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Why Incremental Learning?

I Standard Classification: Given D = {xi,yi}Ni=1, learn mapping fθ : x 7→ y

min
θ

Ex,y∼DL(fθ(x),y)

I Given a new dataset (D̄): minθ Ex,y∼D∪D̄L(fθ(x),y)
. Not scalable
. Redundant computations, etc.

Incremental Learning (IL): Problem Definition and Intuitions

Given a sequence of datasets, D = {D1, · · · ,Dk}, learn fθ such that:
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min
θ

E∪ki=1DiL(fθ(x),y) ≡ min
θ

EDkL(fθ(x),y;K)

I What is Knowledge (K)?
. Input-Output behaviour (knowledge distillation)
. Parameters of the network

I Preserve Knowledge? Avoid Forgetting
I Update Knowledge? Avoid Intransigence (inability to learn)

Our Contributions

I We observed and defined intransigence in IL
I Evaluation settings for IL: Single- vs Multi-head
I New evaluation metrics: Forgetting and Intransigence
I Efficient version of EWC [1] which we call EWC++
I Generalization of EWC++ and PI [2]: RWalk

Incremental Learning Evaluation Setup

I Multi-head
. Task-id is known at test time
. Easier and unrealistic setting

I Single-head
. Task-id is not known
. Harder and realistic setting
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<latexit sha1_base64="xDN7v4GpkDgFFkl6LT7B6YFz7b0=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUPBS6sVjhX5BE8pmO22XbjZhdyOU0L/hxYMiXv0z3vw3btsctPXBwOO9GWbmhYng2rjut1PY2Nza3inulvb2Dw6PyscnbR2nimGLxSJW3ZBqFFxiy3AjsJsopFEosBNO7ud+5wmV5rFsmmmCQURHkg85o8ZKvl/nI39G/Ltm3+uXK27VXYCsEy8nFcjR6Je//EHM0gilYYJq3fPcxAQZVYYzgbOSn2pMKJvQEfYslTRCHWSLm2fkwioDMoyVLWnIQv09kdFI62kU2s6ImrFe9ebif14vNcPbIOMySQ1Ktlw0TAUxMZkHQAZcITNiagllittbCRtTRZmxMZVsCN7qy+ukfVX13Kr3eF2p1fM4inAG53AJHtxADR6gAS1gkMAzvMKbkzovzrvzsWwtOPnMKfyB8/kDwC+Q1A==</latexit><latexit sha1_base64="xDN7v4GpkDgFFkl6LT7B6YFz7b0=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUPBS6sVjhX5BE8pmO22XbjZhdyOU0L/hxYMiXv0z3vw3btsctPXBwOO9GWbmhYng2rjut1PY2Nza3inulvb2Dw6PyscnbR2nimGLxSJW3ZBqFFxiy3AjsJsopFEosBNO7ud+5wmV5rFsmmmCQURHkg85o8ZKvl/nI39G/Ltm3+uXK27VXYCsEy8nFcjR6Je//EHM0gilYYJq3fPcxAQZVYYzgbOSn2pMKJvQEfYslTRCHWSLm2fkwioDMoyVLWnIQv09kdFI62kU2s6ImrFe9ebif14vNcPbIOMySQ1Ktlw0TAUxMZkHQAZcITNiagllittbCRtTRZmxMZVsCN7qy+ukfVX13Kr3eF2p1fM4inAG53AJHtxADR6gAS1gkMAzvMKbkzovzrvzsWwtOPnMKfyB8/kDwC+Q1A==</latexit><latexit sha1_base64="xDN7v4GpkDgFFkl6LT7B6YFz7b0=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUPBS6sVjhX5BE8pmO22XbjZhdyOU0L/hxYMiXv0z3vw3btsctPXBwOO9GWbmhYng2rjut1PY2Nza3inulvb2Dw6PyscnbR2nimGLxSJW3ZBqFFxiy3AjsJsopFEosBNO7ud+5wmV5rFsmmmCQURHkg85o8ZKvl/nI39G/Ltm3+uXK27VXYCsEy8nFcjR6Je//EHM0gilYYJq3fPcxAQZVYYzgbOSn2pMKJvQEfYslTRCHWSLm2fkwioDMoyVLWnIQv09kdFI62kU2s6ImrFe9ebif14vNcPbIOMySQ1Ktlw0TAUxMZkHQAZcITNiagllittbCRtTRZmxMZVsCN7qy+ukfVX13Kr3eF2p1fM4inAG53AJHtxADR6gAS1gkMAzvMKbkzovzrvzsWwtOPnMKfyB8/kDwC+Q1A==</latexit><latexit sha1_base64="xDN7v4GpkDgFFkl6LT7B6YFz7b0=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUPBS6sVjhX5BE8pmO22XbjZhdyOU0L/hxYMiXv0z3vw3btsctPXBwOO9GWbmhYng2rjut1PY2Nza3inulvb2Dw6PyscnbR2nimGLxSJW3ZBqFFxiy3AjsJsopFEosBNO7ud+5wmV5rFsmmmCQURHkg85o8ZKvl/nI39G/Ltm3+uXK27VXYCsEy8nFcjR6Je//EHM0gilYYJq3fPcxAQZVYYzgbOSn2pMKJvQEfYslTRCHWSLm2fkwioDMoyVLWnIQv09kdFI62kU2s6ImrFe9ebif14vNcPbIOMySQ1Ktlw0TAUxMZkHQAZcITNiagllittbCRtTRZmxMZVsCN7qy+ukfVX13Kr3eF2p1fM4inAG53AJHtxADR6gAS1gkMAzvMKbkzovzrvzsWwtOPnMKfyB8/kDwC+Q1A==</latexit>

y4
<latexit sha1_base64="9mjjHRgDpp/c9kSWL02A4OxgQfk=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5CRbBVUmkoMuiG5cV7APaECaT23bo5MHMjRhD8FfcuFDErf/hzr9x+lho64ELh3PunTv3+IngCm372yitrK6tb5Q3K1vbO7t75v5BW8WpZNBisYhl16cKBI+ghRwFdBMJNPQFdPzx9cTv3INUPI7uMEvADekw4gPOKGrJM4/6CA84fSeXEBR55tULz6zaNXsKa5k4c1IlczQ986sfxCwNIUImqFI9x07QzalEzgQUlX6qIKFsTIfQ0zSiISg3n24trFOtBNYglroitKbq74mchkploa87Q4ojtehNxP+8XoqDSzfnUZIiRGy2aJAKC2NrEoUVcAkMRaYJZZLrv1psRCVlqAOr6BCcxZOXSfu85tg157ZebVzN4yiTY3JCzohDLkiD3JAmaRFGHskzeSVvxpPxYrwbH7PWkjGfOSR/YHz+AI1Cleo=</latexit><latexit sha1_base64="9mjjHRgDpp/c9kSWL02A4OxgQfk=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5CRbBVUmkoMuiG5cV7APaECaT23bo5MHMjRhD8FfcuFDErf/hzr9x+lho64ELh3PunTv3+IngCm372yitrK6tb5Q3K1vbO7t75v5BW8WpZNBisYhl16cKBI+ghRwFdBMJNPQFdPzx9cTv3INUPI7uMEvADekw4gPOKGrJM4/6CA84fSeXEBR55tULz6zaNXsKa5k4c1IlczQ986sfxCwNIUImqFI9x07QzalEzgQUlX6qIKFsTIfQ0zSiISg3n24trFOtBNYglroitKbq74mchkploa87Q4ojtehNxP+8XoqDSzfnUZIiRGy2aJAKC2NrEoUVcAkMRaYJZZLrv1psRCVlqAOr6BCcxZOXSfu85tg157ZebVzN4yiTY3JCzohDLkiD3JAmaRFGHskzeSVvxpPxYrwbH7PWkjGfOSR/YHz+AI1Cleo=</latexit><latexit sha1_base64="9mjjHRgDpp/c9kSWL02A4OxgQfk=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5CRbBVUmkoMuiG5cV7APaECaT23bo5MHMjRhD8FfcuFDErf/hzr9x+lho64ELh3PunTv3+IngCm372yitrK6tb5Q3K1vbO7t75v5BW8WpZNBisYhl16cKBI+ghRwFdBMJNPQFdPzx9cTv3INUPI7uMEvADekw4gPOKGrJM4/6CA84fSeXEBR55tULz6zaNXsKa5k4c1IlczQ986sfxCwNIUImqFI9x07QzalEzgQUlX6qIKFsTIfQ0zSiISg3n24trFOtBNYglroitKbq74mchkploa87Q4ojtehNxP+8XoqDSzfnUZIiRGy2aJAKC2NrEoUVcAkMRaYJZZLrv1psRCVlqAOr6BCcxZOXSfu85tg157ZebVzN4yiTY3JCzohDLkiD3JAmaRFGHskzeSVvxpPxYrwbH7PWkjGfOSR/YHz+AI1Cleo=</latexit><latexit sha1_base64="9mjjHRgDpp/c9kSWL02A4OxgQfk=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5CRbBVUmkoMuiG5cV7APaECaT23bo5MHMjRhD8FfcuFDErf/hzr9x+lho64ELh3PunTv3+IngCm372yitrK6tb5Q3K1vbO7t75v5BW8WpZNBisYhl16cKBI+ghRwFdBMJNPQFdPzx9cTv3INUPI7uMEvADekw4gPOKGrJM4/6CA84fSeXEBR55tULz6zaNXsKa5k4c1IlczQ986sfxCwNIUImqFI9x07QzalEzgQUlX6qIKFsTIfQ0zSiISg3n24trFOtBNYglroitKbq74mchkploa87Q4ojtehNxP+8XoqDSzfnUZIiRGy2aJAKC2NrEoUVcAkMRaYJZZLrv1psRCVlqAOr6BCcxZOXSfu85tg157ZebVzN4yiTY3JCzohDLkiD3JAmaRFGHskzeSVvxpPxYrwbH7PWkjGfOSR/YHz+AI1Cleo=</latexit>

y3
<latexit sha1_base64="jycBzoOkwRbE8htQry1SeshN1ms=">AAAB/XicbVDLSsNAFJ3UV62v+ti5CRbBVUlU0GXRjcsK9gFtCJPJbTt0MgkzN2INwV9x40IRt/6HO//G6WOhrQcuHM65d+7cEySCa3Scb6uwtLyyulZcL21sbm3vlHf3mjpOFYMGi0Ws2gHVILiEBnIU0E4U0CgQ0AqG12O/dQ9K81je4SgBL6J9yXucUTSSXz7oIjzg5J1MQZhnI/8s98sVp+pMYC8Sd0YqZIa6X/7qhjFLI5DIBNW64zoJehlVyJmAvNRNNSSUDWkfOoZKGoH2ssnW3D42Smj3YmVKoj1Rf09kNNJ6FAWmM6I40PPeWPzP66TYu/QyLpMUQbLpol4qbIztcRR2yBUwFCNDKFPc/NVmA6ooQxNYyYTgzp+8SJqnVdepurfnldrVLI4iOSRH5IS45ILUyA2pkwZh5JE8k1fyZj1ZL9a79TFtLVizmX3yB9bnD4u9lek=</latexit><latexit sha1_base64="jycBzoOkwRbE8htQry1SeshN1ms=">AAAB/XicbVDLSsNAFJ3UV62v+ti5CRbBVUlU0GXRjcsK9gFtCJPJbTt0MgkzN2INwV9x40IRt/6HO//G6WOhrQcuHM65d+7cEySCa3Scb6uwtLyyulZcL21sbm3vlHf3mjpOFYMGi0Ws2gHVILiEBnIU0E4U0CgQ0AqG12O/dQ9K81je4SgBL6J9yXucUTSSXz7oIjzg5J1MQZhnI/8s98sVp+pMYC8Sd0YqZIa6X/7qhjFLI5DIBNW64zoJehlVyJmAvNRNNSSUDWkfOoZKGoH2ssnW3D42Smj3YmVKoj1Rf09kNNJ6FAWmM6I40PPeWPzP66TYu/QyLpMUQbLpol4qbIztcRR2yBUwFCNDKFPc/NVmA6ooQxNYyYTgzp+8SJqnVdepurfnldrVLI4iOSRH5IS45ILUyA2pkwZh5JE8k1fyZj1ZL9a79TFtLVizmX3yB9bnD4u9lek=</latexit><latexit sha1_base64="jycBzoOkwRbE8htQry1SeshN1ms=">AAAB/XicbVDLSsNAFJ3UV62v+ti5CRbBVUlU0GXRjcsK9gFtCJPJbTt0MgkzN2INwV9x40IRt/6HO//G6WOhrQcuHM65d+7cEySCa3Scb6uwtLyyulZcL21sbm3vlHf3mjpOFYMGi0Ws2gHVILiEBnIU0E4U0CgQ0AqG12O/dQ9K81je4SgBL6J9yXucUTSSXz7oIjzg5J1MQZhnI/8s98sVp+pMYC8Sd0YqZIa6X/7qhjFLI5DIBNW64zoJehlVyJmAvNRNNSSUDWkfOoZKGoH2ssnW3D42Smj3YmVKoj1Rf09kNNJ6FAWmM6I40PPeWPzP66TYu/QyLpMUQbLpol4qbIztcRR2yBUwFCNDKFPc/NVmA6ooQxNYyYTgzp+8SJqnVdepurfnldrVLI4iOSRH5IS45ILUyA2pkwZh5JE8k1fyZj1ZL9a79TFtLVizmX3yB9bnD4u9lek=</latexit><latexit sha1_base64="jycBzoOkwRbE8htQry1SeshN1ms=">AAAB/XicbVDLSsNAFJ3UV62v+ti5CRbBVUlU0GXRjcsK9gFtCJPJbTt0MgkzN2INwV9x40IRt/6HO//G6WOhrQcuHM65d+7cEySCa3Scb6uwtLyyulZcL21sbm3vlHf3mjpOFYMGi0Ws2gHVILiEBnIU0E4U0CgQ0AqG12O/dQ9K81je4SgBL6J9yXucUTSSXz7oIjzg5J1MQZhnI/8s98sVp+pMYC8Sd0YqZIa6X/7qhjFLI5DIBNW64zoJehlVyJmAvNRNNSSUDWkfOoZKGoH2ssnW3D42Smj3YmVKoj1Rf09kNNJ6FAWmM6I40PPeWPzP66TYu/QyLpMUQbLpol4qbIztcRR2yBUwFCNDKFPc/NVmA6ooQxNYyYTgzp+8SJqnVdepurfnldrVLI4iOSRH5IS45ILUyA2pkwZh5JE8k1fyZj1ZL9a79TFtLVizmX3yB9bnD4u9lek=</latexit>

o
T2

<latexit sha1_base64="YqLXkweznKDTpQjotLl6oJLAvaU=">AAACB3icbVDJSgNBEO1xjXEb9ShIYxA8hZkgKHgJ8eIxQjbIhNDTqSRNeha6a8QwzM2Lv+LFgyJe/QVv/o2d5aCJDwoe71V1dT0/lkKj43xbK6tr6xubua389s7u3r59cNjQUaI41HkkI9XymQYpQqijQAmtWAELfAlNf3Qz8Zv3oLSIwhqOY+gEbBCKvuAMjdS1TzyEB5y+kyroZalXEQMvo951rVvKaNcuOEVnCrpM3DkpkDmqXfvL60U8CSBELpnWbdeJsZMyhYJLyPJeoiFmfMQG0DY0ZAHoTjrdn9Ezo/RoP1KmQqRT9fdEygKtx4FvOgOGQ73oTcT/vHaC/atOKsI4QQj5bFE/kRQjOgmF9oQCjnJsCONKmL9SPmSKcTTR5U0I7uLJy6RRKrpO0b27KJQr8zhy5JicknPikktSJrekSuqEk0fyTF7Jm/VkvVjv1sesdcWazxyRP7A+fwDhyZlF</latexit><latexit sha1_base64="YqLXkweznKDTpQjotLl6oJLAvaU=">AAACB3icbVDJSgNBEO1xjXEb9ShIYxA8hZkgKHgJ8eIxQjbIhNDTqSRNeha6a8QwzM2Lv+LFgyJe/QVv/o2d5aCJDwoe71V1dT0/lkKj43xbK6tr6xubua389s7u3r59cNjQUaI41HkkI9XymQYpQqijQAmtWAELfAlNf3Qz8Zv3oLSIwhqOY+gEbBCKvuAMjdS1TzyEB5y+kyroZalXEQMvo951rVvKaNcuOEVnCrpM3DkpkDmqXfvL60U8CSBELpnWbdeJsZMyhYJLyPJeoiFmfMQG0DY0ZAHoTjrdn9Ezo/RoP1KmQqRT9fdEygKtx4FvOgOGQ73oTcT/vHaC/atOKsI4QQj5bFE/kRQjOgmF9oQCjnJsCONKmL9SPmSKcTTR5U0I7uLJy6RRKrpO0b27KJQr8zhy5JicknPikktSJrekSuqEk0fyTF7Jm/VkvVjv1sesdcWazxyRP7A+fwDhyZlF</latexit><latexit sha1_base64="YqLXkweznKDTpQjotLl6oJLAvaU=">AAACB3icbVDJSgNBEO1xjXEb9ShIYxA8hZkgKHgJ8eIxQjbIhNDTqSRNeha6a8QwzM2Lv+LFgyJe/QVv/o2d5aCJDwoe71V1dT0/lkKj43xbK6tr6xubua389s7u3r59cNjQUaI41HkkI9XymQYpQqijQAmtWAELfAlNf3Qz8Zv3oLSIwhqOY+gEbBCKvuAMjdS1TzyEB5y+kyroZalXEQMvo951rVvKaNcuOEVnCrpM3DkpkDmqXfvL60U8CSBELpnWbdeJsZMyhYJLyPJeoiFmfMQG0DY0ZAHoTjrdn9Ezo/RoP1KmQqRT9fdEygKtx4FvOgOGQ73oTcT/vHaC/atOKsI4QQj5bFE/kRQjOgmF9oQCjnJsCONKmL9SPmSKcTTR5U0I7uLJy6RRKrpO0b27KJQr8zhy5JicknPikktSJrekSuqEk0fyTF7Jm/VkvVjv1sesdcWazxyRP7A+fwDhyZlF</latexit><latexit sha1_base64="YqLXkweznKDTpQjotLl6oJLAvaU=">AAACB3icbVDJSgNBEO1xjXEb9ShIYxA8hZkgKHgJ8eIxQjbIhNDTqSRNeha6a8QwzM2Lv+LFgyJe/QVv/o2d5aCJDwoe71V1dT0/lkKj43xbK6tr6xubua389s7u3r59cNjQUaI41HkkI9XymQYpQqijQAmtWAELfAlNf3Qz8Zv3oLSIwhqOY+gEbBCKvuAMjdS1TzyEB5y+kyroZalXEQMvo951rVvKaNcuOEVnCrpM3DkpkDmqXfvL60U8CSBELpnWbdeJsZMyhYJLyPJeoiFmfMQG0DY0ZAHoTjrdn9Ezo/RoP1KmQqRT9fdEygKtx4FvOgOGQ73oTcT/vHaC/atOKsI4QQj5bFE/kRQjOgmF9oQCjnJsCONKmL9SPmSKcTTR5U0I7uLJy6RRKrpO0b27KJQr8zhy5JicknPikktSJrekSuqEk0fyTF7Jm/VkvVjv1sesdcWazxyRP7A+fwDhyZlF</latexit>

