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Challenges

• How to model relationship between modalities:
• Generative Approach
• Conditional (Discriminative or Causal)
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<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>

G
<latexit sha1_base64="tUjvE4wkWRlcVIxRgxZQP+zWaG8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRgx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkKleSwfzCRBP6JDyUPOqLFS465frrhVdw6ySrycVCBHvV/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ66LquVWvcVmp3eRxFOEETuEcPLiCGtxDHZrAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHm/WMyw==</latexit><latexit sha1_base64="tUjvE4wkWRlcVIxRgxZQP+zWaG8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRgx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkKleSwfzCRBP6JDyUPOqLFS465frrhVdw6ySrycVCBHvV/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ66LquVWvcVmp3eRxFOEETuEcPLiCGtxDHZrAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHm/WMyw==</latexit><latexit sha1_base64="tUjvE4wkWRlcVIxRgxZQP+zWaG8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRgx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkKleSwfzCRBP6JDyUPOqLFS465frrhVdw6ySrycVCBHvV/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ66LquVWvcVmp3eRxFOEETuEcPLiCGtxDHZrAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHm/WMyw==</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="FDNRV6t06PTlCD181e5mBmJG0KI=">AAAB3XicbZBLSwMxFIXv1FetVatbN8EiuCozbnQpuNBlC/YB7VAy6Z02NpMZkjtCKf0Fblwo4t9y578xfSy09UDg45yE3HuiTElLvv/tFba2d3b3ivulg/Lh0XHlpNyyaW4ENkWqUtOJuEUlNTZJksJOZpAnkcJ2NL6b5+1nNFam+pEmGYYJH2oZS8HJWY37fqXq1/yF2CYEK6jCSvV+5as3SEWeoCahuLXdwM8onHJDUiiclXq5xYyLMR9i16HmCdpwuhh0xi6cM2BxatzRxBbu7xdTnlg7SSJ3M+E0suvZ3Pwv6+YU34RTqbOcUIvlR3GuGKVsvjUbSIOC1MQBF0a6WZkYccMFuW5KroRgfeVNaF3VAr8WNHwowhmcwyUEcA238AB1aIIAhBd4g3fvyXv1PpZ1FbxVb6fwR97nD4lqi3g=</latexit><latexit sha1_base64="FDNRV6t06PTlCD181e5mBmJG0KI=">AAAB3XicbZBLSwMxFIXv1FetVatbN8EiuCozbnQpuNBlC/YB7VAy6Z02NpMZkjtCKf0Fblwo4t9y578xfSy09UDg45yE3HuiTElLvv/tFba2d3b3ivulg/Lh0XHlpNyyaW4ENkWqUtOJuEUlNTZJksJOZpAnkcJ2NL6b5+1nNFam+pEmGYYJH2oZS8HJWY37fqXq1/yF2CYEK6jCSvV+5as3SEWeoCahuLXdwM8onHJDUiiclXq5xYyLMR9i16HmCdpwuhh0xi6cM2BxatzRxBbu7xdTnlg7SSJ3M+E0suvZ3Pwv6+YU34RTqbOcUIvlR3GuGKVsvjUbSIOC1MQBF0a6WZkYccMFuW5KroRgfeVNaF3VAr8WNHwowhmcwyUEcA238AB1aIIAhBd4g3fvyXv1PpZ1FbxVb6fwR97nD4lqi3g=</latexit><latexit sha1_base64="JDbRru7AalRfzxDZ71aBNBh32vM=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5sTBm00DIB8wHJEfY2c8mavb1jd08IR36BjYUitv4kO/+Nm+QKTXww8Hhvhpl5QSK4Nq777RQ2Nre2d4q7pb39g8Oj8vFJW8epYthisYhVN6AaBZfYMtwI7CYKaRQI7AST27nfeUKleSwfzDRBP6IjyUPOqLFS825QrrhVdwGyTrycVCBHY1D+6g9jlkYoDRNU657nJsbPqDKcCZyV+qnGhLIJHWHPUkkj1H62OHRGLqwyJGGsbElDFurviYxGWk+jwHZG1Iz1qjcX//N6qQlrfsZlkhqUbLkoTAUxMZl/TYZcITNiagllittbCRtTRZmx2ZRsCN7qy+ukfVX13KrXdCv1mzyOIpzBOVyCB9dQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AmrWMxw==</latexit><latexit sha1_base64="tUjvE4wkWRlcVIxRgxZQP+zWaG8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRgx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkKleSwfzCRBP6JDyUPOqLFS465frrhVdw6ySrycVCBHvV/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ66LquVWvcVmp3eRxFOEETuEcPLiCGtxDHZrAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHm/WMyw==</latexit><latexit sha1_base64="tUjvE4wkWRlcVIxRgxZQP+zWaG8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRgx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkKleSwfzCRBP6JDyUPOqLFS465frrhVdw6ySrycVCBHvV/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ66LquVWvcVmp3eRxFOEETuEcPLiCGtxDHZrAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHm/WMyw==</latexit><latexit sha1_base64="tUjvE4wkWRlcVIxRgxZQP+zWaG8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRgx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkKleSwfzCRBP6JDyUPOqLFS465frrhVdw6ySrycVCBHvV/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ66LquVWvcVmp3eRxFOEETuEcPLiCGtxDHZrAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHm/WMyw==</latexit><latexit sha1_base64="tUjvE4wkWRlcVIxRgxZQP+zWaG8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRgx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkKleSwfzCRBP6JDyUPOqLFS465frrhVdw6ySrycVCBHvV/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ66LquVWvcVmp3eRxFOEETuEcPLiCGtxDHZrAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHm/WMyw==</latexit><latexit sha1_base64="tUjvE4wkWRlcVIxRgxZQP+zWaG8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRgx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkKleSwfzCRBP6JDyUPOqLFS465frrhVdw6ySrycVCBHvV/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ66LquVWvcVmp3eRxFOEETuEcPLiCGtxDHZrAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHm/WMyw==</latexit><latexit sha1_base64="tUjvE4wkWRlcVIxRgxZQP+zWaG8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRgx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkKleSwfzCRBP6JDyUPOqLFS465frrhVdw6ySrycVCBHvV/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ66LquVWvcVmp3eRxFOEETuEcPLiCGtxDHZrAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHm/WMyw==</latexit> I

<latexit sha1_base64="nRAJNhMEYHCrj/BVl5Oh8TzR1B0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi95asB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkKleSwfzCRBP6JDyUPOqLFS475frrhVdw6ySrycVCBHvV/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ66LquVWvcVmp3eRxFOEETuEcPLiCGtxBHZrAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHnv2MzQ==</latexit><latexit sha1_base64="nRAJNhMEYHCrj/BVl5Oh8TzR1B0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi95asB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkKleSwfzCRBP6JDyUPOqLFS475frrhVdw6ySrycVCBHvV/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ66LquVWvcVmp3eRxFOEETuEcPLiCGtxBHZrAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHnv2MzQ==</latexit><latexit sha1_base64="nRAJNhMEYHCrj/BVl5Oh8TzR1B0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi95asB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkKleSwfzCRBP6JDyUPOqLFS475frrhVdw6ySrycVCBHvV/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ66LquVWvcVmp3eRxFOEETuEcPLiCGtxBHZrAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHnv2MzQ==</latexit><latexit sha1_base64="nRAJNhMEYHCrj/BVl5Oh8TzR1B0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi95asB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkKleSwfzCRBP6JDyUPOqLFS475frrhVdw6ySrycVCBHvV/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ66LquVWvcVmp3eRxFOEETuEcPLiCGtxBHZrAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHnv2MzQ==</latexit>

