base64="Mcspf5E+FcKy3v99aNZYI7tfHIU=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhNnJbDJkdmaZ6RXCko/w4kERr36PN//GSbIHTSxoKKq66e6KUiks+v63t7a+sbm1Xdop7+7tHxxWjo5bVmeG8SbTUptORC2XQvEmCpS8kxpOk0jydjS+m/ntJ26s0OoRJykPEzpUIhaMopPavRHFXE77lapf8+cgqyQoSBUKNPqVr95AsyzhCpmk1nYDP8UwpwYFk3xa7mWWp5SN6ZB3HVU04TbM5+dOyblTBiTWxpVCMld/T+Q0sXaSRK4zoTiyy95M/M/rZhjfhLlQaYZcscWiOJMENZn9TgbCcIZy4ghlRrhbCRtRQxm6hMouhGD55VXSuqwFfi14uKrWb4s4SnAKZ3ABAVxDHe6hAU1gMIZneIU3L/VevHfvY9G65hUzJ/AH3ucPngCPvQ==</latexit><latexit sha1_base64="Mcspf5E+FcKy3v99aNZYI7tfHIU=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhNnJbDJkdmaZ6RXCko/w4kERr36PN//GSbIHTSxoKKq66e6KUiks+v63t7a+sbm1Xdop7+7tHxxWjo5bVmeG8SbTUptORC2XQvEmCpS8kxpOk0jydjS+m/ntJ26s0OoRJykPEzpUIhaMopPavRHFXE77lapf8+cgqyQoSBUKNPqVr95AsyzhCpmk1nYDP8UwpwYFk3xa7mWWp5SN6ZB3HVU04TbM5+dOyblTBiTWxpVCMld/T+Q0sXaSRK4zoTiyy95M/M/rZhjfhLlQaYZcscWiOJMENZn9TgbCcIZy4ghlRrhbCRtRQxm6hMouhGD55VXSuqwFfi14uKrWb4s4SnAKZ3ABAVxDHe6hAU1gMIZneIU3L/VevHfvY9G65hUzJ/AH3ucPngCPvQ==</latexit><latexit sha1_base64="Mcspf5E+FcKy3v99aNZYI7tfHIU=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhNnJbDJkdmaZ6RXCko/w4kERr36PN//GSbIHTSxoKKq66e6KUiks+v63t7a+sbm1Xdop7+7tHxxWjo5bVmeG8SbTUptORC2XQvEmCpS8kxpOk0jydjS+m/ntJ26s0OoRJykPEzpUIhaMopPavRHFXE77lapf8+cgqyQoSBUKNPqVr95AsyzhCpmk1nYDP8UwpwYFk3xa7mWWp5SN6ZB3HVU04TbM5+dOyblTBiTWxpVCMld/T+Q0sXaSRK4zoTiyy95M/M/rZhjfhLlQaYZcscWiOJMENZn9TgbCcIZy4ghlRrhbCRtRQxm6hMouhGD55VXSuqwFfi14uKrWb4s4SnAKZ3ABAVxDHe6hAU1gMIZneIU3L/VevHfvY9G65hUzJ/AH3ucPngCPvQ==</latexit><latexit sha1_base64="Mcspf5E+FcKy3v99aNZYI7tfHIU=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhNnJbDJkdmaZ6RXCko/w4kERr36PN//GSbIHTSxoKKq66e6KUiks+v63t7a+sbm1Xdop7+7tHxxWjo5bVmeG8SbTUptORC2XQvEmCpS8kxpOk0jydjS+m/ntJ26s0OoRJykPEzpUIhaMopPavRHFXE77lapf8+cgqyQoSBUKNPqVr95AsyzhCpmk1nYDP8UwpwYFk3xa7mWWp5SN6ZB3HVU04TbM5+dOyblTBiTWxpVCMld/T+Q0sXaSRK4zoTiyy95M/M/rZhjfhLlQaYZcscWiOJMENZn9TgbCcIZy4ghlRrhbCRtRQxm6hMouhGD55VXSuqwFfi14uKrWb4s4SnAKZ3ABAVxDHe6hAU1gMIZneIU3L/VevHfvY9G65hUzJ/AH3ucPngCPvQ==</latexit>

⌫̂
<latexit sha1_base64="ChdrLIHGo828izHUfq4HWW1Iyxs=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9kOaUDbbTbt0swm7E6GE/govHhTx6s/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuhtRwKRRvoUDJu6nmNA4l74Tj25nfeeLaiEQ94CTlQUyHSkSCUbTSoz+imPsqm/arNbfuzkFWiVeQGhRo9qtf/iBhWcwVMkmN6XluikFONQom+bTiZ4anlI3pkPcsVTTmJsjnB0/JmVUGJEq0LYVkrv6eyGlszCQObWdMcWSWvZn4n9fLMLoOcqHSDLlii0VRJgkmZPY9GQjNGcqJJZRpYW8lbEQ1ZWgzqtgQvOWXV0n7ou65de/+sta4KeIowwmcwjl4cAUNuIMmtIBBDM/wCm+Odl6cd+dj0Vpyiplj+APn8wct7ZCk</latexit><latexit sha1_base64="ChdrLIHGo828izHUfq4HWW1Iyxs=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9kOaUDbbTbt0swm7E6GE/govHhTx6s/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuhtRwKRRvoUDJu6nmNA4l74Tj25nfeeLaiEQ94CTlQUyHSkSCUbTSoz+imPsqm/arNbfuzkFWiVeQGhRo9qtf/iBhWcwVMkmN6XluikFONQom+bTiZ4anlI3pkPcsVTTmJsjnB0/JmVUGJEq0LYVkrv6eyGlszCQObWdMcWSWvZn4n9fLMLoOcqHSDLlii0VRJgkmZPY9GQjNGcqJJZRpYW8lbEQ1ZWgzqtgQvOWXV0n7ou65de/+sta4KeIowwmcwjl4cAUNuIMmtIBBDM/wCm+Odl6cd+dj0Vpyiplj+APn8wct7ZCk</latexit><latexit sha1_base64="ChdrLIHGo828izHUfq4HWW1Iyxs=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9kOaUDbbTbt0swm7E6GE/govHhTx6s/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuhtRwKRRvoUDJu6nmNA4l74Tj25nfeeLaiEQ94CTlQUyHSkSCUbTSoz+imPsqm/arNbfuzkFWiVeQGhRo9qtf/iBhWcwVMkmN6XluikFONQom+bTiZ4anlI3pkPcsVTTmJsjnB0/JmVUGJEq0LYVkrv6eyGlszCQObWdMcWSWvZn4n9fLMLoOcqHSDLlii0VRJgkmZPY9GQjNGcqJJZRpYW8lbEQ1ZWgzqtgQvOWXV0n7ou65de/+sta4KeIowwmcwjl4cAUNuIMmtIBBDM/wCm+Odl6cd+dj0Vpyiplj+APn8wct7ZCk</latexit><latexit sha1_base64="ChdrLIHGo828izHUfq4HWW1Iyxs=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9kOaUDbbTbt0swm7E6GE/govHhTx6s/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuhtRwKRRvoUDJu6nmNA4l74Tj25nfeeLaiEQ94CTlQUyHSkSCUbTSoz+imPsqm/arNbfuzkFWiVeQGhRo9qtf/iBhWcwVMkmN6XluikFONQom+bTiZ4anlI3pkPcsVTTmJsjnB0/JmVUGJEq0LYVkrv6eyGlszCQObWdMcWSWvZn4n9fLMLoOcqHSDLlii0VRJgkmZPY9GQjNGcqJJZRpYW8lbEQ1ZWgzqtgQvOWXV0n7ou65de/+sta4KeIowwmcwjl4cAUNuIMmtIBBDM/wCm+Odl6cd+dj0Vpyiplj+APn8wct7ZCk</latexit>

⌫
<latexit sha1_base64="QzPQlzp7LG42rVgcii2BXB1/0uo=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpoaeyvlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AV7jjdc=</latexit><latexit sha1_base64="QzPQlzp7LG42rVgcii2BXB1/0uo=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpoaeyvlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AV7jjdc=</latexit><latexit sha1_base64="QzPQlzp7LG42rVgcii2BXB1/0uo=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpoaeyvlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AV7jjdc=</latexit><latexit sha1_base64="QzPQlzp7LG42rVgcii2BXB1/0uo=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpoaeyvlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AV7jjdc=</latexit>

⌫̂z  û

û� l̂
⌫̂

| {z }
⌫

ẑ

<latexit sha1_base64="H318O+eO5A6arsGyRw7eRyQuR0g="></latexit><latexit sha1_base64="H318O+eO5A6arsGyRw7eRyQuR0g="></latexit><latexit sha1_base64="H318O+eO5A6arsGyRw7eRyQuR0g="></latexit><latexit sha1_base64="H318O+eO5A6arsGyRw7eRyQuR0g="></latexit>

û

û� l̂
ẑ  z  û

û� l̂
(ẑ � l̂)

<latexit sha1_base64="UIJI+DOKwlu6p1fgGo1yE+Ffuxs=">AAACSnicfVBLSwMxGPy2Vq31terRS7AI9WDZFUGPRS8eK9gHdEvJptk2mH2YZIW67O/z4smbP8KLB0W8mG63oK04EL5h5huSjBtxJpVlvRiFpeLyympprby+sbm1be7stmQYC0KbJOSh6LhYUs4C2lRMcdqJBMW+y2nbvb2c+O17KiQLgxs1jmjPx8OAeYxgpaW+iR1PYJI4I6xQnOYTHaOM8HQ6H5DD6d1s/J+o5omZcNQ3K1bNyoAWiZ2TCuRo9M1nZxCS2KeBIhxL2bWtSPUSLBQjnKZlJ5Y0wuQWD2lX0wD7VPaSrIoUHWplgLxQ6BMolKk/Ewn2pRz7rt70sRrJeW8i/uV1Y+Wd9xIWRLGiAZle5MUcqRBNekUDJihRfKwJJoLptyIywroppdsv6xLs+S8vktZJzbZq9vVppX6R11GCfTiAKthwBnW4ggY0gcAjvMI7fBhPxpvxaXxNVwtGntmDXygUvwGUIbDB</latexit><latexit sha1_base64="UIJI+DOKwlu6p1fgGo1yE+Ffuxs=">AAACSnicfVBLSwMxGPy2Vq31terRS7AI9WDZFUGPRS8eK9gHdEvJptk2mH2YZIW67O/z4smbP8KLB0W8mG63oK04EL5h5huSjBtxJpVlvRiFpeLyympprby+sbm1be7stmQYC0KbJOSh6LhYUs4C2lRMcdqJBMW+y2nbvb2c+O17KiQLgxs1jmjPx8OAeYxgpaW+iR1PYJI4I6xQnOYTHaOM8HQ6H5DD6d1s/J+o5omZcNQ3K1bNyoAWiZ2TCuRo9M1nZxCS2KeBIhxL2bWtSPUSLBQjnKZlJ5Y0wuQWD2lX0wD7VPaSrIoUHWplgLxQ6BMolKk/Ewn2pRz7rt70sRrJeW8i/uV1Y+Wd9xIWRLGiAZle5MUcqRBNekUDJihRfKwJJoLptyIywroppdsv6xLs+S8vktZJzbZq9vVppX6R11GCfTiAKthwBnW4ggY0gcAjvMI7fBhPxpvxaXxNVwtGntmDXygUvwGUIbDB</latexit><latexit sha1_base64="UIJI+DOKwlu6p1fgGo1yE+Ffuxs=">AAACSnicfVBLSwMxGPy2Vq31terRS7AI9WDZFUGPRS8eK9gHdEvJptk2mH2YZIW67O/z4smbP8KLB0W8mG63oK04EL5h5huSjBtxJpVlvRiFpeLyympprby+sbm1be7stmQYC0KbJOSh6LhYUs4C2lRMcdqJBMW+y2nbvb2c+O17KiQLgxs1jmjPx8OAeYxgpaW+iR1PYJI4I6xQnOYTHaOM8HQ6H5DD6d1s/J+o5omZcNQ3K1bNyoAWiZ2TCuRo9M1nZxCS2KeBIhxL2bWtSPUSLBQjnKZlJ5Y0wuQWD2lX0wD7VPaSrIoUHWplgLxQ6BMolKk/Ewn2pRz7rt70sRrJeW8i/uV1Y+Wd9xIWRLGiAZle5MUcqRBNekUDJihRfKwJJoLptyIywroppdsv6xLs+S8vktZJzbZq9vVppX6R11GCfTiAKthwBnW4ggY0gcAjvMI7fBhPxpvxaXxNVwtGntmDXygUvwGUIbDB</latexit><latexit sha1_base64="UIJI+DOKwlu6p1fgGo1yE+Ffuxs=">AAACSnicfVBLSwMxGPy2Vq31terRS7AI9WDZFUGPRS8eK9gHdEvJptk2mH2YZIW67O/z4smbP8KLB0W8mG63oK04EL5h5huSjBtxJpVlvRiFpeLyympprby+sbm1be7stmQYC0KbJOSh6LhYUs4C2lRMcdqJBMW+y2nbvb2c+O17KiQLgxs1jmjPx8OAeYxgpaW+iR1PYJI4I6xQnOYTHaOM8HQ6H5DD6d1s/J+o5omZcNQ3K1bNyoAWiZ2TCuRo9M1nZxCS2KeBIhxL2bWtSPUSLBQjnKZlJ5Y0wuQWD2lX0wD7VPaSrIoUHWplgLxQ6BMolKk/Ewn2pRz7rt70sRrJeW8i/uV1Y+Wd9xIWRLGiAZle5MUcqRBNekUDJihRfKwJJoLptyIywroppdsv6xLs+S8vktZJzbZq9vVppX6R11GCfTiAKthwBnW4ggY0gcAjvMI7fBhPxpvxaXxNVwtGntmDXygUvwGUIbDB</latexit>

* The dual network is linear!



Dual Optimization

!26

Lagrangian relaxation 
Network relaxation 
Semidefinite relaxation

Certify

Only works for NN with one hidden layer

Lipschitz 
constant

J
<latexit sha1_base64="sUw7tiBtF+H8EqwBLDH9JL5vMNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi3hqwX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8MJME/YgOJQ85o8ZKjft+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia89jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrYuq51a9xmWldpPHUYQTOIVz8OAKanAHdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8foIGMzg==</latexit><latexit sha1_base64="sUw7tiBtF+H8EqwBLDH9JL5vMNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi3hqwX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8MJME/YgOJQ85o8ZKjft+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia89jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrYuq51a9xmWldpPHUYQTOIVz8OAKanAHdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8foIGMzg==</latexit><latexit sha1_base64="sUw7tiBtF+H8EqwBLDH9JL5vMNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi3hqwX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8MJME/YgOJQ85o8ZKjft+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia89jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrYuq51a9xmWldpPHUYQTOIVz8OAKanAHdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8foIGMzg==</latexit><latexit sha1_base64="sUw7tiBtF+H8EqwBLDH9JL5vMNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi3hqwX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8MJME/YgOJQ85o8ZKjft+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia89jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrYuq51a9xmWldpPHUYQTOIVz8OAKanAHdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8foIGMzg==</latexit>

x
<latexit sha1_base64="PNhXodxz7BfcFth6hjyUBTHso7E=">AAAB8nicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+4A2lMl00g6dTMLMjVhCP8ONC0Xc+jXu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHJtRKwecJpwP6IjJULBKFqpl/UjiuMgJE+zQbXm1t05yCrxClKDAs1B9as/jFkacYVMUmN6npugn1GNgkk+q/RTwxPKJnTEe5YqGnHjZ/PIM3JmlSEJY22fQjJXf29kNDJmGgV2Mk9olr1c/M/rpRhe+5lQSYpcscVHYSoJxiS/nwyF5gzl1BLKtLBZCRtTTRnaliq2BG/55FXSvqh7bt27v6w1boo6ynACp3AOHlxBA+6gCS1gEMMzvMKbg86L8+58LEZLTrFzDH/gfP4AVtaRRg==</latexit><latexit sha1_base64="PNhXodxz7BfcFth6hjyUBTHso7E=">AAAB8nicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+4A2lMl00g6dTMLMjVhCP8ONC0Xc+jXu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHJtRKwecJpwP6IjJULBKFqpl/UjiuMgJE+zQbXm1t05yCrxClKDAs1B9as/jFkacYVMUmN6npugn1GNgkk+q/RTwxPKJnTEe5YqGnHjZ/PIM3JmlSEJY22fQjJXf29kNDJmGgV2Mk9olr1c/M/rpRhe+5lQSYpcscVHYSoJxiS/nwyF5gzl1BLKtLBZCRtTTRnaliq2BG/55FXSvqh7bt27v6w1boo6ynACp3AOHlxBA+6gCS1gEMMzvMKbg86L8+58LEZLTrFzDH/gfP4AVtaRRg==</latexit><latexit sha1_base64="PNhXodxz7BfcFth6hjyUBTHso7E=">AAAB8nicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+4A2lMl00g6dTMLMjVhCP8ONC0Xc+jXu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHJtRKwecJpwP6IjJULBKFqpl/UjiuMgJE+zQbXm1t05yCrxClKDAs1B9as/jFkacYVMUmN6npugn1GNgkk+q/RTwxPKJnTEe5YqGnHjZ/PIM3JmlSEJY22fQjJXf29kNDJmGgV2Mk9olr1c/M/rpRhe+5lQSYpcscVHYSoJxiS/nwyF5gzl1BLKtLBZCRtTTRnaliq2BG/55FXSvqh7bt27v6w1boo6ynACp3AOHlxBA+6gCS1gEMMzvMKbg86L8+58LEZLTrFzDH/gfP4AVtaRRg==</latexit><latexit sha1_base64="PNhXodxz7BfcFth6hjyUBTHso7E=">AAAB8nicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+4A2lMl00g6dTMLMjVhCP8ONC0Xc+jXu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHJtRKwecJpwP6IjJULBKFqpl/UjiuMgJE+zQbXm1t05yCrxClKDAs1B9as/jFkacYVMUmN6npugn1GNgkk+q/RTwxPKJnTEe5YqGnHjZ/PIM3JmlSEJY22fQjJXf29kNDJmGgV2Mk9olr1c/M/rpRhe+5lQSYpcscVHYSoJxiS/nwyF5gzl1BLKtLBZCRtTTRnaliq2BG/55FXSvqh7bt27v6w1boo6ynACp3AOHlxBA+6gCS1gEMMzvMKbg86L8+58LEZLTrFzDH/gfP4AVtaRRg==</latexit>

⌫̂0
<latexit sha1_base64="HWBp7GJ9BqTZiyKKB78RAkDNeWk=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXJVEBF0W3bisYB/QhDCZTNqhk5kwMxFKiBt/xY0LRdz6F+78GydtFtp6YJjDOfdy7z1hyqjSjvNt1VZW19Y36puNre2d3T17/6CnRCYx6WLBhByESBFGOelqqhkZpJKgJGSkH05uSr//QKSigt/raUr8BI04jSlG2kiBfeSNkc69ULBITRPz5R7PiiJwArvptJwZ4DJxK9IEFTqB/eVFAmcJ4RozpNTQdVLt50hqihkpGl6mSIrwBI3I0FCOEqL8fHZBAU+NEsFYSPO4hjP1d0eOElXuZyoTpMdq0SvF/7xhpuMrP6c8zTTheD4ozhjUApZxwIhKgjWbGoKwpGZXiMdIIqxNaA0Tgrt48jLpnbdcp+XeXTTb11UcdXAMTsAZcMElaINb0AFdgMEjeAav4M16sl6sd+tjXlqzqp5D8AfW5w92DJeF</latexit><latexit sha1_base64="HWBp7GJ9BqTZiyKKB78RAkDNeWk=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXJVEBF0W3bisYB/QhDCZTNqhk5kwMxFKiBt/xY0LRdz6F+78GydtFtp6YJjDOfdy7z1hyqjSjvNt1VZW19Y36puNre2d3T17/6CnRCYx6WLBhByESBFGOelqqhkZpJKgJGSkH05uSr//QKSigt/raUr8BI04jSlG2kiBfeSNkc69ULBITRPz5R7PiiJwArvptJwZ4DJxK9IEFTqB/eVFAmcJ4RozpNTQdVLt50hqihkpGl6mSIrwBI3I0FCOEqL8fHZBAU+NEsFYSPO4hjP1d0eOElXuZyoTpMdq0SvF/7xhpuMrP6c8zTTheD4ozhjUApZxwIhKgjWbGoKwpGZXiMdIIqxNaA0Tgrt48jLpnbdcp+XeXTTb11UcdXAMTsAZcMElaINb0AFdgMEjeAav4M16sl6sd+tjXlqzqp5D8AfW5w92DJeF</latexit><latexit sha1_base64="HWBp7GJ9BqTZiyKKB78RAkDNeWk=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXJVEBF0W3bisYB/QhDCZTNqhk5kwMxFKiBt/xY0LRdz6F+78GydtFtp6YJjDOfdy7z1hyqjSjvNt1VZW19Y36puNre2d3T17/6CnRCYx6WLBhByESBFGOelqqhkZpJKgJGSkH05uSr//QKSigt/raUr8BI04jSlG2kiBfeSNkc69ULBITRPz5R7PiiJwArvptJwZ4DJxK9IEFTqB/eVFAmcJ4RozpNTQdVLt50hqihkpGl6mSIrwBI3I0FCOEqL8fHZBAU+NEsFYSPO4hjP1d0eOElXuZyoTpMdq0SvF/7xhpuMrP6c8zTTheD4ozhjUApZxwIhKgjWbGoKwpGZXiMdIIqxNaA0Tgrt48jLpnbdcp+XeXTTb11UcdXAMTsAZcMElaINb0AFdgMEjeAav4M16sl6sd+tjXlqzqp5D8AfW5w92DJeF</latexit><latexit sha1_base64="HWBp7GJ9BqTZiyKKB78RAkDNeWk=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXJVEBF0W3bisYB/QhDCZTNqhk5kwMxFKiBt/xY0LRdz6F+78GydtFtp6YJjDOfdy7z1hyqjSjvNt1VZW19Y36puNre2d3T17/6CnRCYx6WLBhByESBFGOelqqhkZpJKgJGSkH05uSr//QKSigt/raUr8BI04jSlG2kiBfeSNkc69ULBITRPz5R7PiiJwArvptJwZ4DJxK9IEFTqB/eVFAmcJ4RozpNTQdVLt50hqihkpGl6mSIrwBI3I0FCOEqL8fHZBAU+NEsFYSPO4hjP1d0eOElXuZyoTpMdq0SvF/7xhpuMrP6c8zTTheD4ozhjUApZxwIhKgjWbGoKwpGZXiMdIIqxNaA0Tgrt48jLpnbdcp+XeXTTb11UcdXAMTsAZcMElaINb0AFdgMEjeAav4M16sl6sd+tjXlqzqp5D8AfW5w92DJeF</latexit>



Search + Reachability

!27

FastLin

FastLip

ReluVal

Binary search of desired input radius 
Reachability by network approximation

FastLin + Lipchitz estimation

Search input domain by interval split 
Reachability by symbolic propagation

DLV Search layer-by-layer in hidden layers



Search + Reachability
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FastLin

FastLip

Input space Output space

Reachability



Search + Reachability
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FastLin

FastLip

Input space Output space

Reachability



Search + Reachability
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FastLin

FastLip

Input space Output space

Reachability



Search + Reachability
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FastLin

FastLip

Input space Output space

Reachability



ReluVal

Search + Reachability
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ReluVal

Search + Reachability

!29

X
<latexit sha1_base64="cjxWLffqlGvTygX6lqG/DQkun0Q=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC2koWy2m3bpJht2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKUw6LrfTmVtfWNzq7pd29nd2z+oHx51jco04x2mpNK9kBouRcI7KFDyXqo5jUPJH8PJbeE/PnFthEoecJryIKajRESCUbSS348pjhmVeW82qDfcpjsHWSVeSRpQoj2of/WHimUxT5BJaozvuSkGOdUomOSzWj8zPKVsQkfctzShMTdBPo88I2dWGZJIafsSJHP190ZOY2OmcWgni4hm2SvE/zw/w+g6yEWSZsgTtvgoyiRBRYr7yVBozlBOLaFMC5uVsDHVlKFtqWZL8JZPXiXdi6bnNr37y0brpqyjCidwCufgwRW04A7a0AEGCp7hFd4cdF6cd+djMVpxyp1j+APn8weTQZFu</latexit><latexit sha1_base64="cjxWLffqlGvTygX6lqG/DQkun0Q=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC2koWy2m3bpJht2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKUw6LrfTmVtfWNzq7pd29nd2z+oHx51jco04x2mpNK9kBouRcI7KFDyXqo5jUPJH8PJbeE/PnFthEoecJryIKajRESCUbSS348pjhmVeW82qDfcpjsHWSVeSRpQoj2of/WHimUxT5BJaozvuSkGOdUomOSzWj8zPKVsQkfctzShMTdBPo88I2dWGZJIafsSJHP190ZOY2OmcWgni4hm2SvE/zw/w+g6yEWSZsgTtvgoyiRBRYr7yVBozlBOLaFMC5uVsDHVlKFtqWZL8JZPXiXdi6bnNr37y0brpqyjCidwCufgwRW04A7a0AEGCp7hFd4cdF6cd+djMVpxyp1j+APn8weTQZFu</latexit><latexit sha1_base64="cjxWLffqlGvTygX6lqG/DQkun0Q=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC2koWy2m3bpJht2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKUw6LrfTmVtfWNzq7pd29nd2z+oHx51jco04x2mpNK9kBouRcI7KFDyXqo5jUPJH8PJbeE/PnFthEoecJryIKajRESCUbSS348pjhmVeW82qDfcpjsHWSVeSRpQoj2of/WHimUxT5BJaozvuSkGOdUomOSzWj8zPKVsQkfctzShMTdBPo88I2dWGZJIafsSJHP190ZOY2OmcWgni4hm2SvE/zw/w+g6yEWSZsgTtvgoyiRBRYr7yVBozlBOLaFMC5uVsDHVlKFtqWZL8JZPXiXdi6bnNr37y0brpqyjCidwCufgwRW04A7a0AEGCp7hFd4cdF6cd+djMVpxyp1j+APn8weTQZFu</latexit><latexit sha1_base64="cjxWLffqlGvTygX6lqG/DQkun0Q=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC2koWy2m3bpJht2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKUw6LrfTmVtfWNzq7pd29nd2z+oHx51jco04x2mpNK9kBouRcI7KFDyXqo5jUPJH8PJbeE/PnFthEoecJryIKajRESCUbSS348pjhmVeW82qDfcpjsHWSVeSRpQoj2of/WHimUxT5BJaozvuSkGOdUomOSzWj8zPKVsQkfctzShMTdBPo88I2dWGZJIafsSJHP190ZOY2OmcWgni4hm2SvE/zw/w+g6yEWSZsgTtvgoyiRBRYr7yVBozlBOLaFMC5uVsDHVlKFtqWZL8JZPXiXdi6bnNr37y0brpqyjCidwCufgwRW04A7a0AEGCp7hFd4cdF6cd+djMVpxyp1j+APn8weTQZFu</latexit>