Puneet Dokania !1

y3
<latexit sha1_base64="3BuRcbn1ltrrmLmTfqYvO3TprVc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8eK1hbaUDbbTbt0swm7EyGE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmlldW19o7xZ2dre2d2r7h88mjjVjLdYLGPdCajhUijeQoGSdxLNaRRI3g7GN1O//cS1EbF6wCzhfkSHSoSCUbTSfdY/71drbt2dgSwTryA1KNDsV796g5ilEVfIJDWm67kJ+jnVKJjkk0ovNTyhbEyHvGupohE3fj47dUJOrDIgYaxtKSQz9fdETiNjsiiwnRHFkVn0puJ/XjfF8MrPhUpS5IrNF4WpJBiT6d9kIDRnKDNLKNPC3krYiGrK0KZTsSF4iy8vk8ezuufWvbuLWuO6iKMMR3AMp+DBJTTgFprQAgZDeIZXeHOk8+K8Ox/z1pJTzBzCHzifPxA+jaM=</latexit><latexit sha1_base64="3BuRcbn1ltrrmLmTfqYvO3TprVc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8eK1hbaUDbbTbt0swm7EyGE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmlldW19o7xZ2dre2d2r7h88mjjVjLdYLGPdCajhUijeQoGSdxLNaRRI3g7GN1O//cS1EbF6wCzhfkSHSoSCUbTSfdY/71drbt2dgSwTryA1KNDsV796g5ilEVfIJDWm67kJ+jnVKJjkk0ovNTyhbEyHvGupohE3fj47dUJOrDIgYaxtKSQz9fdETiNjsiiwnRHFkVn0puJ/XjfF8MrPhUpS5IrNF4WpJBiT6d9kIDRnKDNLKNPC3krYiGrK0KZTsSF4iy8vk8ezuufWvbuLWuO6iKMMR3AMp+DBJTTgFprQAgZDeIZXeHOk8+K8Ox/z1pJTzBzCHzifPxA+jaM=</latexit><latexit sha1_base64="3BuRcbn1ltrrmLmTfqYvO3TprVc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8eK1hbaUDbbTbt0swm7EyGE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmlldW19o7xZ2dre2d2r7h88mjjVjLdYLGPdCajhUijeQoGSdxLNaRRI3g7GN1O//cS1EbF6wCzhfkSHSoSCUbTSfdY/71drbt2dgSwTryA1KNDsV796g5ilEVfIJDWm67kJ+jnVKJjkk0ovNTyhbEyHvGupohE3fj47dUJOrDIgYaxtKSQz9fdETiNjsiiwnRHFkVn0puJ/XjfF8MrPhUpS5IrNF4WpJBiT6d9kIDRnKDNLKNPC3krYiGrK0KZTsSF4iy8vk8ezuufWvbuLWuO6iKMMR3AMp+DBJTTgFprQAgZDeIZXeHOk8+K8Ox/z1pJTzBzCHzifPxA+jaM=</latexit><latexit sha1_base64="3BuRcbn1ltrrmLmTfqYvO3TprVc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8eK1hbaUDbbTbt0swm7EyGE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmlldW19o7xZ2dre2d2r7h88mjjVjLdYLGPdCajhUijeQoGSdxLNaRRI3g7GN1O//cS1EbF6wCzhfkSHSoSCUbTSfdY/71drbt2dgSwTryA1KNDsV796g5ilEVfIJDWm67kJ+jnVKJjkk0ovNTyhbEyHvGupohE3fj47dUJOrDIgYaxtKSQz9fdETiNjsiiwnRHFkVn0puJ/XjfF8MrPhUpS5IrNF4WpJBiT6d9kIDRnKDNLKNPC3krYiGrK0KZTsSF4iy8vk8ezuufWvbuLWuO6iKMMR3AMp+DBJTTgFprQAgZDeIZXeHOk8+K8Ox/z1pJTzBzCHzifPxA+jaM=</latexit>

y4
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x
<latexit sha1_base64="vX6CcaiSwBE2c4T+TYqJtNWPYeA=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbTbt0swm7E7GE/ggvHhTx6u/x5r9x0+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHJtRKwecJpwP6IjJULBKFqpk/WDkDzNBtWaW3fnIKvEK0gNCjQH1a/+MGZpxBUySY3peW6CfkY1Cib5rNJPDU8om9AR71mqaMSNn83PnZEzqwxJGGtbCslc/T2R0ciYaRTYzoji2Cx7ufif10sxvPYzoZIUuWKLRWEqCcYk/50MheYM5dQSyrSwtxI2ppoytAlVbAje8surpH1R99y6d39Za9wUcZThBE7hHDy4ggbcQRNawGACz/AKb07ivDjvzseiteQUM8fwB87nDy8Kj3Q=</latexit><latexit sha1_base64="vX6CcaiSwBE2c4T+TYqJtNWPYeA=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbTbt0swm7E7GE/ggvHhTx6u/x5r9x0+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHJtRKwecJpwP6IjJULBKFqpk/WDkDzNBtWaW3fnIKvEK0gNCjQH1a/+MGZpxBUySY3peW6CfkY1Cib5rNJPDU8om9AR71mqaMSNn83PnZEzqwxJGGtbCslc/T2R0ciYaRTYzoji2Cx7ufif10sxvPYzoZIUuWKLRWEqCcYk/50MheYM5dQSyrSwtxI2ppoytAlVbAje8surpH1R99y6d39Za9wUcZThBE7hHDy4ggbcQRNawGACz/AKb07ivDjvzseiteQUM8fwB87nDy8Kj3Q=</latexit><latexit sha1_base64="vX6CcaiSwBE2c4T+TYqJtNWPYeA=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbTbt0swm7E7GE/ggvHhTx6u/x5r9x0+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHJtRKwecJpwP6IjJULBKFqpk/WDkDzNBtWaW3fnIKvEK0gNCjQH1a/+MGZpxBUySY3peW6CfkY1Cib5rNJPDU8om9AR71mqaMSNn83PnZEzqwxJGGtbCslc/T2R0ciYaRTYzoji2Cx7ufif10sxvPYzoZIUuWKLRWEqCcYk/50MheYM5dQSyrSwtxI2ppoytAlVbAje8surpH1R99y6d39Za9wUcZThBE7hHDy4ggbcQRNawGACz/AKb07ivDjvzseiteQUM8fwB87nDy8Kj3Q=</latexit><latexit sha1_base64="vX6CcaiSwBE2c4T+TYqJtNWPYeA=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbTbt0swm7E7GE/ggvHhTx6u/x5r9x0+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHJtRKwecJpwP6IjJULBKFqpk/WDkDzNBtWaW3fnIKvEK0gNCjQH1a/+MGZpxBUySY3peW6CfkY1Cib5rNJPDU8om9AR71mqaMSNn83PnZEzqwxJGGtbCslc/T2R0ciYaRTYzoji2Cx7ufif10sxvPYzoZIUuWKLRWEqCcYk/50MheYM5dQSyrSwtxI2ppoytAlVbAje8surpH1R99y6d39Za9wUcZThBE7hHDy4ggbcQRNawGACz/AKb07ivDjvzseiteQUM8fwB87nDy8Kj3Q=</latexit>

y1
<latexit sha1_base64="dFpwFkqSE/qJSmPpk9iKmxkVioY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7EyGE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST25nfeeLaiFg9YpZwP6IjJULBKFrpIRt4g2rNrbtzkFXiFaQGBZqD6ld/GLM04gqZpMb0PDdBP6caBZN8WumnhieUTeiI9yxVNOLGz+enTsmZVYYkjLUthWSu/p7IaWRMFgW2M6I4NsveTPzP66UYXvu5UEmKXLHFojCVBGMy+5sMheYMZWYJZVrYWwkbU00Z2nQqNgRv+eVV0r6oe27du7+sNW6KOMpwAqdwDh5cQQPuoAktYDCCZ3iFN0c6L86787FoLTnFzDH8gfP5Aw02jaE=</latexit><latexit sha1_base64="dFpwFkqSE/qJSmPpk9iKmxkVioY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7EyGE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST25nfeeLaiFg9YpZwP6IjJULBKFrpIRt4g2rNrbtzkFXiFaQGBZqD6ld/GLM04gqZpMb0PDdBP6caBZN8WumnhieUTeiI9yxVNOLGz+enTsmZVYYkjLUthWSu/p7IaWRMFgW2M6I4NsveTPzP66UYXvu5UEmKXLHFojCVBGMy+5sMheYMZWYJZVrYWwkbU00Z2nQqNgRv+eVV0r6oe27du7+sNW6KOMpwAqdwDh5cQQPuoAktYDCCZ3iFN0c6L86787FoLTnFzDH8gfP5Aw02jaE=</latexit><latexit sha1_base64="dFpwFkqSE/qJSmPpk9iKmxkVioY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7EyGE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST25nfeeLaiFg9YpZwP6IjJULBKFrpIRt4g2rNrbtzkFXiFaQGBZqD6ld/GLM04gqZpMb0PDdBP6caBZN8WumnhieUTeiI9yxVNOLGz+enTsmZVYYkjLUthWSu/p7IaWRMFgW2M6I4NsveTPzP66UYXvu5UEmKXLHFojCVBGMy+5sMheYMZWYJZVrYWwkbU00Z2nQqNgRv+eVV0r6oe27du7+sNW6KOMpwAqdwDh5cQQPuoAktYDCCZ3iFN0c6L86787FoLTnFzDH8gfP5Aw02jaE=</latexit><latexit sha1_base64="dFpwFkqSE/qJSmPpk9iKmxkVioY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7EyGE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST25nfeeLaiFg9YpZwP6IjJULBKFrpIRt4g2rNrbtzkFXiFaQGBZqD6ld/GLM04gqZpMb0PDdBP6caBZN8WumnhieUTeiI9yxVNOLGz+enTsmZVYYkjLUthWSu/p7IaWRMFgW2M6I4NsveTPzP66UYXvu5UEmKXLHFojCVBGMy+5sMheYMZWYJZVrYWwkbU00Z2nQqNgRv+eVV0r6oe27du7+sNW6KOMpwAqdwDh5cQQPuoAktYDCCZ3iFN0c6L86787FoLTnFzDH8gfP5Aw02jaE=</latexit>
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Single-head evaluation should be preferred for IL

Incremental Learning Evaluation Metrics

Metrics to evaluate IL must consider the path dynamics of training
I Average Accuracy: Standard multi-class classification accuracy - does

not capture the dynamics of IL
I Forgetting and Intransigence: capture the IL training path dynamics

Quantifying Catastrophic Forgetting (Pos/Neg Backward Transfer)

I Influence of learning current
task on the previous tasks
. PBT: Current task

improves performance of
previous task

. NBT: Current task
reduces performance of
previous tasks

Puneet Dokania
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T1 = {y1, y2}
<latexit sha1_base64="310ONmf9g1hSqfo8S9kcVQPBsXc=">AAAB+3icbVDLSsNAFJ34rPUV69LNYBFcSMkUQTdC0Y3LCn1BE8JkOmmHTiZhZiKGkF9x40IRt/6IO//GaZuFth64cDjnXu69J0g4U9pxvq219Y3Nre3KTnV3b//g0D6q9VScSkK7JOaxHARYUc4E7WqmOR0kkuIo4LQfTO9mfv+RSsVi0dFZQr0IjwULGcHaSL5d6/gI3kA3z3x0ATO/6Ra+XXcazhxwlaCS1EGJtm9/uaOYpBEVmnCs1BA5ifZyLDUjnBZVN1U0wWSKx3RoqMARVV4+v72AZ0YZwTCWpoSGc/X3RI4jpbIoMJ0R1hO17M3E/7xhqsNrL2ciSTUVZLEoTDnUMZwFAUdMUqJ5ZggmkplbIZlgiYk2cVVNCGj55VXSazaQ00APl/XWbRlHBZyAU3AOELgCLXAP2qALCHgCz+AVvFmF9WK9Wx+L1jWrnDkGf2B9/gCGe5LP</latexit><latexit sha1_base64="310ONmf9g1hSqfo8S9kcVQPBsXc=">AAAB+3icbVDLSsNAFJ34rPUV69LNYBFcSMkUQTdC0Y3LCn1BE8JkOmmHTiZhZiKGkF9x40IRt/6IO//GaZuFth64cDjnXu69J0g4U9pxvq219Y3Nre3KTnV3b//g0D6q9VScSkK7JOaxHARYUc4E7WqmOR0kkuIo4LQfTO9mfv+RSsVi0dFZQr0IjwULGcHaSL5d6/gI3kA3z3x0ATO/6Ra+XXcazhxwlaCS1EGJtm9/uaOYpBEVmnCs1BA5ifZyLDUjnBZVN1U0wWSKx3RoqMARVV4+v72AZ0YZwTCWpoSGc/X3RI4jpbIoMJ0R1hO17M3E/7xhqsNrL2ciSTUVZLEoTDnUMZwFAUdMUqJ5ZggmkplbIZlgiYk2cVVNCGj55VXSazaQ00APl/XWbRlHBZyAU3AOELgCLXAP2qALCHgCz+AVvFmF9WK9Wx+L1jWrnDkGf2B9/gCGe5LP</latexit><latexit sha1_base64="310ONmf9g1hSqfo8S9kcVQPBsXc=">AAAB+3icbVDLSsNAFJ34rPUV69LNYBFcSMkUQTdC0Y3LCn1BE8JkOmmHTiZhZiKGkF9x40IRt/6IO//GaZuFth64cDjnXu69J0g4U9pxvq219Y3Nre3KTnV3b//g0D6q9VScSkK7JOaxHARYUc4E7WqmOR0kkuIo4LQfTO9mfv+RSsVi0dFZQr0IjwULGcHaSL5d6/gI3kA3z3x0ATO/6Ra+XXcazhxwlaCS1EGJtm9/uaOYpBEVmnCs1BA5ifZyLDUjnBZVN1U0wWSKx3RoqMARVV4+v72AZ0YZwTCWpoSGc/X3RI4jpbIoMJ0R1hO17M3E/7xhqsNrL2ciSTUVZLEoTDnUMZwFAUdMUqJ5ZggmkplbIZlgiYk2cVVNCGj55VXSazaQ00APl/XWbRlHBZyAU3AOELgCLXAP2qALCHgCz+AVvFmF9WK9Wx+L1jWrnDkGf2B9/gCGe5LP</latexit><latexit sha1_base64="310ONmf9g1hSqfo8S9kcVQPBsXc=">AAAB+3icbVDLSsNAFJ34rPUV69LNYBFcSMkUQTdC0Y3LCn1BE8JkOmmHTiZhZiKGkF9x40IRt/6IO//GaZuFth64cDjnXu69J0g4U9pxvq219Y3Nre3KTnV3b//g0D6q9VScSkK7JOaxHARYUc4E7WqmOR0kkuIo4LQfTO9mfv+RSsVi0dFZQr0IjwULGcHaSL5d6/gI3kA3z3x0ATO/6Ra+XXcazhxwlaCS1EGJtm9/uaOYpBEVmnCs1BA5ifZyLDUjnBZVN1U0wWSKx3RoqMARVV4+v72AZ0YZwTCWpoSGc/X3RI4jpbIoMJ0R1hO17M3E/7xhqsNrL2ciSTUVZLEoTDnUMZwFAUdMUqJ5ZggmkplbIZlgiYk2cVVNCGj55VXSazaQ00APl/XWbRlHBZyAU3AOELgCLXAP2qALCHgCz+AVvFmF9WK9Wx+L1jWrnDkGf2B9/gCGe5LP</latexit>

D1
<latexit sha1_base64="q69qAC9QCbzeFL5i4zpxpEWkU9k=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiLlxWsA9oh3InTdvQTGZMMoUy9DvcuFDErR/jzr8x085CWw8EDufcyz05QSy4Nq777RTW1jc2t4rbpZ3dvf2D8uFRU0eJoqxBIxGpdoCaCS5Zw3AjWDtWDMNAsFYwvs381oQpzSP5aKYx80McSj7gFI2V/G6IZkRRpHezntcrV9yqOwdZJV5OKpCj3it/dfsRTUImDRWodcdzY+OnqAyngs1K3USzGOkYh6xjqcSQaT+dh56RM6v0ySBS9klD5urvjRRDradhYCezkHrZy8T/vE5iBtd+ymWcGCbp4tAgEcREJGuA9Lli1IipJUgVt1kJHaFCamxPJVuCt/zlVdK8qHpu1Xu4rNRu8jqKcAKncA4eXEEN7qEODaDwBM/wCm/OxHlx3p2PxWjByXeO4Q+czx+iYZH+</latexit><latexit sha1_base64="q69qAC9QCbzeFL5i4zpxpEWkU9k=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiLlxWsA9oh3InTdvQTGZMMoUy9DvcuFDErR/jzr8x085CWw8EDufcyz05QSy4Nq777RTW1jc2t4rbpZ3dvf2D8uFRU0eJoqxBIxGpdoCaCS5Zw3AjWDtWDMNAsFYwvs381oQpzSP5aKYx80McSj7gFI2V/G6IZkRRpHezntcrV9yqOwdZJV5OKpCj3it/dfsRTUImDRWodcdzY+OnqAyngs1K3USzGOkYh6xjqcSQaT+dh56RM6v0ySBS9klD5urvjRRDradhYCezkHrZy8T/vE5iBtd+ymWcGCbp4tAgEcREJGuA9Lli1IipJUgVt1kJHaFCamxPJVuCt/zlVdK8qHpu1Xu4rNRu8jqKcAKncA4eXEEN7qEODaDwBM/wCm/OxHlx3p2PxWjByXeO4Q+czx+iYZH+</latexit><latexit sha1_base64="q69qAC9QCbzeFL5i4zpxpEWkU9k=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiLlxWsA9oh3InTdvQTGZMMoUy9DvcuFDErR/jzr8x085CWw8EDufcyz05QSy4Nq777RTW1jc2t4rbpZ3dvf2D8uFRU0eJoqxBIxGpdoCaCS5Zw3AjWDtWDMNAsFYwvs381oQpzSP5aKYx80McSj7gFI2V/G6IZkRRpHezntcrV9yqOwdZJV5OKpCj3it/dfsRTUImDRWodcdzY+OnqAyngs1K3USzGOkYh6xjqcSQaT+dh56RM6v0ySBS9klD5urvjRRDradhYCezkHrZy8T/vE5iBtd+ymWcGCbp4tAgEcREJGuA9Lli1IipJUgVt1kJHaFCamxPJVuCt/zlVdK8qHpu1Xu4rNRu8jqKcAKncA4eXEEN7qEODaDwBM/wCm/OxHlx3p2PxWjByXeO4Q+czx+iYZH+</latexit><latexit sha1_base64="q69qAC9QCbzeFL5i4zpxpEWkU9k=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiLlxWsA9oh3InTdvQTGZMMoUy9DvcuFDErR/jzr8x085CWw8EDufcyz05QSy4Nq777RTW1jc2t4rbpZ3dvf2D8uFRU0eJoqxBIxGpdoCaCS5Zw3AjWDtWDMNAsFYwvs381oQpzSP5aKYx80McSj7gFI2V/G6IZkRRpHezntcrV9yqOwdZJV5OKpCj3it/dfsRTUImDRWodcdzY+OnqAyngs1K3USzGOkYh6xjqcSQaT+dh56RM6v0ySBS9klD5urvjRRDradhYCezkHrZy8T/vE5iBtd+ymWcGCbp4tAgEcREJGuA9Lli1IipJUgVt1kJHaFCamxPJVuCt/zlVdK8qHpu1Xu4rNRu8jqKcAKncA4eXEEN7qEODaDwBM/wCm/OxHlx3p2PxWjByXeO4Q+czx+iYZH+</latexit>

✓2
<latexit sha1_base64="7/pSNJ56+9MBYfOPbWbW9A9Ekos=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBA8hd0g6DHoxWME84BkCbOTTjJk9uFMrxCW/IQXD4p49Xe8+TdOkj1oYkFDUdVNd1eQKGnIdb+dtfWNza3twk5xd2//4LB0dNw0caoFNkSsYt0OuEElI2yQJIXtRCMPA4WtYHw781tPqI2MoweaJOiHfBjJgRScrNTu0giJ96q9UtmtuHOwVeLlpAw56r3SV7cfizTEiITixnQ8NyE/45qkUDgtdlODCRdjPsSOpREP0fjZ/N4pO7dKnw1ibSsiNld/T2Q8NGYSBrYz5DQyy95M/M/rpDS49jMZJSlhJBaLBqliFLPZ86wvNQpSE0u40NLeysSIay7IRlS0IXjLL6+SZrXiuRXv/rJcu8njKMApnMEFeHAFNbiDOjRAgIJneIU359F5cd6dj0XrmpPPnMAfOJ8/zuuPzQ==</latexit><latexit sha1_base64="7/pSNJ56+9MBYfOPbWbW9A9Ekos=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBA8hd0g6DHoxWME84BkCbOTTjJk9uFMrxCW/IQXD4p49Xe8+TdOkj1oYkFDUdVNd1eQKGnIdb+dtfWNza3twk5xd2//4LB0dNw0caoFNkSsYt0OuEElI2yQJIXtRCMPA4WtYHw781tPqI2MoweaJOiHfBjJgRScrNTu0giJ96q9UtmtuHOwVeLlpAw56r3SV7cfizTEiITixnQ8NyE/45qkUDgtdlODCRdjPsSOpREP0fjZ/N4pO7dKnw1ibSsiNld/T2Q8NGYSBrYz5DQyy95M/M/rpDS49jMZJSlhJBaLBqliFLPZ86wvNQpSE0u40NLeysSIay7IRlS0IXjLL6+SZrXiuRXv/rJcu8njKMApnMEFeHAFNbiDOjRAgIJneIU359F5cd6dj0XrmpPPnMAfOJ8/zuuPzQ==</latexit><latexit sha1_base64="7/pSNJ56+9MBYfOPbWbW9A9Ekos=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBA8hd0g6DHoxWME84BkCbOTTjJk9uFMrxCW/IQXD4p49Xe8+TdOkj1oYkFDUdVNd1eQKGnIdb+dtfWNza3twk5xd2//4LB0dNw0caoFNkSsYt0OuEElI2yQJIXtRCMPA4WtYHw781tPqI2MoweaJOiHfBjJgRScrNTu0giJ96q9UtmtuHOwVeLlpAw56r3SV7cfizTEiITixnQ8NyE/45qkUDgtdlODCRdjPsSOpREP0fjZ/N4pO7dKnw1ibSsiNld/T2Q8NGYSBrYz5DQyy95M/M/rpDS49jMZJSlhJBaLBqliFLPZ86wvNQpSE0u40NLeysSIay7IRlS0IXjLL6+SZrXiuRXv/rJcu8njKMApnMEFeHAFNbiDOjRAgIJneIU359F5cd6dj0XrmpPPnMAfOJ8/zuuPzQ==</latexit><latexit sha1_base64="7/pSNJ56+9MBYfOPbWbW9A9Ekos=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBA8hd0g6DHoxWME84BkCbOTTjJk9uFMrxCW/IQXD4p49Xe8+TdOkj1oYkFDUdVNd1eQKGnIdb+dtfWNza3twk5xd2//4LB0dNw0caoFNkSsYt0OuEElI2yQJIXtRCMPA4WtYHw781tPqI2MoweaJOiHfBjJgRScrNTu0giJ96q9UtmtuHOwVeLlpAw56r3SV7cfizTEiITixnQ8NyE/45qkUDgtdlODCRdjPsSOpREP0fjZ/N4pO7dKnw1ibSsiNld/T2Q8NGYSBrYz5DQyy95M/M/rpDS49jMZJSlhJBaLBqliFLPZ86wvNQpSE0u40NLeysSIay7IRlS0IXjLL6+SZrXiuRXv/rJcu8njKMApnMEFeHAFNbiDOjRAgIJneIU359F5cd6dj0XrmpPPnMAfOJ8/zuuPzQ==</latexit>