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>

G
<latexit sha1_base64="tUjvE4wkWRlcVIxRgxZQP+zWaG8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRgx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkKleSwfzCRBP6JDyUPOqLFS465frrhVdw6ySrycVCBHvV/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ66LquVWvcVmp3eRxFOEETuEcPLiCGtxDHZrAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHm/WMyw==</latexit><latexit sha1_base64="tUjvE4wkWRlcVIxRgxZQP+zWaG8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRgx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkKleSwfzCRBP6JDyUPOqLFS465frrhVdw6ySrycVCBHvV/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ66LquVWvcVmp3eRxFOEETuEcPLiCGtxDHZrAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHm/WMyw==</latexit><latexit sha1_base64="tUjvE4wkWRlcVIxRgxZQP+zWaG8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRgx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkKleSwfzCRBP6JDyUPOqLFS465frrhVdw6ySrycVCBHvV/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ66LquVWvcVmp3eRxFOEETuEcPLiCGtxDHZrAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHm/WMyw==</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="FDNRV6t06PTlCD181e5mBmJG0KI=">AAAB3XicbZBLSwMxFIXv1FetVatbN8EiuCozbnQpuNBlC/YB7VAy6Z02NpMZkjtCKf0Fblwo4t9y578xfSy09UDg45yE3HuiTElLvv/tFba2d3b3ivulg/Lh0XHlpNyyaW4ENkWqUtOJuEUlNTZJksJOZpAnkcJ2NL6b5+1nNFam+pEmGYYJH2oZS8HJWY37fqXq1/yF2CYEK6jCSvV+5as3SEWeoCahuLXdwM8onHJDUiiclXq5xYyLMR9i16HmCdpwuhh0xi6cM2BxatzRxBbu7xdTnlg7SSJ3M+E0suvZ3Pwv6+YU34RTqbOcUIvlR3GuGKVsvjUbSIOC1MQBF0a6WZkYccMFuW5KroRgfeVNaF3VAr8WNHwowhmcwyUEcA238AB1aIIAhBd4g3fvyXv1PpZ1FbxVb6fwR97nD4lqi3g=</latexit><latexit sha1_base64="FDNRV6t06PTlCD181e5mBmJG0KI=">AAAB3XicbZBLSwMxFIXv1FetVatbN8EiuCozbnQpuNBlC/YB7VAy6Z02NpMZkjtCKf0Fblwo4t9y578xfSy09UDg45yE3HuiTElLvv/tFba2d3b3ivulg/Lh0XHlpNyyaW4ENkWqUtOJuEUlNTZJksJOZpAnkcJ2NL6b5+1nNFam+pEmGYYJH2oZS8HJWY37fqXq1/yF2CYEK6jCSvV+5as3SEWeoCahuLXdwM8onHJDUiiclXq5xYyLMR9i16HmCdpwuhh0xi6cM2BxatzRxBbu7xdTnlg7SSJ3M+E0suvZ3Pwv6+YU34RTqbOcUIvlR3GuGKVsvjUbSIOC1MQBF0a6WZkYccMFuW5KroRgfeVNaF3VAr8WNHwowhmcwyUEcA238AB1aIIAhBd4g3fvyXv1PpZ1FbxVb6fwR97nD4lqi3g=</latexit><latexit sha1_base64="JDbRru7AalRfzxDZ71aBNBh32vM=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5sTBm00DIB8wHJEfY2c8mavb1jd08IR36BjYUitv4kO/+Nm+QKTXww8Hhvhpl5QSK4Nq777RQ2Nre2d4q7pb39g8Oj8vFJW8epYthisYhVN6AaBZfYMtwI7CYKaRQI7AST27nfeUKleSwfzDRBP6IjyUPOqLFS825QrrhVdwGyTrycVCBHY1D+6g9jlkYoDRNU657nJsbPqDKcCZyV+qnGhLIJHWHPUkkj1H62OHRGLqwyJGGsbElDFurviYxGWk+jwHZG1Iz1qjcX//N6qQlrfsZlkhqUbLkoTAUxMZl/TYZcITNiagllittbCRtTRZmx2ZRsCN7qy+ukfVX13KrXdCv1mzyOIpzBOVyCB9dQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AmrWMxw==</latexit><latexit sha1_base64="tUjvE4wkWRlcVIxRgxZQP+zWaG8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRgx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkKleSwfzCRBP6JDyUPOqLFS465frrhVdw6ySrycVCBHvV/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ66LquVWvcVmp3eRxFOEETuEcPLiCGtxDHZrAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHm/WMyw==</latexit><latexit sha1_base64="tUjvE4wkWRlcVIxRgxZQP+zWaG8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRgx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkKleSwfzCRBP6JDyUPOqLFS465frrhVdw6ySrycVCBHvV/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ66LquVWvcVmp3eRxFOEETuEcPLiCGtxDHZrAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHm/WMyw==</latexit><latexit sha1_base64="tUjvE4wkWRlcVIxRgxZQP+zWaG8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRgx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkKleSwfzCRBP6JDyUPOqLFS465frrhVdw6ySrycVCBHvV/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ66LquVWvcVmp3eRxFOEETuEcPLiCGtxDHZrAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHm/WMyw==</latexit><latexit sha1_base64="tUjvE4wkWRlcVIxRgxZQP+zWaG8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRgx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkKleSwfzCRBP6JDyUPOqLFS465frrhVdw6ySrycVCBHvV/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ66LquVWvcVmp3eRxFOEETuEcPLiCGtxDHZrAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHm/WMyw==</latexit><latexit sha1_base64="tUjvE4wkWRlcVIxRgxZQP+zWaG8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRgx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkKleSwfzCRBP6JDyUPOqLFS465frrhVdw6ySrycVCBHvV/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ66LquVWvcVmp3eRxFOEETuEcPLiCGtxDHZrAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHm/WMyw==</latexit><latexit sha1_base64="tUjvE4wkWRlcVIxRgxZQP+zWaG8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRgx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkKleSwfzCRBP6JDyUPOqLFS465frrhVdw6ySrycVCBHvV/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ66LquVWvcVmp3eRxFOEETuEcPLiCGtxDHZrAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHm/WMyw==</latexit> I

<latexit sha1_base64="nRAJNhMEYHCrj/BVl5Oh8TzR1B0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi95asB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkKleSwfzCRBP6JDyUPOqLFS475frrhVdw6ySrycVCBHvV/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ66LquVWvcVmp3eRxFOEETuEcPLiCGtxBHZrAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHnv2MzQ==</latexit><latexit sha1_base64="nRAJNhMEYHCrj/BVl5Oh8TzR1B0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi95asB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkKleSwfzCRBP6JDyUPOqLFS475frrhVdw6ySrycVCBHvV/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ66LquVWvcVmp3eRxFOEETuEcPLiCGtxBHZrAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHnv2MzQ==</latexit><latexit sha1_base64="nRAJNhMEYHCrj/BVl5Oh8TzR1B0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi95asB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkKleSwfzCRBP6JDyUPOqLFS475frrhVdw6ySrycVCBHvV/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ66LquVWvcVmp3eRxFOEETuEcPLiCGtxBHZrAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHnv2MzQ==</latexit><latexit sha1_base64="nRAJNhMEYHCrj/BVl5Oh8TzR1B0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi95asB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkKleSwfzCRBP6JDyUPOqLFS475frrhVdw6ySrycVCBHvV/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ66LquVWvcVmp3eRxFOEETuEcPLiCGtxBHZrAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHnv2MzQ==</latexit>

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>
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Challenges

• How to model relationship between modalities

• Interpretability

Figure credit: Klaus-Robert Müller, “Tutorial on InterpreAng and Explaining Deep Models in Computer Vision ” c

Model A (Acc=80.1%) Model B (Acc=79%)
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Challenges

• How to model relationship between modalities

• Interpretability

• Robustness

6Figure credit: https://the-modeling-agency.com/data-messy-dont-panic/
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{

<latexit sha1_base64="RG03HEwJX1WBjc+2nWlsTV1XmgQ=">AAAB6XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8cq9gPaUDbbSbt0swm7G6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis99PK+W/Vq3hxklfgFqUKBRt/96g0SlsUoDRNU667vpSbIqTKcCZxWepnGlLIxHWLXUklj1EE+v3RKzqwyIFGibElD5urviZzGWk/i0HbG1Iz0sjcT//O6mYmug5zLNDMo2WJRlAliEjJ7mwy4QmbExBLKFLe3EjaiijJjw6nYEPzll1dJ66LmezX//rJavyniKMMJnMI5+HAFdbiDBjSBQQTP8Apvzth5cd6dj0VrySlmjuEPnM8fm4SNZQ==</latexit><latexit sha1_base64="RG03HEwJX1WBjc+2nWlsTV1XmgQ=">AAAB6XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8cq9gPaUDbbSbt0swm7G6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis99PK+W/Vq3hxklfgFqUKBRt/96g0SlsUoDRNU667vpSbIqTKcCZxWepnGlLIxHWLXUklj1EE+v3RKzqwyIFGibElD5urviZzGWk/i0HbG1Iz0sjcT//O6mYmug5zLNDMo2WJRlAliEjJ7mwy4QmbExBLKFLe3EjaiijJjw6nYEPzll1dJ66LmezX//rJavyniKMMJnMI5+HAFdbiDBjSBQQTP8Apvzth5cd6dj0VrySlmjuEPnM8fm4SNZQ==</latexit><latexit sha1_base64="RG03HEwJX1WBjc+2nWlsTV1XmgQ=">AAAB6XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8cq9gPaUDbbSbt0swm7G6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis99PK+W/Vq3hxklfgFqUKBRt/96g0SlsUoDRNU667vpSbIqTKcCZxWepnGlLIxHWLXUklj1EE+v3RKzqwyIFGibElD5urviZzGWk/i0HbG1Iz0sjcT//O6mYmug5zLNDMo2WJRlAliEjJ7mwy4QmbExBLKFLe3EjaiijJjw6nYEPzll1dJ66LmezX//rJavyniKMMJnMI5+HAFdbiDBjSBQQTP8Apvzth5cd6dj0VrySlmjuEPnM8fm4SNZQ==</latexit><latexit sha1_base64="RG03HEwJX1WBjc+2nWlsTV1XmgQ=">AAAB6XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8cq9gPaUDbbSbt0swm7G6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis99PK+W/Vq3hxklfgFqUKBRt/96g0SlsUoDRNU667vpSbIqTKcCZxWepnGlLIxHWLXUklj1EE+v3RKzqwyIFGibElD5urviZzGWk/i0HbG1Iz0sjcT//O6mYmug5zLNDMo2WJRlAliEjJ7mwy4QmbExBLKFLe3EjaiijJjw6nYEPzll1dJ66LmezX//rJavyniKMMJnMI5+HAFdbiDBjSBQQTP8Apvzth5cd6dj0VrySlmjuEPnM8fm4SNZQ==</latexit>