Y
<latexit sha1_base64="Xv+GcGXQiLHGE+Dm0jRgDiJGpiE=">AAAB8nicbVDLSsNAFL2pr1pfVZdugkVwVRIRdFl047KCfUgbymQ6aYdOZsLMjVBCP8ONC0Xc+jXu/BsnbRbaemDgcM69zLknTAQ36HnfTmltfWNzq7xd2dnd2z+oHh61jUo1ZS2qhNLdkBgmuGQt5ChYN9GMxKFgnXBym/udJ6YNV/IBpwkLYjKSPOKUoJV6/ZjgmBKRPc4G1ZpX9+ZwV4lfkBoUaA6qX/2homnMJFJBjOn5XoJBRjRyKtis0k8NSwidkBHrWSpJzEyQzSPP3DOrDN1IafskunP190ZGYmOmcWgn84hm2cvF/7xeitF1kHGZpMgkXXwUpcJF5eb3u0OuGUUxtYRQzW1Wl46JJhRtSxVbgr988ippX9R9r+7fX9YaN0UdZTiBUzgHH66gAXfQhBZQUPAMr/DmoPPivDsfi9GSU+wcwx84nz+UxpFv</latexit><latexit sha1_base64="Xv+GcGXQiLHGE+Dm0jRgDiJGpiE=">AAAB8nicbVDLSsNAFL2pr1pfVZdugkVwVRIRdFl047KCfUgbymQ6aYdOZsLMjVBCP8ONC0Xc+jXu/BsnbRbaemDgcM69zLknTAQ36HnfTmltfWNzq7xd2dnd2z+oHh61jUo1ZS2qhNLdkBgmuGQt5ChYN9GMxKFgnXBym/udJ6YNV/IBpwkLYjKSPOKUoJV6/ZjgmBKRPc4G1ZpX9+ZwV4lfkBoUaA6qX/2homnMJFJBjOn5XoJBRjRyKtis0k8NSwidkBHrWSpJzEyQzSPP3DOrDN1IafskunP190ZGYmOmcWgn84hm2cvF/7xeitF1kHGZpMgkXXwUpcJF5eb3u0OuGUUxtYRQzW1Wl46JJhRtSxVbgr988ippX9R9r+7fX9YaN0UdZTiBUzgHH66gAXfQhBZQUPAMr/DmoPPivDsfi9GSU+wcwx84nz+UxpFv</latexit><latexit sha1_base64="Xv+GcGXQiLHGE+Dm0jRgDiJGpiE=">AAAB8nicbVDLSsNAFL2pr1pfVZdugkVwVRIRdFl047KCfUgbymQ6aYdOZsLMjVBCP8ONC0Xc+jXu/BsnbRbaemDgcM69zLknTAQ36HnfTmltfWNzq7xd2dnd2z+oHh61jUo1ZS2qhNLdkBgmuGQt5ChYN9GMxKFgnXBym/udJ6YNV/IBpwkLYjKSPOKUoJV6/ZjgmBKRPc4G1ZpX9+ZwV4lfkBoUaA6qX/2homnMJFJBjOn5XoJBRjRyKtis0k8NSwidkBHrWSpJzEyQzSPP3DOrDN1IafskunP190ZGYmOmcWgn84hm2cvF/7xeitF1kHGZpMgkXXwUpcJF5eb3u0OuGUUxtYRQzW1Wl46JJhRtSxVbgr988ippX9R9r+7fX9YaN0UdZTiBUzgHH66gAXfQhBZQUPAMr/DmoPPivDsfi9GSU+wcwx84nz+UxpFv</latexit><latexit sha1_base64="Xv+GcGXQiLHGE+Dm0jRgDiJGpiE=">AAAB8nicbVDLSsNAFL2pr1pfVZdugkVwVRIRdFl047KCfUgbymQ6aYdOZsLMjVBCP8ONC0Xc+jXu/BsnbRbaemDgcM69zLknTAQ36HnfTmltfWNzq7xd2dnd2z+oHh61jUo1ZS2qhNLdkBgmuGQt5ChYN9GMxKFgnXBym/udJ6YNV/IBpwkLYjKSPOKUoJV6/ZjgmBKRPc4G1ZpX9+ZwV4lfkBoUaA6qX/2homnMJFJBjOn5XoJBRjRyKtis0k8NSwidkBHrWSpJzEyQzSPP3DOrDN1IafskunP190ZGYmOmcWgn84hm2cvF/7xeitF1kHGZpMgkXXwUpcJF5eb3u0OuGUUxtYRQzW1Wl46JJhRtSxVbgr988ippX9R9r+7fX9YaN0UdZTiBUzgHH66gAXfQhBZQUPAMr/DmoPPivDsfi9GSU+wcwx84nz+UxpFv</latexit>

Iterative interval refinement



ReluVal

Search + Reachability

!29

X
<latexit sha1_base64="cjxWLffqlGvTygX6lqG/DQkun0Q=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC2koWy2m3bpJht2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKUw6LrfTmVtfWNzq7pd29nd2z+oHx51jco04x2mpNK9kBouRcI7KFDyXqo5jUPJH8PJbeE/PnFthEoecJryIKajRESCUbSS348pjhmVeW82qDfcpjsHWSVeSRpQoj2of/WHimUxT5BJaozvuSkGOdUomOSzWj8zPKVsQkfctzShMTdBPo88I2dWGZJIafsSJHP190ZOY2OmcWgni4hm2SvE/zw/w+g6yEWSZsgTtvgoyiRBRYr7yVBozlBOLaFMC5uVsDHVlKFtqWZL8JZPXiXdi6bnNr37y0brpqyjCidwCufgwRW04A7a0AEGCp7hFd4cdF6cd+djMVpxyp1j+APn8weTQZFu</latexit><latexit sha1_base64="cjxWLffqlGvTygX6lqG/DQkun0Q=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC2koWy2m3bpJht2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKUw6LrfTmVtfWNzq7pd29nd2z+oHx51jco04x2mpNK9kBouRcI7KFDyXqo5jUPJH8PJbeE/PnFthEoecJryIKajRESCUbSS348pjhmVeW82qDfcpjsHWSVeSRpQoj2of/WHimUxT5BJaozvuSkGOdUomOSzWj8zPKVsQkfctzShMTdBPo88I2dWGZJIafsSJHP190ZOY2OmcWgni4hm2SvE/zw/w+g6yEWSZsgTtvgoyiRBRYr7yVBozlBOLaFMC5uVsDHVlKFtqWZL8JZPXiXdi6bnNr37y0brpqyjCidwCufgwRW04A7a0AEGCp7hFd4cdF6cd+djMVpxyp1j+APn8weTQZFu</latexit><latexit sha1_base64="cjxWLffqlGvTygX6lqG/DQkun0Q=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC2koWy2m3bpJht2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKUw6LrfTmVtfWNzq7pd29nd2z+oHx51jco04x2mpNK9kBouRcI7KFDyXqo5jUPJH8PJbeE/PnFthEoecJryIKajRESCUbSS348pjhmVeW82qDfcpjsHWSVeSRpQoj2of/WHimUxT5BJaozvuSkGOdUomOSzWj8zPKVsQkfctzShMTdBPo88I2dWGZJIafsSJHP190ZOY2OmcWgni4hm2SvE/zw/w+g6yEWSZsgTtvgoyiRBRYr7yVBozlBOLaFMC5uVsDHVlKFtqWZL8JZPXiXdi6bnNr37y0brpqyjCidwCufgwRW04A7a0AEGCp7hFd4cdF6cd+djMVpxyp1j+APn8weTQZFu</latexit><latexit sha1_base64="cjxWLffqlGvTygX6lqG/DQkun0Q=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC2koWy2m3bpJht2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKUw6LrfTmVtfWNzq7pd29nd2z+oHx51jco04x2mpNK9kBouRcI7KFDyXqo5jUPJH8PJbeE/PnFthEoecJryIKajRESCUbSS348pjhmVeW82qDfcpjsHWSVeSRpQoj2of/WHimUxT5BJaozvuSkGOdUomOSzWj8zPKVsQkfctzShMTdBPo88I2dWGZJIafsSJHP190ZOY2OmcWgni4hm2SvE/zw/w+g6yEWSZsgTtvgoyiRBRYr7yVBozlBOLaFMC5uVsDHVlKFtqWZL8JZPXiXdi6bnNr37y0brpqyjCidwCufgwRW04A7a0AEGCp7hFd4cdF6cd+djMVpxyp1j+APn8weTQZFu</latexit>

Y
<latexit sha1_base64="Xv+GcGXQiLHGE+Dm0jRgDiJGpiE=">AAAB8nicbVDLSsNAFL2pr1pfVZdugkVwVRIRdFl047KCfUgbymQ6aYdOZsLMjVBCP8ONC0Xc+jXu/BsnbRbaemDgcM69zLknTAQ36HnfTmltfWNzq7xd2dnd2z+oHh61jUo1ZS2qhNLdkBgmuGQt5ChYN9GMxKFgnXBym/udJ6YNV/IBpwkLYjKSPOKUoJV6/ZjgmBKRPc4G1ZpX9+ZwV4lfkBoUaA6qX/2homnMJFJBjOn5XoJBRjRyKtis0k8NSwidkBHrWSpJzEyQzSPP3DOrDN1IafskunP190ZGYmOmcWgn84hm2cvF/7xeitF1kHGZpMgkXXwUpcJF5eb3u0OuGUUxtYRQzW1Wl46JJhRtSxVbgr988ippX9R9r+7fX9YaN0UdZTiBUzgHH66gAXfQhBZQUPAMr/DmoPPivDsfi9GSU+wcwx84nz+UxpFv</latexit><latexit sha1_base64="Xv+GcGXQiLHGE+Dm0jRgDiJGpiE=">AAAB8nicbVDLSsNAFL2pr1pfVZdugkVwVRIRdFl047KCfUgbymQ6aYdOZsLMjVBCP8ONC0Xc+jXu/BsnbRbaemDgcM69zLknTAQ36HnfTmltfWNzq7xd2dnd2z+oHh61jUo1ZS2qhNLdkBgmuGQt5ChYN9GMxKFgnXBym/udJ6YNV/IBpwkLYjKSPOKUoJV6/ZjgmBKRPc4G1ZpX9+ZwV4lfkBoUaA6qX/2homnMJFJBjOn5XoJBRjRyKtis0k8NSwidkBHrWSpJzEyQzSPP3DOrDN1IafskunP190ZGYmOmcWgn84hm2cvF/7xeitF1kHGZpMgkXXwUpcJF5eb3u0OuGUUxtYRQzW1Wl46JJhRtSxVbgr988ippX9R9r+7fX9YaN0UdZTiBUzgHH66gAXfQhBZQUPAMr/DmoPPivDsfi9GSU+wcwx84nz+UxpFv</latexit><latexit sha1_base64="Xv+GcGXQiLHGE+Dm0jRgDiJGpiE=">AAAB8nicbVDLSsNAFL2pr1pfVZdugkVwVRIRdFl047KCfUgbymQ6aYdOZsLMjVBCP8ONC0Xc+jXu/BsnbRbaemDgcM69zLknTAQ36HnfTmltfWNzq7xd2dnd2z+oHh61jUo1ZS2qhNLdkBgmuGQt5ChYN9GMxKFgnXBym/udJ6YNV/IBpwkLYjKSPOKUoJV6/ZjgmBKRPc4G1ZpX9+ZwV4lfkBoUaA6qX/2homnMJFJBjOn5XoJBRjRyKtis0k8NSwidkBHrWSpJzEyQzSPP3DOrDN1IafskunP190ZGYmOmcWgn84hm2cvF/7xeitF1kHGZpMgkXXwUpcJF5eb3u0OuGUUxtYRQzW1Wl46JJhRtSxVbgr988ippX9R9r+7fX9YaN0UdZTiBUzgHH66gAXfQhBZQUPAMr/DmoPPivDsfi9GSU+wcwx84nz+UxpFv</latexit><latexit sha1_base64="Xv+GcGXQiLHGE+Dm0jRgDiJGpiE=">AAAB8nicbVDLSsNAFL2pr1pfVZdugkVwVRIRdFl047KCfUgbymQ6aYdOZsLMjVBCP8ONC0Xc+jXu/BsnbRbaemDgcM69zLknTAQ36HnfTmltfWNzq7xd2dnd2z+oHh61jUo1ZS2qhNLdkBgmuGQt5ChYN9GMxKFgnXBym/udJ6YNV/IBpwkLYjKSPOKUoJV6/ZjgmBKRPc4G1ZpX9+ZwV4lfkBoUaA6qX/2homnMJFJBjOn5XoJBRjRyKtis0k8NSwidkBHrWSpJzEyQzSPP3DOrDN1IafskunP190ZGYmOmcWgn84hm2cvF/7xeitF1kHGZpMgkXXwUpcJF5eb3u0OuGUUxtYRQzW1Wl46JJhRtSxVbgr988ippX9R9r+7fX9YaN0UdZTiBUzgHH66gAXfQhBZQUPAMr/DmoPPivDsfi9GSU+wcwx84nz+UxpFv</latexit>

Iterative interval refinement



ReluVal

Search + Reachability

!29

X
<latexit sha1_base64="cjxWLffqlGvTygX6lqG/DQkun0Q=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC2koWy2m3bpJht2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKUw6LrfTmVtfWNzq7pd29nd2z+oHx51jco04x2mpNK9kBouRcI7KFDyXqo5jUPJH8PJbeE/PnFthEoecJryIKajRESCUbSS348pjhmVeW82qDfcpjsHWSVeSRpQoj2of/WHimUxT5BJaozvuSkGOdUomOSzWj8zPKVsQkfctzShMTdBPo88I2dWGZJIafsSJHP190ZOY2OmcWgni4hm2SvE/zw/w+g6yEWSZsgTtvgoyiRBRYr7yVBozlBOLaFMC5uVsDHVlKFtqWZL8JZPXiXdi6bnNr37y0brpqyjCidwCufgwRW04A7a0AEGCp7hFd4cdF6cd+djMVpxyp1j+APn8weTQZFu</latexit><latexit sha1_base64="cjxWLffqlGvTygX6lqG/DQkun0Q=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC2koWy2m3bpJht2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKUw6LrfTmVtfWNzq7pd29nd2z+oHx51jco04x2mpNK9kBouRcI7KFDyXqo5jUPJH8PJbeE/PnFthEoecJryIKajRESCUbSS348pjhmVeW82qDfcpjsHWSVeSRpQoj2of/WHimUxT5BJaozvuSkGOdUomOSzWj8zPKVsQkfctzShMTdBPo88I2dWGZJIafsSJHP190ZOY2OmcWgni4hm2SvE/zw/w+g6yEWSZsgTtvgoyiRBRYr7yVBozlBOLaFMC5uVsDHVlKFtqWZL8JZPXiXdi6bnNr37y0brpqyjCidwCufgwRW04A7a0AEGCp7hFd4cdF6cd+djMVpxyp1j+APn8weTQZFu</latexit><latexit sha1_base64="cjxWLffqlGvTygX6lqG/DQkun0Q=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC2koWy2m3bpJht2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKUw6LrfTmVtfWNzq7pd29nd2z+oHx51jco04x2mpNK9kBouRcI7KFDyXqo5jUPJH8PJbeE/PnFthEoecJryIKajRESCUbSS348pjhmVeW82qDfcpjsHWSVeSRpQoj2of/WHimUxT5BJaozvuSkGOdUomOSzWj8zPKVsQkfctzShMTdBPo88I2dWGZJIafsSJHP190ZOY2OmcWgni4hm2SvE/zw/w+g6yEWSZsgTtvgoyiRBRYr7yVBozlBOLaFMC5uVsDHVlKFtqWZL8JZPXiXdi6bnNr37y0brpqyjCidwCufgwRW04A7a0AEGCp7hFd4cdF6cd+djMVpxyp1j+APn8weTQZFu</latexit><latexit sha1_base64="cjxWLffqlGvTygX6lqG/DQkun0Q=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC2koWy2m3bpJht2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKUw6LrfTmVtfWNzq7pd29nd2z+oHx51jco04x2mpNK9kBouRcI7KFDyXqo5jUPJH8PJbeE/PnFthEoecJryIKajRESCUbSS348pjhmVeW82qDfcpjsHWSVeSRpQoj2of/WHimUxT5BJaozvuSkGOdUomOSzWj8zPKVsQkfctzShMTdBPo88I2dWGZJIafsSJHP190ZOY2OmcWgni4hm2SvE/zw/w+g6yEWSZsgTtvgoyiRBRYr7yVBozlBOLaFMC5uVsDHVlKFtqWZL8JZPXiXdi6bnNr37y0brpqyjCidwCufgwRW04A7a0AEGCp7hFd4cdF6cd+djMVpxyp1j+APn8weTQZFu</latexit>

Y
<latexit sha1_base64="Xv+GcGXQiLHGE+Dm0jRgDiJGpiE=">AAAB8nicbVDLSsNAFL2pr1pfVZdugkVwVRIRdFl047KCfUgbymQ6aYdOZsLMjVBCP8ONC0Xc+jXu/BsnbRbaemDgcM69zLknTAQ36HnfTmltfWNzq7xd2dnd2z+oHh61jUo1ZS2qhNLdkBgmuGQt5ChYN9GMxKFgnXBym/udJ6YNV/IBpwkLYjKSPOKUoJV6/ZjgmBKRPc4G1ZpX9+ZwV4lfkBoUaA6qX/2homnMJFJBjOn5XoJBRjRyKtis0k8NSwidkBHrWSpJzEyQzSPP3DOrDN1IafskunP190ZGYmOmcWgn84hm2cvF/7xeitF1kHGZpMgkXXwUpcJF5eb3u0OuGUUxtYRQzW1Wl46JJhRtSxVbgr988ippX9R9r+7fX9YaN0UdZTiBUzgHH66gAXfQhBZQUPAMr/DmoPPivDsfi9GSU+wcwx84nz+UxpFv</latexit><latexit sha1_base64="Xv+GcGXQiLHGE+Dm0jRgDiJGpiE=">AAAB8nicbVDLSsNAFL2pr1pfVZdugkVwVRIRdFl047KCfUgbymQ6aYdOZsLMjVBCP8ONC0Xc+jXu/BsnbRbaemDgcM69zLknTAQ36HnfTmltfWNzq7xd2dnd2z+oHh61jUo1ZS2qhNLdkBgmuGQt5ChYN9GMxKFgnXBym/udJ6YNV/IBpwkLYjKSPOKUoJV6/ZjgmBKRPc4G1ZpX9+ZwV4lfkBoUaA6qX/2homnMJFJBjOn5XoJBRjRyKtis0k8NSwidkBHrWSpJzEyQzSPP3DOrDN1IafskunP190ZGYmOmcWgn84hm2cvF/7xeitF1kHGZpMgkXXwUpcJF5eb3u0OuGUUxtYRQzW1Wl46JJhRtSxVbgr988ippX9R9r+7fX9YaN0UdZTiBUzgHH66gAXfQhBZQUPAMr/DmoPPivDsfi9GSU+wcwx84nz+UxpFv</latexit><latexit sha1_base64="Xv+GcGXQiLHGE+Dm0jRgDiJGpiE=">AAAB8nicbVDLSsNAFL2pr1pfVZdugkVwVRIRdFl047KCfUgbymQ6aYdOZsLMjVBCP8ONC0Xc+jXu/BsnbRbaemDgcM69zLknTAQ36HnfTmltfWNzq7xd2dnd2z+oHh61jUo1ZS2qhNLdkBgmuGQt5ChYN9GMxKFgnXBym/udJ6YNV/IBpwkLYjKSPOKUoJV6/ZjgmBKRPc4G1ZpX9+ZwV4lfkBoUaA6qX/2homnMJFJBjOn5XoJBRjRyKtis0k8NSwidkBHrWSpJzEyQzSPP3DOrDN1IafskunP190ZGYmOmcWgn84hm2cvF/7xeitF1kHGZpMgkXXwUpcJF5eb3u0OuGUUxtYRQzW1Wl46JJhRtSxVbgr988ippX9R9r+7fX9YaN0UdZTiBUzgHH66gAXfQhBZQUPAMr/DmoPPivDsfi9GSU+wcwx84nz+UxpFv</latexit><latexit sha1_base64="Xv+GcGXQiLHGE+Dm0jRgDiJGpiE=">AAAB8nicbVDLSsNAFL2pr1pfVZdugkVwVRIRdFl047KCfUgbymQ6aYdOZsLMjVBCP8ONC0Xc+jXu/BsnbRbaemDgcM69zLknTAQ36HnfTmltfWNzq7xd2dnd2z+oHh61jUo1ZS2qhNLdkBgmuGQt5ChYN9GMxKFgnXBym/udJ6YNV/IBpwkLYjKSPOKUoJV6/ZjgmBKRPc4G1ZpX9+ZwV4lfkBoUaA6qX/2homnMJFJBjOn5XoJBRjRyKtis0k8NSwidkBHrWSpJzEyQzSPP3DOrDN1IafskunP190ZGYmOmcWgn84hm2cvF/7xeitF1kHGZpMgkXXwUpcJF5eb3u0OuGUUxtYRQzW1Wl46JJhRtSxVbgr988ippX9R9r+7fX9YaN0UdZTiBUzgHH66gAXfQhBZQUPAMr/DmoPPivDsfi9GSU+wcwx84nz+UxpFv</latexit>

Iterative interval refinement



ReluVal

Search + Reachability

!29

X
<latexit sha1_base64="cjxWLffqlGvTygX6lqG/DQkun0Q=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC2koWy2m3bpJht2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKUw6LrfTmVtfWNzq7pd29nd2z+oHx51jco04x2mpNK9kBouRcI7KFDyXqo5jUPJH8PJbeE/PnFthEoecJryIKajRESCUbSS348pjhmVeW82qDfcpjsHWSVeSRpQoj2of/WHimUxT5BJaozvuSkGOdUomOSzWj8zPKVsQkfctzShMTdBPo88I2dWGZJIafsSJHP190ZOY2OmcWgni4hm2SvE/zw/w+g6yEWSZsgTtvgoyiRBRYr7yVBozlBOLaFMC5uVsDHVlKFtqWZL8JZPXiXdi6bnNr37y0brpqyjCidwCufgwRW04A7a0AEGCp7hFd4cdF6cd+djMVpxyp1j+APn8weTQZFu</latexit><latexit sha1_base64="cjxWLffqlGvTygX6lqG/DQkun0Q=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC2koWy2m3bpJht2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKUw6LrfTmVtfWNzq7pd29nd2z+oHx51jco04x2mpNK9kBouRcI7KFDyXqo5jUPJH8PJbeE/PnFthEoecJryIKajRESCUbSS348pjhmVeW82qDfcpjsHWSVeSRpQoj2of/WHimUxT5BJaozvuSkGOdUomOSzWj8zPKVsQkfctzShMTdBPo88I2dWGZJIafsSJHP190ZOY2OmcWgni4hm2SvE/zw/w+g6yEWSZsgTtvgoyiRBRYr7yVBozlBOLaFMC5uVsDHVlKFtqWZL8JZPXiXdi6bnNr37y0brpqyjCidwCufgwRW04A7a0AEGCp7hFd4cdF6cd+djMVpxyp1j+APn8weTQZFu</latexit><latexit sha1_base64="cjxWLffqlGvTygX6lqG/DQkun0Q=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC2koWy2m3bpJht2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKUw6LrfTmVtfWNzq7pd29nd2z+oHx51jco04x2mpNK9kBouRcI7KFDyXqo5jUPJH8PJbeE/PnFthEoecJryIKajRESCUbSS348pjhmVeW82qDfcpjsHWSVeSRpQoj2of/WHimUxT5BJaozvuSkGOdUomOSzWj8zPKVsQkfctzShMTdBPo88I2dWGZJIafsSJHP190ZOY2OmcWgni4hm2SvE/zw/w+g6yEWSZsgTtvgoyiRBRYr7yVBozlBOLaFMC5uVsDHVlKFtqWZL8JZPXiXdi6bnNr37y0brpqyjCidwCufgwRW04A7a0AEGCp7hFd4cdF6cd+djMVpxyp1j+APn8weTQZFu</latexit><latexit sha1_base64="cjxWLffqlGvTygX6lqG/DQkun0Q=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC2koWy2m3bpJht2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKUw6LrfTmVtfWNzq7pd29nd2z+oHx51jco04x2mpNK9kBouRcI7KFDyXqo5jUPJH8PJbeE/PnFthEoecJryIKajRESCUbSS348pjhmVeW82qDfcpjsHWSVeSRpQoj2of/WHimUxT5BJaozvuSkGOdUomOSzWj8zPKVsQkfctzShMTdBPo88I2dWGZJIafsSJHP190ZOY2OmcWgni4hm2SvE/zw/w+g6yEWSZsgTtvgoyiRBRYr7yVBozlBOLaFMC5uVsDHVlKFtqWZL8JZPXiXdi6bnNr37y0brpqyjCidwCufgwRW04A7a0AEGCp7hFd4cdF6cd+djMVpxyp1j+APn8weTQZFu</latexit>