T2 = {y3, y4}
<latexit sha1_base64="K921TP0wLZxhIdktYCuyq9z/AZ4=">AAAB+3icbVDLSsNAFL3xWesr1qWbwSK4kJLUgm6EohuXFfqCJoTJdNoOnTyYmYgh5FfcuFDErT/izr9x2mahrQcuHM65l3vv8WPOpLKsb2NtfWNza7u0U97d2z84NI8qXRklgtAOiXgk+j6WlLOQdhRTnPZjQXHgc9rzp3czv/dIhWRR2FZpTN0Aj0M2YgQrLXlmpe3V0Q1ystS7vECp13Byz6xaNWsOtErsglShQMszv5xhRJKAhopwLOXAtmLlZlgoRjjNy04iaYzJFI/pQNMQB1S62fz2HJ1pZYhGkdAVKjRXf09kOJAyDXzdGWA1kcveTPzPGyRqdO1mLIwTRUOyWDRKOFIRmgWBhkxQoniqCSaC6VsRmWCBidJxlXUI9vLLq6Rbr9lWzX5oVJu3RRwlOIFTOAcbrqAJ99CCDhB4gmd4hTcjN16Md+Nj0bpmFDPH8AfG5w+OMJLU</latexit><latexit sha1_base64="K921TP0wLZxhIdktYCuyq9z/AZ4=">AAAB+3icbVDLSsNAFL3xWesr1qWbwSK4kJLUgm6EohuXFfqCJoTJdNoOnTyYmYgh5FfcuFDErT/izr9x2mahrQcuHM65l3vv8WPOpLKsb2NtfWNza7u0U97d2z84NI8qXRklgtAOiXgk+j6WlLOQdhRTnPZjQXHgc9rzp3czv/dIhWRR2FZpTN0Aj0M2YgQrLXlmpe3V0Q1ystS7vECp13Byz6xaNWsOtErsglShQMszv5xhRJKAhopwLOXAtmLlZlgoRjjNy04iaYzJFI/pQNMQB1S62fz2HJ1pZYhGkdAVKjRXf09kOJAyDXzdGWA1kcveTPzPGyRqdO1mLIwTRUOyWDRKOFIRmgWBhkxQoniqCSaC6VsRmWCBidJxlXUI9vLLq6Rbr9lWzX5oVJu3RRwlOIFTOAcbrqAJ99CCDhB4gmd4hTcjN16Md+Nj0bpmFDPH8AfG5w+OMJLU</latexit><latexit sha1_base64="K921TP0wLZxhIdktYCuyq9z/AZ4=">AAAB+3icbVDLSsNAFL3xWesr1qWbwSK4kJLUgm6EohuXFfqCJoTJdNoOnTyYmYgh5FfcuFDErT/izr9x2mahrQcuHM65l3vv8WPOpLKsb2NtfWNza7u0U97d2z84NI8qXRklgtAOiXgk+j6WlLOQdhRTnPZjQXHgc9rzp3czv/dIhWRR2FZpTN0Aj0M2YgQrLXlmpe3V0Q1ystS7vECp13Byz6xaNWsOtErsglShQMszv5xhRJKAhopwLOXAtmLlZlgoRjjNy04iaYzJFI/pQNMQB1S62fz2HJ1pZYhGkdAVKjRXf09kOJAyDXzdGWA1kcveTPzPGyRqdO1mLIwTRUOyWDRKOFIRmgWBhkxQoniqCSaC6VsRmWCBidJxlXUI9vLLq6Rbr9lWzX5oVJu3RRwlOIFTOAcbrqAJ99CCDhB4gmd4hTcjN16Md+Nj0bpmFDPH8AfG5w+OMJLU</latexit><latexit sha1_base64="K921TP0wLZxhIdktYCuyq9z/AZ4=">AAAB+3icbVDLSsNAFL3xWesr1qWbwSK4kJLUgm6EohuXFfqCJoTJdNoOnTyYmYgh5FfcuFDErT/izr9x2mahrQcuHM65l3vv8WPOpLKsb2NtfWNza7u0U97d2z84NI8qXRklgtAOiXgk+j6WlLOQdhRTnPZjQXHgc9rzp3czv/dIhWRR2FZpTN0Aj0M2YgQrLXlmpe3V0Q1ystS7vECp13Byz6xaNWsOtErsglShQMszv5xhRJKAhopwLOXAtmLlZlgoRjjNy04iaYzJFI/pQNMQB1S62fz2HJ1pZYhGkdAVKjRXf09kOJAyDXzdGWA1kcveTPzPGyRqdO1mLIwTRUOyWDRKOFIRmgWBhkxQoniqCSaC6VsRmWCBidJxlXUI9vLLq6Rbr9lWzX5oVJu3RRwlOIFTOAcbrqAJ99CCDhB4gmd4hTcjN16Md+Nj0bpmFDPH8AfG5w+OMJLU</latexit>

D2
<latexit sha1_base64="kkMnEJJTL4WoIFiQkDJLkJ60BFg=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclZki6LKoC5cV7APaoWTS2zY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck9OEAuujet+O2vrG5tb24Wd4u7e/sFh6ei4qaNEMWywSESqHVCNgktsGG4EtmOFNAwEtoLxbea3Jqg0j+Sjmcboh3Qo+YAzaqzkd0NqRoyK9G7Wq/ZKZbfizkFWiZeTMuSo90pf3X7EkhClYYJq3fHc2PgpVYYzgbNiN9EYUzamQ+xYKmmI2k/noWfk3Cp9MoiUfdKQufp7I6Wh1tMwsJNZSL3sZeJ/Xicxg2s/5TJODEq2ODRIBDERyRogfa6QGTG1hDLFbVbCRlRRZmxPRVuCt/zlVdKsVjy34j1clms3eR0FOIUzuAAPrqAG91CHBjB4gmd4hTdn4rw4787HYnTNyXdO4A+czx+j5ZH/</latexit><latexit sha1_base64="kkMnEJJTL4WoIFiQkDJLkJ60BFg=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclZki6LKoC5cV7APaoWTS2zY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck9OEAuujet+O2vrG5tb24Wd4u7e/sFh6ei4qaNEMWywSESqHVCNgktsGG4EtmOFNAwEtoLxbea3Jqg0j+Sjmcboh3Qo+YAzaqzkd0NqRoyK9G7Wq/ZKZbfizkFWiZeTMuSo90pf3X7EkhClYYJq3fHc2PgpVYYzgbNiN9EYUzamQ+xYKmmI2k/noWfk3Cp9MoiUfdKQufp7I6Wh1tMwsJNZSL3sZeJ/Xicxg2s/5TJODEq2ODRIBDERyRogfa6QGTG1hDLFbVbCRlRRZmxPRVuCt/zlVdKsVjy34j1clms3eR0FOIUzuAAPrqAG91CHBjB4gmd4hTdn4rw4787HYnTNyXdO4A+czx+j5ZH/</latexit><latexit sha1_base64="kkMnEJJTL4WoIFiQkDJLkJ60BFg=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclZki6LKoC5cV7APaoWTS2zY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck9OEAuujet+O2vrG5tb24Wd4u7e/sFh6ei4qaNEMWywSESqHVCNgktsGG4EtmOFNAwEtoLxbea3Jqg0j+Sjmcboh3Qo+YAzaqzkd0NqRoyK9G7Wq/ZKZbfizkFWiZeTMuSo90pf3X7EkhClYYJq3fHc2PgpVYYzgbNiN9EYUzamQ+xYKmmI2k/noWfk3Cp9MoiUfdKQufp7I6Wh1tMwsJNZSL3sZeJ/Xicxg2s/5TJODEq2ODRIBDERyRogfa6QGTG1hDLFbVbCRlRRZmxPRVuCt/zlVdKsVjy34j1clms3eR0FOIUzuAAPrqAG91CHBjB4gmd4hTdn4rw4787HYnTNyXdO4A+czx+j5ZH/</latexit><latexit sha1_base64="kkMnEJJTL4WoIFiQkDJLkJ60BFg=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclZki6LKoC5cV7APaoWTS2zY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck9OEAuujet+O2vrG5tb24Wd4u7e/sFh6ei4qaNEMWywSESqHVCNgktsGG4EtmOFNAwEtoLxbea3Jqg0j+Sjmcboh3Qo+YAzaqzkd0NqRoyK9G7Wq/ZKZbfizkFWiZeTMuSo90pf3X7EkhClYYJq3fHc2PgpVYYzgbNiN9EYUzamQ+xYKmmI2k/noWfk3Cp9MoiUfdKQufp7I6Wh1tMwsJNZSL3sZeJ/Xicxg2s/5TJODEq2ODRIBDERyRogfa6QGTG1hDLFbVbCRlRRZmxPRVuCt/zlVdKsVjy34j1clms3eR0FOIUzuAAPrqAG91CHBjB4gmd4hTdn4rw4787HYnTNyXdO4A+czx+j5ZH/</latexit>

✓3
<latexit sha1_base64="sEfrZCRNHJ1LHhcgS2bOY0dpI5M=">AAAB73icbVBNS8NAEJ3Ur1q/qh69BIvgqSQq6LHoxWMFWwttKJvtpF262cTdiVBK/4QXD4p49e9489+4bXPQ1gcDj/dmmJkXplIY8rxvp7Cyura+UdwsbW3v7O6V9w+aJsk0xwZPZKJbITMohcIGCZLYSjWyOJT4EA5vpv7DE2ojEnVPoxSDmPWViARnZKVWhwZIrHveLVe8qjeDu0z8nFQgR71b/ur0Ep7FqIhLZkzb91IKxkyT4BInpU5mMGV8yPrYtlSxGE0wnt07cU+s0nOjRNtS5M7U3xNjFhszikPbGTMamEVvKv7ntTOKroKxUGlGqPh8UZRJlxJ3+rzbExo5yZEljGthb3X5gGnGyUZUsiH4iy8vk+ZZ1feq/t1FpXadx1GEIziGU/DhEmpwC3VoAAcJz/AKb86j8+K8Ox/z1oKTzxzCHzifP9Bvj84=</latexit><latexit sha1_base64="sEfrZCRNHJ1LHhcgS2bOY0dpI5M=">AAAB73icbVBNS8NAEJ3Ur1q/qh69BIvgqSQq6LHoxWMFWwttKJvtpF262cTdiVBK/4QXD4p49e9489+4bXPQ1gcDj/dmmJkXplIY8rxvp7Cyura+UdwsbW3v7O6V9w+aJsk0xwZPZKJbITMohcIGCZLYSjWyOJT4EA5vpv7DE2ojEnVPoxSDmPWViARnZKVWhwZIrHveLVe8qjeDu0z8nFQgR71b/ur0Ep7FqIhLZkzb91IKxkyT4BInpU5mMGV8yPrYtlSxGE0wnt07cU+s0nOjRNtS5M7U3xNjFhszikPbGTMamEVvKv7ntTOKroKxUGlGqPh8UZRJlxJ3+rzbExo5yZEljGthb3X5gGnGyUZUsiH4iy8vk+ZZ1feq/t1FpXadx1GEIziGU/DhEmpwC3VoAAcJz/AKb86j8+K8Ox/z1oKTzxzCHzifP9Bvj84=</latexit><latexit sha1_base64="sEfrZCRNHJ1LHhcgS2bOY0dpI5M=">AAAB73icbVBNS8NAEJ3Ur1q/qh69BIvgqSQq6LHoxWMFWwttKJvtpF262cTdiVBK/4QXD4p49e9489+4bXPQ1gcDj/dmmJkXplIY8rxvp7Cyura+UdwsbW3v7O6V9w+aJsk0xwZPZKJbITMohcIGCZLYSjWyOJT4EA5vpv7DE2ojEnVPoxSDmPWViARnZKVWhwZIrHveLVe8qjeDu0z8nFQgR71b/ur0Ep7FqIhLZkzb91IKxkyT4BInpU5mMGV8yPrYtlSxGE0wnt07cU+s0nOjRNtS5M7U3xNjFhszikPbGTMamEVvKv7ntTOKroKxUGlGqPh8UZRJlxJ3+rzbExo5yZEljGthb3X5gGnGyUZUsiH4iy8vk+ZZ1feq/t1FpXadx1GEIziGU/DhEmpwC3VoAAcJz/AKb86j8+K8Ox/z1oKTzxzCHzifP9Bvj84=</latexit><latexit sha1_base64="sEfrZCRNHJ1LHhcgS2bOY0dpI5M=">AAAB73icbVBNS8NAEJ3Ur1q/qh69BIvgqSQq6LHoxWMFWwttKJvtpF262cTdiVBK/4QXD4p49e9489+4bXPQ1gcDj/dmmJkXplIY8rxvp7Cyura+UdwsbW3v7O6V9w+aJsk0xwZPZKJbITMohcIGCZLYSjWyOJT4EA5vpv7DE2ojEnVPoxSDmPWViARnZKVWhwZIrHveLVe8qjeDu0z8nFQgR71b/ur0Ep7FqIhLZkzb91IKxkyT4BInpU5mMGV8yPrYtlSxGE0wnt07cU+s0nOjRNtS5M7U3xNjFhszikPbGTMamEVvKv7ntTOKroKxUGlGqPh8UZRJlxJ3+rzbExo5yZEljGthb3X5gGnGyUZUsiH4iy8vk+ZZ1feq/t1FpXadx1GEIziGU/DhEmpwC3VoAAcJz/AKb86j8+K8Ox/z1oKTzxzCHzifP9Bvj84=</latexit>

T3 = {y5, y6}
<latexit sha1_base64="LwxbD5bgl32pINRhEeIeNWmb/8I=">AAAB+3icbVDLSsNAFL3xWesr1qWbwSK4kJL43ghFNy4r9AVNCJPptB06eTAzEUPIr7hxoYhbf8Sdf+O0zUJbD1w4nHMv997jx5xJZVnfxtLyyuraemmjvLm1vbNr7lXaMkoEoS0S8Uh0fSwpZyFtKaY47caC4sDntOOP7yZ+55EKyaKwqdKYugEehmzACFZa8sxK0ztDN8jJUu/iBKXepZN7ZtWqWVOgRWIXpAoFGp755fQjkgQ0VIRjKXu2FSs3w0IxwmledhJJY0zGeEh7moY4oNLNprfn6EgrfTSIhK5Qoan6eyLDgZRp4OvOAKuRnPcm4n9eL1GDazdjYZwoGpLZokHCkYrQJAjUZ4ISxVNNMBFM34rICAtMlI6rrEOw519eJO3Tmm3V7Ifzav22iKMEB3AIx2DDFdThHhrQAgJP8Ayv8GbkxovxbnzMWpeMYmYf/sD4/AGV5ZLZ</latexit><latexit sha1_base64="LwxbD5bgl32pINRhEeIeNWmb/8I=">AAAB+3icbVDLSsNAFL3xWesr1qWbwSK4kJL43ghFNy4r9AVNCJPptB06eTAzEUPIr7hxoYhbf8Sdf+O0zUJbD1w4nHMv997jx5xJZVnfxtLyyuraemmjvLm1vbNr7lXaMkoEoS0S8Uh0fSwpZyFtKaY47caC4sDntOOP7yZ+55EKyaKwqdKYugEehmzACFZa8sxK0ztDN8jJUu/iBKXepZN7ZtWqWVOgRWIXpAoFGp755fQjkgQ0VIRjKXu2FSs3w0IxwmledhJJY0zGeEh7moY4oNLNprfn6EgrfTSIhK5Qoan6eyLDgZRp4OvOAKuRnPcm4n9eL1GDazdjYZwoGpLZokHCkYrQJAjUZ4ISxVNNMBFM34rICAtMlI6rrEOw519eJO3Tmm3V7Ifzav22iKMEB3AIx2DDFdThHhrQAgJP8Ayv8GbkxovxbnzMWpeMYmYf/sD4/AGV5ZLZ</latexit><latexit sha1_base64="LwxbD5bgl32pINRhEeIeNWmb/8I=">AAAB+3icbVDLSsNAFL3xWesr1qWbwSK4kJL43ghFNy4r9AVNCJPptB06eTAzEUPIr7hxoYhbf8Sdf+O0zUJbD1w4nHMv997jx5xJZVnfxtLyyuraemmjvLm1vbNr7lXaMkoEoS0S8Uh0fSwpZyFtKaY47caC4sDntOOP7yZ+55EKyaKwqdKYugEehmzACFZa8sxK0ztDN8jJUu/iBKXepZN7ZtWqWVOgRWIXpAoFGp755fQjkgQ0VIRjKXu2FSs3w0IxwmledhJJY0zGeEh7moY4oNLNprfn6EgrfTSIhK5Qoan6eyLDgZRp4OvOAKuRnPcm4n9eL1GDazdjYZwoGpLZokHCkYrQJAjUZ4ISxVNNMBFM34rICAtMlI6rrEOw519eJO3Tmm3V7Ifzav22iKMEB3AIx2DDFdThHhrQAgJP8Ayv8GbkxovxbnzMWpeMYmYf/sD4/AGV5ZLZ</latexit><latexit sha1_base64="LwxbD5bgl32pINRhEeIeNWmb/8I=">AAAB+3icbVDLSsNAFL3xWesr1qWbwSK4kJL43ghFNy4r9AVNCJPptB06eTAzEUPIr7hxoYhbf8Sdf+O0zUJbD1w4nHMv997jx5xJZVnfxtLyyuraemmjvLm1vbNr7lXaMkoEoS0S8Uh0fSwpZyFtKaY47caC4sDntOOP7yZ+55EKyaKwqdKYugEehmzACFZa8sxK0ztDN8jJUu/iBKXepZN7ZtWqWVOgRWIXpAoFGp755fQjkgQ0VIRjKXu2FSs3w0IxwmledhJJY0zGeEh7moY4oNLNprfn6EgrfTSIhK5Qoan6eyLDgZRp4OvOAKuRnPcm4n9eL1GDazdjYZwoGpLZokHCkYrQJAjUZ4ISxVNNMBFM34rICAtMlI6rrEOw519eJO3Tmm3V7Ifzav22iKMEB3AIx2DDFdThHhrQAgJP8Ayv8GbkxovxbnzMWpeMYmYf/sD4/AGV5ZLZ</latexit>

D3
<latexit sha1_base64="62hRsAjW7tKVI0FX4k//oGPjLlY=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclRkVdFnUhcsK9gHtUDLpbRuayYxJplCGfocbF4q49WPc+Tdm2llo64HA4Zx7uScniAXXxnW/nZXVtfWNzcJWcXtnd2+/dHDY0FGiGNZZJCLVCqhGwSXWDTcCW7FCGgYCm8HoNvObY1SaR/LRTGL0QzqQvM8ZNVbyOyE1Q0ZFejftXnRLZbfizkCWiZeTMuSodUtfnV7EkhClYYJq3fbc2PgpVYYzgdNiJ9EYUzaiA2xbKmmI2k9noafk1Co90o+UfdKQmfp7I6Wh1pMwsJNZSL3oZeJ/Xjsx/Ws/5TJODEo2P9RPBDERyRogPa6QGTGxhDLFbVbChlRRZmxPRVuCt/jlZdI4r3huxXu4LFdv8joKcAwncAYeXEEV7qEGdWDwBM/wCm/O2Hlx3p2P+eiKk+8cwR84nz+laZIA</latexit><latexit sha1_base64="62hRsAjW7tKVI0FX4k//oGPjLlY=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclRkVdFnUhcsK9gHtUDLpbRuayYxJplCGfocbF4q49WPc+Tdm2llo64HA4Zx7uScniAXXxnW/nZXVtfWNzcJWcXtnd2+/dHDY0FGiGNZZJCLVCqhGwSXWDTcCW7FCGgYCm8HoNvObY1SaR/LRTGL0QzqQvM8ZNVbyOyE1Q0ZFejftXnRLZbfizkCWiZeTMuSodUtfnV7EkhClYYJq3fbc2PgpVYYzgdNiJ9EYUzaiA2xbKmmI2k9noafk1Co90o+UfdKQmfp7I6Wh1pMwsJNZSL3oZeJ/Xjsx/Ws/5TJODEo2P9RPBDERyRogPa6QGTGxhDLFbVbChlRRZmxPRVuCt/jlZdI4r3huxXu4LFdv8joKcAwncAYeXEEV7qEGdWDwBM/wCm/O2Hlx3p2P+eiKk+8cwR84nz+laZIA</latexit><latexit sha1_base64="62hRsAjW7tKVI0FX4k//oGPjLlY=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclRkVdFnUhcsK9gHtUDLpbRuayYxJplCGfocbF4q49WPc+Tdm2llo64HA4Zx7uScniAXXxnW/nZXVtfWNzcJWcXtnd2+/dHDY0FGiGNZZJCLVCqhGwSXWDTcCW7FCGgYCm8HoNvObY1SaR/LRTGL0QzqQvM8ZNVbyOyE1Q0ZFejftXnRLZbfizkCWiZeTMuSodUtfnV7EkhClYYJq3fbc2PgpVYYzgdNiJ9EYUzaiA2xbKmmI2k9noafk1Co90o+UfdKQmfp7I6Wh1pMwsJNZSL3oZeJ/Xjsx/Ws/5TJODEo2P9RPBDERyRogPa6QGTGxhDLFbVbChlRRZmxPRVuCt/jlZdI4r3huxXu4LFdv8joKcAwncAYeXEEV7qEGdWDwBM/wCm/O2Hlx3p2P+eiKk+8cwR84nz+laZIA</latexit><latexit sha1_base64="62hRsAjW7tKVI0FX4k//oGPjLlY=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclRkVdFnUhcsK9gHtUDLpbRuayYxJplCGfocbF4q49WPc+Tdm2llo64HA4Zx7uScniAXXxnW/nZXVtfWNzcJWcXtnd2+/dHDY0FGiGNZZJCLVCqhGwSXWDTcCW7FCGgYCm8HoNvObY1SaR/LRTGL0QzqQvM8ZNVbyOyE1Q0ZFejftXnRLZbfizkCWiZeTMuSodUtfnV7EkhClYYJq3fbc2PgpVYYzgdNiJ9EYUzaiA2xbKmmI2k9noafk1Co90o+UfdKQmfp7I6Wh1pMwsJNZSL3oZeJ/Xjsx/Ws/5TJODEo2P9RPBDERyRogPa6QGTGxhDLFbVbChlRRZmxPRVuCt/jlZdI4r3huxXu4LFdv8joKcAwncAYeXEEV7qEGdWDwBM/wCm/O2Hlx3p2P+eiKk+8cwR84nz+laZIA</latexit>