{
<latexit sha1_base64="RG03HEwJX1WBjc+2nWlsTV1XmgQ=">AAAB6XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8cq9gPaUDbbSbt0swm7G6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis99PK+W/Vq3hxklfgFqUKBRt/96g0SlsUoDRNU667vpSbIqTKcCZxWepnGlLIxHWLXUklj1EE+v3RKzqwyIFGibElD5urviZzGWk/i0HbG1Iz0sjcT//O6mYmug5zLNDMo2WJRlAliEjJ7mwy4QmbExBLKFLe3EjaiijJjw6nYEPzll1dJ66LmezX//rJavyniKMMJnMI5+HAFdbiDBjSBQQTP8Apvzth5cd6dj0VrySlmjuEPnM8fm4SNZQ==</latexit><latexit sha1_base64="RG03HEwJX1WBjc+2nWlsTV1XmgQ=">AAAB6XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8cq9gPaUDbbSbt0swm7G6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis99PK+W/Vq3hxklfgFqUKBRt/96g0SlsUoDRNU667vpSbIqTKcCZxWepnGlLIxHWLXUklj1EE+v3RKzqwyIFGibElD5urviZzGWk/i0HbG1Iz0sjcT//O6mYmug5zLNDMo2WJRlAliEjJ7mwy4QmbExBLKFLe3EjaiijJjw6nYEPzll1dJ66LmezX//rJavyniKMMJnMI5+HAFdbiDBjSBQQTP8Apvzth5cd6dj0VrySlmjuEPnM8fm4SNZQ==</latexit><latexit sha1_base64="RG03HEwJX1WBjc+2nWlsTV1XmgQ=">AAAB6XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8cq9gPaUDbbSbt0swm7G6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis99PK+W/Vq3hxklfgFqUKBRt/96g0SlsUoDRNU667vpSbIqTKcCZxWepnGlLIxHWLXUklj1EE+v3RKzqwyIFGibElD5urviZzGWk/i0HbG1Iz0sjcT//O6mYmug5zLNDMo2WJRlAliEjJ7mwy4QmbExBLKFLe3EjaiijJjw6nYEPzll1dJ66LmezX//rJavyniKMMJnMI5+HAFdbiDBjSBQQTP8Apvzth5cd6dj0VrySlmjuEPnM8fm4SNZQ==</latexit><latexit sha1_base64="RG03HEwJX1WBjc+2nWlsTV1XmgQ=">AAAB6XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8cq9gPaUDbbSbt0swm7G6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis99PK+W/Vq3hxklfgFqUKBRt/96g0SlsUoDRNU667vpSbIqTKcCZxWepnGlLIxHWLXUklj1EE+v3RKzqwyIFGibElD5urviZzGWk/i0HbG1Iz0sjcT//O6mYmug5zLNDMo2WJRlAliEjJ7mwy4QmbExBLKFLe3EjaiijJjw6nYEPzll1dJ66LmezX//rJavyniKMMJnMI5+HAFdbiDBjSBQQTP8Apvzth5cd6dj0VrySlmjuEPnM8fm4SNZQ==</latexit>

Hospital 2
(Domain 2)

Hospital 2
(Domain 2)