Y
<latexit sha1_base64="Xv+GcGXQiLHGE+Dm0jRgDiJGpiE=">AAAB8nicbVDLSsNAFL2pr1pfVZdugkVwVRIRdFl047KCfUgbymQ6aYdOZsLMjVBCP8ONC0Xc+jXu/BsnbRbaemDgcM69zLknTAQ36HnfTmltfWNzq7xd2dnd2z+oHh61jUo1ZS2qhNLdkBgmuGQt5ChYN9GMxKFgnXBym/udJ6YNV/IBpwkLYjKSPOKUoJV6/ZjgmBKRPc4G1ZpX9+ZwV4lfkBoUaA6qX/2homnMJFJBjOn5XoJBRjRyKtis0k8NSwidkBHrWSpJzEyQzSPP3DOrDN1IafskunP190ZGYmOmcWgn84hm2cvF/7xeitF1kHGZpMgkXXwUpcJF5eb3u0OuGUUxtYRQzW1Wl46JJhRtSxVbgr988ippX9R9r+7fX9YaN0UdZTiBUzgHH66gAXfQhBZQUPAMr/DmoPPivDsfi9GSU+wcwx84nz+UxpFv</latexit><latexit sha1_base64="Xv+GcGXQiLHGE+Dm0jRgDiJGpiE=">AAAB8nicbVDLSsNAFL2pr1pfVZdugkVwVRIRdFl047KCfUgbymQ6aYdOZsLMjVBCP8ONC0Xc+jXu/BsnbRbaemDgcM69zLknTAQ36HnfTmltfWNzq7xd2dnd2z+oHh61jUo1ZS2qhNLdkBgmuGQt5ChYN9GMxKFgnXBym/udJ6YNV/IBpwkLYjKSPOKUoJV6/ZjgmBKRPc4G1ZpX9+ZwV4lfkBoUaA6qX/2homnMJFJBjOn5XoJBRjRyKtis0k8NSwidkBHrWSpJzEyQzSPP3DOrDN1IafskunP190ZGYmOmcWgn84hm2cvF/7xeitF1kHGZpMgkXXwUpcJF5eb3u0OuGUUxtYRQzW1Wl46JJhRtSxVbgr988ippX9R9r+7fX9YaN0UdZTiBUzgHH66gAXfQhBZQUPAMr/DmoPPivDsfi9GSU+wcwx84nz+UxpFv</latexit><latexit sha1_base64="Xv+GcGXQiLHGE+Dm0jRgDiJGpiE=">AAAB8nicbVDLSsNAFL2pr1pfVZdugkVwVRIRdFl047KCfUgbymQ6aYdOZsLMjVBCP8ONC0Xc+jXu/BsnbRbaemDgcM69zLknTAQ36HnfTmltfWNzq7xd2dnd2z+oHh61jUo1ZS2qhNLdkBgmuGQt5ChYN9GMxKFgnXBym/udJ6YNV/IBpwkLYjKSPOKUoJV6/ZjgmBKRPc4G1ZpX9+ZwV4lfkBoUaA6qX/2homnMJFJBjOn5XoJBRjRyKtis0k8NSwidkBHrWSpJzEyQzSPP3DOrDN1IafskunP190ZGYmOmcWgn84hm2cvF/7xeitF1kHGZpMgkXXwUpcJF5eb3u0OuGUUxtYRQzW1Wl46JJhRtSxVbgr988ippX9R9r+7fX9YaN0UdZTiBUzgHH66gAXfQhBZQUPAMr/DmoPPivDsfi9GSU+wcwx84nz+UxpFv</latexit><latexit sha1_base64="Xv+GcGXQiLHGE+Dm0jRgDiJGpiE=">AAAB8nicbVDLSsNAFL2pr1pfVZdugkVwVRIRdFl047KCfUgbymQ6aYdOZsLMjVBCP8ONC0Xc+jXu/BsnbRbaemDgcM69zLknTAQ36HnfTmltfWNzq7xd2dnd2z+oHh61jUo1ZS2qhNLdkBgmuGQt5ChYN9GMxKFgnXBym/udJ6YNV/IBpwkLYjKSPOKUoJV6/ZjgmBKRPc4G1ZpX9+ZwV4lfkBoUaA6qX/2homnMJFJBjOn5XoJBRjRyKtis0k8NSwidkBHrWSpJzEyQzSPP3DOrDN1IafskunP190ZGYmOmcWgn84hm2cvF/7xeitF1kHGZpMgkXXwUpcJF5eb3u0OuGUUxtYRQzW1Wl46JJhRtSxVbgr988ippX9R9r+7fX9YaN0UdZTiBUzgHH66gAXfQhBZQUPAMr/DmoPPivDsfi9GSU+wcwx84nz+UxpFv</latexit>

Iterative interval refinement



Over-approximation 
Finer search tree

Layer i Layer i+1 Output LayerInput Layer

DLV

Search + Reachability



Over-approximation 
Finer search tree

Layer i Layer i+1 Output LayerInput Layer

DLV

Search + Reachability



High-dimensional search 
Complicated O(2n)

Low-dimensional search 
Easy O(2n)Over-approximation 

Finer search tree

Layer i Layer i+1 Output LayerInput Layer

DLV

Search + Reachability



Search + Optimization

!31

Sherlock

BaB

Planet

Search input domain 
Under local constraints or global constraints 

Search input domain by splitting to smaller intervals

Search for feasible activation patterns

Reluplex Search for feasible activation patterns



Search + Optimization

!32

Sherlock

x
<latexit sha1_base64="f2yzimwbR/Dgjzp6tZ360fHRqNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N2IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5jmM/A==</latexit><latexit sha1_base64="f2yzimwbR/Dgjzp6tZ360fHRqNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N2IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5jmM/A==</latexit><latexit sha1_base64="f2yzimwbR/Dgjzp6tZ360fHRqNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N2IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5jmM/A==</latexit><latexit sha1_base64="f2yzimwbR/Dgjzp6tZ360fHRqNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N2IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5jmM/A==</latexit>

y
<latexit sha1_base64="l29WxoUb9DEbvmhLG7jHtZ0OU24=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM120q7dbMLuRgihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/mdJ1Sax/LBZAn6ER1JHnJGjZWa2aBSdWvuHGSVeAWpQoHGoPLVH8YsjVAaJqjWPc9NjJ9TZTgTOC33U40JZRM6wp6lkkao/Xx+6JScW2VIwljZkobM1d8TOY20zqLAdkbUjPWyNxP/83qpCW/8nMskNSjZYlGYCmJiMvuaDLlCZkRmCWWK21sJG1NFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfnvYz9</latexit><latexit sha1_base64="l29WxoUb9DEbvmhLG7jHtZ0OU24=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM120q7dbMLuRgihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/mdJ1Sax/LBZAn6ER1JHnJGjZWa2aBSdWvuHGSVeAWpQoHGoPLVH8YsjVAaJqjWPc9NjJ9TZTgTOC33U40JZRM6wp6lkkao/Xx+6JScW2VIwljZkobM1d8TOY20zqLAdkbUjPWyNxP/83qpCW/8nMskNSjZYlGYCmJiMvuaDLlCZkRmCWWK21sJG1NFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfnvYz9</latexit><latexit sha1_base64="l29WxoUb9DEbvmhLG7jHtZ0OU24=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM120q7dbMLuRgihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/mdJ1Sax/LBZAn6ER1JHnJGjZWa2aBSdWvuHGSVeAWpQoHGoPLVH8YsjVAaJqjWPc9NjJ9TZTgTOC33U40JZRM6wp6lkkao/Xx+6JScW2VIwljZkobM1d8TOY20zqLAdkbUjPWyNxP/83qpCW/8nMskNSjZYlGYCmJiMvuaDLlCZkRmCWWK21sJG1NFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfnvYz9</latexit><latexit sha1_base64="l29WxoUb9DEbvmhLG7jHtZ0OU24=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM120q7dbMLuRgihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/mdJ1Sax/LBZAn6ER1JHnJGjZWa2aBSdWvuHGSVeAWpQoHGoPLVH8YsjVAaJqjWPc9NjJ9TZTgTOC33U40JZRM6wp6lkkao/Xx+6JScW2VIwljZkobM1d8TOY20zqLAdkbUjPWyNxP/83qpCW/8nMskNSjZYlGYCmJiMvuaDLlCZkRmCWWK21sJG1NFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfnvYz9</latexit>
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Primal optimization 
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<latexit sha1_base64="f2yzimwbR/Dgjzp6tZ360fHRqNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N2IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5jmM/A==</latexit><latexit sha1_base64="f2yzimwbR/Dgjzp6tZ360fHRqNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N2IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5jmM/A==</latexit><latexit sha1_base64="f2yzimwbR/Dgjzp6tZ360fHRqNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N2IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5jmM/A==</latexit><latexit sha1_base64="f2yzimwbR/Dgjzp6tZ360fHRqNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N2IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5jmM/A==</latexit>

y
<latexit sha1_base64="l29WxoUb9DEbvmhLG7jHtZ0OU24=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM120q7dbMLuRgihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/mdJ1Sax/LBZAn6ER1JHnJGjZWa2aBSdWvuHGSVeAWpQoHGoPLVH8YsjVAaJqjWPc9NjJ9TZTgTOC33U40JZRM6wp6lkkao/Xx+6JScW2VIwljZkobM1d8TOY20zqLAdkbUjPWyNxP/83qpCW/8nMskNSjZYlGYCmJiMvuaDLlCZkRmCWWK21sJG1NFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfnvYz9</latexit><latexit sha1_base64="l29WxoUb9DEbvmhLG7jHtZ0OU24=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM120q7dbMLuRgihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/mdJ1Sax/LBZAn6ER1JHnJGjZWa2aBSdWvuHGSVeAWpQoHGoPLVH8YsjVAaJqjWPc9NjJ9TZTgTOC33U40JZRM6wp6lkkao/Xx+6JScW2VIwljZkobM1d8TOY20zqLAdkbUjPWyNxP/83qpCW/8nMskNSjZYlGYCmJiMvuaDLlCZkRmCWWK21sJG1NFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfnvYz9</latexit><latexit sha1_base64="l29WxoUb9DEbvmhLG7jHtZ0OU24=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM120q7dbMLuRgihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/mdJ1Sax/LBZAn6ER1JHnJGjZWa2aBSdWvuHGSVeAWpQoHGoPLVH8YsjVAaJqjWPc9NjJ9TZTgTOC33U40JZRM6wp6lkkao/Xx+6JScW2VIwljZkobM1d8TOY20zqLAdkbUjPWyNxP/83qpCW/8nMskNSjZYlGYCmJiMvuaDLlCZkRmCWWK21sJG1NFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfnvYz9</latexit><latexit sha1_base64="l29WxoUb9DEbvmhLG7jHtZ0OU24=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM120q7dbMLuRgihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/mdJ1Sax/LBZAn6ER1JHnJGjZWa2aBSdWvuHGSVeAWpQoHGoPLVH8YsjVAaJqjWPc9NjJ9TZTgTOC33U40JZRM6wp6lkkao/Xx+6JScW2VIwljZkobM1d8TOY20zqLAdkbUjPWyNxP/83qpCW/8nMskNSjZYlGYCmJiMvuaDLlCZkRmCWWK21sJG1NFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfnvYz9</latexit>
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Primal optimization 
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Primal optimization 
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<latexit sha1_base64="f2yzimwbR/Dgjzp6tZ360fHRqNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N2IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5jmM/A==</latexit><latexit sha1_base64="f2yzimwbR/Dgjzp6tZ360fHRqNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N2IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5jmM/A==</latexit><latexit sha1_base64="f2yzimwbR/Dgjzp6tZ360fHRqNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N2IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5jmM/A==</latexit><latexit sha1_base64="f2yzimwbR/Dgjzp6tZ360fHRqNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N2IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5jmM/A==</latexit>

y
<latexit sha1_base64="l29WxoUb9DEbvmhLG7jHtZ0OU24=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM120q7dbMLuRgihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/mdJ1Sax/LBZAn6ER1JHnJGjZWa2aBSdWvuHGSVeAWpQoHGoPLVH8YsjVAaJqjWPc9NjJ9TZTgTOC33U40JZRM6wp6lkkao/Xx+6JScW2VIwljZkobM1d8TOY20zqLAdkbUjPWyNxP/83qpCW/8nMskNSjZYlGYCmJiMvuaDLlCZkRmCWWK21sJG1NFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfnvYz9</latexit><latexit sha1_base64="l29WxoUb9DEbvmhLG7jHtZ0OU24=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM120q7dbMLuRgihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/mdJ1Sax/LBZAn6ER1JHnJGjZWa2aBSdWvuHGSVeAWpQoHGoPLVH8YsjVAaJqjWPc9NjJ9TZTgTOC33U40JZRM6wp6lkkao/Xx+6JScW2VIwljZkobM1d8TOY20zqLAdkbUjPWyNxP/83qpCW/8nMskNSjZYlGYCmJiMvuaDLlCZkRmCWWK21sJG1NFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfnvYz9</latexit><latexit sha1_base64="l29WxoUb9DEbvmhLG7jHtZ0OU24=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM120q7dbMLuRgihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/mdJ1Sax/LBZAn6ER1JHnJGjZWa2aBSdWvuHGSVeAWpQoHGoPLVH8YsjVAaJqjWPc9NjJ9TZTgTOC33U40JZRM6wp6lkkao/Xx+6JScW2VIwljZkobM1d8TOY20zqLAdkbUjPWyNxP/83qpCW/8nMskNSjZYlGYCmJiMvuaDLlCZkRmCWWK21sJG1NFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfnvYz9</latexit><latexit sha1_base64="l29WxoUb9DEbvmhLG7jHtZ0OU24=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM120q7dbMLuRgihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/mdJ1Sax/LBZAn6ER1JHnJGjZWa2aBSdWvuHGSVeAWpQoHGoPLVH8YsjVAaJqjWPc9NjJ9TZTgTOC33U40JZRM6wp6lkkao/Xx+6JScW2VIwljZkobM1d8TOY20zqLAdkbUjPWyNxP/83qpCW/8nMskNSjZYlGYCmJiMvuaDLlCZkRmCWWK21sJG1NFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfnvYz9</latexit>

Global search
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Primal optimization 
with MILP encoding

Primal optimization 
with LP encoding
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<latexit sha1_base64="f2yzimwbR/Dgjzp6tZ360fHRqNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N2IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5jmM/A==</latexit><latexit sha1_base64="f2yzimwbR/Dgjzp6tZ360fHRqNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N2IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5jmM/A==</latexit><latexit sha1_base64="f2yzimwbR/Dgjzp6tZ360fHRqNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N2IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5jmM/A==</latexit><latexit sha1_base64="f2yzimwbR/Dgjzp6tZ360fHRqNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N2IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5jmM/A==</latexit>

y
<latexit sha1_base64="l29WxoUb9DEbvmhLG7jHtZ0OU24=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM120q7dbMLuRgihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/mdJ1Sax/LBZAn6ER1JHnJGjZWa2aBSdWvuHGSVeAWpQoHGoPLVH8YsjVAaJqjWPc9NjJ9TZTgTOC33U40JZRM6wp6lkkao/Xx+6JScW2VIwljZkobM1d8TOY20zqLAdkbUjPWyNxP/83qpCW/8nMskNSjZYlGYCmJiMvuaDLlCZkRmCWWK21sJG1NFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfnvYz9</latexit><latexit sha1_base64="l29WxoUb9DEbvmhLG7jHtZ0OU24=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM120q7dbMLuRgihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/mdJ1Sax/LBZAn6ER1JHnJGjZWa2aBSdWvuHGSVeAWpQoHGoPLVH8YsjVAaJqjWPc9NjJ9TZTgTOC33U40JZRM6wp6lkkao/Xx+6JScW2VIwljZkobM1d8TOY20zqLAdkbUjPWyNxP/83qpCW/8nMskNSjZYlGYCmJiMvuaDLlCZkRmCWWK21sJG1NFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfnvYz9</latexit><latexit sha1_base64="l29WxoUb9DEbvmhLG7jHtZ0OU24=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM120q7dbMLuRgihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/mdJ1Sax/LBZAn6ER1JHnJGjZWa2aBSdWvuHGSVeAWpQoHGoPLVH8YsjVAaJqjWPc9NjJ9TZTgTOC33U40JZRM6wp6lkkao/Xx+6JScW2VIwljZkobM1d8TOY20zqLAdkbUjPWyNxP/83qpCW/8nMskNSjZYlGYCmJiMvuaDLlCZkRmCWWK21sJG1NFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfnvYz9</latexit><latexit sha1_base64="l29WxoUb9DEbvmhLG7jHtZ0OU24=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM120q7dbMLuRgihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/mdJ1Sax/LBZAn6ER1JHnJGjZWa2aBSdWvuHGSVeAWpQoHGoPLVH8YsjVAaJqjWPc9NjJ9TZTgTOC33U40JZRM6wp6lkkao/Xx+6JScW2VIwljZkobM1d8TOY20zqLAdkbUjPWyNxP/83qpCW/8nMskNSjZYlGYCmJiMvuaDLlCZkRmCWWK21sJG1NFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfnvYz9</latexit>

Global search

Local search

Primal optimization 
with MILP encoding

Primal optimization 
with LP encoding
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Sherlock

x
<latexit sha1_base64="f2yzimwbR/Dgjzp6tZ360fHRqNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N2IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5jmM/A==</latexit><latexit sha1_base64="f2yzimwbR/Dgjzp6tZ360fHRqNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N2IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5jmM/A==</latexit><latexit sha1_base64="f2yzimwbR/Dgjzp6tZ360fHRqNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N2IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5jmM/A==</latexit><latexit sha1_base64="f2yzimwbR/Dgjzp6tZ360fHRqNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N2IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5jmM/A==</latexit>

y
<latexit sha1_base64="l29WxoUb9DEbvmhLG7jHtZ0OU24=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM120q7dbMLuRgihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/mdJ1Sax/LBZAn6ER1JHnJGjZWa2aBSdWvuHGSVeAWpQoHGoPLVH8YsjVAaJqjWPc9NjJ9TZTgTOC33U40JZRM6wp6lkkao/Xx+6JScW2VIwljZkobM1d8TOY20zqLAdkbUjPWyNxP/83qpCW/8nMskNSjZYlGYCmJiMvuaDLlCZkRmCWWK21sJG1NFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfnvYz9</latexit><latexit sha1_base64="l29WxoUb9DEbvmhLG7jHtZ0OU24=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM120q7dbMLuRgihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/mdJ1Sax/LBZAn6ER1JHnJGjZWa2aBSdWvuHGSVeAWpQoHGoPLVH8YsjVAaJqjWPc9NjJ9TZTgTOC33U40JZRM6wp6lkkao/Xx+6JScW2VIwljZkobM1d8TOY20zqLAdkbUjPWyNxP/83qpCW/8nMskNSjZYlGYCmJiMvuaDLlCZkRmCWWK21sJG1NFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfnvYz9</latexit><latexit sha1_base64="l29WxoUb9DEbvmhLG7jHtZ0OU24=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM120q7dbMLuRgihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/mdJ1Sax/LBZAn6ER1JHnJGjZWa2aBSdWvuHGSVeAWpQoHGoPLVH8YsjVAaJqjWPc9NjJ9TZTgTOC33U40JZRM6wp6lkkao/Xx+6JScW2VIwljZkobM1d8TOY20zqLAdkbUjPWyNxP/83qpCW/8nMskNSjZYlGYCmJiMvuaDLlCZkRmCWWK21sJG1NFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfnvYz9</latexit><latexit sha1_base64="l29WxoUb9DEbvmhLG7jHtZ0OU24=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM120q7dbMLuRgihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/mdJ1Sax/LBZAn6ER1JHnJGjZWa2aBSdWvuHGSVeAWpQoHGoPLVH8YsjVAaJqjWPc9NjJ9TZTgTOC33U40JZRM6wp6lkkao/Xx+6JScW2VIwljZkobM1d8TOY20zqLAdkbUjPWyNxP/83qpCW/8nMskNSjZYlGYCmJiMvuaDLlCZkRmCWWK21sJG1NFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfnvYz9</latexit>

Global search

Local search

Primal optimization 
with MILP encoding

Primal optimization 
with LP encoding



Search + Optimization

!33

BaB

J⇤ = max J
<latexit sha1_base64="dL2XUbZWqgM0n7BKugu84o2hPss=">AAAB83icbVBNSwMxEJ31s9avqkcvwSKIh7Irgl6EohfpqYL9gO5asmm2DU2yS5IVy9K/4cWDIl79M978N6btHrT1wcDjvRlm5oUJZ9q47reztLyyurZe2Chubm3v7Jb29ps6ThWhDRLzWLVDrClnkjYMM5y2E0WxCDlthcObid96pEqzWN6bUUIDgfuSRYxgYyW/9nCKrpAv8BOqdUtlt+JOgRaJl5My5Kh3S19+LyapoNIQjrXueG5iggwrwwin46KfappgMsR92rFUYkF1kE1vHqNjq/RQFCtb0qCp+nsiw0LrkQhtp8BmoOe9ifif10lNdBlkTCapoZLMFkUpRyZGkwBQjylKDB9Zgoli9lZEBlhhYmxMRRuCN//yImmeVTy34t2dl6vXeRwFOIQjOAEPLqAKt1CHBhBI4Ble4c1JnRfn3fmYtS45+cwB/IHz+QPuS5BN</latexit><latexit sha1_base64="dL2XUbZWqgM0n7BKugu84o2hPss=">AAAB83icbVBNSwMxEJ31s9avqkcvwSKIh7Irgl6EohfpqYL9gO5asmm2DU2yS5IVy9K/4cWDIl79M978N6btHrT1wcDjvRlm5oUJZ9q47reztLyyurZe2Chubm3v7Jb29ps6ThWhDRLzWLVDrClnkjYMM5y2E0WxCDlthcObid96pEqzWN6bUUIDgfuSRYxgYyW/9nCKrpAv8BOqdUtlt+JOgRaJl5My5Kh3S19+LyapoNIQjrXueG5iggwrwwin46KfappgMsR92rFUYkF1kE1vHqNjq/RQFCtb0qCp+nsiw0LrkQhtp8BmoOe9ifif10lNdBlkTCapoZLMFkUpRyZGkwBQjylKDB9Zgoli9lZEBlhhYmxMRRuCN//yImmeVTy34t2dl6vXeRwFOIQjOAEPLqAKt1CHBhBI4Ble4c1JnRfn3fmYtS45+cwB/IHz+QPuS5BN</latexit><latexit sha1_base64="dL2XUbZWqgM0n7BKugu84o2hPss=">AAAB83icbVBNSwMxEJ31s9avqkcvwSKIh7Irgl6EohfpqYL9gO5asmm2DU2yS5IVy9K/4cWDIl79M978N6btHrT1wcDjvRlm5oUJZ9q47reztLyyurZe2Chubm3v7Jb29ps6ThWhDRLzWLVDrClnkjYMM5y2E0WxCDlthcObid96pEqzWN6bUUIDgfuSRYxgYyW/9nCKrpAv8BOqdUtlt+JOgRaJl5My5Kh3S19+LyapoNIQjrXueG5iggwrwwin46KfappgMsR92rFUYkF1kE1vHqNjq/RQFCtb0qCp+nsiw0LrkQhtp8BmoOe9ifif10lNdBlkTCapoZLMFkUpRyZGkwBQjylKDB9Zgoli9lZEBlhhYmxMRRuCN//yImmeVTy34t2dl6vXeRwFOIQjOAEPLqAKt1CHBhBI4Ble4c1JnRfn3fmYtS45+cwB/IHz+QPuS5BN</latexit><latexit sha1_base64="dL2XUbZWqgM0n7BKugu84o2hPss=">AAAB83icbVBNSwMxEJ31s9avqkcvwSKIh7Irgl6EohfpqYL9gO5asmm2DU2yS5IVy9K/4cWDIl79M978N6btHrT1wcDjvRlm5oUJZ9q47reztLyyurZe2Chubm3v7Jb29ps6ThWhDRLzWLVDrClnkjYMM5y2E0WxCDlthcObid96pEqzWN6bUUIDgfuSRYxgYyW/9nCKrpAv8BOqdUtlt+JOgRaJl5My5Kh3S19+LyapoNIQjrXueG5iggwrwwin46KfappgMsR92rFUYkF1kE1vHqNjq/RQFCtb0qCp+nsiw0LrkQhtp8BmoOe9ifif10lNdBlkTCapoZLMFkUpRyZGkwBQjylKDB9Zgoli9lZEBlhhYmxMRRuCN//yImmeVTy34t2dl6vXeRwFOIQjOAEPLqAKt1CHBhBI4Ble4c1JnRfn3fmYtS45+cwB/IHz+QPuS5BN</latexit>