a3
1

<latexit sha1_base64="xHUQP1jamEnqJrDPas+qbYNBUiY=">AAAB/3icbVDLSsNAFJ34rPVVFdy4CRbBVUlU0GXRjcsK9gFtDJPJTTt0MgkzN2KJXfgrblwo4tbfcOffOH0stPXAhcM5986de4JUcI2O820tLC4tr6wW1orrG5tb26Wd3YZOMsWgzhKRqFZANQguoY4cBbRSBTQOBDSD/tXIb96D0jyRtzhIwYtpV/KIM4pG8kv7HYQHHL+TKwiHOfXdu9OhXyo7FWcMe564U1ImU9T80lcnTFgWg0QmqNZt10nRy6lCzgQMi51MQ0pZn3ahbaikMWgvH+8d2kdGCe0oUaYk2mP190ROY60HcWA6Y4o9PeuNxP+8dobRhZdzmWYIkk0WRZmwMbFHYdghV8BQDAyhTHHzV5v1qKIMTWRFE4I7e/I8aZxUXKfi3pyVq5fTOArkgBySY+KSc1Il16RG6oSRR/JMXsmb9WS9WO/Wx6R1wZrO7JE/sD5/AJrflnQ=</latexit><latexit sha1_base64="xHUQP1jamEnqJrDPas+qbYNBUiY=">AAAB/3icbVDLSsNAFJ34rPVVFdy4CRbBVUlU0GXRjcsK9gFtDJPJTTt0MgkzN2KJXfgrblwo4tbfcOffOH0stPXAhcM5986de4JUcI2O820tLC4tr6wW1orrG5tb26Wd3YZOMsWgzhKRqFZANQguoY4cBbRSBTQOBDSD/tXIb96D0jyRtzhIwYtpV/KIM4pG8kv7HYQHHL+TKwiHOfXdu9OhXyo7FWcMe564U1ImU9T80lcnTFgWg0QmqNZt10nRy6lCzgQMi51MQ0pZn3ahbaikMWgvH+8d2kdGCe0oUaYk2mP190ROY60HcWA6Y4o9PeuNxP+8dobRhZdzmWYIkk0WRZmwMbFHYdghV8BQDAyhTHHzV5v1qKIMTWRFE4I7e/I8aZxUXKfi3pyVq5fTOArkgBySY+KSc1Il16RG6oSRR/JMXsmb9WS9WO/Wx6R1wZrO7JE/sD5/AJrflnQ=</latexit><latexit sha1_base64="xHUQP1jamEnqJrDPas+qbYNBUiY=">AAAB/3icbVDLSsNAFJ34rPVVFdy4CRbBVUlU0GXRjcsK9gFtDJPJTTt0MgkzN2KJXfgrblwo4tbfcOffOH0stPXAhcM5986de4JUcI2O820tLC4tr6wW1orrG5tb26Wd3YZOMsWgzhKRqFZANQguoY4cBbRSBTQOBDSD/tXIb96D0jyRtzhIwYtpV/KIM4pG8kv7HYQHHL+TKwiHOfXdu9OhXyo7FWcMe564U1ImU9T80lcnTFgWg0QmqNZt10nRy6lCzgQMi51MQ0pZn3ahbaikMWgvH+8d2kdGCe0oUaYk2mP190ROY60HcWA6Y4o9PeuNxP+8dobRhZdzmWYIkk0WRZmwMbFHYdghV8BQDAyhTHHzV5v1qKIMTWRFE4I7e/I8aZxUXKfi3pyVq5fTOArkgBySY+KSc1Il16RG6oSRR/JMXsmb9WS9WO/Wx6R1wZrO7JE/sD5/AJrflnQ=</latexit><latexit sha1_base64="xHUQP1jamEnqJrDPas+qbYNBUiY=">AAAB/3icbVDLSsNAFJ34rPVVFdy4CRbBVUlU0GXRjcsK9gFtDJPJTTt0MgkzN2KJXfgrblwo4tbfcOffOH0stPXAhcM5986de4JUcI2O820tLC4tr6wW1orrG5tb26Wd3YZOMsWgzhKRqFZANQguoY4cBbRSBTQOBDSD/tXIb96D0jyRtzhIwYtpV/KIM4pG8kv7HYQHHL+TKwiHOfXdu9OhXyo7FWcMe564U1ImU9T80lcnTFgWg0QmqNZt10nRy6lCzgQMi51MQ0pZn3ahbaikMWgvH+8d2kdGCe0oUaYk2mP190ROY60HcWA6Y4o9PeuNxP+8dobRhZdzmWYIkk0WRZmwMbFHYdghV8BQDAyhTHHzV5v1qKIMTWRFE4I7e/I8aZxUXKfi3pyVq5fTOArkgBySY+KSc1Il16RG6oSRR/JMXsmb9WS9WO/Wx6R1wZrO7JE/sD5/AJrflnQ=</latexit>

a2
1

<latexit sha1_base64="E8VufPMOy8zonIq6hVCCXDH4HaM=">AAACAHicbVDLSsNAFJ3UV62vqAsXboJFcFWSIuiy6MZlBfuANobJ9LYdOnkwcyOWkI2/4saFIm79DHf+jdM0C209cOFwzr1z5x4/FlyhbX8bpZXVtfWN8mZla3tnd8/cP2irKJEMWiwSkez6VIHgIbSQo4BuLIEGvoCOP7me+Z0HkIpH4R1OY3ADOgr5kDOKWvLMoz7CI+bvpL5IIEup59zXM8+s2jU7h7VMnIJUSYGmZ371BxFLAgiRCapUz7FjdFMqkTMBWaWfKIgpm9AR9DQNaQDKTfPFmXWqlYE1jKSuEK1c/T2R0kCpaeDrzoDiWC16M/E/r5fg8NJNeRgnCCGbLxomwsLImqVhDbgEhmKqCWWS679abEwlZagzq+gQnMWTl0m7XnPsmnN7Xm1cFXGUyTE5IWfEIRekQW5Ik7QIIxl5Jq/kzXgyXox342PeWjKKmUPyB8bnD20Xluo=</latexit><latexit sha1_base64="E8VufPMOy8zonIq6hVCCXDH4HaM=">AAACAHicbVDLSsNAFJ3UV62vqAsXboJFcFWSIuiy6MZlBfuANobJ9LYdOnkwcyOWkI2/4saFIm79DHf+jdM0C209cOFwzr1z5x4/FlyhbX8bpZXVtfWN8mZla3tnd8/cP2irKJEMWiwSkez6VIHgIbSQo4BuLIEGvoCOP7me+Z0HkIpH4R1OY3ADOgr5kDOKWvLMoz7CI+bvpL5IIEup59zXM8+s2jU7h7VMnIJUSYGmZ371BxFLAgiRCapUz7FjdFMqkTMBWaWfKIgpm9AR9DQNaQDKTfPFmXWqlYE1jKSuEK1c/T2R0kCpaeDrzoDiWC16M/E/r5fg8NJNeRgnCCGbLxomwsLImqVhDbgEhmKqCWWS679abEwlZagzq+gQnMWTl0m7XnPsmnN7Xm1cFXGUyTE5IWfEIRekQW5Ik7QIIxl5Jq/kzXgyXox342PeWjKKmUPyB8bnD20Xluo=</latexit><latexit sha1_base64="E8VufPMOy8zonIq6hVCCXDH4HaM=">AAACAHicbVDLSsNAFJ3UV62vqAsXboJFcFWSIuiy6MZlBfuANobJ9LYdOnkwcyOWkI2/4saFIm79DHf+jdM0C209cOFwzr1z5x4/FlyhbX8bpZXVtfWN8mZla3tnd8/cP2irKJEMWiwSkez6VIHgIbSQo4BuLIEGvoCOP7me+Z0HkIpH4R1OY3ADOgr5kDOKWvLMoz7CI+bvpL5IIEup59zXM8+s2jU7h7VMnIJUSYGmZ371BxFLAgiRCapUz7FjdFMqkTMBWaWfKIgpm9AR9DQNaQDKTfPFmXWqlYE1jKSuEK1c/T2R0kCpaeDrzoDiWC16M/E/r5fg8NJNeRgnCCGbLxomwsLImqVhDbgEhmKqCWWS679abEwlZagzq+gQnMWTl0m7XnPsmnN7Xm1cFXGUyTE5IWfEIRekQW5Ik7QIIxl5Jq/kzXgyXox342PeWjKKmUPyB8bnD20Xluo=</latexit><latexit sha1_base64="E8VufPMOy8zonIq6hVCCXDH4HaM=">AAACAHicbVDLSsNAFJ3UV62vqAsXboJFcFWSIuiy6MZlBfuANobJ9LYdOnkwcyOWkI2/4saFIm79DHf+jdM0C209cOFwzr1z5x4/FlyhbX8bpZXVtfWN8mZla3tnd8/cP2irKJEMWiwSkez6VIHgIbSQo4BuLIEGvoCOP7me+Z0HkIpH4R1OY3ADOgr5kDOKWvLMoz7CI+bvpL5IIEup59zXM8+s2jU7h7VMnIJUSYGmZ371BxFLAgiRCapUz7FjdFMqkTMBWaWfKIgpm9AR9DQNaQDKTfPFmXWqlYE1jKSuEK1c/T2R0kCpaeDrzoDiWC16M/E/r5fg8NJNeRgnCCGbLxomwsLImqVhDbgEhmKqCWWS679abEwlZagzq+gQnMWTl0m7XnPsmnN7Xm1cFXGUyTE5IWfEIRekQW5Ik7QIIxl5Jq/kzXgyXox342PeWjKKmUPyB8bnD20Xluo=</latexit>

a1
1

<latexit sha1_base64="45NZwI5lMdpP6iyoZ+EoOIHA+ZY=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRbBU9mIoMeiF48V3LbQriWbZtvQbLIkWaEs/Q1ePCji1R/kzX9j2u5BWx8MPN6bYWZelApurO9/e6W19Y3NrfJ2ZWd3b/+genjUMirTlAVUCaU7ETFMcMkCy61gnVQzkkSCtaPx7cxvPzFtuJIPdpKyMCFDyWNOiXVSQPr4EferNb/uz4FWCS5IDQo0+9Wv3kDRLGHSUkGM6WI/tWFOtOVUsGmllxmWEjomQ9Z1VJKEmTCfHztFZ04ZoFhpV9Kiufp7IieJMZMkcp0JsSOz7M3E/7xuZuPrMOcyzSyTdLEozgSyCs0+RwOuGbVi4gihmrtbER0RTah1+VRcCHj55VXSuqhjv47vL2uNmyKOMpzAKZwDhitowB00IQAKHJ7hFd486b14797HorXkFTPH8Afe5w8Ng44s</latexit><latexit sha1_base64="45NZwI5lMdpP6iyoZ+EoOIHA+ZY=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRbBU9mIoMeiF48V3LbQriWbZtvQbLIkWaEs/Q1ePCji1R/kzX9j2u5BWx8MPN6bYWZelApurO9/e6W19Y3NrfJ2ZWd3b/+genjUMirTlAVUCaU7ETFMcMkCy61gnVQzkkSCtaPx7cxvPzFtuJIPdpKyMCFDyWNOiXVSQPr4EferNb/uz4FWCS5IDQo0+9Wv3kDRLGHSUkGM6WI/tWFOtOVUsGmllxmWEjomQ9Z1VJKEmTCfHztFZ04ZoFhpV9Kiufp7IieJMZMkcp0JsSOz7M3E/7xuZuPrMOcyzSyTdLEozgSyCs0+RwOuGbVi4gihmrtbER0RTah1+VRcCHj55VXSuqhjv47vL2uNmyKOMpzAKZwDhitowB00IQAKHJ7hFd486b14797HorXkFTPH8Afe5w8Ng44s</latexit><latexit sha1_base64="45NZwI5lMdpP6iyoZ+EoOIHA+ZY=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRbBU9mIoMeiF48V3LbQriWbZtvQbLIkWaEs/Q1ePCji1R/kzX9j2u5BWx8MPN6bYWZelApurO9/e6W19Y3NrfJ2ZWd3b/+genjUMirTlAVUCaU7ETFMcMkCy61gnVQzkkSCtaPx7cxvPzFtuJIPdpKyMCFDyWNOiXVSQPr4EferNb/uz4FWCS5IDQo0+9Wv3kDRLGHSUkGM6WI/tWFOtOVUsGmllxmWEjomQ9Z1VJKEmTCfHztFZ04ZoFhpV9Kiufp7IieJMZMkcp0JsSOz7M3E/7xuZuPrMOcyzSyTdLEozgSyCs0+RwOuGbVi4gihmrtbER0RTah1+VRcCHj55VXSuqhjv47vL2uNmyKOMpzAKZwDhitowB00IQAKHJ7hFd486b14797HorXkFTPH8Afe5w8Ng44s</latexit><latexit sha1_base64="45NZwI5lMdpP6iyoZ+EoOIHA+ZY=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRbBU9mIoMeiF48V3LbQriWbZtvQbLIkWaEs/Q1ePCji1R/kzX9j2u5BWx8MPN6bYWZelApurO9/e6W19Y3NrfJ2ZWd3b/+genjUMirTlAVUCaU7ETFMcMkCy61gnVQzkkSCtaPx7cxvPzFtuJIPdpKyMCFDyWNOiXVSQPr4EferNb/uz4FWCS5IDQo0+9Wv3kDRLGHSUkGM6WI/tWFOtOVUsGmllxmWEjomQ9Z1VJKEmTCfHztFZ04ZoFhpV9Kiufp7IieJMZMkcp0JsSOz7M3E/7xuZuPrMOcyzSyTdLEozgSyCs0+RwOuGbVi4gihmrtbER0RTah1+VRcCHj55VXSuqhjv47vL2uNmyKOMpzAKZwDhitowB00IQAKHJ7hFd486b14797HorXkFTPH8Afe5w8Ng44s</latexit>

max(a1
1, a

2
1) � a3

1
<latexit sha1_base64="uzCxGrFltiROXj8zjthAHaeaZ00=">AAACJ3icbVDJSgNBEO2JW4zbqEcvjUFQ0DCjgp4k6MVjBLNAEkNPp5I09ix010jCMH/jxV/xIqiIHv0TO8shGh8UPN6r6up6XiSFRsf5sjJz8wuLS9nl3Mrq2vqGvblV0WGsOJR5KENV85gGKQIoo0AJtUgB8z0JVe/+auhXH0BpEQa3OIig6bNuIDqCMzRSy75o+KxP91nLvXMPaQOhj6NHE0/GkCZD/Tg9oEfTloL22DlJW3beKTgj0FniTkieTFBq2a+NdshjHwLkkmldd50ImwlTKLiENNeINUSM37Mu1A0NmA+6mYz2pnTPKG3aCZWpAOlInZ5ImK/1wPdMp8+wp/96Q/E/rx5j57yZiCCKEQI+XtSJJcWQDkOjbaGAoxwYwrgS5q+U95hiHE20OROC+/fkWVI5LrhOwb05zRcvJ3FkyQ7ZJfvEJWekSK5JiZQJJ4/kmbyRd+vJerE+rM9xa8aazGyTX7C+fwBa0aWp</latexit><latexit sha1_base64="uzCxGrFltiROXj8zjthAHaeaZ00=">AAACJ3icbVDJSgNBEO2JW4zbqEcvjUFQ0DCjgp4k6MVjBLNAEkNPp5I09ix010jCMH/jxV/xIqiIHv0TO8shGh8UPN6r6up6XiSFRsf5sjJz8wuLS9nl3Mrq2vqGvblV0WGsOJR5KENV85gGKQIoo0AJtUgB8z0JVe/+auhXH0BpEQa3OIig6bNuIDqCMzRSy75o+KxP91nLvXMPaQOhj6NHE0/GkCZD/Tg9oEfTloL22DlJW3beKTgj0FniTkieTFBq2a+NdshjHwLkkmldd50ImwlTKLiENNeINUSM37Mu1A0NmA+6mYz2pnTPKG3aCZWpAOlInZ5ImK/1wPdMp8+wp/96Q/E/rx5j57yZiCCKEQI+XtSJJcWQDkOjbaGAoxwYwrgS5q+U95hiHE20OROC+/fkWVI5LrhOwb05zRcvJ3FkyQ7ZJfvEJWekSK5JiZQJJ4/kmbyRd+vJerE+rM9xa8aazGyTX7C+fwBa0aWp</latexit><latexit sha1_base64="uzCxGrFltiROXj8zjthAHaeaZ00=">AAACJ3icbVDJSgNBEO2JW4zbqEcvjUFQ0DCjgp4k6MVjBLNAEkNPp5I09ix010jCMH/jxV/xIqiIHv0TO8shGh8UPN6r6up6XiSFRsf5sjJz8wuLS9nl3Mrq2vqGvblV0WGsOJR5KENV85gGKQIoo0AJtUgB8z0JVe/+auhXH0BpEQa3OIig6bNuIDqCMzRSy75o+KxP91nLvXMPaQOhj6NHE0/GkCZD/Tg9oEfTloL22DlJW3beKTgj0FniTkieTFBq2a+NdshjHwLkkmldd50ImwlTKLiENNeINUSM37Mu1A0NmA+6mYz2pnTPKG3aCZWpAOlInZ5ImK/1wPdMp8+wp/96Q/E/rx5j57yZiCCKEQI+XtSJJcWQDkOjbaGAoxwYwrgS5q+U95hiHE20OROC+/fkWVI5LrhOwb05zRcvJ3FkyQ7ZJfvEJWekSK5JiZQJJ4/kmbyRd+vJerE+rM9xa8aazGyTX7C+fwBa0aWp</latexit><latexit sha1_base64="uzCxGrFltiROXj8zjthAHaeaZ00=">AAACJ3icbVDJSgNBEO2JW4zbqEcvjUFQ0DCjgp4k6MVjBLNAEkNPp5I09ix010jCMH/jxV/xIqiIHv0TO8shGh8UPN6r6up6XiSFRsf5sjJz8wuLS9nl3Mrq2vqGvblV0WGsOJR5KENV85gGKQIoo0AJtUgB8z0JVe/+auhXH0BpEQa3OIig6bNuIDqCMzRSy75o+KxP91nLvXMPaQOhj6NHE0/GkCZD/Tg9oEfTloL22DlJW3beKTgj0FniTkieTFBq2a+NdshjHwLkkmldd50ImwlTKLiENNeINUSM37Mu1A0NmA+6mYz2pnTPKG3aCZWpAOlInZ5ImK/1wPdMp8+wp/96Q/E/rx5j57yZiCCKEQI+XtSJJcWQDkOjbaGAoxwYwrgS5q+U95hiHE20OROC+/fkWVI5LrhOwb05zRcvJ3FkyQ7ZJfvEJWekSK5JiZQJJ4/kmbyRd+vJerE+rM9xa8aazGyTX7C+fwBa0aWp</latexit>

f3
1 =

<latexit sha1_base64="3G+yqPw8cxrfx7IyYSMbt0P0rYc=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KokKehGKXjxWsB/QxrLZTtqlm03c3Qgl9E948aCIV/+ON/+N2zYHbX0w8Hhvhpl5QSK4Nq777Swtr6yurRc2iptb2zu7pb39ho5TxbDOYhGrVkA1Ci6xbrgR2EoU0igQ2AyGNxO/+YRK81jem1GCfkT7koecUWOlVtj1Hs7IFemWym7FnYIsEi8nZchR65a+Or2YpRFKwwTVuu25ifEzqgxnAsfFTqoxoWxI+9i2VNIItZ9N7x2TY6v0SBgrW9KQqfp7IqOR1qMosJ0RNQM9703E/7x2asJLP+MySQ1KNlsUpoKYmEyeJz2ukBkxsoQyxe2thA2ooszYiIo2BG/+5UXSOK14bsW7Oy9Xr/M4CnAIR3ACHlxAFW6hBnVgIOAZXuHNeXRenHfnY9a65OQzB/AHzucPSZKOzg==</latexit><latexit sha1_base64="3G+yqPw8cxrfx7IyYSMbt0P0rYc=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KokKehGKXjxWsB/QxrLZTtqlm03c3Qgl9E948aCIV/+ON/+N2zYHbX0w8Hhvhpl5QSK4Nq777Swtr6yurRc2iptb2zu7pb39ho5TxbDOYhGrVkA1Ci6xbrgR2EoU0igQ2AyGNxO/+YRK81jem1GCfkT7koecUWOlVtj1Hs7IFemWym7FnYIsEi8nZchR65a+Or2YpRFKwwTVuu25ifEzqgxnAsfFTqoxoWxI+9i2VNIItZ9N7x2TY6v0SBgrW9KQqfp7IqOR1qMosJ0RNQM9703E/7x2asJLP+MySQ1KNlsUpoKYmEyeJz2ukBkxsoQyxe2thA2ooszYiIo2BG/+5UXSOK14bsW7Oy9Xr/M4CnAIR3ACHlxAFW6hBnVgIOAZXuHNeXRenHfnY9a65OQzB/AHzucPSZKOzg==</latexit><latexit sha1_base64="3G+yqPw8cxrfx7IyYSMbt0P0rYc=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KokKehGKXjxWsB/QxrLZTtqlm03c3Qgl9E948aCIV/+ON/+N2zYHbX0w8Hhvhpl5QSK4Nq777Swtr6yurRc2iptb2zu7pb39ho5TxbDOYhGrVkA1Ci6xbrgR2EoU0igQ2AyGNxO/+YRK81jem1GCfkT7koecUWOlVtj1Hs7IFemWym7FnYIsEi8nZchR65a+Or2YpRFKwwTVuu25ifEzqgxnAsfFTqoxoWxI+9i2VNIItZ9N7x2TY6v0SBgrW9KQqfp7IqOR1qMosJ0RNQM9703E/7x2asJLP+MySQ1KNlsUpoKYmEyeJz2ukBkxsoQyxe2thA2ooszYiIo2BG/+5UXSOK14bsW7Oy9Xr/M4CnAIR3ACHlxAFW6hBnVgIOAZXuHNeXRenHfnY9a65OQzB/AHzucPSZKOzg==</latexit><latexit sha1_base64="3G+yqPw8cxrfx7IyYSMbt0P0rYc=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KokKehGKXjxWsB/QxrLZTtqlm03c3Qgl9E948aCIV/+ON/+N2zYHbX0w8Hhvhpl5QSK4Nq777Swtr6yurRc2iptb2zu7pb39ho5TxbDOYhGrVkA1Ci6xbrgR2EoU0igQ2AyGNxO/+YRK81jem1GCfkT7koecUWOlVtj1Hs7IFemWym7FnYIsEi8nZchR65a+Or2YpRFKwwTVuu25ifEzqgxnAsfFTqoxoWxI+9i2VNIItZ9N7x2TY6v0SBgrW9KQqfp7IqOR1qMosJ0RNQM9703E/7x2asJLP+MySQ1KNlsUpoKYmEyeJz2ukBkxsoQyxe2thA2ooszYiIo2BG/+5UXSOK14bsW7Oy9Xr/M4CnAIR3ACHlxAFW6hBnVgIOAZXuHNeXRenHfnY9a65OQzB/AHzucPSZKOzg==</latexit>

!1

PBT (f3
1 < 0)