X =
<latexit sha1_base64="vFGtQnI+/Qt4E2RcsCXl3cBt4FU=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoBeh6MVjBfsB7VKyabYNTbJLkhXK0r/gxYMiXv1D3vw3Zts9aOuDgcd7M8zMCxPBjfW8b1RaW9/Y3CpvV3Z29/YPqodHbROnmrIWjUWsuyExTHDFWpZbwbqJZkSGgnXCyV3ud56YNjxWj3aasECSkeIRp8TmUhff4EG15tW9OfAq8QtSgwLNQfWrP4xpKpmyVBBjer6X2CAj2nIq2KzSTw1LCJ2QEes5qohkJsjmt87wmVOGOIq1K2XxXP09kRFpzFSGrlMSOzbLXi7+5/VSG10HGVdJapmii0VRKrCNcf44HnLNqBVTRwjV3N2K6ZhoQq2Lp+JC8JdfXiXti7rv1f2Hy1rjtoijDCdwCufgwxU04B6a0AIKY3iGV3hDEr2gd/SxaC2hYuYY/gB9/gDjc413</latexit><latexit sha1_base64="vFGtQnI+/Qt4E2RcsCXl3cBt4FU=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoBeh6MVjBfsB7VKyabYNTbJLkhXK0r/gxYMiXv1D3vw3Zts9aOuDgcd7M8zMCxPBjfW8b1RaW9/Y3CpvV3Z29/YPqodHbROnmrIWjUWsuyExTHDFWpZbwbqJZkSGgnXCyV3ud56YNjxWj3aasECSkeIRp8TmUhff4EG15tW9OfAq8QtSgwLNQfWrP4xpKpmyVBBjer6X2CAj2nIq2KzSTw1LCJ2QEes5qohkJsjmt87wmVOGOIq1K2XxXP09kRFpzFSGrlMSOzbLXi7+5/VSG10HGVdJapmii0VRKrCNcf44HnLNqBVTRwjV3N2K6ZhoQq2Lp+JC8JdfXiXti7rv1f2Hy1rjtoijDCdwCufgwxU04B6a0AIKY3iGV3hDEr2gd/SxaC2hYuYY/gB9/gDjc413</latexit><latexit sha1_base64="vFGtQnI+/Qt4E2RcsCXl3cBt4FU=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoBeh6MVjBfsB7VKyabYNTbJLkhXK0r/gxYMiXv1D3vw3Zts9aOuDgcd7M8zMCxPBjfW8b1RaW9/Y3CpvV3Z29/YPqodHbROnmrIWjUWsuyExTHDFWpZbwbqJZkSGgnXCyV3ud56YNjxWj3aasECSkeIRp8TmUhff4EG15tW9OfAq8QtSgwLNQfWrP4xpKpmyVBBjer6X2CAj2nIq2KzSTw1LCJ2QEes5qohkJsjmt87wmVOGOIq1K2XxXP09kRFpzFSGrlMSOzbLXi7+5/VSG10HGVdJapmii0VRKrCNcf44HnLNqBVTRwjV3N2K6ZhoQq2Lp+JC8JdfXiXti7rv1f2Hy1rjtoijDCdwCufgwxU04B6a0AIKY3iGV3hDEr2gd/SxaC2hYuYY/gB9/gDjc413</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="4zKSH03rcaKlphWjCGYa3HKmw/4=">AAAB4HicbZDNSgMxFIXv1L9aq1a3boJFcFVm3OhGENy4rOC0hXYomTTThiaZIbkjlKGv4MaFIj6VO9/GTNuFth4IfJyTkHtPnElh0fe/vcrW9s7uXnW/dlA/PDpunNQ7Ns0N4yFLZWp6MbVcCs1DFCh5LzOcqljybjy9L/PuMzdWpPoJZxmPFB1rkQhGsbR65JYMG02/5S9ENiFYQRNWag8bX4NRynLFNTJJre0HfoZRQQ0KJvm8Nsgtzyib0jHvO9RUcRsVi1nn5MI5I5Kkxh2NZOH+flFQZe1Mxe6mojix61lp/pf1c0xuokLoLEeu2fKjJJcEU1IuTkbCcIZy5oAyI9yshE2ooQxdPTVXQrC+8iZ0rlqB3woefajCGZzDJQRwDXfwAG0IgcEEXuAN3j3lvXofy7oq3qq3U/gj7/MHyg6MIQ==</latexit><latexit sha1_base64="4zKSH03rcaKlphWjCGYa3HKmw/4=">AAAB4HicbZDNSgMxFIXv1L9aq1a3boJFcFVm3OhGENy4rOC0hXYomTTThiaZIbkjlKGv4MaFIj6VO9/GTNuFth4IfJyTkHtPnElh0fe/vcrW9s7uXnW/dlA/PDpunNQ7Ns0N4yFLZWp6MbVcCs1DFCh5LzOcqljybjy9L/PuMzdWpPoJZxmPFB1rkQhGsbR65JYMG02/5S9ENiFYQRNWag8bX4NRynLFNTJJre0HfoZRQQ0KJvm8Nsgtzyib0jHvO9RUcRsVi1nn5MI5I5Kkxh2NZOH+flFQZe1Mxe6mojix61lp/pf1c0xuokLoLEeu2fKjJJcEU1IuTkbCcIZy5oAyI9yshE2ooQxdPTVXQrC+8iZ0rlqB3woefajCGZzDJQRwDXfwAG0IgcEEXuAN3j3lvXofy7oq3qq3U/gj7/MHyg6MIQ==</latexit><latexit sha1_base64="uSjtrBSJowML3ewxzrt/i5gp1Ns=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5stBGCNpYRTAwkR9jbbJIlu3vH7pwQjvwFGwtFbP1Ddv4b95IrNPHBwOO9GWbmRYkUFn3/2yutrW9sbpW3Kzu7e/sH1cOjto1Tw3iLxTI2nYhaLoXmLRQoeScxnKpI8sdocpv7j0/cWBHrB5wmPFR0pMVQMIq51CHXpF+t+XV/DrJKgoLUoECzX/3qDWKWKq6RSWptN/ATDDNqUDDJZ5VeanlC2YSOeNdRTRW3YTa/dUbOnDIgw9i40kjm6u+JjCprpypynYri2C57ufif101xeBVmQicpcs0Wi4apJBiT/HEyEIYzlFNHKDPC3UrYmBrK0MVTcSEEyy+vkvZFPfDrwb1fa9wUcZThBE7hHAK4hAbcQRNawGAMz/AKb57yXrx372PRWvKKmWP4A+/zB+IzjXM=</latexit><latexit sha1_base64="vFGtQnI+/Qt4E2RcsCXl3cBt4FU=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoBeh6MVjBfsB7VKyabYNTbJLkhXK0r/gxYMiXv1D3vw3Zts9aOuDgcd7M8zMCxPBjfW8b1RaW9/Y3CpvV3Z29/YPqodHbROnmrIWjUWsuyExTHDFWpZbwbqJZkSGgnXCyV3ud56YNjxWj3aasECSkeIRp8TmUhff4EG15tW9OfAq8QtSgwLNQfWrP4xpKpmyVBBjer6X2CAj2nIq2KzSTw1LCJ2QEes5qohkJsjmt87wmVOGOIq1K2XxXP09kRFpzFSGrlMSOzbLXi7+5/VSG10HGVdJapmii0VRKrCNcf44HnLNqBVTRwjV3N2K6ZhoQq2Lp+JC8JdfXiXti7rv1f2Hy1rjtoijDCdwCufgwxU04B6a0AIKY3iGV3hDEr2gd/SxaC2hYuYY/gB9/gDjc413</latexit><latexit sha1_base64="vFGtQnI+/Qt4E2RcsCXl3cBt4FU=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoBeh6MVjBfsB7VKyabYNTbJLkhXK0r/gxYMiXv1D3vw3Zts9aOuDgcd7M8zMCxPBjfW8b1RaW9/Y3CpvV3Z29/YPqodHbROnmrIWjUWsuyExTHDFWpZbwbqJZkSGgnXCyV3ud56YNjxWj3aasECSkeIRp8TmUhff4EG15tW9OfAq8QtSgwLNQfWrP4xpKpmyVBBjer6X2CAj2nIq2KzSTw1LCJ2QEes5qohkJsjmt87wmVOGOIq1K2XxXP09kRFpzFSGrlMSOzbLXi7+5/VSG10HGVdJapmii0VRKrCNcf44HnLNqBVTRwjV3N2K6ZhoQq2Lp+JC8JdfXiXti7rv1f2Hy1rjtoijDCdwCufgwxU04B6a0AIKY3iGV3hDEr2gd/SxaC2hYuYY/gB9/gDjc413</latexit><latexit sha1_base64="vFGtQnI+/Qt4E2RcsCXl3cBt4FU=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoBeh6MVjBfsB7VKyabYNTbJLkhXK0r/gxYMiXv1D3vw3Zts9aOuDgcd7M8zMCxPBjfW8b1RaW9/Y3CpvV3Z29/YPqodHbROnmrIWjUWsuyExTHDFWpZbwbqJZkSGgnXCyV3ud56YNjxWj3aasECSkeIRp8TmUhff4EG15tW9OfAq8QtSgwLNQfWrP4xpKpmyVBBjer6X2CAj2nIq2KzSTw1LCJ2QEes5qohkJsjmt87wmVOGOIq1K2XxXP09kRFpzFSGrlMSOzbLXi7+5/VSG10HGVdJapmii0VRKrCNcf44HnLNqBVTRwjV3N2K6ZhoQq2Lp+JC8JdfXiXti7rv1f2Hy1rjtoijDCdwCufgwxU04B6a0AIKY3iGV3hDEr2gd/SxaC2hYuYY/gB9/gDjc413</latexit><latexit sha1_base64="vFGtQnI+/Qt4E2RcsCXl3cBt4FU=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoBeh6MVjBfsB7VKyabYNTbJLkhXK0r/gxYMiXv1D3vw3Zts9aOuDgcd7M8zMCxPBjfW8b1RaW9/Y3CpvV3Z29/YPqodHbROnmrIWjUWsuyExTHDFWpZbwbqJZkSGgnXCyV3ud56YNjxWj3aasECSkeIRp8TmUhff4EG15tW9OfAq8QtSgwLNQfWrP4xpKpmyVBBjer6X2CAj2nIq2KzSTw1LCJ2QEes5qohkJsjmt87wmVOGOIq1K2XxXP09kRFpzFSGrlMSOzbLXi7+5/VSG10HGVdJapmii0VRKrCNcf44HnLNqBVTRwjV3N2K6ZhoQq2Lp+JC8JdfXiXti7rv1f2Hy1rjtoijDCdwCufgwxU04B6a0AIKY3iGV3hDEr2gd/SxaC2hYuYY/gB9/gDjc413</latexit><latexit sha1_base64="vFGtQnI+/Qt4E2RcsCXl3cBt4FU=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoBeh6MVjBfsB7VKyabYNTbJLkhXK0r/gxYMiXv1D3vw3Zts9aOuDgcd7M8zMCxPBjfW8b1RaW9/Y3CpvV3Z29/YPqodHbROnmrIWjUWsuyExTHDFWpZbwbqJZkSGgnXCyV3ud56YNjxWj3aasECSkeIRp8TmUhff4EG15tW9OfAq8QtSgwLNQfWrP4xpKpmyVBBjer6X2CAj2nIq2KzSTw1LCJ2QEes5qohkJsjmt87wmVOGOIq1K2XxXP09kRFpzFSGrlMSOzbLXi7+5/VSG10HGVdJapmii0VRKrCNcf44HnLNqBVTRwjV3N2K6ZhoQq2Lp+JC8JdfXiXti7rv1f2Hy1rjtoijDCdwCufgwxU04B6a0AIKY3iGV3hDEr2gd/SxaC2hYuYY/gB9/gDjc413</latexit><latexit sha1_base64="vFGtQnI+/Qt4E2RcsCXl3cBt4FU=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoBeh6MVjBfsB7VKyabYNTbJLkhXK0r/gxYMiXv1D3vw3Zts9aOuDgcd7M8zMCxPBjfW8b1RaW9/Y3CpvV3Z29/YPqodHbROnmrIWjUWsuyExTHDFWpZbwbqJZkSGgnXCyV3ud56YNjxWj3aasECSkeIRp8TmUhff4EG15tW9OfAq8QtSgwLNQfWrP4xpKpmyVBBjer6X2CAj2nIq2KzSTw1LCJ2QEes5qohkJsjmt87wmVOGOIq1K2XxXP09kRFpzFSGrlMSOzbLXi7+5/VSG10HGVdJapmii0VRKrCNcf44HnLNqBVTRwjV3N2K6ZhoQq2Lp+JC8JdfXiXti7rv1f2Hy1rjtoijDCdwCufgwxU04B6a0AIKY3iGV3hDEr2gd/SxaC2hYuYY/gB9/gDjc413</latexit>