For every domain 
•Compute upper bound by optimization 

using network relaxation 
•Compute lower bound by sampling

J⇤
<latexit sha1_base64="zQIEQba74HpKuur09u/32+x//QQ=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSKIh5KIoMeiF/FU0X5AG8tmO2mXbjZhdyOU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut7O0vLK6tl7YKG5ube/slvb2GzpOFcM6i0WsWgHVKLjEuuFGYCtRSKNAYDMYXk/85hMqzWP5YEYJ+hHtSx5yRo2V7m8fT7ulsltxpyCLxMtJGXLUuqWvTi9maYTSMEG1bntuYvyMKsOZwHGxk2pMKBvSPrYtlTRC7WfTU8fk2Co9EsbKljRkqv6eyGik9SgKbGdEzUDPexPxP6+dmvDSz7hMUoOSzRaFqSAmJpO/SY8rZEaMLKFMcXsrYQOqKDM2naINwZt/eZE0ziqeW/HuzsvVqzyOAhzCEZyABxdQhRuoQR0Y9OEZXuHNEc6L8+58zFqXnHzmAP7A+fwBuWyNag==</latexit><latexit sha1_base64="zQIEQba74HpKuur09u/32+x//QQ=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSKIh5KIoMeiF/FU0X5AG8tmO2mXbjZhdyOU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut7O0vLK6tl7YKG5ube/slvb2GzpOFcM6i0WsWgHVKLjEuuFGYCtRSKNAYDMYXk/85hMqzWP5YEYJ+hHtSx5yRo2V7m8fT7ulsltxpyCLxMtJGXLUuqWvTi9maYTSMEG1bntuYvyMKsOZwHGxk2pMKBvSPrYtlTRC7WfTU8fk2Co9EsbKljRkqv6eyGik9SgKbGdEzUDPexPxP6+dmvDSz7hMUoOSzRaFqSAmJpO/SY8rZEaMLKFMcXsrYQOqKDM2naINwZt/eZE0ziqeW/HuzsvVqzyOAhzCEZyABxdQhRuoQR0Y9OEZXuHNEc6L8+58zFqXnHzmAP7A+fwBuWyNag==</latexit><latexit sha1_base64="zQIEQba74HpKuur09u/32+x//QQ=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSKIh5KIoMeiF/FU0X5AG8tmO2mXbjZhdyOU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut7O0vLK6tl7YKG5ube/slvb2GzpOFcM6i0WsWgHVKLjEuuFGYCtRSKNAYDMYXk/85hMqzWP5YEYJ+hHtSx5yRo2V7m8fT7ulsltxpyCLxMtJGXLUuqWvTi9maYTSMEG1bntuYvyMKsOZwHGxk2pMKBvSPrYtlTRC7WfTU8fk2Co9EsbKljRkqv6eyGik9SgKbGdEzUDPexPxP6+dmvDSz7hMUoOSzRaFqSAmJpO/SY8rZEaMLKFMcXsrYQOqKDM2naINwZt/eZE0ziqeW/HuzsvVqzyOAhzCEZyABxdQhRuoQR0Y9OEZXuHNEc6L8+58zFqXnHzmAP7A+fwBuWyNag==</latexit><latexit sha1_base64="zQIEQba74HpKuur09u/32+x//QQ=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSKIh5KIoMeiF/FU0X5AG8tmO2mXbjZhdyOU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut7O0vLK6tl7YKG5ube/slvb2GzpOFcM6i0WsWgHVKLjEuuFGYCtRSKNAYDMYXk/85hMqzWP5YEYJ+hHtSx5yRo2V7m8fT7ulsltxpyCLxMtJGXLUuqWvTi9maYTSMEG1bntuYvyMKsOZwHGxk2pMKBvSPrYtlTRC7WfTU8fk2Co9EsbKljRkqv6eyGik9SgKbGdEzUDPexPxP6+dmvDSz7hMUoOSzRaFqSAmJpO/SY8rZEaMLKFMcXsrYQOqKDM2naINwZt/eZE0ziqeW/HuzsvVqzyOAhzCEZyABxdQhRuoQR0Y9OEZXuHNEc6L8+58zFqXnHzmAP7A+fwBuWyNag==</latexit>

Input space
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J⇤ = max J
<latexit sha1_base64="dL2XUbZWqgM0n7BKugu84o2hPss=">AAAB83icbVBNSwMxEJ31s9avqkcvwSKIh7Irgl6EohfpqYL9gO5asmm2DU2yS5IVy9K/4cWDIl79M978N6btHrT1wcDjvRlm5oUJZ9q47reztLyyurZe2Chubm3v7Jb29ps6ThWhDRLzWLVDrClnkjYMM5y2E0WxCDlthcObid96pEqzWN6bUUIDgfuSRYxgYyW/9nCKrpAv8BOqdUtlt+JOgRaJl5My5Kh3S19+LyapoNIQjrXueG5iggwrwwin46KfappgMsR92rFUYkF1kE1vHqNjq/RQFCtb0qCp+nsiw0LrkQhtp8BmoOe9ifif10lNdBlkTCapoZLMFkUpRyZGkwBQjylKDB9Zgoli9lZEBlhhYmxMRRuCN//yImmeVTy34t2dl6vXeRwFOIQjOAEPLqAKt1CHBhBI4Ble4c1JnRfn3fmYtS45+cwB/IHz+QPuS5BN</latexit><latexit sha1_base64="dL2XUbZWqgM0n7BKugu84o2hPss=">AAAB83icbVBNSwMxEJ31s9avqkcvwSKIh7Irgl6EohfpqYL9gO5asmm2DU2yS5IVy9K/4cWDIl79M978N6btHrT1wcDjvRlm5oUJZ9q47reztLyyurZe2Chubm3v7Jb29ps6ThWhDRLzWLVDrClnkjYMM5y2E0WxCDlthcObid96pEqzWN6bUUIDgfuSRYxgYyW/9nCKrpAv8BOqdUtlt+JOgRaJl5My5Kh3S19+LyapoNIQjrXueG5iggwrwwin46KfappgMsR92rFUYkF1kE1vHqNjq/RQFCtb0qCp+nsiw0LrkQhtp8BmoOe9ifif10lNdBlkTCapoZLMFkUpRyZGkwBQjylKDB9Zgoli9lZEBlhhYmxMRRuCN//yImmeVTy34t2dl6vXeRwFOIQjOAEPLqAKt1CHBhBI4Ble4c1JnRfn3fmYtS45+cwB/IHz+QPuS5BN</latexit><latexit sha1_base64="dL2XUbZWqgM0n7BKugu84o2hPss=">AAAB83icbVBNSwMxEJ31s9avqkcvwSKIh7Irgl6EohfpqYL9gO5asmm2DU2yS5IVy9K/4cWDIl79M978N6btHrT1wcDjvRlm5oUJZ9q47reztLyyurZe2Chubm3v7Jb29ps6ThWhDRLzWLVDrClnkjYMM5y2E0WxCDlthcObid96pEqzWN6bUUIDgfuSRYxgYyW/9nCKrpAv8BOqdUtlt+JOgRaJl5My5Kh3S19+LyapoNIQjrXueG5iggwrwwin46KfappgMsR92rFUYkF1kE1vHqNjq/RQFCtb0qCp+nsiw0LrkQhtp8BmoOe9ifif10lNdBlkTCapoZLMFkUpRyZGkwBQjylKDB9Zgoli9lZEBlhhYmxMRRuCN//yImmeVTy34t2dl6vXeRwFOIQjOAEPLqAKt1CHBhBI4Ble4c1JnRfn3fmYtS45+cwB/IHz+QPuS5BN</latexit><latexit sha1_base64="dL2XUbZWqgM0n7BKugu84o2hPss=">AAAB83icbVBNSwMxEJ31s9avqkcvwSKIh7Irgl6EohfpqYL9gO5asmm2DU2yS5IVy9K/4cWDIl79M978N6btHrT1wcDjvRlm5oUJZ9q47reztLyyurZe2Chubm3v7Jb29ps6ThWhDRLzWLVDrClnkjYMM5y2E0WxCDlthcObid96pEqzWN6bUUIDgfuSRYxgYyW/9nCKrpAv8BOqdUtlt+JOgRaJl5My5Kh3S19+LyapoNIQjrXueG5iggwrwwin46KfappgMsR92rFUYkF1kE1vHqNjq/RQFCtb0qCp+nsiw0LrkQhtp8BmoOe9ifif10lNdBlkTCapoZLMFkUpRyZGkwBQjylKDB9Zgoli9lZEBlhhYmxMRRuCN//yImmeVTy34t2dl6vXeRwFOIQjOAEPLqAKt1CHBhBI4Ble4c1JnRfn3fmYtS45+cwB/IHz+QPuS5BN</latexit>

For every domain 
•Compute upper bound by optimization 

using network relaxation 
•Compute lower bound by sampling

J⇤
<latexit sha1_base64="zQIEQba74HpKuur09u/32+x//QQ=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSKIh5KIoMeiF/FU0X5AG8tmO2mXbjZhdyOU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut7O0vLK6tl7YKG5ube/slvb2GzpOFcM6i0WsWgHVKLjEuuFGYCtRSKNAYDMYXk/85hMqzWP5YEYJ+hHtSx5yRo2V7m8fT7ulsltxpyCLxMtJGXLUuqWvTi9maYTSMEG1bntuYvyMKsOZwHGxk2pMKBvSPrYtlTRC7WfTU8fk2Co9EsbKljRkqv6eyGik9SgKbGdEzUDPexPxP6+dmvDSz7hMUoOSzRaFqSAmJpO/SY8rZEaMLKFMcXsrYQOqKDM2naINwZt/eZE0ziqeW/HuzsvVqzyOAhzCEZyABxdQhRuoQR0Y9OEZXuHNEc6L8+58zFqXnHzmAP7A+fwBuWyNag==</latexit><latexit sha1_base64="zQIEQba74HpKuur09u/32+x//QQ=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSKIh5KIoMeiF/FU0X5AG8tmO2mXbjZhdyOU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut7O0vLK6tl7YKG5ube/slvb2GzpOFcM6i0WsWgHVKLjEuuFGYCtRSKNAYDMYXk/85hMqzWP5YEYJ+hHtSx5yRo2V7m8fT7ulsltxpyCLxMtJGXLUuqWvTi9maYTSMEG1bntuYvyMKsOZwHGxk2pMKBvSPrYtlTRC7WfTU8fk2Co9EsbKljRkqv6eyGik9SgKbGdEzUDPexPxP6+dmvDSz7hMUoOSzRaFqSAmJpO/SY8rZEaMLKFMcXsrYQOqKDM2naINwZt/eZE0ziqeW/HuzsvVqzyOAhzCEZyABxdQhRuoQR0Y9OEZXuHNEc6L8+58zFqXnHzmAP7A+fwBuWyNag==</latexit><latexit sha1_base64="zQIEQba74HpKuur09u/32+x//QQ=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSKIh5KIoMeiF/FU0X5AG8tmO2mXbjZhdyOU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut7O0vLK6tl7YKG5ube/slvb2GzpOFcM6i0WsWgHVKLjEuuFGYCtRSKNAYDMYXk/85hMqzWP5YEYJ+hHtSx5yRo2V7m8fT7ulsltxpyCLxMtJGXLUuqWvTi9maYTSMEG1bntuYvyMKsOZwHGxk2pMKBvSPrYtlTRC7WfTU8fk2Co9EsbKljRkqv6eyGik9SgKbGdEzUDPexPxP6+dmvDSz7hMUoOSzRaFqSAmJpO/SY8rZEaMLKFMcXsrYQOqKDM2naINwZt/eZE0ziqeW/HuzsvVqzyOAhzCEZyABxdQhRuoQR0Y9OEZXuHNEc6L8+58zFqXnHzmAP7A+fwBuWyNag==</latexit><latexit sha1_base64="zQIEQba74HpKuur09u/32+x//QQ=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSKIh5KIoMeiF/FU0X5AG8tmO2mXbjZhdyOU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut7O0vLK6tl7YKG5ube/slvb2GzpOFcM6i0WsWgHVKLjEuuFGYCtRSKNAYDMYXk/85hMqzWP5YEYJ+hHtSx5yRo2V7m8fT7ulsltxpyCLxMtJGXLUuqWvTi9maYTSMEG1bntuYvyMKsOZwHGxk2pMKBvSPrYtlTRC7WfTU8fk2Co9EsbKljRkqv6eyGik9SgKbGdEzUDPexPxP6+dmvDSz7hMUoOSzRaFqSAmJpO/SY8rZEaMLKFMcXsrYQOqKDM2naINwZt/eZE0ziqeW/HuzsvVqzyOAhzCEZyABxdQhRuoQR0Y9OEZXuHNEc6L8+58zFqXnHzmAP7A+fwBuWyNag==</latexit>

Lower bound

Upper bound

Input space
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BaB

J⇤ = max J
<latexit sha1_base64="dL2XUbZWqgM0n7BKugu84o2hPss=">AAAB83icbVBNSwMxEJ31s9avqkcvwSKIh7Irgl6EohfpqYL9gO5asmm2DU2yS5IVy9K/4cWDIl79M978N6btHrT1wcDjvRlm5oUJZ9q47reztLyyurZe2Chubm3v7Jb29ps6ThWhDRLzWLVDrClnkjYMM5y2E0WxCDlthcObid96pEqzWN6bUUIDgfuSRYxgYyW/9nCKrpAv8BOqdUtlt+JOgRaJl5My5Kh3S19+LyapoNIQjrXueG5iggwrwwin46KfappgMsR92rFUYkF1kE1vHqNjq/RQFCtb0qCp+nsiw0LrkQhtp8BmoOe9ifif10lNdBlkTCapoZLMFkUpRyZGkwBQjylKDB9Zgoli9lZEBlhhYmxMRRuCN//yImmeVTy34t2dl6vXeRwFOIQjOAEPLqAKt1CHBhBI4Ble4c1JnRfn3fmYtS45+cwB/IHz+QPuS5BN</latexit><latexit sha1_base64="dL2XUbZWqgM0n7BKugu84o2hPss=">AAAB83icbVBNSwMxEJ31s9avqkcvwSKIh7Irgl6EohfpqYL9gO5asmm2DU2yS5IVy9K/4cWDIl79M978N6btHrT1wcDjvRlm5oUJZ9q47reztLyyurZe2Chubm3v7Jb29ps6ThWhDRLzWLVDrClnkjYMM5y2E0WxCDlthcObid96pEqzWN6bUUIDgfuSRYxgYyW/9nCKrpAv8BOqdUtlt+JOgRaJl5My5Kh3S19+LyapoNIQjrXueG5iggwrwwin46KfappgMsR92rFUYkF1kE1vHqNjq/RQFCtb0qCp+nsiw0LrkQhtp8BmoOe9ifif10lNdBlkTCapoZLMFkUpRyZGkwBQjylKDB9Zgoli9lZEBlhhYmxMRRuCN//yImmeVTy34t2dl6vXeRwFOIQjOAEPLqAKt1CHBhBI4Ble4c1JnRfn3fmYtS45+cwB/IHz+QPuS5BN</latexit><latexit sha1_base64="dL2XUbZWqgM0n7BKugu84o2hPss=">AAAB83icbVBNSwMxEJ31s9avqkcvwSKIh7Irgl6EohfpqYL9gO5asmm2DU2yS5IVy9K/4cWDIl79M978N6btHrT1wcDjvRlm5oUJZ9q47reztLyyurZe2Chubm3v7Jb29ps6ThWhDRLzWLVDrClnkjYMM5y2E0WxCDlthcObid96pEqzWN6bUUIDgfuSRYxgYyW/9nCKrpAv8BOqdUtlt+JOgRaJl5My5Kh3S19+LyapoNIQjrXueG5iggwrwwin46KfappgMsR92rFUYkF1kE1vHqNjq/RQFCtb0qCp+nsiw0LrkQhtp8BmoOe9ifif10lNdBlkTCapoZLMFkUpRyZGkwBQjylKDB9Zgoli9lZEBlhhYmxMRRuCN//yImmeVTy34t2dl6vXeRwFOIQjOAEPLqAKt1CHBhBI4Ble4c1JnRfn3fmYtS45+cwB/IHz+QPuS5BN</latexit><latexit sha1_base64="dL2XUbZWqgM0n7BKugu84o2hPss=">AAAB83icbVBNSwMxEJ31s9avqkcvwSKIh7Irgl6EohfpqYL9gO5asmm2DU2yS5IVy9K/4cWDIl79M978N6btHrT1wcDjvRlm5oUJZ9q47reztLyyurZe2Chubm3v7Jb29ps6ThWhDRLzWLVDrClnkjYMM5y2E0WxCDlthcObid96pEqzWN6bUUIDgfuSRYxgYyW/9nCKrpAv8BOqdUtlt+JOgRaJl5My5Kh3S19+LyapoNIQjrXueG5iggwrwwin46KfappgMsR92rFUYkF1kE1vHqNjq/RQFCtb0qCp+nsiw0LrkQhtp8BmoOe9ifif10lNdBlkTCapoZLMFkUpRyZGkwBQjylKDB9Zgoli9lZEBlhhYmxMRRuCN//yImmeVTy34t2dl6vXeRwFOIQjOAEPLqAKt1CHBhBI4Ble4c1JnRfn3fmYtS45+cwB/IHz+QPuS5BN</latexit>

For every domain 
•Compute upper bound by optimization 

using network relaxation 
•Compute lower bound by sampling

J⇤
<latexit sha1_base64="zQIEQba74HpKuur09u/32+x//QQ=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSKIh5KIoMeiF/FU0X5AG8tmO2mXbjZhdyOU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut7O0vLK6tl7YKG5ube/slvb2GzpOFcM6i0WsWgHVKLjEuuFGYCtRSKNAYDMYXk/85hMqzWP5YEYJ+hHtSx5yRo2V7m8fT7ulsltxpyCLxMtJGXLUuqWvTi9maYTSMEG1bntuYvyMKsOZwHGxk2pMKBvSPrYtlTRC7WfTU8fk2Co9EsbKljRkqv6eyGik9SgKbGdEzUDPexPxP6+dmvDSz7hMUoOSzRaFqSAmJpO/SY8rZEaMLKFMcXsrYQOqKDM2naINwZt/eZE0ziqeW/HuzsvVqzyOAhzCEZyABxdQhRuoQR0Y9OEZXuHNEc6L8+58zFqXnHzmAP7A+fwBuWyNag==</latexit><latexit sha1_base64="zQIEQba74HpKuur09u/32+x//QQ=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSKIh5KIoMeiF/FU0X5AG8tmO2mXbjZhdyOU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut7O0vLK6tl7YKG5ube/slvb2GzpOFcM6i0WsWgHVKLjEuuFGYCtRSKNAYDMYXk/85hMqzWP5YEYJ+hHtSx5yRo2V7m8fT7ulsltxpyCLxMtJGXLUuqWvTi9maYTSMEG1bntuYvyMKsOZwHGxk2pMKBvSPrYtlTRC7WfTU8fk2Co9EsbKljRkqv6eyGik9SgKbGdEzUDPexPxP6+dmvDSz7hMUoOSzRaFqSAmJpO/SY8rZEaMLKFMcXsrYQOqKDM2naINwZt/eZE0ziqeW/HuzsvVqzyOAhzCEZyABxdQhRuoQR0Y9OEZXuHNEc6L8+58zFqXnHzmAP7A+fwBuWyNag==</latexit><latexit sha1_base64="zQIEQba74HpKuur09u/32+x//QQ=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSKIh5KIoMeiF/FU0X5AG8tmO2mXbjZhdyOU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut7O0vLK6tl7YKG5ube/slvb2GzpOFcM6i0WsWgHVKLjEuuFGYCtRSKNAYDMYXk/85hMqzWP5YEYJ+hHtSx5yRo2V7m8fT7ulsltxpyCLxMtJGXLUuqWvTi9maYTSMEG1bntuYvyMKsOZwHGxk2pMKBvSPrYtlTRC7WfTU8fk2Co9EsbKljRkqv6eyGik9SgKbGdEzUDPexPxP6+dmvDSz7hMUoOSzRaFqSAmJpO/SY8rZEaMLKFMcXsrYQOqKDM2naINwZt/eZE0ziqeW/HuzsvVqzyOAhzCEZyABxdQhRuoQR0Y9OEZXuHNEc6L8+58zFqXnHzmAP7A+fwBuWyNag==</latexit><latexit sha1_base64="zQIEQba74HpKuur09u/32+x//QQ=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSKIh5KIoMeiF/FU0X5AG8tmO2mXbjZhdyOU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut7O0vLK6tl7YKG5ube/slvb2GzpOFcM6i0WsWgHVKLjEuuFGYCtRSKNAYDMYXk/85hMqzWP5YEYJ+hHtSx5yRo2V7m8fT7ulsltxpyCLxMtJGXLUuqWvTi9maYTSMEG1bntuYvyMKsOZwHGxk2pMKBvSPrYtlTRC7WfTU8fk2Co9EsbKljRkqv6eyGik9SgKbGdEzUDPexPxP6+dmvDSz7hMUoOSzRaFqSAmJpO/SY8rZEaMLKFMcXsrYQOqKDM2naINwZt/eZE0ziqeW/HuzsvVqzyOAhzCEZyABxdQhRuoQR0Y9OEZXuHNEc6L8+58zFqXnHzmAP7A+fwBuWyNag==</latexit>

Lower bound

Upper bound

Input space
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BaB

J⇤ = max J
<latexit sha1_base64="dL2XUbZWqgM0n7BKugu84o2hPss=">AAAB83icbVBNSwMxEJ31s9avqkcvwSKIh7Irgl6EohfpqYL9gO5asmm2DU2yS5IVy9K/4cWDIl79M978N6btHrT1wcDjvRlm5oUJZ9q47reztLyyurZe2Chubm3v7Jb29ps6ThWhDRLzWLVDrClnkjYMM5y2E0WxCDlthcObid96pEqzWN6bUUIDgfuSRYxgYyW/9nCKrpAv8BOqdUtlt+JOgRaJl5My5Kh3S19+LyapoNIQjrXueG5iggwrwwin46KfappgMsR92rFUYkF1kE1vHqNjq/RQFCtb0qCp+nsiw0LrkQhtp8BmoOe9ifif10lNdBlkTCapoZLMFkUpRyZGkwBQjylKDB9Zgoli9lZEBlhhYmxMRRuCN//yImmeVTy34t2dl6vXeRwFOIQjOAEPLqAKt1CHBhBI4Ble4c1JnRfn3fmYtS45+cwB/IHz+QPuS5BN</latexit><latexit sha1_base64="dL2XUbZWqgM0n7BKugu84o2hPss=">AAAB83icbVBNSwMxEJ31s9avqkcvwSKIh7Irgl6EohfpqYL9gO5asmm2DU2yS5IVy9K/4cWDIl79M978N6btHrT1wcDjvRlm5oUJZ9q47reztLyyurZe2Chubm3v7Jb29ps6ThWhDRLzWLVDrClnkjYMM5y2E0WxCDlthcObid96pEqzWN6bUUIDgfuSRYxgYyW/9nCKrpAv8BOqdUtlt+JOgRaJl5My5Kh3S19+LyapoNIQjrXueG5iggwrwwin46KfappgMsR92rFUYkF1kE1vHqNjq/RQFCtb0qCp+nsiw0LrkQhtp8BmoOe9ifif10lNdBlkTCapoZLMFkUpRyZGkwBQjylKDB9Zgoli9lZEBlhhYmxMRRuCN//yImmeVTy34t2dl6vXeRwFOIQjOAEPLqAKt1CHBhBI4Ble4c1JnRfn3fmYtS45+cwB/IHz+QPuS5BN</latexit><latexit sha1_base64="dL2XUbZWqgM0n7BKugu84o2hPss=">AAAB83icbVBNSwMxEJ31s9avqkcvwSKIh7Irgl6EohfpqYL9gO5asmm2DU2yS5IVy9K/4cWDIl79M978N6btHrT1wcDjvRlm5oUJZ9q47reztLyyurZe2Chubm3v7Jb29ps6ThWhDRLzWLVDrClnkjYMM5y2E0WxCDlthcObid96pEqzWN6bUUIDgfuSRYxgYyW/9nCKrpAv8BOqdUtlt+JOgRaJl5My5Kh3S19+LyapoNIQjrXueG5iggwrwwin46KfappgMsR92rFUYkF1kE1vHqNjq/RQFCtb0qCp+nsiw0LrkQhtp8BmoOe9ifif10lNdBlkTCapoZLMFkUpRyZGkwBQjylKDB9Zgoli9lZEBlhhYmxMRRuCN//yImmeVTy34t2dl6vXeRwFOIQjOAEPLqAKt1CHBhBI4Ble4c1JnRfn3fmYtS45+cwB/IHz+QPuS5BN</latexit><latexit sha1_base64="dL2XUbZWqgM0n7BKugu84o2hPss=">AAAB83icbVBNSwMxEJ31s9avqkcvwSKIh7Irgl6EohfpqYL9gO5asmm2DU2yS5IVy9K/4cWDIl79M978N6btHrT1wcDjvRlm5oUJZ9q47reztLyyurZe2Chubm3v7Jb29ps6ThWhDRLzWLVDrClnkjYMM5y2E0WxCDlthcObid96pEqzWN6bUUIDgfuSRYxgYyW/9nCKrpAv8BOqdUtlt+JOgRaJl5My5Kh3S19+LyapoNIQjrXueG5iggwrwwin46KfappgMsR92rFUYkF1kE1vHqNjq/RQFCtb0qCp+nsiw0LrkQhtp8BmoOe9ifif10lNdBlkTCapoZLMFkUpRyZGkwBQjylKDB9Zgoli9lZEBlhhYmxMRRuCN//yImmeVTy34t2dl6vXeRwFOIQjOAEPLqAKt1CHBhBI4Ble4c1JnRfn3fmYtS45+cwB/IHz+QPuS5BN</latexit>