<latexit sha1_base64="Yop/NRRPMrmJ7PUL5vvgdWrKWaE=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEI9VISFfTgodSLxwr9gjaGzXbTLt1swu5GqKW/xIsHRbz6U7z5b9y2OWjrg4HHezPMzAsSzpR2nG8rt7a+sbmV3y7s7O7tF+2Dw5aKU0lok8Q8lp0AK8qZoE3NNKedRFIcBZy2g9HtzG8/UqlYLBp6nFAvwgPBQkawNpJvF+u1BiqHvvtwgW6Qc+bbJafizIFWiZuREmSo+/ZXrx+TNKJCE46V6rpOor0JlpoRTqeFXqpogskID2jXUIEjqrzJ/PApOjVKH4WxNCU0mqu/JyY4UmocBaYzwnqolr2Z+J/XTXV47U2YSFJNBVksClOOdIxmKaA+k5RoPjYEE8nMrYgMscREm6wKJgR3+eVV0jqvuE7Fvb8sVWtZHHk4hhMogwtXUIU7qEMTCKTwDK/wZj1ZL9a79bFozVnZzBH8gfX5AyYykMs=</latexit><latexit sha1_base64="Yop/NRRPMrmJ7PUL5vvgdWrKWaE=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEI9VISFfTgodSLxwr9gjaGzXbTLt1swu5GqKW/xIsHRbz6U7z5b9y2OWjrg4HHezPMzAsSzpR2nG8rt7a+sbmV3y7s7O7tF+2Dw5aKU0lok8Q8lp0AK8qZoE3NNKedRFIcBZy2g9HtzG8/UqlYLBp6nFAvwgPBQkawNpJvF+u1BiqHvvtwgW6Qc+bbJafizIFWiZuREmSo+/ZXrx+TNKJCE46V6rpOor0JlpoRTqeFXqpogskID2jXUIEjqrzJ/PApOjVKH4WxNCU0mqu/JyY4UmocBaYzwnqolr2Z+J/XTXV47U2YSFJNBVksClOOdIxmKaA+k5RoPjYEE8nMrYgMscREm6wKJgR3+eVV0jqvuE7Fvb8sVWtZHHk4hhMogwtXUIU7qEMTCKTwDK/wZj1ZL9a79bFozVnZzBH8gfX5AyYykMs=</latexit><latexit sha1_base64="Yop/NRRPMrmJ7PUL5vvgdWrKWaE=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEI9VISFfTgodSLxwr9gjaGzXbTLt1swu5GqKW/xIsHRbz6U7z5b9y2OWjrg4HHezPMzAsSzpR2nG8rt7a+sbmV3y7s7O7tF+2Dw5aKU0lok8Q8lp0AK8qZoE3NNKedRFIcBZy2g9HtzG8/UqlYLBp6nFAvwgPBQkawNpJvF+u1BiqHvvtwgW6Qc+bbJafizIFWiZuREmSo+/ZXrx+TNKJCE46V6rpOor0JlpoRTqeFXqpogskID2jXUIEjqrzJ/PApOjVKH4WxNCU0mqu/JyY4UmocBaYzwnqolr2Z+J/XTXV47U2YSFJNBVksClOOdIxmKaA+k5RoPjYEE8nMrYgMscREm6wKJgR3+eVV0jqvuE7Fvb8sVWtZHHk4hhMogwtXUIU7qEMTCKTwDK/wZj1ZL9a79bFozVnZzBH8gfX5AyYykMs=</latexit><latexit sha1_base64="Yop/NRRPMrmJ7PUL5vvgdWrKWaE=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEI9VISFfTgodSLxwr9gjaGzXbTLt1swu5GqKW/xIsHRbz6U7z5b9y2OWjrg4HHezPMzAsSzpR2nG8rt7a+sbmV3y7s7O7tF+2Dw5aKU0lok8Q8lp0AK8qZoE3NNKedRFIcBZy2g9HtzG8/UqlYLBp6nFAvwgPBQkawNpJvF+u1BiqHvvtwgW6Qc+bbJafizIFWiZuREmSo+/ZXrx+TNKJCE46V6rpOor0JlpoRTqeFXqpogskID2jXUIEjqrzJ/PApOjVKH4WxNCU0mqu/JyY4UmocBaYzwnqolr2Z+J/XTXV47U2YSFJNBVksClOOdIxmKaA+k5RoPjYEE8nMrYgMscREm6wKJgR3+eVV0jqvuE7Fvb8sVWtZHHk4hhMogwtXUIU7qEMTCKTwDK/wZj1ZL9a79bFozVnZzBH8gfX5AyYykMs=</latexit>

NBT (f3
1 > 0)

<latexit sha1_base64="jFWpVzbNETbkbtSe3vhGmcfesAA=">AAACCXicbVC7SgNBFJ2NrxhfUUubwSDEJuyqoJWE2FhJhLwgiWF2cjcZMvtg5q4YlrQ2/oqNhSK2/oGdf+PkUWjigQuHc+6dufe4kRQabfvbSi0tr6yupdczG5tb2zvZ3b2aDmPFocpDGaqGyzRIEUAVBUpoRAqY70qou4OrsV+/B6VFGFRwGEHbZ71AeIIzNFInS1sIDzh5J1HQHSU3pQrNex3n7pReUvt41Mnm7II9AV0kzozkyAzlTvar1Q157EOAXDKtm44dYTthCgWXMMq0Yg0R4wPWg6ahAfNBt5PJBiN6ZJQu9UJlKkA6UX9PJMzXeui7ptNn2Nfz3lj8z2vG6F20ExFEMULApx95saQY0nEstCsUcJRDQxhXwuxKeZ8pxtGElzEhOPMnL5LaScGxC87tWa5YmsWRJgfkkOSJQ85JkVyTMqkSTh7JM3klb9aT9WK9Wx/T1pQ1m9knf2B9/gCCmZjg</latexit><latexit sha1_base64="jFWpVzbNETbkbtSe3vhGmcfesAA=">AAACCXicbVC7SgNBFJ2NrxhfUUubwSDEJuyqoJWE2FhJhLwgiWF2cjcZMvtg5q4YlrQ2/oqNhSK2/oGdf+PkUWjigQuHc+6dufe4kRQabfvbSi0tr6yupdczG5tb2zvZ3b2aDmPFocpDGaqGyzRIEUAVBUpoRAqY70qou4OrsV+/B6VFGFRwGEHbZ71AeIIzNFInS1sIDzh5J1HQHSU3pQrNex3n7pReUvt41Mnm7II9AV0kzozkyAzlTvar1Q157EOAXDKtm44dYTthCgWXMMq0Yg0R4wPWg6ahAfNBt5PJBiN6ZJQu9UJlKkA6UX9PJMzXeui7ptNn2Nfz3lj8z2vG6F20ExFEMULApx95saQY0nEstCsUcJRDQxhXwuxKeZ8pxtGElzEhOPMnL5LaScGxC87tWa5YmsWRJgfkkOSJQ85JkVyTMqkSTh7JM3klb9aT9WK9Wx/T1pQ1m9knf2B9/gCCmZjg</latexit><latexit sha1_base64="jFWpVzbNETbkbtSe3vhGmcfesAA=">AAACCXicbVC7SgNBFJ2NrxhfUUubwSDEJuyqoJWE2FhJhLwgiWF2cjcZMvtg5q4YlrQ2/oqNhSK2/oGdf+PkUWjigQuHc+6dufe4kRQabfvbSi0tr6yupdczG5tb2zvZ3b2aDmPFocpDGaqGyzRIEUAVBUpoRAqY70qou4OrsV+/B6VFGFRwGEHbZ71AeIIzNFInS1sIDzh5J1HQHSU3pQrNex3n7pReUvt41Mnm7II9AV0kzozkyAzlTvar1Q157EOAXDKtm44dYTthCgWXMMq0Yg0R4wPWg6ahAfNBt5PJBiN6ZJQu9UJlKkA6UX9PJMzXeui7ptNn2Nfz3lj8z2vG6F20ExFEMULApx95saQY0nEstCsUcJRDQxhXwuxKeZ8pxtGElzEhOPMnL5LaScGxC87tWa5YmsWRJgfkkOSJQ85JkVyTMqkSTh7JM3klb9aT9WK9Wx/T1pQ1m9knf2B9/gCCmZjg</latexit><latexit sha1_base64="jFWpVzbNETbkbtSe3vhGmcfesAA=">AAACCXicbVC7SgNBFJ2NrxhfUUubwSDEJuyqoJWE2FhJhLwgiWF2cjcZMvtg5q4YlrQ2/oqNhSK2/oGdf+PkUWjigQuHc+6dufe4kRQabfvbSi0tr6yupdczG5tb2zvZ3b2aDmPFocpDGaqGyzRIEUAVBUpoRAqY70qou4OrsV+/B6VFGFRwGEHbZ71AeIIzNFInS1sIDzh5J1HQHSU3pQrNex3n7pReUvt41Mnm7II9AV0kzozkyAzlTvar1Q157EOAXDKtm44dYTthCgWXMMq0Yg0R4wPWg6ahAfNBt5PJBiN6ZJQu9UJlKkA6UX9PJMzXeui7ptNn2Nfz3lj8z2vG6F20ExFEMULApx95saQY0nEstCsUcJRDQxhXwuxKeZ8pxtGElzEhOPMnL5LaScGxC87tWa5YmsWRJgfkkOSJQ85JkVyTMqkSTh7JM3klb9aT9WK9Wx/T1pQ1m9knf2B9/gCCmZjg</latexit>

Quantifying Intransigence (Pos/Neg Forward Transfer)

I Intransigence: Inability to
learn/update
. PFT: Past tasks improve the

performance of the current
task

. NFT: Incrementally training
till task k reduces its
performance

Puneet Dokania !1

✓1
<latexit sha1_base64="SrHi+Al9vauGKXsHgyllQXQrrvk=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOepMhsw9neoUQ8hNePCji1d/x5t84SfagiQUNRVU33V1BqqQh1/12CmvrG5tbxe3Szu7e/kH58KhpkkwLbIhEJbodcINKxtggSQrbqUYeBQpbweh25reeUBuZxA80TtGP+CCWoRScrNTu0hCJ97xeueJW3TnYKvFyUoEc9V75q9tPRBZhTEJxYzqem5I/4ZqkUDgtdTODKRcjPsCOpTGP0PiT+b1TdmaVPgsTbSsmNld/T0x4ZMw4CmxnxGlolr2Z+J/XySi89icyTjPCWCwWhZlilLDZ86wvNQpSY0u40NLeysSQay7IRlSyIXjLL6+S5kXVc6ve/WWldpPHUYQTOIVz8OAKanAHdWiAAAXP8ApvzqPz4rw7H4vWgpPPHMMfOJ8/zWePzA==</latexit><latexit sha1_base64="SrHi+Al9vauGKXsHgyllQXQrrvk=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOepMhsw9neoUQ8hNePCji1d/x5t84SfagiQUNRVU33V1BqqQh1/12CmvrG5tbxe3Szu7e/kH58KhpkkwLbIhEJbodcINKxtggSQrbqUYeBQpbweh25reeUBuZxA80TtGP+CCWoRScrNTu0hCJ97xeueJW3TnYKvFyUoEc9V75q9tPRBZhTEJxYzqem5I/4ZqkUDgtdTODKRcjPsCOpTGP0PiT+b1TdmaVPgsTbSsmNld/T0x4ZMw4CmxnxGlolr2Z+J/XySi89icyTjPCWCwWhZlilLDZ86wvNQpSY0u40NLeysSQay7IRlSyIXjLL6+S5kXVc6ve/WWldpPHUYQTOIVz8OAKanAHdWiAAAXP8ApvzqPz4rw7H4vWgpPPHMMfOJ8/zWePzA==</latexit><latexit sha1_base64="SrHi+Al9vauGKXsHgyllQXQrrvk=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOepMhsw9neoUQ8hNePCji1d/x5t84SfagiQUNRVU33V1BqqQh1/12CmvrG5tbxe3Szu7e/kH58KhpkkwLbIhEJbodcINKxtggSQrbqUYeBQpbweh25reeUBuZxA80TtGP+CCWoRScrNTu0hCJ97xeueJW3TnYKvFyUoEc9V75q9tPRBZhTEJxYzqem5I/4ZqkUDgtdTODKRcjPsCOpTGP0PiT+b1TdmaVPgsTbSsmNld/T0x4ZMw4CmxnxGlolr2Z+J/XySi89icyTjPCWCwWhZlilLDZ86wvNQpSY0u40NLeysSQay7IRlSyIXjLL6+S5kXVc6ve/WWldpPHUYQTOIVz8OAKanAHdWiAAAXP8ApvzqPz4rw7H4vWgpPPHMMfOJ8/zWePzA==</latexit><latexit sha1_base64="SrHi+Al9vauGKXsHgyllQXQrrvk=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOepMhsw9neoUQ8hNePCji1d/x5t84SfagiQUNRVU33V1BqqQh1/12CmvrG5tbxe3Szu7e/kH58KhpkkwLbIhEJbodcINKxtggSQrbqUYeBQpbweh25reeUBuZxA80TtGP+CCWoRScrNTu0hCJ97xeueJW3TnYKvFyUoEc9V75q9tPRBZhTEJxYzqem5I/4ZqkUDgtdTODKRcjPsCOpTGP0PiT+b1TdmaVPgsTbSsmNld/T0x4ZMw4CmxnxGlolr2Z+J/XySi89icyTjPCWCwWhZlilLDZ86wvNQpSY0u40NLeysSQay7IRlSyIXjLL6+S5kXVc6ve/WWldpPHUYQTOIVz8OAKanAHdWiAAAXP8ApvzqPz4rw7H4vWgpPPHMMfOJ8/zWePzA==</latexit>

T1 = {y1, y2}
<latexit sha1_base64="310ONmf9g1hSqfo8S9kcVQPBsXc=">AAAB+3icbVDLSsNAFJ34rPUV69LNYBFcSMkUQTdC0Y3LCn1BE8JkOmmHTiZhZiKGkF9x40IRt/6IO//GaZuFth64cDjnXu69J0g4U9pxvq219Y3Nre3KTnV3b//g0D6q9VScSkK7JOaxHARYUc4E7WqmOR0kkuIo4LQfTO9mfv+RSsVi0dFZQr0IjwULGcHaSL5d6/gI3kA3z3x0ATO/6Ra+XXcazhxwlaCS1EGJtm9/uaOYpBEVmnCs1BA5ifZyLDUjnBZVN1U0wWSKx3RoqMARVV4+v72AZ0YZwTCWpoSGc/X3RI4jpbIoMJ0R1hO17M3E/7xhqsNrL2ciSTUVZLEoTDnUMZwFAUdMUqJ5ZggmkplbIZlgiYk2cVVNCGj55VXSazaQ00APl/XWbRlHBZyAU3AOELgCLXAP2qALCHgCz+AVvFmF9WK9Wx+L1jWrnDkGf2B9/gCGe5LP</latexit><latexit sha1_base64="310ONmf9g1hSqfo8S9kcVQPBsXc=">AAAB+3icbVDLSsNAFJ34rPUV69LNYBFcSMkUQTdC0Y3LCn1BE8JkOmmHTiZhZiKGkF9x40IRt/6IO//GaZuFth64cDjnXu69J0g4U9pxvq219Y3Nre3KTnV3b//g0D6q9VScSkK7JOaxHARYUc4E7WqmOR0kkuIo4LQfTO9mfv+RSsVi0dFZQr0IjwULGcHaSL5d6/gI3kA3z3x0ATO/6Ra+XXcazhxwlaCS1EGJtm9/uaOYpBEVmnCs1BA5ifZyLDUjnBZVN1U0wWSKx3RoqMARVV4+v72AZ0YZwTCWpoSGc/X3RI4jpbIoMJ0R1hO17M3E/7xhqsNrL2ciSTUVZLEoTDnUMZwFAUdMUqJ5ZggmkplbIZlgiYk2cVVNCGj55VXSazaQ00APl/XWbRlHBZyAU3AOELgCLXAP2qALCHgCz+AVvFmF9WK9Wx+L1jWrnDkGf2B9/gCGe5LP</latexit><latexit sha1_base64="310ONmf9g1hSqfo8S9kcVQPBsXc=">AAAB+3icbVDLSsNAFJ34rPUV69LNYBFcSMkUQTdC0Y3LCn1BE8JkOmmHTiZhZiKGkF9x40IRt/6IO//GaZuFth64cDjnXu69J0g4U9pxvq219Y3Nre3KTnV3b//g0D6q9VScSkK7JOaxHARYUc4E7WqmOR0kkuIo4LQfTO9mfv+RSsVi0dFZQr0IjwULGcHaSL5d6/gI3kA3z3x0ATO/6Ra+XXcazhxwlaCS1EGJtm9/uaOYpBEVmnCs1BA5ifZyLDUjnBZVN1U0wWSKx3RoqMARVV4+v72AZ0YZwTCWpoSGc/X3RI4jpbIoMJ0R1hO17M3E/7xhqsNrL2ciSTUVZLEoTDnUMZwFAUdMUqJ5ZggmkplbIZlgiYk2cVVNCGj55VXSazaQ00APl/XWbRlHBZyAU3AOELgCLXAP2qALCHgCz+AVvFmF9WK9Wx+L1jWrnDkGf2B9/gCGe5LP</latexit><latexit sha1_base64="310ONmf9g1hSqfo8S9kcVQPBsXc=">AAAB+3icbVDLSsNAFJ34rPUV69LNYBFcSMkUQTdC0Y3LCn1BE8JkOmmHTiZhZiKGkF9x40IRt/6IO//GaZuFth64cDjnXu69J0g4U9pxvq219Y3Nre3KTnV3b//g0D6q9VScSkK7JOaxHARYUc4E7WqmOR0kkuIo4LQfTO9mfv+RSsVi0dFZQr0IjwULGcHaSL5d6/gI3kA3z3x0ATO/6Ra+XXcazhxwlaCS1EGJtm9/uaOYpBEVmnCs1BA5ifZyLDUjnBZVN1U0wWSKx3RoqMARVV4+v72AZ0YZwTCWpoSGc/X3RI4jpbIoMJ0R1hO17M3E/7xhqsNrL2ciSTUVZLEoTDnUMZwFAUdMUqJ5ZggmkplbIZlgiYk2cVVNCGj55VXSazaQ00APl/XWbRlHBZyAU3AOELgCLXAP2qALCHgCz+AVvFmF9WK9Wx+L1jWrnDkGf2B9/gCGe5LP</latexit>

D1
<latexit sha1_base64="q69qAC9QCbzeFL5i4zpxpEWkU9k=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiLlxWsA9oh3InTdvQTGZMMoUy9DvcuFDErR/jzr8x085CWw8EDufcyz05QSy4Nq777RTW1jc2t4rbpZ3dvf2D8uFRU0eJoqxBIxGpdoCaCS5Zw3AjWDtWDMNAsFYwvs381oQpzSP5aKYx80McSj7gFI2V/G6IZkRRpHezntcrV9yqOwdZJV5OKpCj3it/dfsRTUImDRWodcdzY+OnqAyngs1K3USzGOkYh6xjqcSQaT+dh56RM6v0ySBS9klD5urvjRRDradhYCezkHrZy8T/vE5iBtd+ymWcGCbp4tAgEcREJGuA9Lli1IipJUgVt1kJHaFCamxPJVuCt/zlVdK8qHpu1Xu4rNRu8jqKcAKncA4eXEEN7qEODaDwBM/wCm/OxHlx3p2PxWjByXeO4Q+czx+iYZH+</latexit><latexit sha1_base64="q69qAC9QCbzeFL5i4zpxpEWkU9k=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiLlxWsA9oh3InTdvQTGZMMoUy9DvcuFDErR/jzr8x085CWw8EDufcyz05QSy4Nq777RTW1jc2t4rbpZ3dvf2D8uFRU0eJoqxBIxGpdoCaCS5Zw3AjWDtWDMNAsFYwvs381oQpzSP5aKYx80McSj7gFI2V/G6IZkRRpHezntcrV9yqOwdZJV5OKpCj3it/dfsRTUImDRWodcdzY+OnqAyngs1K3USzGOkYh6xjqcSQaT+dh56RM6v0ySBS9klD5urvjRRDradhYCezkHrZy8T/vE5iBtd+ymWcGCbp4tAgEcREJGuA9Lli1IipJUgVt1kJHaFCamxPJVuCt/zlVdK8qHpu1Xu4rNRu8jqKcAKncA4eXEEN7qEODaDwBM/wCm/OxHlx3p2PxWjByXeO4Q+czx+iYZH+</latexit><latexit sha1_base64="q69qAC9QCbzeFL5i4zpxpEWkU9k=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiLlxWsA9oh3InTdvQTGZMMoUy9DvcuFDErR/jzr8x085CWw8EDufcyz05QSy4Nq777RTW1jc2t4rbpZ3dvf2D8uFRU0eJoqxBIxGpdoCaCS5Zw3AjWDtWDMNAsFYwvs381oQpzSP5aKYx80McSj7gFI2V/G6IZkRRpHezntcrV9yqOwdZJV5OKpCj3it/dfsRTUImDRWodcdzY+OnqAyngs1K3USzGOkYh6xjqcSQaT+dh56RM6v0ySBS9klD5urvjRRDradhYCezkHrZy8T/vE5iBtd+ymWcGCbp4tAgEcREJGuA9Lli1IipJUgVt1kJHaFCamxPJVuCt/zlVdK8qHpu1Xu4rNRu8jqKcAKncA4eXEEN7qEODaDwBM/wCm/OxHlx3p2PxWjByXeO4Q+czx+iYZH+</latexit><latexit sha1_base64="q69qAC9QCbzeFL5i4zpxpEWkU9k=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiLlxWsA9oh3InTdvQTGZMMoUy9DvcuFDErR/jzr8x085CWw8EDufcyz05QSy4Nq777RTW1jc2t4rbpZ3dvf2D8uFRU0eJoqxBIxGpdoCaCS5Zw3AjWDtWDMNAsFYwvs381oQpzSP5aKYx80McSj7gFI2V/G6IZkRRpHezntcrV9yqOwdZJV5OKpCj3it/dfsRTUImDRWodcdzY+OnqAyngs1K3USzGOkYh6xjqcSQaT+dh56RM6v0ySBS9klD5urvjRRDradhYCezkHrZy8T/vE5iBtd+ymWcGCbp4tAgEcREJGuA9Lli1IipJUgVt1kJHaFCamxPJVuCt/zlVdK8qHpu1Xu4rNRu8jqKcAKncA4eXEEN7qEODaDwBM/wCm/OxHlx3p2PxWjByXeO4Q+czx+iYZH+</latexit>