{
<latexit sha1_base64="RG03HEwJX1WBjc+2nWlsTV1XmgQ=">AAAB6XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8cq9gPaUDbbSbt0swm7G6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis99PK+W/Vq3hxklfgFqUKBRt/96g0SlsUoDRNU667vpSbIqTKcCZxWepnGlLIxHWLXUklj1EE+v3RKzqwyIFGibElD5urviZzGWk/i0HbG1Iz0sjcT//O6mYmug5zLNDMo2WJRlAliEjJ7mwy4QmbExBLKFLe3EjaiijJjw6nYEPzll1dJ66LmezX//rJavyniKMMJnMI5+HAFdbiDBjSBQQTP8Apvzth5cd6dj0VrySlmjuEPnM8fm4SNZQ==</latexit> <latexit sha1_base64="RG03HEwJX1WBjc+2nWlsTV1XmgQ=">AAAB6XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8cq9gPaUDbbSbt0swm7G6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis99PK+W/Vq3hxklfgFqUKBRt/96g0SlsUoDRNU667vpSbIqTKcCZxWepnGlLIxHWLXUklj1EE+v3RKzqwyIFGibElD5urviZzGWk/i0HbG1Iz0sjcT//O6mYmug5zLNDMo2WJRlAliEjJ7mwy4QmbExBLKFLe3EjaiijJjw6nYEPzll1dJ66LmezX//rJavyniKMMJnMI5+HAFdbiDBjSBQQTP8Apvzth5cd6dj0VrySlmjuEPnM8fm4SNZQ==</latexit> <latexit sha1_base64="RG03HEwJX1WBjc+2nWlsTV1XmgQ=">AAAB6XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8cq9gPaUDbbSbt0swm7G6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis99PK+W/Vq3hxklfgFqUKBRt/96g0SlsUoDRNU667vpSbIqTKcCZxWepnGlLIxHWLXUklj1EE+v3RKzqwyIFGibElD5urviZzGWk/i0HbG1Iz0sjcT//O6mYmug5zLNDMo2WJRlAliEjJ7mwy4QmbExBLKFLe3EjaiijJjw6nYEPzll1dJ66LmezX//rJavyniKMMJnMI5+HAFdbiDBjSBQQTP8Apvzth5cd6dj0VrySlmjuEPnM8fm4SNZQ==</latexit> <latexit sha1_base64="RG03HEwJX1WBjc+2nWlsTV1XmgQ=">AAAB6XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8cq9gPaUDbbSbt0swm7G6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis99PK+W/Vq3hxklfgFqUKBRt/96g0SlsUoDRNU667vpSbIqTKcCZxWepnGlLIxHWLXUklj1EE+v3RKzqwyIFGibElD5urviZzGWk/i0HbG1Iz0sjcT//O6mYmug5zLNDMo2WJRlAliEjJ7mwy4QmbExBLKFLe3EjaiijJjw6nYEPzll1dJ66LmezX//rJavyniKMMJnMI5+HAFdbiDBjSBQQTP8Apvzth5cd6dj0VrySlmjuEPnM8fm4SNZQ==</latexit>