For every domain 
•Compute upper bound by optimization 

using network relaxation 
•Compute lower bound by sampling

J⇤
<latexit sha1_base64="zQIEQba74HpKuur09u/32+x//QQ=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSKIh5KIoMeiF/FU0X5AG8tmO2mXbjZhdyOU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut7O0vLK6tl7YKG5ube/slvb2GzpOFcM6i0WsWgHVKLjEuuFGYCtRSKNAYDMYXk/85hMqzWP5YEYJ+hHtSx5yRo2V7m8fT7ulsltxpyCLxMtJGXLUuqWvTi9maYTSMEG1bntuYvyMKsOZwHGxk2pMKBvSPrYtlTRC7WfTU8fk2Co9EsbKljRkqv6eyGik9SgKbGdEzUDPexPxP6+dmvDSz7hMUoOSzRaFqSAmJpO/SY8rZEaMLKFMcXsrYQOqKDM2naINwZt/eZE0ziqeW/HuzsvVqzyOAhzCEZyABxdQhRuoQR0Y9OEZXuHNEc6L8+58zFqXnHzmAP7A+fwBuWyNag==</latexit><latexit sha1_base64="zQIEQba74HpKuur09u/32+x//QQ=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSKIh5KIoMeiF/FU0X5AG8tmO2mXbjZhdyOU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut7O0vLK6tl7YKG5ube/slvb2GzpOFcM6i0WsWgHVKLjEuuFGYCtRSKNAYDMYXk/85hMqzWP5YEYJ+hHtSx5yRo2V7m8fT7ulsltxpyCLxMtJGXLUuqWvTi9maYTSMEG1bntuYvyMKsOZwHGxk2pMKBvSPrYtlTRC7WfTU8fk2Co9EsbKljRkqv6eyGik9SgKbGdEzUDPexPxP6+dmvDSz7hMUoOSzRaFqSAmJpO/SY8rZEaMLKFMcXsrYQOqKDM2naINwZt/eZE0ziqeW/HuzsvVqzyOAhzCEZyABxdQhRuoQR0Y9OEZXuHNEc6L8+58zFqXnHzmAP7A+fwBuWyNag==</latexit><latexit sha1_base64="zQIEQba74HpKuur09u/32+x//QQ=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSKIh5KIoMeiF/FU0X5AG8tmO2mXbjZhdyOU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut7O0vLK6tl7YKG5ube/slvb2GzpOFcM6i0WsWgHVKLjEuuFGYCtRSKNAYDMYXk/85hMqzWP5YEYJ+hHtSx5yRo2V7m8fT7ulsltxpyCLxMtJGXLUuqWvTi9maYTSMEG1bntuYvyMKsOZwHGxk2pMKBvSPrYtlTRC7WfTU8fk2Co9EsbKljRkqv6eyGik9SgKbGdEzUDPexPxP6+dmvDSz7hMUoOSzRaFqSAmJpO/SY8rZEaMLKFMcXsrYQOqKDM2naINwZt/eZE0ziqeW/HuzsvVqzyOAhzCEZyABxdQhRuoQR0Y9OEZXuHNEc6L8+58zFqXnHzmAP7A+fwBuWyNag==</latexit><latexit sha1_base64="zQIEQba74HpKuur09u/32+x//QQ=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSKIh5KIoMeiF/FU0X5AG8tmO2mXbjZhdyOU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut7O0vLK6tl7YKG5ube/slvb2GzpOFcM6i0WsWgHVKLjEuuFGYCtRSKNAYDMYXk/85hMqzWP5YEYJ+hHtSx5yRo2V7m8fT7ulsltxpyCLxMtJGXLUuqWvTi9maYTSMEG1bntuYvyMKsOZwHGxk2pMKBvSPrYtlTRC7WfTU8fk2Co9EsbKljRkqv6eyGik9SgKbGdEzUDPexPxP6+dmvDSz7hMUoOSzRaFqSAmJpO/SY8rZEaMLKFMcXsrYQOqKDM2naINwZt/eZE0ziqeW/HuzsvVqzyOAhzCEZyABxdQhRuoQR0Y9OEZXuHNEc6L8+58zFqXnHzmAP7A+fwBuWyNag==</latexit>

Lower bound

Upper bound
Lower bound
Upper bound

Input space
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!33

BaB

J⇤ = max J
<latexit sha1_base64="dL2XUbZWqgM0n7BKugu84o2hPss=">AAAB83icbVBNSwMxEJ31s9avqkcvwSKIh7Irgl6EohfpqYL9gO5asmm2DU2yS5IVy9K/4cWDIl79M978N6btHrT1wcDjvRlm5oUJZ9q47reztLyyurZe2Chubm3v7Jb29ps6ThWhDRLzWLVDrClnkjYMM5y2E0WxCDlthcObid96pEqzWN6bUUIDgfuSRYxgYyW/9nCKrpAv8BOqdUtlt+JOgRaJl5My5Kh3S19+LyapoNIQjrXueG5iggwrwwin46KfappgMsR92rFUYkF1kE1vHqNjq/RQFCtb0qCp+nsiw0LrkQhtp8BmoOe9ifif10lNdBlkTCapoZLMFkUpRyZGkwBQjylKDB9Zgoli9lZEBlhhYmxMRRuCN//yImmeVTy34t2dl6vXeRwFOIQjOAEPLqAKt1CHBhBI4Ble4c1JnRfn3fmYtS45+cwB/IHz+QPuS5BN</latexit><latexit sha1_base64="dL2XUbZWqgM0n7BKugu84o2hPss=">AAAB83icbVBNSwMxEJ31s9avqkcvwSKIh7Irgl6EohfpqYL9gO5asmm2DU2yS5IVy9K/4cWDIl79M978N6btHrT1wcDjvRlm5oUJZ9q47reztLyyurZe2Chubm3v7Jb29ps6ThWhDRLzWLVDrClnkjYMM5y2E0WxCDlthcObid96pEqzWN6bUUIDgfuSRYxgYyW/9nCKrpAv8BOqdUtlt+JOgRaJl5My5Kh3S19+LyapoNIQjrXueG5iggwrwwin46KfappgMsR92rFUYkF1kE1vHqNjq/RQFCtb0qCp+nsiw0LrkQhtp8BmoOe9ifif10lNdBlkTCapoZLMFkUpRyZGkwBQjylKDB9Zgoli9lZEBlhhYmxMRRuCN//yImmeVTy34t2dl6vXeRwFOIQjOAEPLqAKt1CHBhBI4Ble4c1JnRfn3fmYtS45+cwB/IHz+QPuS5BN</latexit><latexit sha1_base64="dL2XUbZWqgM0n7BKugu84o2hPss=">AAAB83icbVBNSwMxEJ31s9avqkcvwSKIh7Irgl6EohfpqYL9gO5asmm2DU2yS5IVy9K/4cWDIl79M978N6btHrT1wcDjvRlm5oUJZ9q47reztLyyurZe2Chubm3v7Jb29ps6ThWhDRLzWLVDrClnkjYMM5y2E0WxCDlthcObid96pEqzWN6bUUIDgfuSRYxgYyW/9nCKrpAv8BOqdUtlt+JOgRaJl5My5Kh3S19+LyapoNIQjrXueG5iggwrwwin46KfappgMsR92rFUYkF1kE1vHqNjq/RQFCtb0qCp+nsiw0LrkQhtp8BmoOe9ifif10lNdBlkTCapoZLMFkUpRyZGkwBQjylKDB9Zgoli9lZEBlhhYmxMRRuCN//yImmeVTy34t2dl6vXeRwFOIQjOAEPLqAKt1CHBhBI4Ble4c1JnRfn3fmYtS45+cwB/IHz+QPuS5BN</latexit><latexit sha1_base64="dL2XUbZWqgM0n7BKugu84o2hPss=">AAAB83icbVBNSwMxEJ31s9avqkcvwSKIh7Irgl6EohfpqYL9gO5asmm2DU2yS5IVy9K/4cWDIl79M978N6btHrT1wcDjvRlm5oUJZ9q47reztLyyurZe2Chubm3v7Jb29ps6ThWhDRLzWLVDrClnkjYMM5y2E0WxCDlthcObid96pEqzWN6bUUIDgfuSRYxgYyW/9nCKrpAv8BOqdUtlt+JOgRaJl5My5Kh3S19+LyapoNIQjrXueG5iggwrwwin46KfappgMsR92rFUYkF1kE1vHqNjq/RQFCtb0qCp+nsiw0LrkQhtp8BmoOe9ifif10lNdBlkTCapoZLMFkUpRyZGkwBQjylKDB9Zgoli9lZEBlhhYmxMRRuCN//yImmeVTy34t2dl6vXeRwFOIQjOAEPLqAKt1CHBhBI4Ble4c1JnRfn3fmYtS45+cwB/IHz+QPuS5BN</latexit>

For every domain 
•Compute upper bound by optimization 

using network relaxation 
•Compute lower bound by sampling

J⇤
<latexit sha1_base64="zQIEQba74HpKuur09u/32+x//QQ=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSKIh5KIoMeiF/FU0X5AG8tmO2mXbjZhdyOU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut7O0vLK6tl7YKG5ube/slvb2GzpOFcM6i0WsWgHVKLjEuuFGYCtRSKNAYDMYXk/85hMqzWP5YEYJ+hHtSx5yRo2V7m8fT7ulsltxpyCLxMtJGXLUuqWvTi9maYTSMEG1bntuYvyMKsOZwHGxk2pMKBvSPrYtlTRC7WfTU8fk2Co9EsbKljRkqv6eyGik9SgKbGdEzUDPexPxP6+dmvDSz7hMUoOSzRaFqSAmJpO/SY8rZEaMLKFMcXsrYQOqKDM2naINwZt/eZE0ziqeW/HuzsvVqzyOAhzCEZyABxdQhRuoQR0Y9OEZXuHNEc6L8+58zFqXnHzmAP7A+fwBuWyNag==</latexit><latexit sha1_base64="zQIEQba74HpKuur09u/32+x//QQ=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSKIh5KIoMeiF/FU0X5AG8tmO2mXbjZhdyOU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut7O0vLK6tl7YKG5ube/slvb2GzpOFcM6i0WsWgHVKLjEuuFGYCtRSKNAYDMYXk/85hMqzWP5YEYJ+hHtSx5yRo2V7m8fT7ulsltxpyCLxMtJGXLUuqWvTi9maYTSMEG1bntuYvyMKsOZwHGxk2pMKBvSPrYtlTRC7WfTU8fk2Co9EsbKljRkqv6eyGik9SgKbGdEzUDPexPxP6+dmvDSz7hMUoOSzRaFqSAmJpO/SY8rZEaMLKFMcXsrYQOqKDM2naINwZt/eZE0ziqeW/HuzsvVqzyOAhzCEZyABxdQhRuoQR0Y9OEZXuHNEc6L8+58zFqXnHzmAP7A+fwBuWyNag==</latexit><latexit sha1_base64="zQIEQba74HpKuur09u/32+x//QQ=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSKIh5KIoMeiF/FU0X5AG8tmO2mXbjZhdyOU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut7O0vLK6tl7YKG5ube/slvb2GzpOFcM6i0WsWgHVKLjEuuFGYCtRSKNAYDMYXk/85hMqzWP5YEYJ+hHtSx5yRo2V7m8fT7ulsltxpyCLxMtJGXLUuqWvTi9maYTSMEG1bntuYvyMKsOZwHGxk2pMKBvSPrYtlTRC7WfTU8fk2Co9EsbKljRkqv6eyGik9SgKbGdEzUDPexPxP6+dmvDSz7hMUoOSzRaFqSAmJpO/SY8rZEaMLKFMcXsrYQOqKDM2naINwZt/eZE0ziqeW/HuzsvVqzyOAhzCEZyABxdQhRuoQR0Y9OEZXuHNEc6L8+58zFqXnHzmAP7A+fwBuWyNag==</latexit><latexit sha1_base64="zQIEQba74HpKuur09u/32+x//QQ=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSKIh5KIoMeiF/FU0X5AG8tmO2mXbjZhdyOU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut7O0vLK6tl7YKG5ube/slvb2GzpOFcM6i0WsWgHVKLjEuuFGYCtRSKNAYDMYXk/85hMqzWP5YEYJ+hHtSx5yRo2V7m8fT7ulsltxpyCLxMtJGXLUuqWvTi9maYTSMEG1bntuYvyMKsOZwHGxk2pMKBvSPrYtlTRC7WfTU8fk2Co9EsbKljRkqv6eyGik9SgKbGdEzUDPexPxP6+dmvDSz7hMUoOSzRaFqSAmJpO/SY8rZEaMLKFMcXsrYQOqKDM2naINwZt/eZE0ziqeW/HuzsvVqzyOAhzCEZyABxdQhRuoQR0Y9OEZXuHNEc6L8+58zFqXnHzmAP7A+fwBuWyNag==</latexit>

Lower bound

Upper bound
Lower bound

Lower bound

Upper bound
Upper bound

Input space
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BaB

J⇤ = max J
<latexit sha1_base64="dL2XUbZWqgM0n7BKugu84o2hPss=">AAAB83icbVBNSwMxEJ31s9avqkcvwSKIh7Irgl6EohfpqYL9gO5asmm2DU2yS5IVy9K/4cWDIl79M978N6btHrT1wcDjvRlm5oUJZ9q47reztLyyurZe2Chubm3v7Jb29ps6ThWhDRLzWLVDrClnkjYMM5y2E0WxCDlthcObid96pEqzWN6bUUIDgfuSRYxgYyW/9nCKrpAv8BOqdUtlt+JOgRaJl5My5Kh3S19+LyapoNIQjrXueG5iggwrwwin46KfappgMsR92rFUYkF1kE1vHqNjq/RQFCtb0qCp+nsiw0LrkQhtp8BmoOe9ifif10lNdBlkTCapoZLMFkUpRyZGkwBQjylKDB9Zgoli9lZEBlhhYmxMRRuCN//yImmeVTy34t2dl6vXeRwFOIQjOAEPLqAKt1CHBhBI4Ble4c1JnRfn3fmYtS45+cwB/IHz+QPuS5BN</latexit><latexit sha1_base64="dL2XUbZWqgM0n7BKugu84o2hPss=">AAAB83icbVBNSwMxEJ31s9avqkcvwSKIh7Irgl6EohfpqYL9gO5asmm2DU2yS5IVy9K/4cWDIl79M978N6btHrT1wcDjvRlm5oUJZ9q47reztLyyurZe2Chubm3v7Jb29ps6ThWhDRLzWLVDrClnkjYMM5y2E0WxCDlthcObid96pEqzWN6bUUIDgfuSRYxgYyW/9nCKrpAv8BOqdUtlt+JOgRaJl5My5Kh3S19+LyapoNIQjrXueG5iggwrwwin46KfappgMsR92rFUYkF1kE1vHqNjq/RQFCtb0qCp+nsiw0LrkQhtp8BmoOe9ifif10lNdBlkTCapoZLMFkUpRyZGkwBQjylKDB9Zgoli9lZEBlhhYmxMRRuCN//yImmeVTy34t2dl6vXeRwFOIQjOAEPLqAKt1CHBhBI4Ble4c1JnRfn3fmYtS45+cwB/IHz+QPuS5BN</latexit><latexit sha1_base64="dL2XUbZWqgM0n7BKugu84o2hPss=">AAAB83icbVBNSwMxEJ31s9avqkcvwSKIh7Irgl6EohfpqYL9gO5asmm2DU2yS5IVy9K/4cWDIl79M978N6btHrT1wcDjvRlm5oUJZ9q47reztLyyurZe2Chubm3v7Jb29ps6ThWhDRLzWLVDrClnkjYMM5y2E0WxCDlthcObid96pEqzWN6bUUIDgfuSRYxgYyW/9nCKrpAv8BOqdUtlt+JOgRaJl5My5Kh3S19+LyapoNIQjrXueG5iggwrwwin46KfappgMsR92rFUYkF1kE1vHqNjq/RQFCtb0qCp+nsiw0LrkQhtp8BmoOe9ifif10lNdBlkTCapoZLMFkUpRyZGkwBQjylKDB9Zgoli9lZEBlhhYmxMRRuCN//yImmeVTy34t2dl6vXeRwFOIQjOAEPLqAKt1CHBhBI4Ble4c1JnRfn3fmYtS45+cwB/IHz+QPuS5BN</latexit><latexit sha1_base64="dL2XUbZWqgM0n7BKugu84o2hPss=">AAAB83icbVBNSwMxEJ31s9avqkcvwSKIh7Irgl6EohfpqYL9gO5asmm2DU2yS5IVy9K/4cWDIl79M978N6btHrT1wcDjvRlm5oUJZ9q47reztLyyurZe2Chubm3v7Jb29ps6ThWhDRLzWLVDrClnkjYMM5y2E0WxCDlthcObid96pEqzWN6bUUIDgfuSRYxgYyW/9nCKrpAv8BOqdUtlt+JOgRaJl5My5Kh3S19+LyapoNIQjrXueG5iggwrwwin46KfappgMsR92rFUYkF1kE1vHqNjq/RQFCtb0qCp+nsiw0LrkQhtp8BmoOe9ifif10lNdBlkTCapoZLMFkUpRyZGkwBQjylKDB9Zgoli9lZEBlhhYmxMRRuCN//yImmeVTy34t2dl6vXeRwFOIQjOAEPLqAKt1CHBhBI4Ble4c1JnRfn3fmYtS45+cwB/IHz+QPuS5BN</latexit>

For every domain 
•Compute upper bound by optimization 

using network relaxation 
•Compute lower bound by sampling

J⇤
<latexit sha1_base64="zQIEQba74HpKuur09u/32+x//QQ=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSKIh5KIoMeiF/FU0X5AG8tmO2mXbjZhdyOU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut7O0vLK6tl7YKG5ube/slvb2GzpOFcM6i0WsWgHVKLjEuuFGYCtRSKNAYDMYXk/85hMqzWP5YEYJ+hHtSx5yRo2V7m8fT7ulsltxpyCLxMtJGXLUuqWvTi9maYTSMEG1bntuYvyMKsOZwHGxk2pMKBvSPrYtlTRC7WfTU8fk2Co9EsbKljRkqv6eyGik9SgKbGdEzUDPexPxP6+dmvDSz7hMUoOSzRaFqSAmJpO/SY8rZEaMLKFMcXsrYQOqKDM2naINwZt/eZE0ziqeW/HuzsvVqzyOAhzCEZyABxdQhRuoQR0Y9OEZXuHNEc6L8+58zFqXnHzmAP7A+fwBuWyNag==</latexit><latexit sha1_base64="zQIEQba74HpKuur09u/32+x//QQ=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSKIh5KIoMeiF/FU0X5AG8tmO2mXbjZhdyOU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut7O0vLK6tl7YKG5ube/slvb2GzpOFcM6i0WsWgHVKLjEuuFGYCtRSKNAYDMYXk/85hMqzWP5YEYJ+hHtSx5yRo2V7m8fT7ulsltxpyCLxMtJGXLUuqWvTi9maYTSMEG1bntuYvyMKsOZwHGxk2pMKBvSPrYtlTRC7WfTU8fk2Co9EsbKljRkqv6eyGik9SgKbGdEzUDPexPxP6+dmvDSz7hMUoOSzRaFqSAmJpO/SY8rZEaMLKFMcXsrYQOqKDM2naINwZt/eZE0ziqeW/HuzsvVqzyOAhzCEZyABxdQhRuoQR0Y9OEZXuHNEc6L8+58zFqXnHzmAP7A+fwBuWyNag==</latexit><latexit sha1_base64="zQIEQba74HpKuur09u/32+x//QQ=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSKIh5KIoMeiF/FU0X5AG8tmO2mXbjZhdyOU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut7O0vLK6tl7YKG5ube/slvb2GzpOFcM6i0WsWgHVKLjEuuFGYCtRSKNAYDMYXk/85hMqzWP5YEYJ+hHtSx5yRo2V7m8fT7ulsltxpyCLxMtJGXLUuqWvTi9maYTSMEG1bntuYvyMKsOZwHGxk2pMKBvSPrYtlTRC7WfTU8fk2Co9EsbKljRkqv6eyGik9SgKbGdEzUDPexPxP6+dmvDSz7hMUoOSzRaFqSAmJpO/SY8rZEaMLKFMcXsrYQOqKDM2naINwZt/eZE0ziqeW/HuzsvVqzyOAhzCEZyABxdQhRuoQR0Y9OEZXuHNEc6L8+58zFqXnHzmAP7A+fwBuWyNag==</latexit><latexit sha1_base64="zQIEQba74HpKuur09u/32+x//QQ=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSKIh5KIoMeiF/FU0X5AG8tmO2mXbjZhdyOU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut7O0vLK6tl7YKG5ube/slvb2GzpOFcM6i0WsWgHVKLjEuuFGYCtRSKNAYDMYXk/85hMqzWP5YEYJ+hHtSx5yRo2V7m8fT7ulsltxpyCLxMtJGXLUuqWvTi9maYTSMEG1bntuYvyMKsOZwHGxk2pMKBvSPrYtlTRC7WfTU8fk2Co9EsbKljRkqv6eyGik9SgKbGdEzUDPexPxP6+dmvDSz7hMUoOSzRaFqSAmJpO/SY8rZEaMLKFMcXsrYQOqKDM2naINwZt/eZE0ziqeW/HuzsvVqzyOAhzCEZyABxdQhRuoQR0Y9OEZXuHNEc6L8+58zFqXnHzmAP7A+fwBuWyNag==</latexit>

Lower bound

Upper bound
Lower bound
Upper bound

Input space
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Planet
ẑ1

<latexit sha1_base64="+DbVZEK9fzhwTplzuXmzx3LPOfY=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiQi6LLoxmUF+4AmhMl00g6dPJi5EWKIv+LGhSJu/RB3/o2TNgttPTBwOOde7pnjJ4IrsKxvo7a2vrG5Vd9u7Ozu7R+Yh0d9FaeSsh6NRSyHPlFM8Ij1gINgw0QyEvqCDfzZTekPHphUPI7uIUuYG5JJxANOCWjJM5vOlEDuhASmfoAfCy+3C89sWW1rDrxK7Iq0UIWuZ34545imIYuACqLUyLYScHMigVPBioaTKpYQOiMTNtI0IiFTbj4PX+BTrYxxEEv9IsBz9fdGTkKlstDXk2VKteyV4n/eKIXgys15lKTAIro4FKQCQ4zLJvCYS0ZBZJoQKrnOiumUSEJB99XQJdjLX14l/fO2bbXtu4tW57qqo46O0Qk6Qza6RB10i7qohyjK0DN6RW/Gk/FivBsfi9GaUe000R8Ynz/mZ5Tq</latexit><latexit sha1_base64="+DbVZEK9fzhwTplzuXmzx3LPOfY=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiQi6LLoxmUF+4AmhMl00g6dPJi5EWKIv+LGhSJu/RB3/o2TNgttPTBwOOde7pnjJ4IrsKxvo7a2vrG5Vd9u7Ozu7R+Yh0d9FaeSsh6NRSyHPlFM8Ij1gINgw0QyEvqCDfzZTekPHphUPI7uIUuYG5JJxANOCWjJM5vOlEDuhASmfoAfCy+3C89sWW1rDrxK7Iq0UIWuZ34545imIYuACqLUyLYScHMigVPBioaTKpYQOiMTNtI0IiFTbj4PX+BTrYxxEEv9IsBz9fdGTkKlstDXk2VKteyV4n/eKIXgys15lKTAIro4FKQCQ4zLJvCYS0ZBZJoQKrnOiumUSEJB99XQJdjLX14l/fO2bbXtu4tW57qqo46O0Qk6Qza6RB10i7qohyjK0DN6RW/Gk/FivBsfi9GaUe000R8Ynz/mZ5Tq</latexit><latexit sha1_base64="+DbVZEK9fzhwTplzuXmzx3LPOfY=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiQi6LLoxmUF+4AmhMl00g6dPJi5EWKIv+LGhSJu/RB3/o2TNgttPTBwOOde7pnjJ4IrsKxvo7a2vrG5Vd9u7Ozu7R+Yh0d9FaeSsh6NRSyHPlFM8Ij1gINgw0QyEvqCDfzZTekPHphUPI7uIUuYG5JJxANOCWjJM5vOlEDuhASmfoAfCy+3C89sWW1rDrxK7Iq0UIWuZ34545imIYuACqLUyLYScHMigVPBioaTKpYQOiMTNtI0IiFTbj4PX+BTrYxxEEv9IsBz9fdGTkKlstDXk2VKteyV4n/eKIXgys15lKTAIro4FKQCQ4zLJvCYS0ZBZJoQKrnOiumUSEJB99XQJdjLX14l/fO2bbXtu4tW57qqo46O0Qk6Qza6RB10i7qohyjK0DN6RW/Gk/FivBsfi9GaUe000R8Ynz/mZ5Tq</latexit><latexit sha1_base64="+DbVZEK9fzhwTplzuXmzx3LPOfY=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiQi6LLoxmUF+4AmhMl00g6dPJi5EWKIv+LGhSJu/RB3/o2TNgttPTBwOOde7pnjJ4IrsKxvo7a2vrG5Vd9u7Ozu7R+Yh0d9FaeSsh6NRSyHPlFM8Ij1gINgw0QyEvqCDfzZTekPHphUPI7uIUuYG5JJxANOCWjJM5vOlEDuhASmfoAfCy+3C89sWW1rDrxK7Iq0UIWuZ34545imIYuACqLUyLYScHMigVPBioaTKpYQOiMTNtI0IiFTbj4PX+BTrYxxEEv9IsBz9fdGTkKlstDXk2VKteyV4n/eKIXgys15lKTAIro4FKQCQ4zLJvCYS0ZBZJoQKrnOiumUSEJB99XQJdjLX14l/fO2bbXtu4tW57qqo46O0Qk6Qza6RB10i7qohyjK0DN6RW/Gk/FivBsfi9GaUe000R8Ynz/mZ5Tq</latexit>