✓2
<latexit sha1_base64="7/pSNJ56+9MBYfOPbWbW9A9Ekos=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBA8hd0g6DHoxWME84BkCbOTTjJk9uFMrxCW/IQXD4p49Xe8+TdOkj1oYkFDUdVNd1eQKGnIdb+dtfWNza3twk5xd2//4LB0dNw0caoFNkSsYt0OuEElI2yQJIXtRCMPA4WtYHw781tPqI2MoweaJOiHfBjJgRScrNTu0giJ96q9UtmtuHOwVeLlpAw56r3SV7cfizTEiITixnQ8NyE/45qkUDgtdlODCRdjPsSOpREP0fjZ/N4pO7dKnw1ibSsiNld/T2Q8NGYSBrYz5DQyy95M/M/rpDS49jMZJSlhJBaLBqliFLPZ86wvNQpSE0u40NLeysSIay7IRlS0IXjLL6+SZrXiuRXv/rJcu8njKMApnMEFeHAFNbiDOjRAgIJneIU359F5cd6dj0XrmpPPnMAfOJ8/zuuPzQ==</latexit><latexit sha1_base64="7/pSNJ56+9MBYfOPbWbW9A9Ekos=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBA8hd0g6DHoxWME84BkCbOTTjJk9uFMrxCW/IQXD4p49Xe8+TdOkj1oYkFDUdVNd1eQKGnIdb+dtfWNza3twk5xd2//4LB0dNw0caoFNkSsYt0OuEElI2yQJIXtRCMPA4WtYHw781tPqI2MoweaJOiHfBjJgRScrNTu0giJ96q9UtmtuHOwVeLlpAw56r3SV7cfizTEiITixnQ8NyE/45qkUDgtdlODCRdjPsSOpREP0fjZ/N4pO7dKnw1ibSsiNld/T2Q8NGYSBrYz5DQyy95M/M/rpDS49jMZJSlhJBaLBqliFLPZ86wvNQpSE0u40NLeysSIay7IRlS0IXjLL6+SZrXiuRXv/rJcu8njKMApnMEFeHAFNbiDOjRAgIJneIU359F5cd6dj0XrmpPPnMAfOJ8/zuuPzQ==</latexit><latexit sha1_base64="7/pSNJ56+9MBYfOPbWbW9A9Ekos=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBA8hd0g6DHoxWME84BkCbOTTjJk9uFMrxCW/IQXD4p49Xe8+TdOkj1oYkFDUdVNd1eQKGnIdb+dtfWNza3twk5xd2//4LB0dNw0caoFNkSsYt0OuEElI2yQJIXtRCMPA4WtYHw781tPqI2MoweaJOiHfBjJgRScrNTu0giJ96q9UtmtuHOwVeLlpAw56r3SV7cfizTEiITixnQ8NyE/45qkUDgtdlODCRdjPsSOpREP0fjZ/N4pO7dKnw1ibSsiNld/T2Q8NGYSBrYz5DQyy95M/M/rpDS49jMZJSlhJBaLBqliFLPZ86wvNQpSE0u40NLeysSIay7IRlS0IXjLL6+SZrXiuRXv/rJcu8njKMApnMEFeHAFNbiDOjRAgIJneIU359F5cd6dj0XrmpPPnMAfOJ8/zuuPzQ==</latexit><latexit sha1_base64="7/pSNJ56+9MBYfOPbWbW9A9Ekos=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBA8hd0g6DHoxWME84BkCbOTTjJk9uFMrxCW/IQXD4p49Xe8+TdOkj1oYkFDUdVNd1eQKGnIdb+dtfWNza3twk5xd2//4LB0dNw0caoFNkSsYt0OuEElI2yQJIXtRCMPA4WtYHw781tPqI2MoweaJOiHfBjJgRScrNTu0giJ96q9UtmtuHOwVeLlpAw56r3SV7cfizTEiITixnQ8NyE/45qkUDgtdlODCRdjPsSOpREP0fjZ/N4pO7dKnw1ibSsiNld/T2Q8NGYSBrYz5DQyy95M/M/rpDS49jMZJSlhJBaLBqliFLPZ86wvNQpSE0u40NLeysSIay7IRlS0IXjLL6+SZrXiuRXv/rJcu8njKMApnMEFeHAFNbiDOjRAgIJneIU359F5cd6dj0XrmpPPnMAfOJ8/zuuPzQ==</latexit>

T2 = {y3, y4}
<latexit sha1_base64="K921TP0wLZxhIdktYCuyq9z/AZ4=">AAAB+3icbVDLSsNAFL3xWesr1qWbwSK4kJLUgm6EohuXFfqCJoTJdNoOnTyYmYgh5FfcuFDErT/izr9x2mahrQcuHM65l3vv8WPOpLKsb2NtfWNza7u0U97d2z84NI8qXRklgtAOiXgk+j6WlLOQdhRTnPZjQXHgc9rzp3czv/dIhWRR2FZpTN0Aj0M2YgQrLXlmpe3V0Q1ystS7vECp13Byz6xaNWsOtErsglShQMszv5xhRJKAhopwLOXAtmLlZlgoRjjNy04iaYzJFI/pQNMQB1S62fz2HJ1pZYhGkdAVKjRXf09kOJAyDXzdGWA1kcveTPzPGyRqdO1mLIwTRUOyWDRKOFIRmgWBhkxQoniqCSaC6VsRmWCBidJxlXUI9vLLq6Rbr9lWzX5oVJu3RRwlOIFTOAcbrqAJ99CCDhB4gmd4hTcjN16Md+Nj0bpmFDPH8AfG5w+OMJLU</latexit><latexit sha1_base64="K921TP0wLZxhIdktYCuyq9z/AZ4=">AAAB+3icbVDLSsNAFL3xWesr1qWbwSK4kJLUgm6EohuXFfqCJoTJdNoOnTyYmYgh5FfcuFDErT/izr9x2mahrQcuHM65l3vv8WPOpLKsb2NtfWNza7u0U97d2z84NI8qXRklgtAOiXgk+j6WlLOQdhRTnPZjQXHgc9rzp3czv/dIhWRR2FZpTN0Aj0M2YgQrLXlmpe3V0Q1ystS7vECp13Byz6xaNWsOtErsglShQMszv5xhRJKAhopwLOXAtmLlZlgoRjjNy04iaYzJFI/pQNMQB1S62fz2HJ1pZYhGkdAVKjRXf09kOJAyDXzdGWA1kcveTPzPGyRqdO1mLIwTRUOyWDRKOFIRmgWBhkxQoniqCSaC6VsRmWCBidJxlXUI9vLLq6Rbr9lWzX5oVJu3RRwlOIFTOAcbrqAJ99CCDhB4gmd4hTcjN16Md+Nj0bpmFDPH8AfG5w+OMJLU</latexit><latexit sha1_base64="K921TP0wLZxhIdktYCuyq9z/AZ4=">AAAB+3icbVDLSsNAFL3xWesr1qWbwSK4kJLUgm6EohuXFfqCJoTJdNoOnTyYmYgh5FfcuFDErT/izr9x2mahrQcuHM65l3vv8WPOpLKsb2NtfWNza7u0U97d2z84NI8qXRklgtAOiXgk+j6WlLOQdhRTnPZjQXHgc9rzp3czv/dIhWRR2FZpTN0Aj0M2YgQrLXlmpe3V0Q1ystS7vECp13Byz6xaNWsOtErsglShQMszv5xhRJKAhopwLOXAtmLlZlgoRjjNy04iaYzJFI/pQNMQB1S62fz2HJ1pZYhGkdAVKjRXf09kOJAyDXzdGWA1kcveTPzPGyRqdO1mLIwTRUOyWDRKOFIRmgWBhkxQoniqCSaC6VsRmWCBidJxlXUI9vLLq6Rbr9lWzX5oVJu3RRwlOIFTOAcbrqAJ99CCDhB4gmd4hTcjN16Md+Nj0bpmFDPH8AfG5w+OMJLU</latexit><latexit sha1_base64="K921TP0wLZxhIdktYCuyq9z/AZ4=">AAAB+3icbVDLSsNAFL3xWesr1qWbwSK4kJLUgm6EohuXFfqCJoTJdNoOnTyYmYgh5FfcuFDErT/izr9x2mahrQcuHM65l3vv8WPOpLKsb2NtfWNza7u0U97d2z84NI8qXRklgtAOiXgk+j6WlLOQdhRTnPZjQXHgc9rzp3czv/dIhWRR2FZpTN0Aj0M2YgQrLXlmpe3V0Q1ystS7vECp13Byz6xaNWsOtErsglShQMszv5xhRJKAhopwLOXAtmLlZlgoRjjNy04iaYzJFI/pQNMQB1S62fz2HJ1pZYhGkdAVKjRXf09kOJAyDXzdGWA1kcveTPzPGyRqdO1mLIwTRUOyWDRKOFIRmgWBhkxQoniqCSaC6VsRmWCBidJxlXUI9vLLq6Rbr9lWzX5oVJu3RRwlOIFTOAcbrqAJ99CCDhB4gmd4hTcjN16Md+Nj0bpmFDPH8AfG5w+OMJLU</latexit>

D2
<latexit sha1_base64="kkMnEJJTL4WoIFiQkDJLkJ60BFg=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclZki6LKoC5cV7APaoWTS2zY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck9OEAuujet+O2vrG5tb24Wd4u7e/sFh6ei4qaNEMWywSESqHVCNgktsGG4EtmOFNAwEtoLxbea3Jqg0j+Sjmcboh3Qo+YAzaqzkd0NqRoyK9G7Wq/ZKZbfizkFWiZeTMuSo90pf3X7EkhClYYJq3fHc2PgpVYYzgbNiN9EYUzamQ+xYKmmI2k/noWfk3Cp9MoiUfdKQufp7I6Wh1tMwsJNZSL3sZeJ/Xicxg2s/5TJODEq2ODRIBDERyRogfa6QGTG1hDLFbVbCRlRRZmxPRVuCt/zlVdKsVjy34j1clms3eR0FOIUzuAAPrqAG91CHBjB4gmd4hTdn4rw4787HYnTNyXdO4A+czx+j5ZH/</latexit><latexit sha1_base64="kkMnEJJTL4WoIFiQkDJLkJ60BFg=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclZki6LKoC5cV7APaoWTS2zY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck9OEAuujet+O2vrG5tb24Wd4u7e/sFh6ei4qaNEMWywSESqHVCNgktsGG4EtmOFNAwEtoLxbea3Jqg0j+Sjmcboh3Qo+YAzaqzkd0NqRoyK9G7Wq/ZKZbfizkFWiZeTMuSo90pf3X7EkhClYYJq3fHc2PgpVYYzgbNiN9EYUzamQ+xYKmmI2k/noWfk3Cp9MoiUfdKQufp7I6Wh1tMwsJNZSL3sZeJ/Xicxg2s/5TJODEq2ODRIBDERyRogfa6QGTG1hDLFbVbCRlRRZmxPRVuCt/zlVdKsVjy34j1clms3eR0FOIUzuAAPrqAG91CHBjB4gmd4hTdn4rw4787HYnTNyXdO4A+czx+j5ZH/</latexit><latexit sha1_base64="kkMnEJJTL4WoIFiQkDJLkJ60BFg=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclZki6LKoC5cV7APaoWTS2zY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck9OEAuujet+O2vrG5tb24Wd4u7e/sFh6ei4qaNEMWywSESqHVCNgktsGG4EtmOFNAwEtoLxbea3Jqg0j+Sjmcboh3Qo+YAzaqzkd0NqRoyK9G7Wq/ZKZbfizkFWiZeTMuSo90pf3X7EkhClYYJq3fHc2PgpVYYzgbNiN9EYUzamQ+xYKmmI2k/noWfk3Cp9MoiUfdKQufp7I6Wh1tMwsJNZSL3sZeJ/Xicxg2s/5TJODEq2ODRIBDERyRogfa6QGTG1hDLFbVbCRlRRZmxPRVuCt/zlVdKsVjy34j1clms3eR0FOIUzuAAPrqAG91CHBjB4gmd4hTdn4rw4787HYnTNyXdO4A+czx+j5ZH/</latexit><latexit sha1_base64="kkMnEJJTL4WoIFiQkDJLkJ60BFg=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclZki6LKoC5cV7APaoWTS2zY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck9OEAuujet+O2vrG5tb24Wd4u7e/sFh6ei4qaNEMWywSESqHVCNgktsGG4EtmOFNAwEtoLxbea3Jqg0j+Sjmcboh3Qo+YAzaqzkd0NqRoyK9G7Wq/ZKZbfizkFWiZeTMuSo90pf3X7EkhClYYJq3fHc2PgpVYYzgbNiN9EYUzamQ+xYKmmI2k/noWfk3Cp9MoiUfdKQufp7I6Wh1tMwsJNZSL3sZeJ/Xicxg2s/5TJODEq2ODRIBDERyRogfa6QGTG1hDLFbVbCRlRRZmxPRVuCt/zlVdKsVjy34j1clms3eR0FOIUzuAAPrqAG91CHBjB4gmd4hTdn4rw4787HYnTNyXdO4A+czx+j5ZH/</latexit>

✓3
<latexit sha1_base64="sEfrZCRNHJ1LHhcgS2bOY0dpI5M=">AAAB73icbVBNS8NAEJ3Ur1q/qh69BIvgqSQq6LHoxWMFWwttKJvtpF262cTdiVBK/4QXD4p49e9489+4bXPQ1gcDj/dmmJkXplIY8rxvp7Cyura+UdwsbW3v7O6V9w+aJsk0xwZPZKJbITMohcIGCZLYSjWyOJT4EA5vpv7DE2ojEnVPoxSDmPWViARnZKVWhwZIrHveLVe8qjeDu0z8nFQgR71b/ur0Ep7FqIhLZkzb91IKxkyT4BInpU5mMGV8yPrYtlSxGE0wnt07cU+s0nOjRNtS5M7U3xNjFhszikPbGTMamEVvKv7ntTOKroKxUGlGqPh8UZRJlxJ3+rzbExo5yZEljGthb3X5gGnGyUZUsiH4iy8vk+ZZ1feq/t1FpXadx1GEIziGU/DhEmpwC3VoAAcJz/AKb86j8+K8Ox/z1oKTzxzCHzifP9Bvj84=</latexit><latexit sha1_base64="sEfrZCRNHJ1LHhcgS2bOY0dpI5M=">AAAB73icbVBNS8NAEJ3Ur1q/qh69BIvgqSQq6LHoxWMFWwttKJvtpF262cTdiVBK/4QXD4p49e9489+4bXPQ1gcDj/dmmJkXplIY8rxvp7Cyura+UdwsbW3v7O6V9w+aJsk0xwZPZKJbITMohcIGCZLYSjWyOJT4EA5vpv7DE2ojEnVPoxSDmPWViARnZKVWhwZIrHveLVe8qjeDu0z8nFQgR71b/ur0Ep7FqIhLZkzb91IKxkyT4BInpU5mMGV8yPrYtlSxGE0wnt07cU+s0nOjRNtS5M7U3xNjFhszikPbGTMamEVvKv7ntTOKroKxUGlGqPh8UZRJlxJ3+rzbExo5yZEljGthb3X5gGnGyUZUsiH4iy8vk+ZZ1feq/t1FpXadx1GEIziGU/DhEmpwC3VoAAcJz/AKb86j8+K8Ox/z1oKTzxzCHzifP9Bvj84=</latexit><latexit sha1_base64="sEfrZCRNHJ1LHhcgS2bOY0dpI5M=">AAAB73icbVBNS8NAEJ3Ur1q/qh69BIvgqSQq6LHoxWMFWwttKJvtpF262cTdiVBK/4QXD4p49e9489+4bXPQ1gcDj/dmmJkXplIY8rxvp7Cyura+UdwsbW3v7O6V9w+aJsk0xwZPZKJbITMohcIGCZLYSjWyOJT4EA5vpv7DE2ojEnVPoxSDmPWViARnZKVWhwZIrHveLVe8qjeDu0z8nFQgR71b/ur0Ep7FqIhLZkzb91IKxkyT4BInpU5mMGV8yPrYtlSxGE0wnt07cU+s0nOjRNtS5M7U3xNjFhszikPbGTMamEVvKv7ntTOKroKxUGlGqPh8UZRJlxJ3+rzbExo5yZEljGthb3X5gGnGyUZUsiH4iy8vk+ZZ1feq/t1FpXadx1GEIziGU/DhEmpwC3VoAAcJz/AKb86j8+K8Ox/z1oKTzxzCHzifP9Bvj84=</latexit><latexit sha1_base64="sEfrZCRNHJ1LHhcgS2bOY0dpI5M=">AAAB73icbVBNS8NAEJ3Ur1q/qh69BIvgqSQq6LHoxWMFWwttKJvtpF262cTdiVBK/4QXD4p49e9489+4bXPQ1gcDj/dmmJkXplIY8rxvp7Cyura+UdwsbW3v7O6V9w+aJsk0xwZPZKJbITMohcIGCZLYSjWyOJT4EA5vpv7DE2ojEnVPoxSDmPWViARnZKVWhwZIrHveLVe8qjeDu0z8nFQgR71b/ur0Ep7FqIhLZkzb91IKxkyT4BInpU5mMGV8yPrYtlSxGE0wnt07cU+s0nOjRNtS5M7U3xNjFhszikPbGTMamEVvKv7ntTOKroKxUGlGqPh8UZRJlxJ3+rzbExo5yZEljGthb3X5gGnGyUZUsiH4iy8vk+ZZ1feq/t1FpXadx1GEIziGU/DhEmpwC3VoAAcJz/AKb86j8+K8Ox/z1oKTzxzCHzifP9Bvj84=</latexit>

T3 = {y5, y6}
<latexit sha1_base64="LwxbD5bgl32pINRhEeIeNWmb/8I=">AAAB+3icbVDLSsNAFL3xWesr1qWbwSK4kJL43ghFNy4r9AVNCJPptB06eTAzEUPIr7hxoYhbf8Sdf+O0zUJbD1w4nHMv997jx5xJZVnfxtLyyuraemmjvLm1vbNr7lXaMkoEoS0S8Uh0fSwpZyFtKaY47caC4sDntOOP7yZ+55EKyaKwqdKYugEehmzACFZa8sxK0ztDN8jJUu/iBKXepZN7ZtWqWVOgRWIXpAoFGp755fQjkgQ0VIRjKXu2FSs3w0IxwmledhJJY0zGeEh7moY4oNLNprfn6EgrfTSIhK5Qoan6eyLDgZRp4OvOAKuRnPcm4n9eL1GDazdjYZwoGpLZokHCkYrQJAjUZ4ISxVNNMBFM34rICAtMlI6rrEOw519eJO3Tmm3V7Ifzav22iKMEB3AIx2DDFdThHhrQAgJP8Ayv8GbkxovxbnzMWpeMYmYf/sD4/AGV5ZLZ</latexit><latexit sha1_base64="LwxbD5bgl32pINRhEeIeNWmb/8I=">AAAB+3icbVDLSsNAFL3xWesr1qWbwSK4kJL43ghFNy4r9AVNCJPptB06eTAzEUPIr7hxoYhbf8Sdf+O0zUJbD1w4nHMv997jx5xJZVnfxtLyyuraemmjvLm1vbNr7lXaMkoEoS0S8Uh0fSwpZyFtKaY47caC4sDntOOP7yZ+55EKyaKwqdKYugEehmzACFZa8sxK0ztDN8jJUu/iBKXepZN7ZtWqWVOgRWIXpAoFGp755fQjkgQ0VIRjKXu2FSs3w0IxwmledhJJY0zGeEh7moY4oNLNprfn6EgrfTSIhK5Qoan6eyLDgZRp4OvOAKuRnPcm4n9eL1GDazdjYZwoGpLZokHCkYrQJAjUZ4ISxVNNMBFM34rICAtMlI6rrEOw519eJO3Tmm3V7Ifzav22iKMEB3AIx2DDFdThHhrQAgJP8Ayv8GbkxovxbnzMWpeMYmYf/sD4/AGV5ZLZ</latexit><latexit sha1_base64="LwxbD5bgl32pINRhEeIeNWmb/8I=">AAAB+3icbVDLSsNAFL3xWesr1qWbwSK4kJL43ghFNy4r9AVNCJPptB06eTAzEUPIr7hxoYhbf8Sdf+O0zUJbD1w4nHMv997jx5xJZVnfxtLyyuraemmjvLm1vbNr7lXaMkoEoS0S8Uh0fSwpZyFtKaY47caC4sDntOOP7yZ+55EKyaKwqdKYugEehmzACFZa8sxK0ztDN8jJUu/iBKXepZN7ZtWqWVOgRWIXpAoFGp755fQjkgQ0VIRjKXu2FSs3w0IxwmledhJJY0zGeEh7moY4oNLNprfn6EgrfTSIhK5Qoan6eyLDgZRp4OvOAKuRnPcm4n9eL1GDazdjYZwoGpLZokHCkYrQJAjUZ4ISxVNNMBFM34rICAtMlI6rrEOw519eJO3Tmm3V7Ifzav22iKMEB3AIx2DDFdThHhrQAgJP8Ayv8GbkxovxbnzMWpeMYmYf/sD4/AGV5ZLZ</latexit><latexit sha1_base64="LwxbD5bgl32pINRhEeIeNWmb/8I=">AAAB+3icbVDLSsNAFL3xWesr1qWbwSK4kJL43ghFNy4r9AVNCJPptB06eTAzEUPIr7hxoYhbf8Sdf+O0zUJbD1w4nHMv997jx5xJZVnfxtLyyuraemmjvLm1vbNr7lXaMkoEoS0S8Uh0fSwpZyFtKaY47caC4sDntOOP7yZ+55EKyaKwqdKYugEehmzACFZa8sxK0ztDN8jJUu/iBKXepZN7ZtWqWVOgRWIXpAoFGp755fQjkgQ0VIRjKXu2FSs3w0IxwmledhJJY0zGeEh7moY4oNLNprfn6EgrfTSIhK5Qoan6eyLDgZRp4OvOAKuRnPcm4n9eL1GDazdjYZwoGpLZokHCkYrQJAjUZ4ISxVNNMBFM34rICAtMlI6rrEOw519eJO3Tmm3V7Ifzav22iKMEB3AIx2DDFdThHhrQAgJP8Ayv8GbkxovxbnzMWpeMYmYf/sD4/AGV5ZLZ</latexit>