Y =
<latexit sha1_base64="bh+lKqqrrI75X3VMqciT1T05m80=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoBch6MVjBBMjyRJmJ7PJkHksM7NCWPILXjwo4tUf8ubfOJvsQRMLGoqqbrq7ooQzY33/2yutrK6tb5Q3K1vbO7t71f2DtlGpJrRFFFe6E2FDOZO0ZZnltJNoikXE6UM0vsn9hyeqDVPy3k4SGgo8lCxmBNtcekRXqF+t+XV/BrRMgoLUoECzX/3qDRRJBZWWcGxMN/ATG2ZYW0Y4nVZ6qaEJJmM8pF1HJRbUhNns1ik6ccoAxUq7khbN1N8TGRbGTETkOgW2I7Po5eJ/Xje18WWYMZmklkoyXxSnHFmF8sfRgGlKLJ84golm7lZERlhjYl08FRdCsPjyMmmf1QO/Htyd1xrXRRxlOIJjOIUALqABt9CEFhAYwTO8wpsnvBfv3fuYt5a8YuYQ/sD7/AHk+o14</latexit><latexit sha1_base64="bh+lKqqrrI75X3VMqciT1T05m80=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoBch6MVjBBMjyRJmJ7PJkHksM7NCWPILXjwo4tUf8ubfOJvsQRMLGoqqbrq7ooQzY33/2yutrK6tb5Q3K1vbO7t71f2DtlGpJrRFFFe6E2FDOZO0ZZnltJNoikXE6UM0vsn9hyeqDVPy3k4SGgo8lCxmBNtcekRXqF+t+XV/BrRMgoLUoECzX/3qDRRJBZWWcGxMN/ATG2ZYW0Y4nVZ6qaEJJmM8pF1HJRbUhNns1ik6ccoAxUq7khbN1N8TGRbGTETkOgW2I7Po5eJ/Xje18WWYMZmklkoyXxSnHFmF8sfRgGlKLJ84golm7lZERlhjYl08FRdCsPjyMmmf1QO/Htyd1xrXRRxlOIJjOIUALqABt9CEFhAYwTO8wpsnvBfv3fuYt5a8YuYQ/sD7/AHk+o14</latexit><latexit sha1_base64="bh+lKqqrrI75X3VMqciT1T05m80=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoBch6MVjBBMjyRJmJ7PJkHksM7NCWPILXjwo4tUf8ubfOJvsQRMLGoqqbrq7ooQzY33/2yutrK6tb5Q3K1vbO7t71f2DtlGpJrRFFFe6E2FDOZO0ZZnltJNoikXE6UM0vsn9hyeqDVPy3k4SGgo8lCxmBNtcekRXqF+t+XV/BrRMgoLUoECzX/3qDRRJBZWWcGxMN/ATG2ZYW0Y4nVZ6qaEJJmM8pF1HJRbUhNns1ik6ccoAxUq7khbN1N8TGRbGTETkOgW2I7Po5eJ/Xje18WWYMZmklkoyXxSnHFmF8sfRgGlKLJ84golm7lZERlhjYl08FRdCsPjyMmmf1QO/Htyd1xrXRRxlOIJjOIUALqABt9CEFhAYwTO8wpsnvBfv3fuYt5a8YuYQ/sD7/AHk+o14</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="lOXifINuFdgoItWwgry7wspJGBI=">AAAB4HicbZDNSgMxFIXv1L9aq1a3boJFcFVm3OimILhxWcH+SDuUTJppQ5PMkNwRytBXcONCEZ/KnW9jpu1CWw8EPs5JyL0nSqWw6PvfXmlre2d3r7xfOageHh3XTqodm2SG8TZLZGJ6EbVcCs3bKFDyXmo4VZHk3Wh6V+TdZ26sSPQjzlIeKjrWIhaMYmE9kSYZ1up+w1+IbEKwgjqs1BrWvgajhGWKa2SSWtsP/BTDnBoUTPJ5ZZBZnlI2pWPed6ip4jbMF7POyYVzRiROjDsaycL9/SKnytqZitxNRXFi17PC/C/rZxjfhLnQaYZcs+VHcSYJJqRYnIyE4QzlzAFlRrhZCZtQQxm6eiquhGB95U3oXDUCvxE8+FCGMziHSwjgGm7hHlrQBgYTeIE3ePeU9+p9LOsqeaveTuGPvM8fy4qMIg==</latexit><latexit sha1_base64="lOXifINuFdgoItWwgry7wspJGBI=">AAAB4HicbZDNSgMxFIXv1L9aq1a3boJFcFVm3OimILhxWcH+SDuUTJppQ5PMkNwRytBXcONCEZ/KnW9jpu1CWw8EPs5JyL0nSqWw6PvfXmlre2d3r7xfOageHh3XTqodm2SG8TZLZGJ6EbVcCs3bKFDyXmo4VZHk3Wh6V+TdZ26sSPQjzlIeKjrWIhaMYmE9kSYZ1up+w1+IbEKwgjqs1BrWvgajhGWKa2SSWtsP/BTDnBoUTPJ5ZZBZnlI2pWPed6ip4jbMF7POyYVzRiROjDsaycL9/SKnytqZitxNRXFi17PC/C/rZxjfhLnQaYZcs+VHcSYJJqRYnIyE4QzlzAFlRrhZCZtQQxm6eiquhGB95U3oXDUCvxE8+FCGMziHSwjgGm7hHlrQBgYTeIE3ePeU9+p9LOsqeaveTuGPvM8fy4qMIg==</latexit><latexit sha1_base64="+U2/B0eGwSkx/BGja7fPr+L8K9Q=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU8l60YtQ9OKxgv2QdinZNNuGJtklyQpl6V/w4kERr/4hb/4bs+0etPXBwOO9GWbmhYngxmL87ZXW1jc2t8rblZ3dvf2D6uFR28SppqxFYxHrbkgME1yxluVWsG6iGZGhYJ1wcpv7nSemDY/Vg50mLJBkpHjEKbG59Iiu0aBaw3U8B1olfkFqUKA5qH71hzFNJVOWCmJMz8eJDTKiLaeCzSr91LCE0AkZsZ6jikhmgmx+6wydOWWIoli7UhbN1d8TGZHGTGXoOiWxY7Ps5eJ/Xi+10VWQcZWklim6WBSlAtkY5Y+jIdeMWjF1hFDN3a2Ijokm1Lp4Ki4Ef/nlVdK+qPu47t/jWuOmiKMMJ3AK5+DDJTTgDprQAgpjeIZXePOk9+K9ex+L1pJXzBzDH3ifP+O6jXQ=</latexit><latexit sha1_base64="bh+lKqqrrI75X3VMqciT1T05m80=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoBch6MVjBBMjyRJmJ7PJkHksM7NCWPILXjwo4tUf8ubfOJvsQRMLGoqqbrq7ooQzY33/2yutrK6tb5Q3K1vbO7t71f2DtlGpJrRFFFe6E2FDOZO0ZZnltJNoikXE6UM0vsn9hyeqDVPy3k4SGgo8lCxmBNtcekRXqF+t+XV/BrRMgoLUoECzX/3qDRRJBZWWcGxMN/ATG2ZYW0Y4nVZ6qaEJJmM8pF1HJRbUhNns1ik6ccoAxUq7khbN1N8TGRbGTETkOgW2I7Po5eJ/Xje18WWYMZmklkoyXxSnHFmF8sfRgGlKLJ84golm7lZERlhjYl08FRdCsPjyMmmf1QO/Htyd1xrXRRxlOIJjOIUALqABt9CEFhAYwTO8wpsnvBfv3fuYt5a8YuYQ/sD7/AHk+o14</latexit><latexit sha1_base64="bh+lKqqrrI75X3VMqciT1T05m80=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoBch6MVjBBMjyRJmJ7PJkHksM7NCWPILXjwo4tUf8ubfOJvsQRMLGoqqbrq7ooQzY33/2yutrK6tb5Q3K1vbO7t71f2DtlGpJrRFFFe6E2FDOZO0ZZnltJNoikXE6UM0vsn9hyeqDVPy3k4SGgo8lCxmBNtcekRXqF+t+XV/BrRMgoLUoECzX/3qDRRJBZWWcGxMN/ATG2ZYW0Y4nVZ6qaEJJmM8pF1HJRbUhNns1ik6ccoAxUq7khbN1N8TGRbGTETkOgW2I7Po5eJ/Xje18WWYMZmklkoyXxSnHFmF8sfRgGlKLJ84golm7lZERlhjYl08FRdCsPjyMmmf1QO/Htyd1xrXRRxlOIJjOIUALqABt9CEFhAYwTO8wpsnvBfv3fuYt5a8YuYQ/sD7/AHk+o14</latexit><latexit sha1_base64="bh+lKqqrrI75X3VMqciT1T05m80=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoBch6MVjBBMjyRJmJ7PJkHksM7NCWPILXjwo4tUf8ubfOJvsQRMLGoqqbrq7ooQzY33/2yutrK6tb5Q3K1vbO7t71f2DtlGpJrRFFFe6E2FDOZO0ZZnltJNoikXE6UM0vsn9hyeqDVPy3k4SGgo8lCxmBNtcekRXqF+t+XV/BrRMgoLUoECzX/3qDRRJBZWWcGxMN/ATG2ZYW0Y4nVZ6qaEJJmM8pF1HJRbUhNns1ik6ccoAxUq7khbN1N8TGRbGTETkOgW2I7Po5eJ/Xje18WWYMZmklkoyXxSnHFmF8sfRgGlKLJ84golm7lZERlhjYl08FRdCsPjyMmmf1QO/Htyd1xrXRRxlOIJjOIUALqABt9CEFhAYwTO8wpsnvBfv3fuYt5a8YuYQ/sD7/AHk+o14</latexit><latexit sha1_base64="bh+lKqqrrI75X3VMqciT1T05m80=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoBch6MVjBBMjyRJmJ7PJkHksM7NCWPILXjwo4tUf8ubfOJvsQRMLGoqqbrq7ooQzY33/2yutrK6tb5Q3K1vbO7t71f2DtlGpJrRFFFe6E2FDOZO0ZZnltJNoikXE6UM0vsn9hyeqDVPy3k4SGgo8lCxmBNtcekRXqF+t+XV/BrRMgoLUoECzX/3qDRRJBZWWcGxMN/ATG2ZYW0Y4nVZ6qaEJJmM8pF1HJRbUhNns1ik6ccoAxUq7khbN1N8TGRbGTETkOgW2I7Po5eJ/Xje18WWYMZmklkoyXxSnHFmF8sfRgGlKLJ84golm7lZERlhjYl08FRdCsPjyMmmf1QO/Htyd1xrXRRxlOIJjOIUALqABt9CEFhAYwTO8wpsnvBfv3fuYt5a8YuYQ/sD7/AHk+o14</latexit><latexit sha1_base64="bh+lKqqrrI75X3VMqciT1T05m80=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoBch6MVjBBMjyRJmJ7PJkHksM7NCWPILXjwo4tUf8ubfOJvsQRMLGoqqbrq7ooQzY33/2yutrK6tb5Q3K1vbO7t71f2DtlGpJrRFFFe6E2FDOZO0ZZnltJNoikXE6UM0vsn9hyeqDVPy3k4SGgo8lCxmBNtcekRXqF+t+XV/BrRMgoLUoECzX/3qDRRJBZWWcGxMN/ATG2ZYW0Y4nVZ6qaEJJmM8pF1HJRbUhNns1ik6ccoAxUq7khbN1N8TGRbGTETkOgW2I7Po5eJ/Xje18WWYMZmklkoyXxSnHFmF8sfRgGlKLJ84golm7lZERlhjYl08FRdCsPjyMmmf1QO/Htyd1xrXRRxlOIJjOIUALqABt9CEFhAYwTO8wpsnvBfv3fuYt5a8YuYQ/sD7/AHk+o14</latexit><latexit sha1_base64="bh+lKqqrrI75X3VMqciT1T05m80=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoBch6MVjBBMjyRJmJ7PJkHksM7NCWPILXjwo4tUf8ubfOJvsQRMLGoqqbrq7ooQzY33/2yutrK6tb5Q3K1vbO7t71f2DtlGpJrRFFFe6E2FDOZO0ZZnltJNoikXE6UM0vsn9hyeqDVPy3k4SGgo8lCxmBNtcekRXqF+t+XV/BrRMgoLUoECzX/3qDRRJBZWWcGxMN/ATG2ZYW0Y4nVZ6qaEJJmM8pF1HJRbUhNns1ik6ccoAxUq7khbN1N8TGRbGTETkOgW2I7Po5eJ/Xje18WWYMZmklkoyXxSnHFmF8sfRgGlKLJ84golm7lZERlhjYl08FRdCsPjyMmmf1QO/Htyd1xrXRRxlOIJjOIUALqABt9CEFhAYwTO8wpsnvBfv3fuYt5a8YuYQ/sD7/AHk+o14</latexit>