ẑ2
<latexit sha1_base64="ztOqvQ1D6SB38cdUtxkbHXUSb3E=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBFclaQIuiy6cVnBPqAJYTKdtEMnD2ZuhBjir7hxoYhbP8Sdf+OkzUJbDwwczrmXe+b4ieAKLOvbWFvf2Nzaru3Ud/f2Dw7No+O+ilNJWY/GIpZDnygmeMR6wEGwYSIZCX3BBv7spvQHD0wqHkf3kCXMDckk4gGnBLTkmQ1nSiB3QgJTP8CPhZe3C89sWi1rDrxK7Io0UYWuZ34545imIYuACqLUyLYScHMigVPBirqTKpYQOiMTNtI0IiFTbj4PX+AzrYxxEEv9IsBz9fdGTkKlstDXk2VKteyV4n/eKIXgys15lKTAIro4FKQCQ4zLJvCYS0ZBZJoQKrnOiumUSEJB91XXJdjLX14l/XbLtlr23UWzc13VUUMn6BSdIxtdog66RV3UQxRl6Bm9ojfjyXgx3o2PxeiaUe000B8Ynz/n7JTr</latexit><latexit sha1_base64="ztOqvQ1D6SB38cdUtxkbHXUSb3E=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBFclaQIuiy6cVnBPqAJYTKdtEMnD2ZuhBjir7hxoYhbP8Sdf+OkzUJbDwwczrmXe+b4ieAKLOvbWFvf2Nzaru3Ud/f2Dw7No+O+ilNJWY/GIpZDnygmeMR6wEGwYSIZCX3BBv7spvQHD0wqHkf3kCXMDckk4gGnBLTkmQ1nSiB3QgJTP8CPhZe3C89sWi1rDrxK7Io0UYWuZ34545imIYuACqLUyLYScHMigVPBirqTKpYQOiMTNtI0IiFTbj4PX+AzrYxxEEv9IsBz9fdGTkKlstDXk2VKteyV4n/eKIXgys15lKTAIro4FKQCQ4zLJvCYS0ZBZJoQKrnOiumUSEJB91XXJdjLX14l/XbLtlr23UWzc13VUUMn6BSdIxtdog66RV3UQxRl6Bm9ojfjyXgx3o2PxeiaUe000B8Ynz/n7JTr</latexit><latexit sha1_base64="ztOqvQ1D6SB38cdUtxkbHXUSb3E=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBFclaQIuiy6cVnBPqAJYTKdtEMnD2ZuhBjir7hxoYhbP8Sdf+OkzUJbDwwczrmXe+b4ieAKLOvbWFvf2Nzaru3Ud/f2Dw7No+O+ilNJWY/GIpZDnygmeMR6wEGwYSIZCX3BBv7spvQHD0wqHkf3kCXMDckk4gGnBLTkmQ1nSiB3QgJTP8CPhZe3C89sWi1rDrxK7Io0UYWuZ34545imIYuACqLUyLYScHMigVPBirqTKpYQOiMTNtI0IiFTbj4PX+AzrYxxEEv9IsBz9fdGTkKlstDXk2VKteyV4n/eKIXgys15lKTAIro4FKQCQ4zLJvCYS0ZBZJoQKrnOiumUSEJB91XXJdjLX14l/XbLtlr23UWzc13VUUMn6BSdIxtdog66RV3UQxRl6Bm9ojfjyXgx3o2PxeiaUe000B8Ynz/n7JTr</latexit><latexit sha1_base64="ztOqvQ1D6SB38cdUtxkbHXUSb3E=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBFclaQIuiy6cVnBPqAJYTKdtEMnD2ZuhBjir7hxoYhbP8Sdf+OkzUJbDwwczrmXe+b4ieAKLOvbWFvf2Nzaru3Ud/f2Dw7No+O+ilNJWY/GIpZDnygmeMR6wEGwYSIZCX3BBv7spvQHD0wqHkf3kCXMDckk4gGnBLTkmQ1nSiB3QgJTP8CPhZe3C89sWi1rDrxK7Io0UYWuZ34545imIYuACqLUyLYScHMigVPBirqTKpYQOiMTNtI0IiFTbj4PX+AzrYxxEEv9IsBz9fdGTkKlstDXk2VKteyV4n/eKIXgys15lKTAIro4FKQCQ4zLJvCYS0ZBZJoQKrnOiumUSEJB91XXJdjLX14l/XbLtlr23UWzc13VUUMn6BSdIxtdog66RV3UQxRl6Bm9ojfjyXgx3o2PxeiaUe000B8Ynz/n7JTr</latexit>

z1
<latexit sha1_base64="vieKZAyBoUUDdSqAo6JpbX22bvI=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyURQZdFNy4r2Ae0IUymk3boZBJmJkIb8iVuXCji1k9x5984abPQ1gMDh3Pu5Z45QcKZ0o7zbVU2Nre2d6q7tb39g8O6fXTcVXEqCe2QmMeyH2BFORO0o5nmtJ9IiqOA014wvSv83hOVisXiUc8S6kV4LFjICNZG8u16NoywngQhmud+5ua+3XCazgJonbglaUCJtm9/DUcxSSMqNOFYqYHrJNrLsNSMcJrXhqmiCSZTPKYDQwWOqPKyRfAcnRtlhMJYmic0Wqi/NzIcKTWLAjNZpFSrXiH+5w1SHd54GRNJqqkgy0NhypGOUdECGjFJieYzQzCRzGRFZIIlJtp0VTMluKtfXifdy6brNN2Hq0brtqyjCqdwBhfgwjW04B7a0AECKTzDK7xZc+vFerc+lqMVq9w5gT+wPn8Ay5KTKQ==</latexit><latexit sha1_base64="vieKZAyBoUUDdSqAo6JpbX22bvI=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyURQZdFNy4r2Ae0IUymk3boZBJmJkIb8iVuXCji1k9x5984abPQ1gMDh3Pu5Z45QcKZ0o7zbVU2Nre2d6q7tb39g8O6fXTcVXEqCe2QmMeyH2BFORO0o5nmtJ9IiqOA014wvSv83hOVisXiUc8S6kV4LFjICNZG8u16NoywngQhmud+5ua+3XCazgJonbglaUCJtm9/DUcxSSMqNOFYqYHrJNrLsNSMcJrXhqmiCSZTPKYDQwWOqPKyRfAcnRtlhMJYmic0Wqi/NzIcKTWLAjNZpFSrXiH+5w1SHd54GRNJqqkgy0NhypGOUdECGjFJieYzQzCRzGRFZIIlJtp0VTMluKtfXifdy6brNN2Hq0brtqyjCqdwBhfgwjW04B7a0AECKTzDK7xZc+vFerc+lqMVq9w5gT+wPn8Ay5KTKQ==</latexit><latexit sha1_base64="vieKZAyBoUUDdSqAo6JpbX22bvI=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyURQZdFNy4r2Ae0IUymk3boZBJmJkIb8iVuXCji1k9x5984abPQ1gMDh3Pu5Z45QcKZ0o7zbVU2Nre2d6q7tb39g8O6fXTcVXEqCe2QmMeyH2BFORO0o5nmtJ9IiqOA014wvSv83hOVisXiUc8S6kV4LFjICNZG8u16NoywngQhmud+5ua+3XCazgJonbglaUCJtm9/DUcxSSMqNOFYqYHrJNrLsNSMcJrXhqmiCSZTPKYDQwWOqPKyRfAcnRtlhMJYmic0Wqi/NzIcKTWLAjNZpFSrXiH+5w1SHd54GRNJqqkgy0NhypGOUdECGjFJieYzQzCRzGRFZIIlJtp0VTMluKtfXifdy6brNN2Hq0brtqyjCqdwBhfgwjW04B7a0AECKTzDK7xZc+vFerc+lqMVq9w5gT+wPn8Ay5KTKQ==</latexit><latexit sha1_base64="vieKZAyBoUUDdSqAo6JpbX22bvI=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyURQZdFNy4r2Ae0IUymk3boZBJmJkIb8iVuXCji1k9x5984abPQ1gMDh3Pu5Z45QcKZ0o7zbVU2Nre2d6q7tb39g8O6fXTcVXEqCe2QmMeyH2BFORO0o5nmtJ9IiqOA014wvSv83hOVisXiUc8S6kV4LFjICNZG8u16NoywngQhmud+5ua+3XCazgJonbglaUCJtm9/DUcxSSMqNOFYqYHrJNrLsNSMcJrXhqmiCSZTPKYDQwWOqPKyRfAcnRtlhMJYmic0Wqi/NzIcKTWLAjNZpFSrXiH+5w1SHd54GRNJqqkgy0NhypGOUdECGjFJieYzQzCRzGRFZIIlJtp0VTMluKtfXifdy6brNN2Hq0brtqyjCqdwBhfgwjW04B7a0AECKTzDK7xZc+vFerc+lqMVq9w5gT+wPn8Ay5KTKQ==</latexit>

x
<latexit sha1_base64="PNhXodxz7BfcFth6hjyUBTHso7E=">AAAB8nicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+4A2lMl00g6dTMLMjVhCP8ONC0Xc+jXu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHJtRKwecJpwP6IjJULBKFqpl/UjiuMgJE+zQbXm1t05yCrxClKDAs1B9as/jFkacYVMUmN6npugn1GNgkk+q/RTwxPKJnTEe5YqGnHjZ/PIM3JmlSEJY22fQjJXf29kNDJmGgV2Mk9olr1c/M/rpRhe+5lQSYpcscVHYSoJxiS/nwyF5gzl1BLKtLBZCRtTTRnaliq2BG/55FXSvqh7bt27v6w1boo6ynACp3AOHlxBA+6gCS1gEMMzvMKbg86L8+58LEZLTrFzDH/gfP4AVtaRRg==</latexit><latexit sha1_base64="PNhXodxz7BfcFth6hjyUBTHso7E=">AAAB8nicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+4A2lMl00g6dTMLMjVhCP8ONC0Xc+jXu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHJtRKwecJpwP6IjJULBKFqpl/UjiuMgJE+zQbXm1t05yCrxClKDAs1B9as/jFkacYVMUmN6npugn1GNgkk+q/RTwxPKJnTEe5YqGnHjZ/PIM3JmlSEJY22fQjJXf29kNDJmGgV2Mk9olr1c/M/rpRhe+5lQSYpcscVHYSoJxiS/nwyF5gzl1BLKtLBZCRtTTRnaliq2BG/55FXSvqh7bt27v6w1boo6ynACp3AOHlxBA+6gCS1gEMMzvMKbg86L8+58LEZLTrFzDH/gfP4AVtaRRg==</latexit><latexit sha1_base64="PNhXodxz7BfcFth6hjyUBTHso7E=">AAAB8nicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+4A2lMl00g6dTMLMjVhCP8ONC0Xc+jXu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHJtRKwecJpwP6IjJULBKFqpl/UjiuMgJE+zQbXm1t05yCrxClKDAs1B9as/jFkacYVMUmN6npugn1GNgkk+q/RTwxPKJnTEe5YqGnHjZ/PIM3JmlSEJY22fQjJXf29kNDJmGgV2Mk9olr1c/M/rpRhe+5lQSYpcscVHYSoJxiS/nwyF5gzl1BLKtLBZCRtTTRnaliq2BG/55FXSvqh7bt27v6w1boo6ynACp3AOHlxBA+6gCS1gEMMzvMKbg86L8+58LEZLTrFzDH/gfP4AVtaRRg==</latexit><latexit sha1_base64="PNhXodxz7BfcFth6hjyUBTHso7E=">AAAB8nicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+4A2lMl00g6dTMLMjVhCP8ONC0Xc+jXu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHJtRKwecJpwP6IjJULBKFqpl/UjiuMgJE+zQbXm1t05yCrxClKDAs1B9as/jFkacYVMUmN6npugn1GNgkk+q/RTwxPKJnTEe5YqGnHjZ/PIM3JmlSEJY22fQjJXf29kNDJmGgV2Mk9olr1c/M/rpRhe+5lQSYpcscVHYSoJxiS/nwyF5gzl1BLKtLBZCRtTTRnaliq2BG/55FXSvqh7bt27v6w1boo6ynACp3AOHlxBA+6gCS1gEMMzvMKbg86L8+58LEZLTrFzDH/gfP4AVtaRRg==</latexit>

y
<latexit sha1_base64="3NMrVUqEzY7eJlo6LXqD4glki3A=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC20oWy2m3bpZhN2X4QQ+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmVtfWNzq7pd29nd2z+oHx51TZxqxjsslrHuBdRwKRTvoEDJe4nmNAokfwymt4X/+MS1EbF6wCzhfkTHSoSCUbRSPx9EFCdBSLLZsN5wm+4cZJV4JWlAifaw/jUYxSyNuEImqTF9z03Qz6lGwSSf1Qap4QllUzrmfUsVjbjx83nkGTmzyoiEsbZPIZmrvzdyGhmTRYGdLBKaZa8Q//P6KYbXfi5UkiJXbPFRmEqCMSnuJyOhOUOZWUKZFjYrYROqKUPbUs2W4C2fvEq6F03PbXr3l43WTVlHFU7gFM7BgytowR20oQMMYniGV3hz0Hlx3p2PxWjFKXeO4Q+czx9YW5FH</latexit><latexit sha1_base64="3NMrVUqEzY7eJlo6LXqD4glki3A=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC20oWy2m3bpZhN2X4QQ+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmVtfWNzq7pd29nd2z+oHx51TZxqxjsslrHuBdRwKRTvoEDJe4nmNAokfwymt4X/+MS1EbF6wCzhfkTHSoSCUbRSPx9EFCdBSLLZsN5wm+4cZJV4JWlAifaw/jUYxSyNuEImqTF9z03Qz6lGwSSf1Qap4QllUzrmfUsVjbjx83nkGTmzyoiEsbZPIZmrvzdyGhmTRYGdLBKaZa8Q//P6KYbXfi5UkiJXbPFRmEqCMSnuJyOhOUOZWUKZFjYrYROqKUPbUs2W4C2fvEq6F03PbXr3l43WTVlHFU7gFM7BgytowR20oQMMYniGV3hz0Hlx3p2PxWjFKXeO4Q+czx9YW5FH</latexit><latexit sha1_base64="3NMrVUqEzY7eJlo6LXqD4glki3A=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC20oWy2m3bpZhN2X4QQ+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmVtfWNzq7pd29nd2z+oHx51TZxqxjsslrHuBdRwKRTvoEDJe4nmNAokfwymt4X/+MS1EbF6wCzhfkTHSoSCUbRSPx9EFCdBSLLZsN5wm+4cZJV4JWlAifaw/jUYxSyNuEImqTF9z03Qz6lGwSSf1Qap4QllUzrmfUsVjbjx83nkGTmzyoiEsbZPIZmrvzdyGhmTRYGdLBKaZa8Q//P6KYbXfi5UkiJXbPFRmEqCMSnuJyOhOUOZWUKZFjYrYROqKUPbUs2W4C2fvEq6F03PbXr3l43WTVlHFU7gFM7BgytowR20oQMMYniGV3hz0Hlx3p2PxWjFKXeO4Q+czx9YW5FH</latexit><latexit sha1_base64="3NMrVUqEzY7eJlo6LXqD4glki3A=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC20oWy2m3bpZhN2X4QQ+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmVtfWNzq7pd29nd2z+oHx51TZxqxjsslrHuBdRwKRTvoEDJe4nmNAokfwymt4X/+MS1EbF6wCzhfkTHSoSCUbRSPx9EFCdBSLLZsN5wm+4cZJV4JWlAifaw/jUYxSyNuEImqTF9z03Qz6lGwSSf1Qap4QllUzrmfUsVjbjx83nkGTmzyoiEsbZPIZmrvzdyGhmTRYGdLBKaZa8Q//P6KYbXfi5UkiJXbPFRmEqCMSnuJyOhOUOZWUKZFjYrYROqKUPbUs2W4C2fvEq6F03PbXr3l43WTVlHFU7gFM7BgytowR20oQMMYniGV3hz0Hlx3p2PxWjFKXeO4Q+czx9YW5FH</latexit>

W1,b1
<latexit sha1_base64="oLiV9A1tjY5JPsTi6OOucrRo9Hc=">AAACAnicbVDLSsNAFL2pr1pfUVfiZrAILqQkIuiy6MZlBfuANoTJdNIOnUzCzEQoobjxV9y4UMStX+HOv3HSRtDWAwPnnnMvc+8JEs6Udpwvq7S0vLK6Vl6vbGxube/Yu3stFaeS0CaJeSw7AVaUM0GbmmlOO4mkOAo4bQej69xv31OpWCzu9DihXoQHgoWMYG0k3z7oRVgPgzBrT3z39KcITOHbVafmTIEWiVuQKhRo+PZnrx+TNKJCE46V6rpOor0MS80Ip5NKL1U0wWSEB7RrqMARVV42PWGCjo3SR2EszRMaTdXfExmOlBpHgenMd1TzXi7+53VTHV56GRNJqqkgs4/ClCMdozwP1GeSEs3HhmAimdkVkSGWmGiTWsWE4M6fvEhaZzXXqbm359X6VRFHGQ7hCE7AhQuoww00oAkEHuAJXuDVerSerTfrfdZasoqZffgD6+MbFf2XNg==</latexit><latexit sha1_base64="oLiV9A1tjY5JPsTi6OOucrRo9Hc=">AAACAnicbVDLSsNAFL2pr1pfUVfiZrAILqQkIuiy6MZlBfuANoTJdNIOnUzCzEQoobjxV9y4UMStX+HOv3HSRtDWAwPnnnMvc+8JEs6Udpwvq7S0vLK6Vl6vbGxube/Yu3stFaeS0CaJeSw7AVaUM0GbmmlOO4mkOAo4bQej69xv31OpWCzu9DihXoQHgoWMYG0k3z7oRVgPgzBrT3z39KcITOHbVafmTIEWiVuQKhRo+PZnrx+TNKJCE46V6rpOor0MS80Ip5NKL1U0wWSEB7RrqMARVV42PWGCjo3SR2EszRMaTdXfExmOlBpHgenMd1TzXi7+53VTHV56GRNJqqkgs4/ClCMdozwP1GeSEs3HhmAimdkVkSGWmGiTWsWE4M6fvEhaZzXXqbm359X6VRFHGQ7hCE7AhQuoww00oAkEHuAJXuDVerSerTfrfdZasoqZffgD6+MbFf2XNg==</latexit><latexit sha1_base64="oLiV9A1tjY5JPsTi6OOucrRo9Hc=">AAACAnicbVDLSsNAFL2pr1pfUVfiZrAILqQkIuiy6MZlBfuANoTJdNIOnUzCzEQoobjxV9y4UMStX+HOv3HSRtDWAwPnnnMvc+8JEs6Udpwvq7S0vLK6Vl6vbGxube/Yu3stFaeS0CaJeSw7AVaUM0GbmmlOO4mkOAo4bQej69xv31OpWCzu9DihXoQHgoWMYG0k3z7oRVgPgzBrT3z39KcITOHbVafmTIEWiVuQKhRo+PZnrx+TNKJCE46V6rpOor0MS80Ip5NKL1U0wWSEB7RrqMARVV42PWGCjo3SR2EszRMaTdXfExmOlBpHgenMd1TzXi7+53VTHV56GRNJqqkgs4/ClCMdozwP1GeSEs3HhmAimdkVkSGWmGiTWsWE4M6fvEhaZzXXqbm359X6VRFHGQ7hCE7AhQuoww00oAkEHuAJXuDVerSerTfrfdZasoqZffgD6+MbFf2XNg==</latexit><latexit sha1_base64="oLiV9A1tjY5JPsTi6OOucrRo9Hc=">AAACAnicbVDLSsNAFL2pr1pfUVfiZrAILqQkIuiy6MZlBfuANoTJdNIOnUzCzEQoobjxV9y4UMStX+HOv3HSRtDWAwPnnnMvc+8JEs6Udpwvq7S0vLK6Vl6vbGxube/Yu3stFaeS0CaJeSw7AVaUM0GbmmlOO4mkOAo4bQej69xv31OpWCzu9DihXoQHgoWMYG0k3z7oRVgPgzBrT3z39KcITOHbVafmTIEWiVuQKhRo+PZnrx+TNKJCE46V6rpOor0MS80Ip5NKL1U0wWSEB7RrqMARVV42PWGCjo3SR2EszRMaTdXfExmOlBpHgenMd1TzXi7+53VTHV56GRNJqqkgs4/ClCMdozwP1GeSEs3HhmAimdkVkSGWmGiTWsWE4M6fvEhaZzXXqbm359X6VRFHGQ7hCE7AhQuoww00oAkEHuAJXuDVerSerTfrfdZasoqZffgD6+MbFf2XNg==</latexit>

W2,b2
<latexit sha1_base64="LAh1bD6Buz5r9G5F3/oEnCjBjEU=">AAACAnicbVDLSsNAFL3xWesr6krcDBbBhZSkCLosunFZwT6gDWEynbRDJ5MwMxFKKG78FTcuFHHrV7jzb5y0EbT1wMC559zL3HuChDOlHefLWlpeWV1bL22UN7e2d3btvf2WilNJaJPEPJadACvKmaBNzTSnnURSHAWctoPRde6376lULBZ3epxQL8IDwUJGsDaSbx/2IqyHQZi1J37t7KcITOHbFafqTIEWiVuQChRo+PZnrx+TNKJCE46V6rpOor0MS80Ip5NyL1U0wWSEB7RrqMARVV42PWGCTozSR2EszRMaTdXfExmOlBpHgenMd1TzXi7+53VTHV56GRNJqqkgs4/ClCMdozwP1GeSEs3HhmAimdkVkSGWmGiTWtmE4M6fvEhatarrVN3b80r9qoijBEdwDKfgwgXU4QYa0AQCD/AEL/BqPVrP1pv1PmtdsoqZA/gD6+MbGRKXOA==</latexit><latexit sha1_base64="LAh1bD6Buz5r9G5F3/oEnCjBjEU=">AAACAnicbVDLSsNAFL3xWesr6krcDBbBhZSkCLosunFZwT6gDWEynbRDJ5MwMxFKKG78FTcuFHHrV7jzb5y0EbT1wMC559zL3HuChDOlHefLWlpeWV1bL22UN7e2d3btvf2WilNJaJPEPJadACvKmaBNzTSnnURSHAWctoPRde6376lULBZ3epxQL8IDwUJGsDaSbx/2IqyHQZi1J37t7KcITOHbFafqTIEWiVuQChRo+PZnrx+TNKJCE46V6rpOor0MS80Ip5NyL1U0wWSEB7RrqMARVV42PWGCTozSR2EszRMaTdXfExmOlBpHgenMd1TzXi7+53VTHV56GRNJqqkgs4/ClCMdozwP1GeSEs3HhmAimdkVkSGWmGiTWtmE4M6fvEhatarrVN3b80r9qoijBEdwDKfgwgXU4QYa0AQCD/AEL/BqPVrP1pv1PmtdsoqZA/gD6+MbGRKXOA==</latexit><latexit sha1_base64="LAh1bD6Buz5r9G5F3/oEnCjBjEU=">AAACAnicbVDLSsNAFL3xWesr6krcDBbBhZSkCLosunFZwT6gDWEynbRDJ5MwMxFKKG78FTcuFHHrV7jzb5y0EbT1wMC559zL3HuChDOlHefLWlpeWV1bL22UN7e2d3btvf2WilNJaJPEPJadACvKmaBNzTSnnURSHAWctoPRde6376lULBZ3epxQL8IDwUJGsDaSbx/2IqyHQZi1J37t7KcITOHbFafqTIEWiVuQChRo+PZnrx+TNKJCE46V6rpOor0MS80Ip5NyL1U0wWSEB7RrqMARVV42PWGCTozSR2EszRMaTdXfExmOlBpHgenMd1TzXi7+53VTHV56GRNJqqkgs4/ClCMdozwP1GeSEs3HhmAimdkVkSGWmGiTWtmE4M6fvEhatarrVN3b80r9qoijBEdwDKfgwgXU4QYa0AQCD/AEL/BqPVrP1pv1PmtdsoqZA/gD6+MbGRKXOA==</latexit><latexit sha1_base64="LAh1bD6Buz5r9G5F3/oEnCjBjEU=">AAACAnicbVDLSsNAFL3xWesr6krcDBbBhZSkCLosunFZwT6gDWEynbRDJ5MwMxFKKG78FTcuFHHrV7jzb5y0EbT1wMC559zL3HuChDOlHefLWlpeWV1bL22UN7e2d3btvf2WilNJaJPEPJadACvKmaBNzTSnnURSHAWctoPRde6376lULBZ3epxQL8IDwUJGsDaSbx/2IqyHQZi1J37t7KcITOHbFafqTIEWiVuQChRo+PZnrx+TNKJCE46V6rpOor0MS80Ip5NyL1U0wWSEB7RrqMARVV42PWGCTozSR2EszRMaTdXfExmOlBpHgenMd1TzXi7+53VTHV56GRNJqqkgs4/ClCMdozwP1GeSEs3HhmAimdkVkSGWmGiTWtmE4M6fvEhatarrVN3b80r9qoijBEdwDKfgwgXU4QYa0AQCD/AEL/BqPVrP1pv1PmtdsoqZA/gD6+MbGRKXOA==</latexit>0/1
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�1,1
<latexit sha1_base64="CI0txibHRkjTcyfeaYZ1a4Ajm/0=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgQcKOCHoMevEYwTwgu4TZ2UkyZPbBTK8QlvyGFw+KePVnvPk3TpI9aGJBQ1HVTXdXkCpp0HW/ndLa+sbmVnm7srO7t39QPTxqmyTTXLR4ohLdDZgRSsaihRKV6KZasChQohOM72Z+50loI5P4ESep8CM2jOVAcoZW8rxQKGT9nF7Qab9ac+vuHGSV0ILUoECzX/3ywoRnkYiRK2ZMj7op+jnTKLkS04qXGZEyPmZD0bM0ZpEwfj6/eUrOrBKSQaJtxUjm6u+JnEXGTKLAdkYMR2bZm4n/eb0MBzd+LuM0QxHzxaJBpggmZBYACaUWHNXEEsa1tLcSPmKacbQxVWwIdPnlVdK+rFO3Th+uao3bIo4ynMApnAOFa2jAPTShBRxSeIZXeHMy58V5dz4WrSWnmDmGP3A+fwBh1ZE9</latexit><latexit sha1_base64="CI0txibHRkjTcyfeaYZ1a4Ajm/0=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgQcKOCHoMevEYwTwgu4TZ2UkyZPbBTK8QlvyGFw+KePVnvPk3TpI9aGJBQ1HVTXdXkCpp0HW/ndLa+sbmVnm7srO7t39QPTxqmyTTXLR4ohLdDZgRSsaihRKV6KZasChQohOM72Z+50loI5P4ESep8CM2jOVAcoZW8rxQKGT9nF7Qab9ac+vuHGSV0ILUoECzX/3ywoRnkYiRK2ZMj7op+jnTKLkS04qXGZEyPmZD0bM0ZpEwfj6/eUrOrBKSQaJtxUjm6u+JnEXGTKLAdkYMR2bZm4n/eb0MBzd+LuM0QxHzxaJBpggmZBYACaUWHNXEEsa1tLcSPmKacbQxVWwIdPnlVdK+rFO3Th+uao3bIo4ynMApnAOFa2jAPTShBRxSeIZXeHMy58V5dz4WrSWnmDmGP3A+fwBh1ZE9</latexit><latexit sha1_base64="CI0txibHRkjTcyfeaYZ1a4Ajm/0=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgQcKOCHoMevEYwTwgu4TZ2UkyZPbBTK8QlvyGFw+KePVnvPk3TpI9aGJBQ1HVTXdXkCpp0HW/ndLa+sbmVnm7srO7t39QPTxqmyTTXLR4ohLdDZgRSsaihRKV6KZasChQohOM72Z+50loI5P4ESep8CM2jOVAcoZW8rxQKGT9nF7Qab9ac+vuHGSV0ILUoECzX/3ywoRnkYiRK2ZMj7op+jnTKLkS04qXGZEyPmZD0bM0ZpEwfj6/eUrOrBKSQaJtxUjm6u+JnEXGTKLAdkYMR2bZm4n/eb0MBzd+LuM0QxHzxaJBpggmZBYACaUWHNXEEsa1tLcSPmKacbQxVWwIdPnlVdK+rFO3Th+uao3bIo4ynMApnAOFa2jAPTShBRxSeIZXeHMy58V5dz4WrSWnmDmGP3A+fwBh1ZE9</latexit><latexit sha1_base64="CI0txibHRkjTcyfeaYZ1a4Ajm/0=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgQcKOCHoMevEYwTwgu4TZ2UkyZPbBTK8QlvyGFw+KePVnvPk3TpI9aGJBQ1HVTXdXkCpp0HW/ndLa+sbmVnm7srO7t39QPTxqmyTTXLR4ohLdDZgRSsaihRKV6KZasChQohOM72Z+50loI5P4ESep8CM2jOVAcoZW8rxQKGT9nF7Qab9ac+vuHGSV0ILUoECzX/3ywoRnkYiRK2ZMj7op+jnTKLkS04qXGZEyPmZD0bM0ZpEwfj6/eUrOrBKSQaJtxUjm6u+JnEXGTKLAdkYMR2bZm4n/eb0MBzd+LuM0QxHzxaJBpggmZBYACaUWHNXEEsa1tLcSPmKacbQxVWwIdPnlVdK+rFO3Th+uao3bIo4ynMApnAOFa2jAPTShBRxSeIZXeHMy58V5dz4WrSWnmDmGP3A+fwBh1ZE9</latexit>