D3
<latexit sha1_base64="62hRsAjW7tKVI0FX4k//oGPjLlY=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclRkVdFnUhcsK9gHtUDLpbRuayYxJplCGfocbF4q49WPc+Tdm2llo64HA4Zx7uScniAXXxnW/nZXVtfWNzcJWcXtnd2+/dHDY0FGiGNZZJCLVCqhGwSXWDTcCW7FCGgYCm8HoNvObY1SaR/LRTGL0QzqQvM8ZNVbyOyE1Q0ZFejftXnRLZbfizkCWiZeTMuSodUtfnV7EkhClYYJq3fbc2PgpVYYzgdNiJ9EYUzaiA2xbKmmI2k9noafk1Co90o+UfdKQmfp7I6Wh1pMwsJNZSL3oZeJ/Xjsx/Ws/5TJODEo2P9RPBDERyRogPa6QGTGxhDLFbVbChlRRZmxPRVuCt/jlZdI4r3huxXu4LFdv8joKcAwncAYeXEEV7qEGdWDwBM/wCm/O2Hlx3p2P+eiKk+8cwR84nz+laZIA</latexit><latexit sha1_base64="62hRsAjW7tKVI0FX4k//oGPjLlY=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclRkVdFnUhcsK9gHtUDLpbRuayYxJplCGfocbF4q49WPc+Tdm2llo64HA4Zx7uScniAXXxnW/nZXVtfWNzcJWcXtnd2+/dHDY0FGiGNZZJCLVCqhGwSXWDTcCW7FCGgYCm8HoNvObY1SaR/LRTGL0QzqQvM8ZNVbyOyE1Q0ZFejftXnRLZbfizkCWiZeTMuSodUtfnV7EkhClYYJq3fbc2PgpVYYzgdNiJ9EYUzaiA2xbKmmI2k9noafk1Co90o+UfdKQmfp7I6Wh1pMwsJNZSL3oZeJ/Xjsx/Ws/5TJODEo2P9RPBDERyRogPa6QGTGxhDLFbVbChlRRZmxPRVuCt/jlZdI4r3huxXu4LFdv8joKcAwncAYeXEEV7qEGdWDwBM/wCm/O2Hlx3p2P+eiKk+8cwR84nz+laZIA</latexit><latexit sha1_base64="62hRsAjW7tKVI0FX4k//oGPjLlY=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclRkVdFnUhcsK9gHtUDLpbRuayYxJplCGfocbF4q49WPc+Tdm2llo64HA4Zx7uScniAXXxnW/nZXVtfWNzcJWcXtnd2+/dHDY0FGiGNZZJCLVCqhGwSXWDTcCW7FCGgYCm8HoNvObY1SaR/LRTGL0QzqQvM8ZNVbyOyE1Q0ZFejftXnRLZbfizkCWiZeTMuSodUtfnV7EkhClYYJq3fbc2PgpVYYzgdNiJ9EYUzaiA2xbKmmI2k9noafk1Co90o+UfdKQmfp7I6Wh1pMwsJNZSL3oZeJ/Xjsx/Ws/5TJODEo2P9RPBDERyRogPa6QGTGxhDLFbVbChlRRZmxPRVuCt/jlZdI4r3huxXu4LFdv8joKcAwncAYeXEEV7qEGdWDwBM/wCm/O2Hlx3p2P+eiKk+8cwR84nz+laZIA</latexit><latexit sha1_base64="62hRsAjW7tKVI0FX4k//oGPjLlY=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclRkVdFnUhcsK9gHtUDLpbRuayYxJplCGfocbF4q49WPc+Tdm2llo64HA4Zx7uScniAXXxnW/nZXVtfWNzcJWcXtnd2+/dHDY0FGiGNZZJCLVCqhGwSXWDTcCW7FCGgYCm8HoNvObY1SaR/LRTGL0QzqQvM8ZNVbyOyE1Q0ZFejftXnRLZbfizkCWiZeTMuSodUtfnV7EkhClYYJq3fbc2PgpVYYzgdNiJ9EYUzaiA2xbKmmI2k9noafk1Co90o+UfdKQmfp7I6Wh1pMwsJNZSL3oZeJ/Xjsx/Ws/5TJODEo2P9RPBDERyRogPa6QGTGxhDLFbVbChlRRZmxPRVuCt/jlZdI4r3huxXu4LFdv8joKcAwncAYeXEEV7qEGdWDwBM/wCm/O2Hlx3p2P+eiKk+8cwR84nz+laZIA</latexit>

a3
5

<latexit sha1_base64="D0JYKjNDf1BdnL+Se4tfX6VDh+U=">AAAB/3icbVDJSgNBEO2JW4xbVPDipTEInsKMC3oMevEYwSyQxNDTU5M06VnorhHDOAd/xYsHRbz6G978GzvLQRMfFDzeq+rqem4shUbb/rZyC4tLyyv51cLa+sbmVnF7p66jRHGo8UhGqukyDVKEUEOBEpqxAha4Ehru4GrkN+5BaRGFtziMoROwXih8wRkaqVvcayM84PidVIGXpax7dneSdYslu2yPQeeJMyUlMkW1W/xqexFPAgiRS6Z1y7Fj7KRMoeASskI70RAzPmA9aBkasgB0Jx3vzeihUTzqR8pUiHSs/p5IWaD1MHBNZ8Cwr2e9kfif10rQv+ikIowThJBPFvmJpBjRURjUEwo4yqEhjCth/kp5nynG0URWMCE4syfPk/px2bHLzs1pqXI5jSNP9skBOSIOOScVck2qpEY4eSTP5JW8WU/Wi/VufUxac9Z0Zpf8gfX5A6D7lng=</latexit><latexit sha1_base64="D0JYKjNDf1BdnL+Se4tfX6VDh+U=">AAAB/3icbVDJSgNBEO2JW4xbVPDipTEInsKMC3oMevEYwSyQxNDTU5M06VnorhHDOAd/xYsHRbz6G978GzvLQRMfFDzeq+rqem4shUbb/rZyC4tLyyv51cLa+sbmVnF7p66jRHGo8UhGqukyDVKEUEOBEpqxAha4Ehru4GrkN+5BaRGFtziMoROwXih8wRkaqVvcayM84PidVIGXpax7dneSdYslu2yPQeeJMyUlMkW1W/xqexFPAgiRS6Z1y7Fj7KRMoeASskI70RAzPmA9aBkasgB0Jx3vzeihUTzqR8pUiHSs/p5IWaD1MHBNZ8Cwr2e9kfif10rQv+ikIowThJBPFvmJpBjRURjUEwo4yqEhjCth/kp5nynG0URWMCE4syfPk/px2bHLzs1pqXI5jSNP9skBOSIOOScVck2qpEY4eSTP5JW8WU/Wi/VufUxac9Z0Zpf8gfX5A6D7lng=</latexit><latexit sha1_base64="D0JYKjNDf1BdnL+Se4tfX6VDh+U=">AAAB/3icbVDJSgNBEO2JW4xbVPDipTEInsKMC3oMevEYwSyQxNDTU5M06VnorhHDOAd/xYsHRbz6G978GzvLQRMfFDzeq+rqem4shUbb/rZyC4tLyyv51cLa+sbmVnF7p66jRHGo8UhGqukyDVKEUEOBEpqxAha4Ehru4GrkN+5BaRGFtziMoROwXih8wRkaqVvcayM84PidVIGXpax7dneSdYslu2yPQeeJMyUlMkW1W/xqexFPAgiRS6Z1y7Fj7KRMoeASskI70RAzPmA9aBkasgB0Jx3vzeihUTzqR8pUiHSs/p5IWaD1MHBNZ8Cwr2e9kfif10rQv+ikIowThJBPFvmJpBjRURjUEwo4yqEhjCth/kp5nynG0URWMCE4syfPk/px2bHLzs1pqXI5jSNP9skBOSIOOScVck2qpEY4eSTP5JW8WU/Wi/VufUxac9Z0Zpf8gfX5A6D7lng=</latexit><latexit sha1_base64="D0JYKjNDf1BdnL+Se4tfX6VDh+U=">AAAB/3icbVDJSgNBEO2JW4xbVPDipTEInsKMC3oMevEYwSyQxNDTU5M06VnorhHDOAd/xYsHRbz6G978GzvLQRMfFDzeq+rqem4shUbb/rZyC4tLyyv51cLa+sbmVnF7p66jRHGo8UhGqukyDVKEUEOBEpqxAha4Ehru4GrkN+5BaRGFtziMoROwXih8wRkaqVvcayM84PidVIGXpax7dneSdYslu2yPQeeJMyUlMkW1W/xqexFPAgiRS6Z1y7Fj7KRMoeASskI70RAzPmA9aBkasgB0Jx3vzeihUTzqR8pUiHSs/p5IWaD1MHBNZ8Cwr2e9kfif10rQv+ikIowThJBPFvmJpBjRURjUEwo4yqEhjCth/kp5nynG0URWMCE4syfPk/px2bHLzs1pqXI5jSNP9skBOSIOOScVck2qpEY4eSTP5JW8WU/Wi/VufUxac9Z0Zpf8gfX5A6D7lng=</latexit>

a⇤
5

<latexit sha1_base64="8KpwEnBreL3seyQ0psMg8vS0lok=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBZBPJREFD0WvXisYNpCG8tmO22XbjZhdyOU0N/gxYMiXv1B3vw3btsctPXBwOO9GWbmhYng2rjut1NYWV1b3yhulra2d3b3yvsHDR2niqHPYhGrVkg1Ci7RN9wIbCUKaRQKbIaj26nffEKleSwfzDjBIKIDyfucUWMln3YvH8+65YpbdWcgy8TLSQVy1Lvlr04vZmmE0jBBtW57bmKCjCrDmcBJqZNqTCgb0QG2LZU0Qh1ks2Mn5MQqPdKPlS1pyEz9PZHRSOtxFNrOiJqhXvSm4n9eOzX96yDjMkkNSjZf1E8FMTGZfk56XCEzYmwJZYrbWwkbUkWZsfmUbAje4svLpHFe9dyqd39Rqd3kcRThCI7hFDy4ghrcQR18YMDhGV7hzZHOi/PufMxbC04+cwh/4Hz+AAj/jik=</latexit><latexit sha1_base64="8KpwEnBreL3seyQ0psMg8vS0lok=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBZBPJREFD0WvXisYNpCG8tmO22XbjZhdyOU0N/gxYMiXv1B3vw3btsctPXBwOO9GWbmhYng2rjut1NYWV1b3yhulra2d3b3yvsHDR2niqHPYhGrVkg1Ci7RN9wIbCUKaRQKbIaj26nffEKleSwfzDjBIKIDyfucUWMln3YvH8+65YpbdWcgy8TLSQVy1Lvlr04vZmmE0jBBtW57bmKCjCrDmcBJqZNqTCgb0QG2LZU0Qh1ks2Mn5MQqPdKPlS1pyEz9PZHRSOtxFNrOiJqhXvSm4n9eOzX96yDjMkkNSjZf1E8FMTGZfk56XCEzYmwJZYrbWwkbUkWZsfmUbAje4svLpHFe9dyqd39Rqd3kcRThCI7hFDy4ghrcQR18YMDhGV7hzZHOi/PufMxbC04+cwh/4Hz+AAj/jik=</latexit><latexit sha1_base64="8KpwEnBreL3seyQ0psMg8vS0lok=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBZBPJREFD0WvXisYNpCG8tmO22XbjZhdyOU0N/gxYMiXv1B3vw3btsctPXBwOO9GWbmhYng2rjut1NYWV1b3yhulra2d3b3yvsHDR2niqHPYhGrVkg1Ci7RN9wIbCUKaRQKbIaj26nffEKleSwfzDjBIKIDyfucUWMln3YvH8+65YpbdWcgy8TLSQVy1Lvlr04vZmmE0jBBtW57bmKCjCrDmcBJqZNqTCgb0QG2LZU0Qh1ks2Mn5MQqPdKPlS1pyEz9PZHRSOtxFNrOiJqhXvSm4n9eOzX96yDjMkkNSjZf1E8FMTGZfk56XCEzYmwJZYrbWwkbUkWZsfmUbAje4svLpHFe9dyqd39Rqd3kcRThCI7hFDy4ghrcQR18YMDhGV7hzZHOi/PufMxbC04+cwh/4Hz+AAj/jik=</latexit><latexit sha1_base64="8KpwEnBreL3seyQ0psMg8vS0lok=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBZBPJREFD0WvXisYNpCG8tmO22XbjZhdyOU0N/gxYMiXv1B3vw3btsctPXBwOO9GWbmhYng2rjut1NYWV1b3yhulra2d3b3yvsHDR2niqHPYhGrVkg1Ci7RN9wIbCUKaRQKbIaj26nffEKleSwfzDjBIKIDyfucUWMln3YvH8+65YpbdWcgy8TLSQVy1Lvlr04vZmmE0jBBtW57bmKCjCrDmcBJqZNqTCgb0QG2LZU0Qh1ks2Mn5MQqPdKPlS1pyEz9PZHRSOtxFNrOiJqhXvSm4n9eOzX96yDjMkkNSjZf1E8FMTGZfk56XCEzYmwJZYrbWwkbUkWZsfmUbAje4svLpHFe9dyqd39Rqd3kcRThCI7hFDy4ghrcQR18YMDhGV7hzZHOi/PufMxbC04+cwh/4Hz+AAj/jik=</latexit>

T = {y1, · · · , y6}
<latexit sha1_base64="7iRsLJzRxGvKp6ubZr80+iUrmfQ=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEF6UkIupGKLpxWaEPoQlhMpm0QyeZMDMRQihu/BU3LhRx61e482+ctFlo64ELh3Pu5d57/IRRqSzr26gsLa+srlXXaxubW9s75u5eT/JUYNLFnHFx7yNJGI1JV1HFyH0iCIp8Rvr++Kbw+w9ESMrjjsoS4kZoGNOQYqS05JkHHXgFnTzz7AZ0cMCVbMDMO3cmNc+sW01rCrhI7JLUQYm2Z345AcdpRGKFGZJyYFuJcnMkFMWMTGpOKkmC8BgNyUDTGEVEuvn0hQk81koAQy50xQpO1d8TOYqkzCJfd0ZIjeS8V4j/eYNUhZduTuMkVSTGs0VhyqDisMgDBlQQrFimCcKC6lshHiGBsNKpFSHY8y8vkt5p07aa9t1ZvXVdxlEFh+AInAAbXIAWuAVt0AUYPIJn8ArejCfjxXg3PmatFaOc2Qd/YHz+ACdulVg=</latexit><latexit sha1_base64="7iRsLJzRxGvKp6ubZr80+iUrmfQ=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEF6UkIupGKLpxWaEPoQlhMpm0QyeZMDMRQihu/BU3LhRx61e482+ctFlo64ELh3Pu5d57/IRRqSzr26gsLa+srlXXaxubW9s75u5eT/JUYNLFnHFx7yNJGI1JV1HFyH0iCIp8Rvr++Kbw+w9ESMrjjsoS4kZoGNOQYqS05JkHHXgFnTzz7AZ0cMCVbMDMO3cmNc+sW01rCrhI7JLUQYm2Z345AcdpRGKFGZJyYFuJcnMkFMWMTGpOKkmC8BgNyUDTGEVEuvn0hQk81koAQy50xQpO1d8TOYqkzCJfd0ZIjeS8V4j/eYNUhZduTuMkVSTGs0VhyqDisMgDBlQQrFimCcKC6lshHiGBsNKpFSHY8y8vkt5p07aa9t1ZvXVdxlEFh+AInAAbXIAWuAVt0AUYPIJn8ArejCfjxXg3PmatFaOc2Qd/YHz+ACdulVg=</latexit><latexit sha1_base64="7iRsLJzRxGvKp6ubZr80+iUrmfQ=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEF6UkIupGKLpxWaEPoQlhMpm0QyeZMDMRQihu/BU3LhRx61e482+ctFlo64ELh3Pu5d57/IRRqSzr26gsLa+srlXXaxubW9s75u5eT/JUYNLFnHFx7yNJGI1JV1HFyH0iCIp8Rvr++Kbw+w9ESMrjjsoS4kZoGNOQYqS05JkHHXgFnTzz7AZ0cMCVbMDMO3cmNc+sW01rCrhI7JLUQYm2Z345AcdpRGKFGZJyYFuJcnMkFMWMTGpOKkmC8BgNyUDTGEVEuvn0hQk81koAQy50xQpO1d8TOYqkzCJfd0ZIjeS8V4j/eYNUhZduTuMkVSTGs0VhyqDisMgDBlQQrFimCcKC6lshHiGBsNKpFSHY8y8vkt5p07aa9t1ZvXVdxlEFh+AInAAbXIAWuAVt0AUYPIJn8ArejCfjxXg3PmatFaOc2Qd/YHz+ACdulVg=</latexit><latexit sha1_base64="7iRsLJzRxGvKp6ubZr80+iUrmfQ=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEF6UkIupGKLpxWaEPoQlhMpm0QyeZMDMRQihu/BU3LhRx61e482+ctFlo64ELh3Pu5d57/IRRqSzr26gsLa+srlXXaxubW9s75u5eT/JUYNLFnHFx7yNJGI1JV1HFyH0iCIp8Rvr++Kbw+w9ESMrjjsoS4kZoGNOQYqS05JkHHXgFnTzz7AZ0cMCVbMDMO3cmNc+sW01rCrhI7JLUQYm2Z345AcdpRGKFGZJyYFuJcnMkFMWMTGpOKkmC8BgNyUDTGEVEuvn0hQk81koAQy50xQpO1d8TOYqkzCJfd0ZIjeS8V4j/eYNUhZduTuMkVSTGs0VhyqDisMgDBlQQrFimCcKC6lshHiGBsNKpFSHY8y8vkt5p07aa9t1ZvXVdxlEFh+AInAAbXIAWuAVt0AUYPIJn8ArejCfjxXg3PmatFaOc2Qd/YHz+ACdulVg=</latexit>

D = [3
i=1Di

<latexit sha1_base64="h72J+JUYWJ2J2tegOptJh7EWSIk=">AAACEXicbVDLSsNAFJ3UV62vqEs3g0XoqiQq6KZQ1IXLCvYBTQyT6aQdOpmEmYlQQn7Bjb/ixoUibt2582+ctFnU1gMXDufcy733+DGjUlnWj1FaWV1b3yhvVra2d3b3zP2DjowSgUkbRywSPR9JwignbUUVI71YEBT6jHT98XXudx+JkDTi92oSEzdEQ04DipHSkmfWnBCpEUYsvclgAzo4ib2UNuzs4WzO8WjFM6tW3ZoCLhO7IFVQoOWZ384gwklIuMIMSdm3rVi5KRKKYkayipNIEiM8RkPS15SjkEg3nX6UwROtDGAQCV1cwak6P5GiUMpJ6OvO/Eq56OXif14/UcGlm1IeJ4pwPFsUJAyqCObxwAEVBCs20QRhQfWtEI+QQFjpEPMQ7MWXl0nntG5bdfvuvNq8KuIogyNwDGrABhegCW5BC7QBBk/gBbyBd+PZeDU+jM9Za8koZg7BHxhfv4yAnNE=</latexit><latexit sha1_base64="h72J+JUYWJ2J2tegOptJh7EWSIk=">AAACEXicbVDLSsNAFJ3UV62vqEs3g0XoqiQq6KZQ1IXLCvYBTQyT6aQdOpmEmYlQQn7Bjb/ixoUibt2582+ctFnU1gMXDufcy733+DGjUlnWj1FaWV1b3yhvVra2d3b3zP2DjowSgUkbRywSPR9JwignbUUVI71YEBT6jHT98XXudx+JkDTi92oSEzdEQ04DipHSkmfWnBCpEUYsvclgAzo4ib2UNuzs4WzO8WjFM6tW3ZoCLhO7IFVQoOWZ384gwklIuMIMSdm3rVi5KRKKYkayipNIEiM8RkPS15SjkEg3nX6UwROtDGAQCV1cwak6P5GiUMpJ6OvO/Eq56OXif14/UcGlm1IeJ4pwPFsUJAyqCObxwAEVBCs20QRhQfWtEI+QQFjpEPMQ7MWXl0nntG5bdfvuvNq8KuIogyNwDGrABhegCW5BC7QBBk/gBbyBd+PZeDU+jM9Za8koZg7BHxhfv4yAnNE=</latexit><latexit sha1_base64="h72J+JUYWJ2J2tegOptJh7EWSIk=">AAACEXicbVDLSsNAFJ3UV62vqEs3g0XoqiQq6KZQ1IXLCvYBTQyT6aQdOpmEmYlQQn7Bjb/ixoUibt2582+ctFnU1gMXDufcy733+DGjUlnWj1FaWV1b3yhvVra2d3b3zP2DjowSgUkbRywSPR9JwignbUUVI71YEBT6jHT98XXudx+JkDTi92oSEzdEQ04DipHSkmfWnBCpEUYsvclgAzo4ib2UNuzs4WzO8WjFM6tW3ZoCLhO7IFVQoOWZ384gwklIuMIMSdm3rVi5KRKKYkayipNIEiM8RkPS15SjkEg3nX6UwROtDGAQCV1cwak6P5GiUMpJ6OvO/Eq56OXif14/UcGlm1IeJ4pwPFsUJAyqCObxwAEVBCs20QRhQfWtEI+QQFjpEPMQ7MWXl0nntG5bdfvuvNq8KuIogyNwDGrABhegCW5BC7QBBk/gBbyBd+PZeDU+jM9Za8koZg7BHxhfv4yAnNE=</latexit><latexit sha1_base64="h72J+JUYWJ2J2tegOptJh7EWSIk=">AAACEXicbVDLSsNAFJ3UV62vqEs3g0XoqiQq6KZQ1IXLCvYBTQyT6aQdOpmEmYlQQn7Bjb/ixoUibt2582+ctFnU1gMXDufcy733+DGjUlnWj1FaWV1b3yhvVra2d3b3zP2DjowSgUkbRywSPR9JwignbUUVI71YEBT6jHT98XXudx+JkDTi92oSEzdEQ04DipHSkmfWnBCpEUYsvclgAzo4ib2UNuzs4WzO8WjFM6tW3ZoCLhO7IFVQoOWZ384gwklIuMIMSdm3rVi5KRKKYkayipNIEiM8RkPS15SjkEg3nX6UwROtDGAQCV1cwak6P5GiUMpJ6OvO/Eq56OXif14/UcGlm1IeJ4pwPFsUJAyqCObxwAEVBCs20QRhQfWtEI+QQFjpEPMQ7MWXl0nntG5bdfvuvNq8KuIogyNwDGrABhegCW5BC7QBBk/gBbyBd+PZeDU+jM9Za8koZg7BHxhfv4yAnNE=</latexit>