H0 : PXY = PXPY
<latexit sha1_base64="KdXnFv6TJK3On2M0//nxPXUczbA=">AAACDHicbVDLSsNAFL2pr1pfVZduBovgqiQiKIJQdNNlBfuiDWEynbRDJw9mJkIJ+QA3/oobF4q49QPc+TdO0iy09cIMh3PO5d573IgzqUzz2yitrK6tb5Q3K1vbO7t71f2DjgxjQWibhDwUPRdLyllA24opTnuRoNh3Oe2609tM7z5QIVkY3KtZRG0fjwPmMYKVppxqbehjNSGYJ83UMa9Qy0l6/RRd5yDN/n6qXWbdzAstA6sANSiq5VS/hqOQxD4NFOFYyoFlRspOsFCMcJpWhrGkESZTPKYDDQPsU2kn+TEpOtHMCHmh0C9QKGd/dyTYl3Lmu9qZrS4XtYz8TxvEyru0ExZEsaIBmQ/yYo5UiLJk0IgJShSfaYCJYHpXRCZYYKJ0fhUdgrV48jLonNUts27dndcaN0UcZTiCYzgFCy6gAU1oQRsIPMIzvMKb8WS8GO/Gx9xaMoqeQ/hTxucPGYuaXA==</latexit><latexit sha1_base64="KdXnFv6TJK3On2M0//nxPXUczbA=">AAACDHicbVDLSsNAFL2pr1pfVZduBovgqiQiKIJQdNNlBfuiDWEynbRDJw9mJkIJ+QA3/oobF4q49QPc+TdO0iy09cIMh3PO5d573IgzqUzz2yitrK6tb5Q3K1vbO7t71f2DjgxjQWibhDwUPRdLyllA24opTnuRoNh3Oe2609tM7z5QIVkY3KtZRG0fjwPmMYKVppxqbehjNSGYJ83UMa9Qy0l6/RRd5yDN/n6qXWbdzAstA6sANSiq5VS/hqOQxD4NFOFYyoFlRspOsFCMcJpWhrGkESZTPKYDDQPsU2kn+TEpOtHMCHmh0C9QKGd/dyTYl3Lmu9qZrS4XtYz8TxvEyru0ExZEsaIBmQ/yYo5UiLJk0IgJShSfaYCJYHpXRCZYYKJ0fhUdgrV48jLonNUts27dndcaN0UcZTiCYzgFCy6gAU1oQRsIPMIzvMKb8WS8GO/Gx9xaMoqeQ/hTxucPGYuaXA==</latexit><latexit sha1_base64="KdXnFv6TJK3On2M0//nxPXUczbA=">AAACDHicbVDLSsNAFL2pr1pfVZduBovgqiQiKIJQdNNlBfuiDWEynbRDJw9mJkIJ+QA3/oobF4q49QPc+TdO0iy09cIMh3PO5d573IgzqUzz2yitrK6tb5Q3K1vbO7t71f2DjgxjQWibhDwUPRdLyllA24opTnuRoNh3Oe2609tM7z5QIVkY3KtZRG0fjwPmMYKVppxqbehjNSGYJ83UMa9Qy0l6/RRd5yDN/n6qXWbdzAstA6sANSiq5VS/hqOQxD4NFOFYyoFlRspOsFCMcJpWhrGkESZTPKYDDQPsU2kn+TEpOtHMCHmh0C9QKGd/dyTYl3Lmu9qZrS4XtYz8TxvEyru0ExZEsaIBmQ/yYo5UiLJk0IgJShSfaYCJYHpXRCZYYKJ0fhUdgrV48jLonNUts27dndcaN0UcZTiCYzgFCy6gAU1oQRsIPMIzvMKb8WS8GO/Gx9xaMoqeQ/hTxucPGYuaXA==</latexit><latexit sha1_base64="KdXnFv6TJK3On2M0//nxPXUczbA=">AAACDHicbVDLSsNAFL2pr1pfVZduBovgqiQiKIJQdNNlBfuiDWEynbRDJw9mJkIJ+QA3/oobF4q49QPc+TdO0iy09cIMh3PO5d573IgzqUzz2yitrK6tb5Q3K1vbO7t71f2DjgxjQWibhDwUPRdLyllA24opTnuRoNh3Oe2609tM7z5QIVkY3KtZRG0fjwPmMYKVppxqbehjNSGYJ83UMa9Qy0l6/RRd5yDN/n6qXWbdzAstA6sANSiq5VS/hqOQxD4NFOFYyoFlRspOsFCMcJpWhrGkESZTPKYDDQPsU2kn+TEpOtHMCHmh0C9QKGd/dyTYl3Lmu9qZrS4XtYz8TxvEyru0ExZEsaIBmQ/yYo5UiLJk0IgJShSfaYCJYHpXRCZYYKJ0fhUdgrV48jLonNUts27dndcaN0UcZTiCYzgFCy6gAU1oQRsIPMIzvMKb8WS8GO/Gx9xaMoqeQ/hTxucPGYuaXA==</latexit>

H1 : PXY 6= PXPY
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Chronic Obstructive Pulmonary Disease (COPD)

Image Reference: radiopedia.com
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Chronic Obstructive Pulmonary Disease (COPD)

Image Reference: radiopedia.com

Abnormal (Type 1) Abnormal (Type 2) Abnormal (Type 3)
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Carlos Mendoza, Raul San Jose Estepar et al. 2012

Normal Tissue
Abnormal (Type 1)

Abnormal (Type 2)

Abnormal (Type 3)

Abnormal (Type 4)
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Imaging and Genetic Data
Patient s

Imaging signature of 
Supervoxel n

Genetic loci of interest
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Bag of Words Model

Interesting Genetic loci

Patient s

Visual Words
Genetic Words

(Genetic variants)

Patient Document
14



A Simplified Model

19

Imaging signature of 
Supervoxel n

Pattern 1

Pattern 2

Pattern 3

Pattern 1 Pattern 2 Pattern 3

Simplified version of our model

pi(x) =
KX

k=1

⇡k(i)g(x; ✓k)
Should be chosen based 

on the local image 
descriptor

Probability density 
of the patterns in 

patient i

Patient 
Representation



Topic proportion
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Patient s

Probabilistic Modeling
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Extending to Multi-Modal
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Probabilistic Model

Topic proportion for 
patient s

Patient s
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Topic proportion
for patient s

Patient s

Graphical Model
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Inference

Topic pairs

(Different Ranking SNPs)

We use stochastic vibrational inference to infer the posterior densities.

(Imaging signature)
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Interpretation on the Patient Level

Nakano Y. et al, Core to Rind distribution of severe emphysema  
predicts outcome of lung volume reduction surgery , AJRCCM 2001

Rind Topic
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Interpretation on the Patient Level

Apical Topic
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One Subject Example

Normal Appearing
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Genetic Topics

14:CFDP1
16:Alpha-1 Antitrypsin 
Deficiency

30

↵

µk,⌃k

�k ⌘G

S
N

M

Ism

GsnzGsn

zIsm

⇡s



• Data driven way to define anatomical distributions of the disease subtypes.

Population Average Distribution

31

• What is missing?
qWhich image features (local descriptors) are good for sub-typing the disease?
qCan we improve it using Deep Learning?



Which Features Should be Used?

32

Imaging signature of 
Supervoxel n

Pattern 1

Pattern 2

Pattern 3

Pattern 1 Pattern 2 Pattern 3

Simplified version of our model

pi(x) =
KX

k=1

⇡k(i)g(x; ✓k)



Revisiting our goals:
Interpretation vs. Prediction
When do I need to have a fully generative model?

Prediction
• Supervised : Objectively using image data 

to define disease subtypes that are 
indicative of the disease severity.

Interpretation
Unsupervised: Relating image patterns to the 
side information (such as genetic data).

It turns out that we can side-step the 
inference of the subtypes.

33



Discriminative Approach: 
Focusing on Prediction

34
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If We Only Care about Prediction

Pattern 1

Pattern 2

Pattern 3

Pattern 1 Pattern 2 Pattern 3

Simplified version of our model

What if we can estimate the dissimilarities 
directly without an explicit parametric 
assumption?

D(pi, pj)

pi(x) =
KX

k=1

⇡k(i)g(x; ✓k)



Can We Avoid the Inference?

D(pi, pj) ⌘ KL(pikpj) = Ex⇠pi


log

pi
qj

�

• The KL distance can be estimated without any parametric assumption 
on !"’s !

• The estimator is unbiased and consistent.
• Other choices of distance between distributions are possible such as 

Maximum Mean Discrepancy (MMD).

Poczos et al, “Nonparametric Divergence Estimation with Applications to Machine Learning on Distributions ,” UAI 201137



⇢1,x

⇢2,x
⇢3,x

x
⌫1,x

⌫2,x

⌫3,x

Subject i Subject jFeature space of 
image patches

Xi = {xi1, · · · , xiN} Xj = {xj1, · · · , xjM}

Can We Avoid the Inference?

D(pi, pj) ⌘ KL(pikpj) = Ex⇠pi


log

pi
qj

�
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An Easy Task
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• Predicting clinical image measurement.



Predicting GOLD 

40

• Predicting clinical image measurement.

• GOLD score: 5+1 grade characterizing the 
severity of disease using respiratory 
signal.



Comparing Different Image Features

41

• GOLD score: 5+1 grade characterizing the 
severity of disease using respiratory 
signal.

• Predicting clinical image measurement.

• Quick Comparison between image 
features.

Our approach

Classical Bag-of-words



Summary so far …

42

What we have:
ü The Generative approach provides good interpretation while 

the Discriminative approach provides good prediction.
ü A Likelihood free approach to compute patient-patient 

similarity avoiding an explicit parameterization.
ü We can still have a population-level interpretation.

What is missing:
qCan we consolidate Generative and Discriminative views?   
qCan Deep Learning improve the construction of the image 

feature in data-driven way?
q What about the patient-level interpretation?