�1,2
<latexit sha1_base64="MphsolkbI2nrYTGz30S5zWxcWws=">AAAB83icbVBNS8NAEN34WetX1aOXxSJ4kJIUQY9FLx4r2A9oQtlspu3SzSbsToQS+je8eFDEq3/Gm//GbZuDtj4YeLw3w8y8MJXCoOt+O2vrG5tb26Wd8u7e/sFh5ei4bZJMc2jxRCa6GzIDUihooUAJ3VQDi0MJnXB8N/M7T6CNSNQjTlIIYjZUYiA4Qyv5fgQSWT/3LuvTfqXq1tw56CrxClIlBZr9ypcfJTyLQSGXzJie56YY5Eyj4BKmZT8zkDI+ZkPoWapYDCbI5zdP6blVIjpItC2FdK7+nshZbMwkDm1nzHBklr2Z+J/Xy3BwE+RCpRmC4otFg0xSTOgsABoJDRzlxBLGtbC3Uj5imnG0MZVtCN7yy6ukXa95bs17uKo2bos4SuSUnJEL4pFr0iD3pElahJOUPJNX8uZkzovz7nwsWtecYuaE/IHz+QNjWpE+</latexit><latexit sha1_base64="MphsolkbI2nrYTGz30S5zWxcWws=">AAAB83icbVBNS8NAEN34WetX1aOXxSJ4kJIUQY9FLx4r2A9oQtlspu3SzSbsToQS+je8eFDEq3/Gm//GbZuDtj4YeLw3w8y8MJXCoOt+O2vrG5tb26Wd8u7e/sFh5ei4bZJMc2jxRCa6GzIDUihooUAJ3VQDi0MJnXB8N/M7T6CNSNQjTlIIYjZUYiA4Qyv5fgQSWT/3LuvTfqXq1tw56CrxClIlBZr9ypcfJTyLQSGXzJie56YY5Eyj4BKmZT8zkDI+ZkPoWapYDCbI5zdP6blVIjpItC2FdK7+nshZbMwkDm1nzHBklr2Z+J/Xy3BwE+RCpRmC4otFg0xSTOgsABoJDRzlxBLGtbC3Uj5imnG0MZVtCN7yy6ukXa95bs17uKo2bos4SuSUnJEL4pFr0iD3pElahJOUPJNX8uZkzovz7nwsWtecYuaE/IHz+QNjWpE+</latexit><latexit sha1_base64="MphsolkbI2nrYTGz30S5zWxcWws=">AAAB83icbVBNS8NAEN34WetX1aOXxSJ4kJIUQY9FLx4r2A9oQtlspu3SzSbsToQS+je8eFDEq3/Gm//GbZuDtj4YeLw3w8y8MJXCoOt+O2vrG5tb26Wd8u7e/sFh5ei4bZJMc2jxRCa6GzIDUihooUAJ3VQDi0MJnXB8N/M7T6CNSNQjTlIIYjZUYiA4Qyv5fgQSWT/3LuvTfqXq1tw56CrxClIlBZr9ypcfJTyLQSGXzJie56YY5Eyj4BKmZT8zkDI+ZkPoWapYDCbI5zdP6blVIjpItC2FdK7+nshZbMwkDm1nzHBklr2Z+J/Xy3BwE+RCpRmC4otFg0xSTOgsABoJDRzlxBLGtbC3Uj5imnG0MZVtCN7yy6ukXa95bs17uKo2bos4SuSUnJEL4pFr0iD3pElahJOUPJNX8uZkzovz7nwsWtecYuaE/IHz+QNjWpE+</latexit><latexit sha1_base64="MphsolkbI2nrYTGz30S5zWxcWws=">AAAB83icbVBNS8NAEN34WetX1aOXxSJ4kJIUQY9FLx4r2A9oQtlspu3SzSbsToQS+je8eFDEq3/Gm//GbZuDtj4YeLw3w8y8MJXCoOt+O2vrG5tb26Wd8u7e/sFh5ei4bZJMc2jxRCa6GzIDUihooUAJ3VQDi0MJnXB8N/M7T6CNSNQjTlIIYjZUYiA4Qyv5fgQSWT/3LuvTfqXq1tw56CrxClIlBZr9ypcfJTyLQSGXzJie56YY5Eyj4BKmZT8zkDI+ZkPoWapYDCbI5zdP6blVIjpItC2FdK7+nshZbMwkDm1nzHBklr2Z+J/Xy3BwE+RCpRmC4otFg0xSTOgsABoJDRzlxBLGtbC3Uj5imnG0MZVtCN7yy6ukXa95bs17uKo2bos4SuSUnJEL4pFr0iD3pElahJOUPJNX8uZkzovz7nwsWtecYuaE/IHz+QNjWpE+</latexit>

�2,2
<latexit sha1_base64="FtA48PDDtEDl9ZZYEbq0f8U44FY=">AAAB83icbVBNS8NAEN34WetX1aOXxSJ4kJIUQY9FLx4r2A9oQtlspu3SzSbsToQS+je8eFDEq3/Gm//GbZuDtj4YeLw3w8y8MJXCoOt+O2vrG5tb26Wd8u7e/sFh5ei4bZJMc2jxRCa6GzIDUihooUAJ3VQDi0MJnXB8N/M7T6CNSNQjTlIIYjZUYiA4Qyv5fgQSWT+vX9an/UrVrblz0FXiFaRKCjT7lS8/SngWg0IumTE9z00xyJlGwSVMy35mIGV8zIbQs1SxGEyQz2+e0nOrRHSQaFsK6Vz9PZGz2JhJHNrOmOHILHsz8T+vl+HgJsiFSjMExReLBpmkmNBZADQSGjjKiSWMa2FvpXzENONoYyrbELzll1dJu17z3Jr3cFVt3BZxlMgpOSMXxCPXpEHuSZO0CCcpeSav5M3JnBfn3flYtK45xcwJ+QPn8wdk4ZE/</latexit><latexit sha1_base64="FtA48PDDtEDl9ZZYEbq0f8U44FY=">AAAB83icbVBNS8NAEN34WetX1aOXxSJ4kJIUQY9FLx4r2A9oQtlspu3SzSbsToQS+je8eFDEq3/Gm//GbZuDtj4YeLw3w8y8MJXCoOt+O2vrG5tb26Wd8u7e/sFh5ei4bZJMc2jxRCa6GzIDUihooUAJ3VQDi0MJnXB8N/M7T6CNSNQjTlIIYjZUYiA4Qyv5fgQSWT+vX9an/UrVrblz0FXiFaRKCjT7lS8/SngWg0IumTE9z00xyJlGwSVMy35mIGV8zIbQs1SxGEyQz2+e0nOrRHSQaFsK6Vz9PZGz2JhJHNrOmOHILHsz8T+vl+HgJsiFSjMExReLBpmkmNBZADQSGjjKiSWMa2FvpXzENONoYyrbELzll1dJu17z3Jr3cFVt3BZxlMgpOSMXxCPXpEHuSZO0CCcpeSav5M3JnBfn3flYtK45xcwJ+QPn8wdk4ZE/</latexit><latexit sha1_base64="FtA48PDDtEDl9ZZYEbq0f8U44FY=">AAAB83icbVBNS8NAEN34WetX1aOXxSJ4kJIUQY9FLx4r2A9oQtlspu3SzSbsToQS+je8eFDEq3/Gm//GbZuDtj4YeLw3w8y8MJXCoOt+O2vrG5tb26Wd8u7e/sFh5ei4bZJMc2jxRCa6GzIDUihooUAJ3VQDi0MJnXB8N/M7T6CNSNQjTlIIYjZUYiA4Qyv5fgQSWT+vX9an/UrVrblz0FXiFaRKCjT7lS8/SngWg0IumTE9z00xyJlGwSVMy35mIGV8zIbQs1SxGEyQz2+e0nOrRHSQaFsK6Vz9PZGz2JhJHNrOmOHILHsz8T+vl+HgJsiFSjMExReLBpmkmNBZADQSGjjKiSWMa2FvpXzENONoYyrbELzll1dJu17z3Jr3cFVt3BZxlMgpOSMXxCPXpEHuSZO0CCcpeSav5M3JnBfn3flYtK45xcwJ+QPn8wdk4ZE/</latexit><latexit sha1_base64="FtA48PDDtEDl9ZZYEbq0f8U44FY=">AAAB83icbVBNS8NAEN34WetX1aOXxSJ4kJIUQY9FLx4r2A9oQtlspu3SzSbsToQS+je8eFDEq3/Gm//GbZuDtj4YeLw3w8y8MJXCoOt+O2vrG5tb26Wd8u7e/sFh5ei4bZJMc2jxRCa6GzIDUihooUAJ3VQDi0MJnXB8N/M7T6CNSNQjTlIIYjZUYiA4Qyv5fgQSWT+vX9an/UrVrblz0FXiFaRKCjT7lS8/SngWg0IumTE9z00xyJlGwSVMy35mIGV8zIbQs1SxGEyQz2+e0nOrRHSQaFsK6Vz9PZGz2JhJHNrOmOHILHsz8T+vl+HgJsiFSjMExReLBpmkmNBZADQSGjjKiSWMa2FvpXzENONoYyrbELzll1dJu17z3Jr3cFVt3BZxlMgpOSMXxCPXpEHuSZO0CCcpeSav5M3JnBfn3flYtK45xcwJ+QPn8wdk4ZE/</latexit>

�2,1
<latexit sha1_base64="iYDH+hEYnMTYr3BezJ3Q9SE4uGk=">AAAB83icbVBNS8NAEN34WetX1aOXxSJ4kJIUQY9FLx4r2A9oQtlspu3SzSbsToQS+je8eFDEq3/Gm//GbZuDtj4YeLw3w8y8MJXCoOt+O2vrG5tb26Wd8u7e/sFh5ei4bZJMc2jxRCa6GzIDUihooUAJ3VQDi0MJnXB8N/M7T6CNSNQjTlIIYjZUYiA4Qyv5fgQSWT+vX3rTfqXq1tw56CrxClIlBZr9ypcfJTyLQSGXzJie56YY5Eyj4BKmZT8zkDI+ZkPoWapYDCbI5zdP6blVIjpItC2FdK7+nshZbMwkDm1nzHBklr2Z+J/Xy3BwE+RCpRmC4otFg0xSTOgsABoJDRzlxBLGtbC3Uj5imnG0MZVtCN7yy6ukXa95bs17uKo2bos4SuSUnJEL4pFr0iD3pElahJOUPJNX8uZkzovz7nwsWtecYuaE/IHz+QNjXJE+</latexit><latexit sha1_base64="iYDH+hEYnMTYr3BezJ3Q9SE4uGk=">AAAB83icbVBNS8NAEN34WetX1aOXxSJ4kJIUQY9FLx4r2A9oQtlspu3SzSbsToQS+je8eFDEq3/Gm//GbZuDtj4YeLw3w8y8MJXCoOt+O2vrG5tb26Wd8u7e/sFh5ei4bZJMc2jxRCa6GzIDUihooUAJ3VQDi0MJnXB8N/M7T6CNSNQjTlIIYjZUYiA4Qyv5fgQSWT+vX3rTfqXq1tw56CrxClIlBZr9ypcfJTyLQSGXzJie56YY5Eyj4BKmZT8zkDI+ZkPoWapYDCbI5zdP6blVIjpItC2FdK7+nshZbMwkDm1nzHBklr2Z+J/Xy3BwE+RCpRmC4otFg0xSTOgsABoJDRzlxBLGtbC3Uj5imnG0MZVtCN7yy6ukXa95bs17uKo2bos4SuSUnJEL4pFr0iD3pElahJOUPJNX8uZkzovz7nwsWtecYuaE/IHz+QNjXJE+</latexit><latexit sha1_base64="iYDH+hEYnMTYr3BezJ3Q9SE4uGk=">AAAB83icbVBNS8NAEN34WetX1aOXxSJ4kJIUQY9FLx4r2A9oQtlspu3SzSbsToQS+je8eFDEq3/Gm//GbZuDtj4YeLw3w8y8MJXCoOt+O2vrG5tb26Wd8u7e/sFh5ei4bZJMc2jxRCa6GzIDUihooUAJ3VQDi0MJnXB8N/M7T6CNSNQjTlIIYjZUYiA4Qyv5fgQSWT+vX3rTfqXq1tw56CrxClIlBZr9ypcfJTyLQSGXzJie56YY5Eyj4BKmZT8zkDI+ZkPoWapYDCbI5zdP6blVIjpItC2FdK7+nshZbMwkDm1nzHBklr2Z+J/Xy3BwE+RCpRmC4otFg0xSTOgsABoJDRzlxBLGtbC3Uj5imnG0MZVtCN7yy6ukXa95bs17uKo2bos4SuSUnJEL4pFr0iD3pElahJOUPJNX8uZkzovz7nwsWtecYuaE/IHz+QNjXJE+</latexit><latexit sha1_base64="iYDH+hEYnMTYr3BezJ3Q9SE4uGk=">AAAB83icbVBNS8NAEN34WetX1aOXxSJ4kJIUQY9FLx4r2A9oQtlspu3SzSbsToQS+je8eFDEq3/Gm//GbZuDtj4YeLw3w8y8MJXCoOt+O2vrG5tb26Wd8u7e/sFh5ei4bZJMc2jxRCa6GzIDUihooUAJ3VQDi0MJnXB8N/M7T6CNSNQjTlIIYjZUYiA4Qyv5fgQSWT+vX3rTfqXq1tw56CrxClIlBZr9ypcfJTyLQSGXzJie56YY5Eyj4BKmZT8zkDI+ZkPoWapYDCbI5zdP6blVIjpItC2FdK7+nshZbMwkDm1nzHBklr2Z+J/Xy3BwE+RCpRmC4otFg0xSTOgsABoJDRzlxBLGtbC3Uj5imnG0MZVtCN7yy6ukXa95bs17uKo2bos4SuSUnJEL4pFr0iD3pElahJOUPJNX8uZkzovz7nwsWtecYuaE/IHz+QNjXJE+</latexit>

�1,1
<latexit sha1_base64="CI0txibHRkjTcyfeaYZ1a4Ajm/0=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgQcKOCHoMevEYwTwgu4TZ2UkyZPbBTK8QlvyGFw+KePVnvPk3TpI9aGJBQ1HVTXdXkCpp0HW/ndLa+sbmVnm7srO7t39QPTxqmyTTXLR4ohLdDZgRSsaihRKV6KZasChQohOM72Z+50loI5P4ESep8CM2jOVAcoZW8rxQKGT9nF7Qab9ac+vuHGSV0ILUoECzX/3ywoRnkYiRK2ZMj7op+jnTKLkS04qXGZEyPmZD0bM0ZpEwfj6/eUrOrBKSQaJtxUjm6u+JnEXGTKLAdkYMR2bZm4n/eb0MBzd+LuM0QxHzxaJBpggmZBYACaUWHNXEEsa1tLcSPmKacbQxVWwIdPnlVdK+rFO3Th+uao3bIo4ynMApnAOFa2jAPTShBRxSeIZXeHMy58V5dz4WrSWnmDmGP3A+fwBh1ZE9</latexit><latexit sha1_base64="CI0txibHRkjTcyfeaYZ1a4Ajm/0=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgQcKOCHoMevEYwTwgu4TZ2UkyZPbBTK8QlvyGFw+KePVnvPk3TpI9aGJBQ1HVTXdXkCpp0HW/ndLa+sbmVnm7srO7t39QPTxqmyTTXLR4ohLdDZgRSsaihRKV6KZasChQohOM72Z+50loI5P4ESep8CM2jOVAcoZW8rxQKGT9nF7Qab9ac+vuHGSV0ILUoECzX/3ywoRnkYiRK2ZMj7op+jnTKLkS04qXGZEyPmZD0bM0ZpEwfj6/eUrOrBKSQaJtxUjm6u+JnEXGTKLAdkYMR2bZm4n/eb0MBzd+LuM0QxHzxaJBpggmZBYACaUWHNXEEsa1tLcSPmKacbQxVWwIdPnlVdK+rFO3Th+uao3bIo4ynMApnAOFa2jAPTShBRxSeIZXeHMy58V5dz4WrSWnmDmGP3A+fwBh1ZE9</latexit><latexit sha1_base64="CI0txibHRkjTcyfeaYZ1a4Ajm/0=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgQcKOCHoMevEYwTwgu4TZ2UkyZPbBTK8QlvyGFw+KePVnvPk3TpI9aGJBQ1HVTXdXkCpp0HW/ndLa+sbmVnm7srO7t39QPTxqmyTTXLR4ohLdDZgRSsaihRKV6KZasChQohOM72Z+50loI5P4ESep8CM2jOVAcoZW8rxQKGT9nF7Qab9ac+vuHGSV0ILUoECzX/3ywoRnkYiRK2ZMj7op+jnTKLkS04qXGZEyPmZD0bM0ZpEwfj6/eUrOrBKSQaJtxUjm6u+JnEXGTKLAdkYMR2bZm4n/eb0MBzd+LuM0QxHzxaJBpggmZBYACaUWHNXEEsa1tLcSPmKacbQxVWwIdPnlVdK+rFO3Th+uao3bIo4ynMApnAOFa2jAPTShBRxSeIZXeHMy58V5dz4WrSWnmDmGP3A+fwBh1ZE9</latexit><latexit sha1_base64="CI0txibHRkjTcyfeaYZ1a4Ajm/0=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgQcKOCHoMevEYwTwgu4TZ2UkyZPbBTK8QlvyGFw+KePVnvPk3TpI9aGJBQ1HVTXdXkCpp0HW/ndLa+sbmVnm7srO7t39QPTxqmyTTXLR4ohLdDZgRSsaihRKV6KZasChQohOM72Z+50loI5P4ESep8CM2jOVAcoZW8rxQKGT9nF7Qab9ac+vuHGSV0ILUoECzX/3ywoRnkYiRK2ZMj7op+jnTKLkS04qXGZEyPmZD0bM0ZpEwfj6/eUrOrBKSQaJtxUjm6u+JnEXGTKLAdkYMR2bZm4n/eb0MBzd+LuM0QxHzxaJBpggmZBYACaUWHNXEEsa1tLcSPmKacbQxVWwIdPnlVdK+rFO3Th+uao3bIo4ynMApnAOFa2jAPTShBRxSeIZXeHMy58V5dz4WrSWnmDmGP3A+fwBh1ZE9</latexit>

�1,2
<latexit sha1_base64="MphsolkbI2nrYTGz30S5zWxcWws=">AAAB83icbVBNS8NAEN34WetX1aOXxSJ4kJIUQY9FLx4r2A9oQtlspu3SzSbsToQS+je8eFDEq3/Gm//GbZuDtj4YeLw3w8y8MJXCoOt+O2vrG5tb26Wd8u7e/sFh5ei4bZJMc2jxRCa6GzIDUihooUAJ3VQDi0MJnXB8N/M7T6CNSNQjTlIIYjZUYiA4Qyv5fgQSWT/3LuvTfqXq1tw56CrxClIlBZr9ypcfJTyLQSGXzJie56YY5Eyj4BKmZT8zkDI+ZkPoWapYDCbI5zdP6blVIjpItC2FdK7+nshZbMwkDm1nzHBklr2Z+J/Xy3BwE+RCpRmC4otFg0xSTOgsABoJDRzlxBLGtbC3Uj5imnG0MZVtCN7yy6ukXa95bs17uKo2bos4SuSUnJEL4pFr0iD3pElahJOUPJNX8uZkzovz7nwsWtecYuaE/IHz+QNjWpE+</latexit><latexit sha1_base64="MphsolkbI2nrYTGz30S5zWxcWws=">AAAB83icbVBNS8NAEN34WetX1aOXxSJ4kJIUQY9FLx4r2A9oQtlspu3SzSbsToQS+je8eFDEq3/Gm//GbZuDtj4YeLw3w8y8MJXCoOt+O2vrG5tb26Wd8u7e/sFh5ei4bZJMc2jxRCa6GzIDUihooUAJ3VQDi0MJnXB8N/M7T6CNSNQjTlIIYjZUYiA4Qyv5fgQSWT/3LuvTfqXq1tw56CrxClIlBZr9ypcfJTyLQSGXzJie56YY5Eyj4BKmZT8zkDI+ZkPoWapYDCbI5zdP6blVIjpItC2FdK7+nshZbMwkDm1nzHBklr2Z+J/Xy3BwE+RCpRmC4otFg0xSTOgsABoJDRzlxBLGtbC3Uj5imnG0MZVtCN7yy6ukXa95bs17uKo2bos4SuSUnJEL4pFr0iD3pElahJOUPJNX8uZkzovz7nwsWtecYuaE/IHz+QNjWpE+</latexit><latexit sha1_base64="MphsolkbI2nrYTGz30S5zWxcWws=">AAAB83icbVBNS8NAEN34WetX1aOXxSJ4kJIUQY9FLx4r2A9oQtlspu3SzSbsToQS+je8eFDEq3/Gm//GbZuDtj4YeLw3w8y8MJXCoOt+O2vrG5tb26Wd8u7e/sFh5ei4bZJMc2jxRCa6GzIDUihooUAJ3VQDi0MJnXB8N/M7T6CNSNQjTlIIYjZUYiA4Qyv5fgQSWT/3LuvTfqXq1tw56CrxClIlBZr9ypcfJTyLQSGXzJie56YY5Eyj4BKmZT8zkDI+ZkPoWapYDCbI5zdP6blVIjpItC2FdK7+nshZbMwkDm1nzHBklr2Z+J/Xy3BwE+RCpRmC4otFg0xSTOgsABoJDRzlxBLGtbC3Uj5imnG0MZVtCN7yy6ukXa95bs17uKo2bos4SuSUnJEL4pFr0iD3pElahJOUPJNX8uZkzovz7nwsWtecYuaE/IHz+QNjWpE+</latexit><latexit sha1_base64="MphsolkbI2nrYTGz30S5zWxcWws=">AAAB83icbVBNS8NAEN34WetX1aOXxSJ4kJIUQY9FLx4r2A9oQtlspu3SzSbsToQS+je8eFDEq3/Gm//GbZuDtj4YeLw3w8y8MJXCoOt+O2vrG5tb26Wd8u7e/sFh5ei4bZJMc2jxRCa6GzIDUihooUAJ3VQDi0MJnXB8N/M7T6CNSNQjTlIIYjZUYiA4Qyv5fgQSWT/3LuvTfqXq1tw56CrxClIlBZr9ypcfJTyLQSGXzJie56YY5Eyj4BKmZT8zkDI+ZkPoWapYDCbI5zdP6blVIjpItC2FdK7+nshZbMwkDm1nzHBklr2Z+J/Xy3BwE+RCpRmC4otFg0xSTOgsABoJDRzlxBLGtbC3Uj5imnG0MZVtCN7yy6ukXa95bs17uKo2bos4SuSUnJEL4pFr0iD3pElahJOUPJNX8uZkzovz7nwsWtecYuaE/IHz+QNjWpE+</latexit>