Outlines

• Our previous research
•Background
•Pre-Deep Learning work

•Current Research
•Hybrid Generative Discriminative Model
• Some preliminaries on causal domain adaptation

•Future Directions
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So far …

Patient i

Xi = {xi1, · · · , xiN}

The Generative Model:

The Likelihood-free Model:

⇡i, {✓k}k
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Patient-Patient
Similarity
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Learning from a Set

Patient i

Xi = {xi1, · · · , xiN}

The Generative Model:

The Likelihood-free Model:

⇡i, {✓k}k
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Patient-Patient
Similarity

• Can we construct a Discriminative
model that directly predict a desire 
target from the content of a “set”?

• Goal: mapping from a variable length 
representation (i.e, a “set”) to a 
fixed-length representation.

Zaheer et al, “Deep Sets,” NIPS 2017 45



Deep Sets

Patient i

Xi = {xi1, · · · , xiN}

Zaheer et al, “Deep Sets,” NIPS 2017
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Deep Sets
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Zaheer et al, “Deep Sets,” NIPS 2017
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Advantages: 
• Produce a good prediction.

• Can handle any input size without rescaling.

Disadvantage: 

• The latent representations are redundant.

• Does not provide interpretable results.  Attention Network

Regularization with a 
Generative  Network
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Predicting Clinical Measurements
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• GOLD score: 5+1 grade characterizing the 
severity of disease using respiratory 
signal.

Likelihood Free

Classical Bag-of-words

Our Deep Learning



Predicting Clinical Measurements
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• GOLD score: 5+1 grade characterizing the 
severity of disease using respiratory 
signal.

• Visualizing patients with respect to the 
entire population. 



The Attention Map
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Comparison with Deep Sets
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Comparing with Other Methods
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Fig. 3. (a) Embedding the subjects in 2D using tSNE. The dots represents one subject
colored by the GOLD score. (b) An axial view of the attention map on a subject. Red
color indicate higher relevance to the disease severity.
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Summary so far …

56

What we have:
ü The Deep Learning approach provides good characterization of 

the disease.
ü The Attentions network provides a patient-level interpretation.
ü The latent space representation yields an insight on the 

population-level.

What is missing:
qCan we consolidate Generative and Discriminative views?   
qThe Deep Learning approach did not include the genetic data.



Outlines

• Our previous research
•Background
•Pre-Deep Learning work

•Current Research
•Hybrid Generative Discriminative Model
• Some preliminaries on causal domain adaptation

•Future Directions
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… pneumothorax is 
observable in the right lung 
…there is a significant 
emphysema in the right 
lobe….  

Interactive Learning with Image and Text
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Space of discriminative 
posterior distributions

Projection

q(z) 2 Q(·)
<latexit sha1_base64="BGjpmNz7q5b+9IS1xSoC+bvTBCY="></latexit><latexit sha1_base64="BGjpmNz7q5b+9IS1xSoC+bvTBCY="></latexit><latexit sha1_base64="BGjpmNz7q5b+9IS1xSoC+bvTBCY="></latexit><latexit sha1_base64="BGjpmNz7q5b+9IS1xSoC+bvTBCY="></latexit>

q(z) 2 Q(·;h)
<latexit sha1_base64="RNDZeX7DsTHPNpbbFIihNP1KkxI="></latexit><latexit sha1_base64="RNDZeX7DsTHPNpbbFIihNP1KkxI="></latexit><latexit sha1_base64="RNDZeX7DsTHPNpbbFIihNP1KkxI="></latexit><latexit sha1_base64="RNDZeX7DsTHPNpbbFIihNP1KkxI="></latexit>

q(z) 2 Q(·;h, g)
<latexit sha1_base64="jXl+WKd6gEZcxCk6YXXYiYUOhHY="></latexit><latexit sha1_base64="jXl+WKd6gEZcxCk6YXXYiYUOhHY="></latexit><latexit sha1_base64="jXl+WKd6gEZcxCk6YXXYiYUOhHY="></latexit><latexit sha1_base64="jXl+WKd6gEZcxCk6YXXYiYUOhHY="></latexit>
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Generative Domain Adaptation

Y

(X1, X2, · · · , XN )
<latexit sha1_base64="QMRfsWkE/bQ3g97KDTrGkwNQe8Q="></latexit><latexit sha1_base64="QMRfsWkE/bQ3g97KDTrGkwNQe8Q="></latexit><latexit sha1_base64="QMRfsWkE/bQ3g97KDTrGkwNQe8Q="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="D+sMzMhrfcPsM7woCv6Q8qC6zBc="></latexit><latexit sha1_base64="D+sMzMhrfcPsM7woCv6Q8qC6zBc="></latexit><latexit sha1_base64="5GGoyK9AFp6LpW0PfQy3qS5XCxo="></latexit><latexit sha1_base64="QMRfsWkE/bQ3g97KDTrGkwNQe8Q="></latexit><latexit sha1_base64="QMRfsWkE/bQ3g97KDTrGkwNQe8Q="></latexit><latexit sha1_base64="QMRfsWkE/bQ3g97KDTrGkwNQe8Q="></latexit><latexit sha1_base64="QMRfsWkE/bQ3g97KDTrGkwNQe8Q="></latexit><latexit sha1_base64="QMRfsWkE/bQ3g97KDTrGkwNQe8Q="></latexit><latexit sha1_base64="QMRfsWkE/bQ3g97KDTrGkwNQe8Q="></latexit>

Conditional GAN

Y

X1
<latexit sha1_base64="91waJ1iT4mktNEqESn6rrWjUoz4="></latexit><latexit sha1_base64="91waJ1iT4mktNEqESn6rrWjUoz4="></latexit><latexit sha1_base64="91waJ1iT4mktNEqESn6rrWjUoz4="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="SsQKGKybR02Oall5k0Hya7jmSjY="></latexit><latexit sha1_base64="SsQKGKybR02Oall5k0Hya7jmSjY="></latexit><latexit sha1_base64="owvRj5C9h+QVHPsB/Cz0E4qAaK0="></latexit><latexit sha1_base64="91waJ1iT4mktNEqESn6rrWjUoz4="></latexit><latexit sha1_base64="91waJ1iT4mktNEqESn6rrWjUoz4="></latexit><latexit sha1_base64="91waJ1iT4mktNEqESn6rrWjUoz4="></latexit><latexit sha1_base64="91waJ1iT4mktNEqESn6rrWjUoz4="></latexit><latexit sha1_base64="91waJ1iT4mktNEqESn6rrWjUoz4="></latexit><latexit sha1_base64="91waJ1iT4mktNEqESn6rrWjUoz4="></latexit>

X2
<latexit sha1_base64="8TrC9C4US4PM9cIY825DhcRjW9M="></latexit><latexit sha1_base64="8TrC9C4US4PM9cIY825DhcRjW9M="></latexit><latexit sha1_base64="8TrC9C4US4PM9cIY825DhcRjW9M="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="Y6qbrQ0JJaKf/w3b92TmmosfoPs="></latexit><latexit sha1_base64="Y6qbrQ0JJaKf/w3b92TmmosfoPs="></latexit><latexit sha1_base64="QY6049kFX9zb3B6Lqr0HoDGY9dk="></latexit><latexit sha1_base64="8TrC9C4US4PM9cIY825DhcRjW9M="></latexit><latexit sha1_base64="8TrC9C4US4PM9cIY825DhcRjW9M="></latexit><latexit sha1_base64="8TrC9C4US4PM9cIY825DhcRjW9M="></latexit><latexit sha1_base64="8TrC9C4US4PM9cIY825DhcRjW9M="></latexit><latexit sha1_base64="8TrC9C4US4PM9cIY825DhcRjW9M="></latexit><latexit sha1_base64="8TrC9C4US4PM9cIY825DhcRjW9M="></latexit>

X3
<latexit sha1_base64="gEeBs7KYRHAUiSF7zDBiUffDKH4="></latexit><latexit sha1_base64="gEeBs7KYRHAUiSF7zDBiUffDKH4="></latexit><latexit sha1_base64="gEeBs7KYRHAUiSF7zDBiUffDKH4="></latexit><latexit sha1_base64="gEeBs7KYRHAUiSF7zDBiUffDKH4="></latexit>

X4
<latexit sha1_base64="NrtROxQzup4QpADvcjGm9a+TeWE="></latexit><latexit sha1_base64="NrtROxQzup4QpADvcjGm9a+TeWE="></latexit><latexit sha1_base64="NrtROxQzup4QpADvcjGm9a+TeWE="></latexit><latexit sha1_base64="NrtROxQzup4QpADvcjGm9a+TeWE="></latexit>

X5
<latexit sha1_base64="LTSk17g22jSTA4kWwaWoXYU41GI="></latexit><latexit sha1_base64="LTSk17g22jSTA4kWwaWoXYU41GI="></latexit><latexit sha1_base64="LTSk17g22jSTA4kWwaWoXYU41GI="></latexit><latexit sha1_base64="LTSk17g22jSTA4kWwaWoXYU41GI="></latexit>
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