�2,1
<latexit sha1_base64="iYDH+hEYnMTYr3BezJ3Q9SE4uGk=">AAAB83icbVBNS8NAEN34WetX1aOXxSJ4kJIUQY9FLx4r2A9oQtlspu3SzSbsToQS+je8eFDEq3/Gm//GbZuDtj4YeLw3w8y8MJXCoOt+O2vrG5tb26Wd8u7e/sFh5ei4bZJMc2jxRCa6GzIDUihooUAJ3VQDi0MJnXB8N/M7T6CNSNQjTlIIYjZUYiA4Qyv5fgQSWT+vX3rTfqXq1tw56CrxClIlBZr9ypcfJTyLQSGXzJie56YY5Eyj4BKmZT8zkDI+ZkPoWapYDCbI5zdP6blVIjpItC2FdK7+nshZbMwkDm1nzHBklr2Z+J/Xy3BwE+RCpRmC4otFg0xSTOgsABoJDRzlxBLGtbC3Uj5imnG0MZVtCN7yy6ukXa95bs17uKo2bos4SuSUnJEL4pFr0iD3pElahJOUPJNX8uZkzovz7nwsWtecYuaE/IHz+QNjXJE+</latexit><latexit sha1_base64="iYDH+hEYnMTYr3BezJ3Q9SE4uGk=">AAAB83icbVBNS8NAEN34WetX1aOXxSJ4kJIUQY9FLx4r2A9oQtlspu3SzSbsToQS+je8eFDEq3/Gm//GbZuDtj4YeLw3w8y8MJXCoOt+O2vrG5tb26Wd8u7e/sFh5ei4bZJMc2jxRCa6GzIDUihooUAJ3VQDi0MJnXB8N/M7T6CNSNQjTlIIYjZUYiA4Qyv5fgQSWT+vX3rTfqXq1tw56CrxClIlBZr9ypcfJTyLQSGXzJie56YY5Eyj4BKmZT8zkDI+ZkPoWapYDCbI5zdP6blVIjpItC2FdK7+nshZbMwkDm1nzHBklr2Z+J/Xy3BwE+RCpRmC4otFg0xSTOgsABoJDRzlxBLGtbC3Uj5imnG0MZVtCN7yy6ukXa95bs17uKo2bos4SuSUnJEL4pFr0iD3pElahJOUPJNX8uZkzovz7nwsWtecYuaE/IHz+QNjXJE+</latexit><latexit sha1_base64="iYDH+hEYnMTYr3BezJ3Q9SE4uGk=">AAAB83icbVBNS8NAEN34WetX1aOXxSJ4kJIUQY9FLx4r2A9oQtlspu3SzSbsToQS+je8eFDEq3/Gm//GbZuDtj4YeLw3w8y8MJXCoOt+O2vrG5tb26Wd8u7e/sFh5ei4bZJMc2jxRCa6GzIDUihooUAJ3VQDi0MJnXB8N/M7T6CNSNQjTlIIYjZUYiA4Qyv5fgQSWT+vX3rTfqXq1tw56CrxClIlBZr9ypcfJTyLQSGXzJie56YY5Eyj4BKmZT8zkDI+ZkPoWapYDCbI5zdP6blVIjpItC2FdK7+nshZbMwkDm1nzHBklr2Z+J/Xy3BwE+RCpRmC4otFg0xSTOgsABoJDRzlxBLGtbC3Uj5imnG0MZVtCN7yy6ukXa95bs17uKo2bos4SuSUnJEL4pFr0iD3pElahJOUPJNX8uZkzovz7nwsWtecYuaE/IHz+QNjXJE+</latexit><latexit sha1_base64="iYDH+hEYnMTYr3BezJ3Q9SE4uGk=">AAAB83icbVBNS8NAEN34WetX1aOXxSJ4kJIUQY9FLx4r2A9oQtlspu3SzSbsToQS+je8eFDEq3/Gm//GbZuDtj4YeLw3w8y8MJXCoOt+O2vrG5tb26Wd8u7e/sFh5ei4bZJMc2jxRCa6GzIDUihooUAJ3VQDi0MJnXB8N/M7T6CNSNQjTlIIYjZUYiA4Qyv5fgQSWT+vX3rTfqXq1tw56CrxClIlBZr9ypcfJTyLQSGXzJie56YY5Eyj4BKmZT8zkDI+ZkPoWapYDCbI5zdP6blVIjpItC2FdK7+nshZbMwkDm1nzHBklr2Z+J/Xy3BwE+RCpRmC4otFg0xSTOgsABoJDRzlxBLGtbC3Uj5imnG0MZVtCN7yy6ukXa95bs17uKo2bos4SuSUnJEL4pFr0iD3pElahJOUPJNX8uZkzovz7nwsWtecYuaE/IHz+QNjXJE+</latexit>

�2,2
<latexit sha1_base64="FtA48PDDtEDl9ZZYEbq0f8U44FY=">AAAB83icbVBNS8NAEN34WetX1aOXxSJ4kJIUQY9FLx4r2A9oQtlspu3SzSbsToQS+je8eFDEq3/Gm//GbZuDtj4YeLw3w8y8MJXCoOt+O2vrG5tb26Wd8u7e/sFh5ei4bZJMc2jxRCa6GzIDUihooUAJ3VQDi0MJnXB8N/M7T6CNSNQjTlIIYjZUYiA4Qyv5fgQSWT+vX9an/UrVrblz0FXiFaRKCjT7lS8/SngWg0IumTE9z00xyJlGwSVMy35mIGV8zIbQs1SxGEyQz2+e0nOrRHSQaFsK6Vz9PZGz2JhJHNrOmOHILHsz8T+vl+HgJsiFSjMExReLBpmkmNBZADQSGjjKiSWMa2FvpXzENONoYyrbELzll1dJu17z3Jr3cFVt3BZxlMgpOSMXxCPXpEHuSZO0CCcpeSav5M3JnBfn3flYtK45xcwJ+QPn8wdk4ZE/</latexit><latexit sha1_base64="FtA48PDDtEDl9ZZYEbq0f8U44FY=">AAAB83icbVBNS8NAEN34WetX1aOXxSJ4kJIUQY9FLx4r2A9oQtlspu3SzSbsToQS+je8eFDEq3/Gm//GbZuDtj4YeLw3w8y8MJXCoOt+O2vrG5tb26Wd8u7e/sFh5ei4bZJMc2jxRCa6GzIDUihooUAJ3VQDi0MJnXB8N/M7T6CNSNQjTlIIYjZUYiA4Qyv5fgQSWT+vX9an/UrVrblz0FXiFaRKCjT7lS8/SngWg0IumTE9z00xyJlGwSVMy35mIGV8zIbQs1SxGEyQz2+e0nOrRHSQaFsK6Vz9PZGz2JhJHNrOmOHILHsz8T+vl+HgJsiFSjMExReLBpmkmNBZADQSGjjKiSWMa2FvpXzENONoYyrbELzll1dJu17z3Jr3cFVt3BZxlMgpOSMXxCPXpEHuSZO0CCcpeSav5M3JnBfn3flYtK45xcwJ+QPn8wdk4ZE/</latexit><latexit sha1_base64="FtA48PDDtEDl9ZZYEbq0f8U44FY=">AAAB83icbVBNS8NAEN34WetX1aOXxSJ4kJIUQY9FLx4r2A9oQtlspu3SzSbsToQS+je8eFDEq3/Gm//GbZuDtj4YeLw3w8y8MJXCoOt+O2vrG5tb26Wd8u7e/sFh5ei4bZJMc2jxRCa6GzIDUihooUAJ3VQDi0MJnXB8N/M7T6CNSNQjTlIIYjZUYiA4Qyv5fgQSWT+vX9an/UrVrblz0FXiFaRKCjT7lS8/SngWg0IumTE9z00xyJlGwSVMy35mIGV8zIbQs1SxGEyQz2+e0nOrRHSQaFsK6Vz9PZGz2JhJHNrOmOHILHsz8T+vl+HgJsiFSjMExReLBpmkmNBZADQSGjjKiSWMa2FvpXzENONoYyrbELzll1dJu17z3Jr3cFVt3BZxlMgpOSMXxCPXpEHuSZO0CCcpeSav5M3JnBfn3flYtK45xcwJ+QPn8wdk4ZE/</latexit><latexit sha1_base64="FtA48PDDtEDl9ZZYEbq0f8U44FY=">AAAB83icbVBNS8NAEN34WetX1aOXxSJ4kJIUQY9FLx4r2A9oQtlspu3SzSbsToQS+je8eFDEq3/Gm//GbZuDtj4YeLw3w8y8MJXCoOt+O2vrG5tb26Wd8u7e/sFh5ei4bZJMc2jxRCa6GzIDUihooUAJ3VQDi0MJnXB8N/M7T6CNSNQjTlIIYjZUYiA4Qyv5fgQSWT+vX9an/UrVrblz0FXiFaRKCjT7lS8/SngWg0IumTE9z00xyJlGwSVMy35mIGV8zIbQs1SxGEyQz2+e0nOrRHSQaFsK6Vz9PZGz2JhJHNrOmOHILHsz8T+vl+HgJsiFSjMExReLBpmkmNBZADQSGjjKiSWMa2FvpXzENONoYyrbELzll1dJu17z3Jr3cFVt3BZxlMgpOSMXxCPXpEHuSZO0CCcpeSav5M3JnBfn3flYtK45xcwJ+QPn8wdk4ZE/</latexit>

0 1 0 1

0 1 0 1 0 1 0 1
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u $PNQMFUFOFTT
 XIJDI SFRVJSFT UIBU 	J
 UIF TPMWFS OFWFS SFUVSOT VOLOPXO� BOE 	JJ
 JG UIF TPMWFS
SFUVSOT WJPMBUFE
 UIF QSPQFSUZ JT BDUVBMMZ WJPMBUFE�

u 5FSNJOBUJPO
 XIJDI SFRVJSFT UIBU UIF TPMWFS BMXBZT aOJTIFT BGUFS B aOJUF OVNCFS PG TUFQT�

" NFUIPE UIBU JT TPVOE
 DPNQMFUF
 BOE UFSNJOBUJOH BMXBZT PVUQVUT UIF DPSSFDU SFTVMU XJUI OP
VOLOPXOT� "MM NFUIPET EJTDVTTFE JO UIJT TVSWFZ BSF TPVOE BOE UFSNJOBUJOH
 CVU OPU BMM PG UIFN
BSF DPNQMFUF� 4PNF NFUIPET VTF PWFS�BQQSPYJNBUJPOT UP TQFFE VQ DPNQVUBUJPO BOE SFTVMU JO
JODPNQMFUFOFTT� 0VS JNQMFNFOUBUJPONBZ CF TMJHIUMZ EJêFSFOU GSPN UIF PSJHJOBM JNQMFNFOUBUJPO
PG TPNF NFUIPET� 'PS FYBNQMF
 UIF PSJHJOBM JNQMFNFOUBUJPO PG %-7 JT BMXBZT DPNQMFUF BOE JT
TPVOE VOEFS UIF NJOJNBMJUZ BTTVNQUJPO PG UIF TFBSDI USFF� 0VS JNQMFNFOUBUJPO JT TPVOE CVU
OPU DPNQMFUF� 5IF EJêFSFODFT XJMM OPU BêFDU UIF LFZ DPODFQUT PG UIF NFUIPET� "OE XF QPJOU PVU
UIF EJêFSFODFT JO UIF EFUBJMFE EJTDVTTJPO PG UIF NFUIPET�

5BCMF ͼ TVNNBSJ[FT UIF DIBSBDUFSJTUJDT PG BMM NFUIPET DPOTJEFSFE JO UIJT TVSWFZ� 5IF JOQVU
BOE PVUQVU TFUT NBZ JODMVEF IZQFSSFDUBOHMFT 	)3

 IBMGTQBDFT 	)4

 IBMGTQBDF�QPMZUPQFT 	)1


WFSUFY�QPMZUPQFT 	71

 BOE QPMZUPQF DPNQMFNFOUT 	1$
� "EEJUJPOBMMZ
 UIF TVQFSTDSJQUT JO UIF
UBCMF JOEJDBUF UIF GPMMPXJOH DPOTUSBJOUT PO UIF PVUQVU TFUT�

ͼ� 5IF QPMZUPQF IBT UP CF CPVOEFE
 UIJT SFTUSJDUJPO JT OPU EVF UP B UIFPSFUJDBM MJNJUBUJPO
 CVU
SBUIFS UP PVS JNQMFNFOUBUJPO BOE XJMM FWFOUVBMMZ CF SFMBYFE�

ͽ� 1PMZUPQF DPNQMFNFOUT FODPEF VOCPVOEFE TFUT� 5IFZ BSF VTFE JO PQUJNJ[BUJPO�CBTFE NFUI�
PET
 UP CF FYQMBJOFE JO TFDUJPO ΁� 5IFTF NFUIPET VTVBMMZ FODPEF UIF DPNQMFNFOU PG UIF
PVUQVU TFU BT B DPOTUSBJOU BOE SFRVJSF UIF DPOTUSBJOU UP CF DPOWFY� 5IF DPNQMFNFOU PG B
QPMZUPQF DPNQMFNFOU JT B DPOWFY QPMZUPQF
 IFODF TBUJTaFT UIF SFRVJSFNFOU�

;� 5IF PVUQVU TFU NVTU CF ͼ�EJNFOTJPOBM�

.FUIPE /BNF "DUJWBUJPO "QQSPBDI *OQVU�0VUQVU $PNQMFUFOFTT
&YBDU3FBDI <Ϳ΁> 3F-6 &YBDU 3FBDIBCJMJUZ )1�)1	CPVOEFE
1 X
"*ͽ <ͼͿ> 1JFDFXJTF -JOFBS 4QMJU BOE +PJO )1�)1	CPVOEFE
1 ⇥

.BY4FOT <ͿͿ> "OZ *OUFSWBM "SJUINBUJD )1�)1	CPVOEFE
1 ⇥

/47FSJGZ <ͽ;> 3F-6 /BJWF .*-1 )3�1$2 X
.*17FSJGZ <;΃> 3F-6 BOE .BY .*-1 XJUI CPVOET )3�1$2 X
*-1 <Ϳ> 3F-6 *UFSBUJWF -1 )3�1$2 ⇥

%VBMJUZ <ͼͽ> "OZ -BHSBOHJBO 3FMBYBUJPO )3	VOJGPSN
�)4 ⇥

$POW%VBM <Ϳ;> 3F-6 $POWFY 3FMBYBUJPO )3	VOJGPSN
�)4 ⇥

$FSUJGZ <;ͼ> %JêFSFOUJBCMF 4FNJEFaOJUF 3FMBYBUJPO )3�)4 ⇥

'BTU�-JO <Ϳͼ> 3F-6 /FUXPSL 3FMBYBUJPO )3�)4 ⇥

'BTU�-JQ <Ϳͼ> 3F-6 -JQTDIJU[ &TUJNBUJPO )3�)4 ⇥

3FMV7BM <Ϳͻ> 3F-6 4ZNCPMJD *OUFSWBM )3�)3 X
%-7 <ͼ΃> "OZ 4FBSDI JO )JEEFO -BZFST )3�)3	ͼ�%
3 X�
4IFSMPDL <ͼͻ> 3F-6 -PDBM BOE (MPCBM 4FBSDI )3�)3	ͼ�%
3 ⇥

#B# <΂> 1JFDFXJTF -JOFBS #SBODI BOE #PVOE )3�)3	ͼ�%
3 ⇥

1MBOFU <ͼ;> 1JFDFXJTF -JOFBS 4BUJTaBCJMJUZ 	4"5
 )3�1$2 X
3FMVQMFY <ͽͻ> 3F-6 4JNQMFY )3�1$2 X

5BCMF ͼ� -JTU PG FYJTUJOH NFUIPET�
8F OBNF UIF NFUIPE JG JU EPFT OPU
IBWF B OBNF� 5IF FOUSJFT VOEFS
qqBDUJWBUJPOrr TIPX UIF UZQF PG BD�
UJWBUJPOT TVQQPSUFE JO UIF NFUI�
PET� 5IF FOUSJFT VOEFS qqBQQSPBDIrr
TVNNBSJ[F UIF LFZ JEFBT PG UIF
NFUIPET� "MM UIF NFUIPET QSF�
TFOUFE JO UIJT QBQFS BSF TPVOE BOE
UIF NFUIPET UIBU BSF DPNQMFUF BT
EFaOFE JO TFDUJPO ͽ�Ϳ BSF NBSLFE
JO UIF qqDPNQMFUFOFTTrr DPMVNO� 'PS
%-7
 UIF PSJHJOBM JNQMFNFOUBUJPO
JT DPNQMFUF CVU NBZ OPU CF TPVOE

XIJMF PVS JNQMFNFOUBUJPO JT TPVOE
CVU OPU DPNQMFUF�
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github.com/sisl/NeuralVerification.jl

http://github.com/sisl/NeuralVerification.jl
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Comparison
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ĝĮĦĳķĨĺħİĸ ĥĳķ ľģķĨĥŁĨıĦ Ģģģĵ ıģļķĝĮ ıģĺĿĳķĭĸ ΂ͼ

"$"4 'PS UIF "$"4 OFUXPSL
 XF WFSJaFE QSPQFSUZ ͼͻ JOUSPEVDFE CZ ,BU[ FU BM� <ͽͻ>� 1SPQFSUZ
ͼͻ DPSSFTQPOET UP UIF TJUVBUJPO XIFSF UIF JOUSVEFS BJSDSBGU JT GBS BXBZ GSPN UIF PXOTIJQ BOE
UIF EFTJSFE PVUQVU JT UIBU UIF BEWJTPSZ JT DMFBS�PG�DPObJDU� 5P NBLF UIF QSPQFSUZ GBTUFS UP WFSJGZ

XF SFEVDFE UIF WPMVNF PG UIF JOQVU SFHJPO CZ aYJOH UIF MBTU UISFF JOQVUT PG UIF OFUXPSL UP
TQFDJaD WBMVFT JOTUFBE PG UIF SBOHFT PSJHJOBMMZ EFaOFE GPS UIF QSPQFSUZ� 5IJT QSPQFSUZ IBT
CFFO WFSJaFE JO QSJPS XPSL <ͽͻ>
 <Ϳͻ>� 'PS UIF BMHPSJUINT UIBU DBO POMZ TVQQPSU IBMGTQBDF PS
1PMZUPQF$PNQMFNFOU PVUQVU TFUT
 XF FODPEFE UIF SFHJPO XIFSF UIF aSTU PVUQVU JT MFTT UIBO UIF
MBTU PVUQVU� 5IF OFUXPSL IBT aWF JOQVU VOJUT
 TJY IJEEFO MBZFST PG ΀ͻ VOJUT FBDI
 BOE aWF PVUQVU
VOJUT�

5IF FYQFSJNFOUT JO (SPVQ ΀ SFRVJSFE OFUXPSLT XJUI B TJOHMF PVUQVU OPEF� 8F VTFE QSVOFE
WFSTJPOT PG UIF FYBDU TBNF OFUXPSLT�8F FODPEFE UIF DPSSFTQPOEJOH QSPQFSUJFT JO UIF EJNFOTJPO
PG UIF QSFTFSWFE PVUQVU OPEF� 'PS UIF ./*45 OFUXPSLT UIJT JT UIF PVUQVU DPSSFTQPOEJOH UP
EJHJU ͼ BOE GPS UIF "$"4 OFUXPSL UIJT JT UIF PVUQVU DPSSFTQPOEJOH UP UIF DPTU PG BEWJTJOH
DMFBS�PG�DPObJDU�

ͼͻ�ͽ 3FTVMUT
*O UIF GPMMPXJOH UBCMF
 XF TVNNBSJ[F UIF SFTVMUT PG FWBMVBUJOH UIF BGPSFNFOUJPOFE QSPQFSUJFT
XJUI UIF EJêFSFOU BMHPSJUINT� 'PS FBDI FYQFSJNFOU
 XF SFDPSEFE UIF UJNF UIBU JU UPPL GPS FBDI
BMHPSJUIN UP UFSNJOBUF� 5JNFE�PVU UISFTIPME JT TFU UP CF ͽͿ IPVST� 8F BMTP SFDPSEFE UIF SFTVMU
PG FBDI BMHPSJUIN UP JEFOUJGZ DBTFT JO XIJDI JODPNQMFUF BMHPSJUINT GBJMFE UP DPSSFDUMZ JEFOUJGZ
QSPQFSUJFT UIBU IPME�

(SPVQ ͼ TVQQPSUT IZQFSSFDUBOHMF JOQVU TFUT� (SPVQT ͽ
 ;
 Ϳ
 BOE ΁ TVQQPSU )�QPMZUPQF JOQVU
TFUT� (SPVQ ΀ TVQQPSUT IZQFSSFDUBOHMF JOQVU TFUT BOE OFUXPSLT XJUI POMZ POF PVUQVU OPEF�

"MHPSJUIN TNBMM@OOFU NOJTUͼ NOJTUͽ NOJTU; NOJTUͿ BDBT
&YBDU3FBDI ͻ�ͻͻͿͻ΂ͻ΄΁΃ � � � � �
"Jͽ ͻ�ͻͻ΀ͼ΂ͻͼ΂ͽ � � � � �
NBY4FOT ͻ�ͻͻͻͽͻͼ΃΂΃ ͼ΁�ͻ΁΂΂ͽͻ΁΂ ͼ΁�ͽͻ΃΁΁;΃; ͼ΁�ͼ΃΄ͽ;ͻ΂ ͼ΀�΄;Ϳ΄ͼͿ΁΀ ͻ�ͻͻ΁΃;΄Ϳ΄΂

5BCMF ͽ� &YQFSJNFOUBM SFTVMUT GPS
HSPVQ ͼ� "MM SFTVMUT BSF JO TFD�
POET
 NJTTJOH FOUSJFT DPSSFTQPOE
UP FYQFSJNFOUT UIBU UJNFE�PVU� "O
BTUFSJTL JOEJDBUFT UIF SFTVMU XBT
:unknown BOE UXP BTUFSJTLT JOEJ�
DBUF UIBU UIF BMHPSJUIN JODPSSFDUMZ
SFUVSOFE :violated�

"MHPSJUIN TNBMM@OOFU NOJTUͼ NOJTUͽ NOJTU; NOJTUͿ BDBT
/47FSJGZ ͻ�ͻͻͻͿ;΂΃ͻ΀ ͻ�΀΁ͼ΀΀΃ͽͼ΂ ͼ�ͽ;ͼ΃΀ͼ΃Ϳ ͻ�ͽ;Ϳ΄ͻ΁΀΃΄ � �
.*17FSJGZ ͻ�Ϳͽͽ΃ͻ;΃;΄ ͻ�ͽ;΁΄;ͻͿ΁΃ ͼ�ͻ΀΀΁΁΄΀΀΁ Ϳ΁�;΁΀΀΁΄ͼ΄ � �
*-1 ͻ�Ϳͽ;΀΄΄΁;΂ ͻ�;΂Ϳͻ΀ͽ;΂΀ ͻ�΁΀΀Ϳ΀ͽ΃΂ ͻ�΄΀ͼͻͼ΀΄;΀� Ϳ�΃΁΁ͻͼͿ΀;Ϳ� ͻ�ͼͻ΃΀΃΁Ϳ΂;�
DPOW%VBM ͻ�ͻͻͼ΂ͽ΀΀Ϳ΁ ͻ�;΂Ϳͻ΀ͽ;΂΀ ͻ�ͻͽͼ΃ͿͻͼͿ ͻ�ͻͻͼ΁;΃΁΂΄ ͻ�ͻͻ΀΃;΁ͻͽͿ ͻ�ͻͻͽ΁΂Ϳ΀΃΁
%VBMJUZ ͻ�ͻͻͼ;;΁ͿͼͿ� ͽͼ�΁ͻͽ΁ͻ;΃Ϳ� ͼ;ͻ�΂ͼͿ΄΁΂Ϳ� ;΂�;ͻ΀΃;΄ͽ� ΀ͽ�΃΂ͼͽ΁ͼ΀΄� ͻ�ͻͽͻͼͿ΃΀΁Ϳ�
'BTU-JO ͽ�ͻ΃΃Ϳ΁ͻͽ΃ͼ ͻ�Ϳ΂΂Ϳ΂ͻͽ΂΃ ͻ�ͻͻͽ;΁΄Ϳͽ΂ ͻ�ͻͻ΂΀΀ͼ΀;΄ ͻ�ͻͼ΀΁Ϳͻͼͼ ͻ�ͼ΁΁΀ͻ΃ͻͿ΁��
'BTU-JQ ΄�ͼ΂΄΄;΃ͼ΂; ͻ�ͼ;ͻ΄΃΄ͻ΂ͽ ͻ�ͻ΀΄΄ͻͻ΀;ͼ ͻ�ͻ΀ͼ;Ϳ΃Ϳ΂ͼ�� ͻ�ͻ΄ͼ΃΄΀;΁΁�� ͻ�ͻͻͼ΂ͻ;;ͽͿ��
.*17FSJGZ ΄�΄Ϳͻ΁΄΀΃΄ͼ ͻ�ͽ΀΁΂Ϳ΂΀΁; ͼ�ͽ;ͻ΀Ϳ΄ͼͼ Ϳ΁�΂΂ͼͽ΃ͽͽ΁ � �
*-1 ͻ�;Ϳ΂΄΀ͻ΂΃; ͻ�;΁΂΄ͽ΀ͽ΃΀ ͻ�΁΁΀;΁Ϳͽ΄΂ ͻ�΃΄ͻͻ΄ͻ΂΂΂� Ϳ�΁΁Ϳ΄΀΄΀ͻ΁� ͻ�ͻͻ΃;ͿͼͼͿ�
1MBOFU ͻ�ͻͻͻͽͿ΂ͻͻ; ͻ�ͽͼͼͻͻ΁΂ͼͿ ͻ�;ͻͼ΁;΂΄ͼ΁ ͻ�ͼ΃΁Ϳ΃ͽ΃΁ͼ � �
3FMVQMFY ͻ�ͻͼͽͽͿ΀ͼͻ΃ ͼͽ΀�ͻ;Ϳ΂ͻ΃΃ ΁ͽ΀΃ͽ�Ϳ΃΃΃; � � ͽ΄΀ͽ�΂΃Ϳ΁Ϳ;
3FMVWBM ͻ�ͻͻͻͻ;ͼͽ΄΁ ͻ�΁Ϳ΁΃ͽ΄΂Ϳͼ ͻ�ͻͻ΃΄΂΄΁΂΄ ͻ�ͻͻ΃ͻ;ͻ;΁΀ ͻ�΃ͽͿ΂΁ͻ΃ͻ;� ͻ�ͼ΄΁ͻ΃Ϳ΀ͼ΂�

5BCMF ;� &YQFSJNFOUBM SFTVMUT GPS
HSPVQT ͽ
 ;
 Ϳ BOE ΁� "MM SFTVMUT BSF
JO TFDPOET
 NJTTJOH FOUSJFT DPSSF�
TQPOE UP FYQFSJNFOUT UIBU UJNFE�
PVU� "O BTUFSJTL JOEJDBUFT UIF SF�
TVMU XBT :unknown BOE UXP BTUFS�
JTLT JOEJDBUF UIBU UIF BMHPSJUIN JO�
DPSSFDUMZ SFUVSOFE :violated�



Conclusion
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•A unified mathematical framework was introduced to verify satisfiability 
of a neural network given certain input and output constraints. 


•Three basic verification methods were identified: reachability, 
optimization, and search. 


•Trade-off between completeness of a verification algorithm and its 
scalability. 


•Pedagogical implementations of all these methods were provided in 
Julia. 



Future Directions

• Beyond piece-wise linear activations

• Beyond feedforward structures - RNNs

• Completeness vs. scalability

• Beyond universal approximation theorem (what is exactly the function 

space for a given network topology?)
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