✓⇤
<latexit sha1_base64="ZgGLxwiTVh36uGTFt5Dvp6p74lQ=">AAAB73icbVBNS8NAEN3Ur1q/qh69LBZBPJREBD0WvXisYD+gjWWznbRLN5u4OxFK6J/w4kERr/4db/4bt20O2vpg4PHeDDPzgkQKg6777RRWVtfWN4qbpa3tnd298v5B08Sp5tDgsYx1O2AGpFDQQIES2okGFgUSWsHoZuq3nkAbEat7HCfgR2ygRCg4Qyu1uzgEZA9nvXLFrboz0GXi5aRCctR75a9uP+ZpBAq5ZMZ0PDdBP2MaBZcwKXVTAwnjIzaAjqWKRWD8bHbvhJ5YpU/DWNtSSGfq74mMRcaMo8B2RgyHZtGbiv95nRTDKz8TKkkRFJ8vClNJMabT52lfaOAox5YwroW9lfIh04yjjahkQ/AWX14mzfOq51a9u4tK7TqPo0iOyDE5JR65JDVyS+qkQTiR5Jm8kjfn0Xlx3p2PeWvByWcOyR84nz/BRo/E</latexit><latexit sha1_base64="ZgGLxwiTVh36uGTFt5Dvp6p74lQ=">AAAB73icbVBNS8NAEN3Ur1q/qh69LBZBPJREBD0WvXisYD+gjWWznbRLN5u4OxFK6J/w4kERr/4db/4bt20O2vpg4PHeDDPzgkQKg6777RRWVtfWN4qbpa3tnd298v5B08Sp5tDgsYx1O2AGpFDQQIES2okGFgUSWsHoZuq3nkAbEat7HCfgR2ygRCg4Qyu1uzgEZA9nvXLFrboz0GXi5aRCctR75a9uP+ZpBAq5ZMZ0PDdBP2MaBZcwKXVTAwnjIzaAjqWKRWD8bHbvhJ5YpU/DWNtSSGfq74mMRcaMo8B2RgyHZtGbiv95nRTDKz8TKkkRFJ8vClNJMabT52lfaOAox5YwroW9lfIh04yjjahkQ/AWX14mzfOq51a9u4tK7TqPo0iOyDE5JR65JDVyS+qkQTiR5Jm8kjfn0Xlx3p2PeWvByWcOyR84nz/BRo/E</latexit><latexit sha1_base64="ZgGLxwiTVh36uGTFt5Dvp6p74lQ=">AAAB73icbVBNS8NAEN3Ur1q/qh69LBZBPJREBD0WvXisYD+gjWWznbRLN5u4OxFK6J/w4kERr/4db/4bt20O2vpg4PHeDDPzgkQKg6777RRWVtfWN4qbpa3tnd298v5B08Sp5tDgsYx1O2AGpFDQQIES2okGFgUSWsHoZuq3nkAbEat7HCfgR2ygRCg4Qyu1uzgEZA9nvXLFrboz0GXi5aRCctR75a9uP+ZpBAq5ZMZ0PDdBP2MaBZcwKXVTAwnjIzaAjqWKRWD8bHbvhJ5YpU/DWNtSSGfq74mMRcaMo8B2RgyHZtGbiv95nRTDKz8TKkkRFJ8vClNJMabT52lfaOAox5YwroW9lfIh04yjjahkQ/AWX14mzfOq51a9u4tK7TqPo0iOyDE5JR65JDVyS+qkQTiR5Jm8kjfn0Xlx3p2PeWvByWcOyR84nz/BRo/E</latexit><latexit sha1_base64="ZgGLxwiTVh36uGTFt5Dvp6p74lQ=">AAAB73icbVBNS8NAEN3Ur1q/qh69LBZBPJREBD0WvXisYD+gjWWznbRLN5u4OxFK6J/w4kERr/4db/4bt20O2vpg4PHeDDPzgkQKg6777RRWVtfWN4qbpa3tnd298v5B08Sp5tDgsYx1O2AGpFDQQIES2okGFgUSWsHoZuq3nkAbEat7HCfgR2ygRCg4Qyu1uzgEZA9nvXLFrboz0GXi5aRCctR75a9uP+ZpBAq5ZMZ0PDdBP2MaBZcwKXVTAwnjIzaAjqWKRWD8bHbvhJ5YpU/DWNtSSGfq74mMRcaMo8B2RgyHZtGbiv95nRTDKz8TKkkRFJ8vClNJMabT52lfaOAox5YwroW9lfIh04yjjahkQ/AWX14mzfOq51a9u4tK7TqPo0iOyDE5JR65JDVyS+qkQTiR5Jm8kjfn0Xlx3p2PeWvByWcOyR84nz/BRo/E</latexit>

PFT (I3
5 < 0)

<latexit sha1_base64="cidcbnM6hInI2GcfUNWcZcryXxk=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoMQL2HXB3rwEBREbxHygmQTZiezyZDZ2WVmVglL/sOLB0W8+i/e/BsnyR40saChqOqmu8uLOFPatr+tzNLyyupadj23sbm1vZPf3aurMJaE1kjIQ9n0sKKcCVrTTHPajCTFgcdpwxveTPzGI5WKhaKqRxF1A9wXzGcEayN1KrfV4n33vHOKrpB93M0X7JI9BVokTkoKkKLSzX+1eyGJAyo04ViplmNH2k2w1IxwOs61Y0UjTIa4T1uGChxQ5SbTq8foyCg95IfSlNBoqv6eSHCg1CjwTGeA9UDNexPxP68Va//STZiIYk0FmS3yY450iCYRoB6TlGg+MgQTycytiAywxESboHImBGf+5UVSPyk5dsl5OCuUr9M4snAAh1AEBy6gDHdQgRoQkPAMr/BmPVkv1rv1MWvNWOnMPvyB9fkDNh2QWw==</latexit><latexit sha1_base64="cidcbnM6hInI2GcfUNWcZcryXxk=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoMQL2HXB3rwEBREbxHygmQTZiezyZDZ2WVmVglL/sOLB0W8+i/e/BsnyR40saChqOqmu8uLOFPatr+tzNLyyupadj23sbm1vZPf3aurMJaE1kjIQ9n0sKKcCVrTTHPajCTFgcdpwxveTPzGI5WKhaKqRxF1A9wXzGcEayN1KrfV4n33vHOKrpB93M0X7JI9BVokTkoKkKLSzX+1eyGJAyo04ViplmNH2k2w1IxwOs61Y0UjTIa4T1uGChxQ5SbTq8foyCg95IfSlNBoqv6eSHCg1CjwTGeA9UDNexPxP68Va//STZiIYk0FmS3yY450iCYRoB6TlGg+MgQTycytiAywxESboHImBGf+5UVSPyk5dsl5OCuUr9M4snAAh1AEBy6gDHdQgRoQkPAMr/BmPVkv1rv1MWvNWOnMPvyB9fkDNh2QWw==</latexit><latexit sha1_base64="cidcbnM6hInI2GcfUNWcZcryXxk=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoMQL2HXB3rwEBREbxHygmQTZiezyZDZ2WVmVglL/sOLB0W8+i/e/BsnyR40saChqOqmu8uLOFPatr+tzNLyyupadj23sbm1vZPf3aurMJaE1kjIQ9n0sKKcCVrTTHPajCTFgcdpwxveTPzGI5WKhaKqRxF1A9wXzGcEayN1KrfV4n33vHOKrpB93M0X7JI9BVokTkoKkKLSzX+1eyGJAyo04ViplmNH2k2w1IxwOs61Y0UjTIa4T1uGChxQ5SbTq8foyCg95IfSlNBoqv6eSHCg1CjwTGeA9UDNexPxP68Va//STZiIYk0FmS3yY450iCYRoB6TlGg+MgQTycytiAywxESboHImBGf+5UVSPyk5dsl5OCuUr9M4snAAh1AEBy6gDHdQgRoQkPAMr/BmPVkv1rv1MWvNWOnMPvyB9fkDNh2QWw==</latexit><latexit sha1_base64="cidcbnM6hInI2GcfUNWcZcryXxk=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoMQL2HXB3rwEBREbxHygmQTZiezyZDZ2WVmVglL/sOLB0W8+i/e/BsnyR40saChqOqmu8uLOFPatr+tzNLyyupadj23sbm1vZPf3aurMJaE1kjIQ9n0sKKcCVrTTHPajCTFgcdpwxveTPzGI5WKhaKqRxF1A9wXzGcEayN1KrfV4n33vHOKrpB93M0X7JI9BVokTkoKkKLSzX+1eyGJAyo04ViplmNH2k2w1IxwOs61Y0UjTIa4T1uGChxQ5SbTq8foyCg95IfSlNBoqv6eSHCg1CjwTGeA9UDNexPxP68Va//STZiIYk0FmS3yY450iCYRoB6TlGg+MgQTycytiAywxESboHImBGf+5UVSPyk5dsl5OCuUr9M4snAAh1AEBy6gDHdQgRoQkPAMr/BmPVkv1rv1MWvNWOnMPvyB9fkDNh2QWw==</latexit>

I3
5 =

<latexit sha1_base64="uh4WliMZrrT847n/n1qRqJ62eVY=">AAACA3icbVC7SgNBFL0bX3F9RS1thgQhVdhVRBshaKNdBPOAZA2zk9lkyOzsMjMrhpDSD7DVT7ATWz9EsLDzN5xkU5jEAwOHc+7lnjl+zJnSjvNpZZaWV1bXsuv2xubW9k5ud6+mokQSWiURj2TDx4pyJmhVM81pI5YUhz6ndb9/Ofbr91QqFolbPYipF+KuYAEjWBupft0+uTtG5+1cwSk5E6BF4k5JoZwvfn0DQKWd+2l1IpKEVGjCsVJN14m1N8RSM8LpyG4lisaY9HGXNg0VOKTKG07ijtChUTooiKR5QqOJ+ndjiEOlBqFvJkOse2reG4v/ec1EB2fekIk40VSQ9FCQcKQjNP476jBJieYDQzCRzGRFpIclJto0NHPlIY1q26YZd76HRVI7KrlOyb0xFV1AiiwcQB6K4MIplOEKKlAFAn14gmd4sR6tV+vNek9HM9Z0Zx9mYH38AtjBmWM=</latexit><latexit sha1_base64="kS2wCYmQzo1ZaK/bmYEEZGdXcp4=">AAACA3icbVC7SgNBFL0bX3F9RS1thgQhVdhVJDZC0Ea7COYByRpmJ7PJkNkHM7NiWFL6AbbmE+zE1g/wE0R7f8NJ1sIkHhg4nHMv98xxI86ksqwPI7O0vLK6ll03Nza3tndyu3t1GcaC0BoJeSiaLpaUs4DWFFOcNiNBse9y2nAHFxO/cUeFZGFwo4YRdXzcC5jHCFZaalx1Tm6P0VknV7BK1hRokdi/pFDJF78+y+/jaif33e6GJPZpoAjHUrZsK1JOgoVihNOR2Y4ljTAZ4B5taRpgn0onmcYdoUOtdJEXCv0Chabq340E+1IOfVdP+lj15bw3Ef/zWrHyTp2EBVGsaEDSQ17MkQrR5O+oywQlig81wUQwnRWRPhaYKN3QzJX7NKpp6mbs+R4WSf2oZFsl+1pXdA4psnAAeSiCDWWowCVUoQYEBvAITzA2Hoxn48V4TUczxu/OPszAePsBGDKa+Q==</latexit><latexit sha1_base64="kS2wCYmQzo1ZaK/bmYEEZGdXcp4=">AAACA3icbVC7SgNBFL0bX3F9RS1thgQhVdhVJDZC0Ea7COYByRpmJ7PJkNkHM7NiWFL6AbbmE+zE1g/wE0R7f8NJ1sIkHhg4nHMv98xxI86ksqwPI7O0vLK6ll03Nza3tndyu3t1GcaC0BoJeSiaLpaUs4DWFFOcNiNBse9y2nAHFxO/cUeFZGFwo4YRdXzcC5jHCFZaalx1Tm6P0VknV7BK1hRokdi/pFDJF78+y+/jaif33e6GJPZpoAjHUrZsK1JOgoVihNOR2Y4ljTAZ4B5taRpgn0onmcYdoUOtdJEXCv0Chabq340E+1IOfVdP+lj15bw3Ef/zWrHyTp2EBVGsaEDSQ17MkQrR5O+oywQlig81wUQwnRWRPhaYKN3QzJX7NKpp6mbs+R4WSf2oZFsl+1pXdA4psnAAeSiCDWWowCVUoQYEBvAITzA2Hoxn48V4TUczxu/OPszAePsBGDKa+Q==</latexit><latexit sha1_base64="pfv2YEIxMVNRMBoAjelX8nf5U0E=">AAACA3icbVDLSsNAFL2prxpfUZduBovgqiSK6EYoutFdBfuANpbJdNIOnUzCzEQsoUs/wK1+gjtx64f4Bf6G0zYL23pg4HDOvdwzJ0g4U9p1v63C0vLK6lpx3d7Y3NrecXb36ipOJaE1EvNYNgOsKGeC1jTTnDYTSXEUcNoIBtdjv/FIpWKxuNfDhPoR7gkWMoK1kRq3nbOHU3TZcUpu2Z0ALRIvJyXIUe04P+1uTNKICk04VqrluYn2Myw1I5yO7HaqaILJAPdoy1CBI6r8bBJ3hI6M0kVhLM0TGk3UvxsZjpQaRoGZjLDuq3lvLP7ntVIdXvgZE0mqqSDTQ2HKkY7R+O+oyyQlmg8NwUQykxWRPpaYaNPQzJWnaVTbNs148z0skvpJ2XPL3p1bqlzlHRXhAA7hGDw4hwrcQBVqQGAAL/AKb9az9W59WJ/T0YKV7+zDDKyvX5g0lx0=</latexit>

a⇤
5 � a3

5
<latexit sha1_base64="tkqz8D5WgwhOWeOrKAkBGlvk13o=">AAACHHicbVDLSgNBEOyN7/iKehRkUAQRDLuK6FH04jGCiYEkhtlJxwyZfTDTKwlLbn6HH+BVP8GbeBUED978DSeJB2MsGCiquqea8mMlDbnuu5OZmJyanpmdy84vLC4t51ZWSyZKtMCiiFSkyz43qGSIRZKksBxr5IGv8Mpvn/X9q1vURkbhJXVjrAX8JpRNKThZqZ7b4PXD6122x6qEHRr8l2ps9NK+ftCr57bcvDsAGyfeD9k62dz5+ASAQj33VW1EIgkwJKG4MRXPjamWck1SKOxlq4nBmIs2v8GKpSEP0NTSQW6PbVulwZqRti8kNlB/b6Q8MKYb+HYy4NQyf72++J9XSah5XEtlGCeEoRgGNRPFKGL9UlhDahSkupZwoaW9lYkW11yQrW4kpTM8NZu1zXh/exgnpf285+a9C1vRKQwxC+uwCTvgwRGcwDkUoAgC7uABHuHJuXeenRfndTiacX521mAEzts3s8mjig==</latexit><latexit sha1_base64="yWXxcZLUOoRN4ki9W7ZNYjnQVOg=">AAACHHicbVDJSgNBFOyJW4xb1KMgTUQIgmFGkXgMevEYwSyQxNDTeYmNPQvdbyRhyM2/EPwAr/oJXkS8CqJ3f8POctDEgoai6r2uR7mhFBpt+8NKzMzOzS8kF1NLyyura+n1jbIOIsWhxAMZqKrLNEjhQwkFSqiGCpjnSqi416cDv3IDSovAv8BeCA2PdXzRFpyhkZrpbdY8utyj+7SO0MXhf7GCVj8e6If9ZnrHztlD0GnijMlOIZP9+sy/3BWb6e96K+CRBz5yybSuOXaIjZgpFFxCP1WPNISMX7MO1Az1mQe6EQ9z+3TXKC3aDpR5PtKh+nsjZp7WPc81kx7DKz3pDcT/vFqE7eNGLPwwQvD5KKgdSYoBHZRCW0IBR9kzhHElzK2UXzHFOJrq/qR0R6emUqYZZ7KHaVI+yDl2zjk3FZ2QEZJki2RIljgkTwrkjBRJiXBySx7II3my7q1n69V6G40mrPHOJvkD6/0H8yulIA==</latexit><latexit sha1_base64="yWXxcZLUOoRN4ki9W7ZNYjnQVOg=">AAACHHicbVDJSgNBFOyJW4xb1KMgTUQIgmFGkXgMevEYwSyQxNDTeYmNPQvdbyRhyM2/EPwAr/oJXkS8CqJ3f8POctDEgoai6r2uR7mhFBpt+8NKzMzOzS8kF1NLyyura+n1jbIOIsWhxAMZqKrLNEjhQwkFSqiGCpjnSqi416cDv3IDSovAv8BeCA2PdXzRFpyhkZrpbdY8utyj+7SO0MXhf7GCVj8e6If9ZnrHztlD0GnijMlOIZP9+sy/3BWb6e96K+CRBz5yybSuOXaIjZgpFFxCP1WPNISMX7MO1Az1mQe6EQ9z+3TXKC3aDpR5PtKh+nsjZp7WPc81kx7DKz3pDcT/vFqE7eNGLPwwQvD5KKgdSYoBHZRCW0IBR9kzhHElzK2UXzHFOJrq/qR0R6emUqYZZ7KHaVI+yDl2zjk3FZ2QEZJki2RIljgkTwrkjBRJiXBySx7II3my7q1n69V6G40mrPHOJvkD6/0H8yulIA==</latexit><latexit sha1_base64="h1113Jy2NSfys6kbXumfQsjEOw0=">AAACHHicbVBLSgNBFOyJvzj+oi4FaQyCCIYZRXQZdOMygvlAEkNP5yVp0vOh+40kDNl5Dg/gVo/gTtwKnsBr2JlkYaIFDUXVe12P8iIpNDrOl5VZWFxaXsmu2mvrG5tbue2dig5jxaHMQxmqmsc0SBFAGQVKqEUKmO9JqHr967FffQClRRjc4TCCps+6gegIztBIrdw+a53fH9MT2kAYYPpfoqA9Ssb62aiVyzsFJwX9S9wpyZMpSq3cd6Md8tiHALlkWtddJ8JmwhQKLmFkN2INEeN91oW6oQHzQTeTNHdED43Spp1QmRcgTdXfGwnztR76npn0Gfb0vDcW//PqMXYum4kIohgh4JOgTiwphnRcCm0LBRzl0BDGlTC3Ut5jinE01c2kDCan2rZpxp3v4S+pnBZcp+DeOvni1bSjLNkjB+SIuOSCFMkNKZEy4eSRPJMX8mo9WW/Wu/UxGc1Y051dMgPr8wdzPKFE</latexit>

NFT (I3
5 > 0)

<latexit sha1_base64="hrF8p2qBeTu+WpB/ZTiVbPW3qts=">AAACCHicbVDJSgNBEO2JW4xb1KMHG4MQL2HGBT1JUBC9SIRskMTQ06kkTXoWumvEMOToxV/x4kERr36CN//GznLQ6IOCx3tV3VXPDaXQaNtfVmJmdm5+IbmYWlpeWV1Lr2+UdRApDiUeyEBVXaZBCh9KKFBCNVTAPFdCxe2dD/3KHSgtAr+I/RAaHuv4oi04QyM109t1hHscvRMraA3i64ti9qp5dHtAT6m9N2imM3bOHoH+Jc6EZMgEhWb6s94KeOSBj1wyrWuOHWIjZgoFlzBI1SMNIeM91oGaoT7zQDfi0QIDumuUFm0HypSPdKT+nIiZp3Xfc02nx7Crp72h+J9Xi7B90oiFH0YIPh9/1I4kxYAOU6EtoYCj7BvCuBJmV8q7TDGOJruUCcGZPvkvKe/nHDvn3Bxm8meTOJJki+yQLHHIMcmTS1IgJcLJA3kiL+TVerSerTfrfdyasCYzm+QXrI9vAuaYoQ==</latexit><latexit sha1_base64="hrF8p2qBeTu+WpB/ZTiVbPW3qts=">AAACCHicbVDJSgNBEO2JW4xb1KMHG4MQL2HGBT1JUBC9SIRskMTQ06kkTXoWumvEMOToxV/x4kERr36CN//GznLQ6IOCx3tV3VXPDaXQaNtfVmJmdm5+IbmYWlpeWV1Lr2+UdRApDiUeyEBVXaZBCh9KKFBCNVTAPFdCxe2dD/3KHSgtAr+I/RAaHuv4oi04QyM109t1hHscvRMraA3i64ti9qp5dHtAT6m9N2imM3bOHoH+Jc6EZMgEhWb6s94KeOSBj1wyrWuOHWIjZgoFlzBI1SMNIeM91oGaoT7zQDfi0QIDumuUFm0HypSPdKT+nIiZp3Xfc02nx7Crp72h+J9Xi7B90oiFH0YIPh9/1I4kxYAOU6EtoYCj7BvCuBJmV8q7TDGOJruUCcGZPvkvKe/nHDvn3Bxm8meTOJJki+yQLHHIMcmTS1IgJcLJA3kiL+TVerSerTfrfdyasCYzm+QXrI9vAuaYoQ==</latexit><latexit sha1_base64="hrF8p2qBeTu+WpB/ZTiVbPW3qts=">AAACCHicbVDJSgNBEO2JW4xb1KMHG4MQL2HGBT1JUBC9SIRskMTQ06kkTXoWumvEMOToxV/x4kERr36CN//GznLQ6IOCx3tV3VXPDaXQaNtfVmJmdm5+IbmYWlpeWV1Lr2+UdRApDiUeyEBVXaZBCh9KKFBCNVTAPFdCxe2dD/3KHSgtAr+I/RAaHuv4oi04QyM109t1hHscvRMraA3i64ti9qp5dHtAT6m9N2imM3bOHoH+Jc6EZMgEhWb6s94KeOSBj1wyrWuOHWIjZgoFlzBI1SMNIeM91oGaoT7zQDfi0QIDumuUFm0HypSPdKT+nIiZp3Xfc02nx7Crp72h+J9Xi7B90oiFH0YIPh9/1I4kxYAOU6EtoYCj7BvCuBJmV8q7TDGOJruUCcGZPvkvKe/nHDvn3Bxm8meTOJJki+yQLHHIMcmTS1IgJcLJA3kiL+TVerSerTfrfdyasCYzm+QXrI9vAuaYoQ==</latexit><latexit sha1_base64="hrF8p2qBeTu+WpB/ZTiVbPW3qts=">AAACCHicbVDJSgNBEO2JW4xb1KMHG4MQL2HGBT1JUBC9SIRskMTQ06kkTXoWumvEMOToxV/x4kERr36CN//GznLQ6IOCx3tV3VXPDaXQaNtfVmJmdm5+IbmYWlpeWV1Lr2+UdRApDiUeyEBVXaZBCh9KKFBCNVTAPFdCxe2dD/3KHSgtAr+I/RAaHuv4oi04QyM109t1hHscvRMraA3i64ti9qp5dHtAT6m9N2imM3bOHoH+Jc6EZMgEhWb6s94KeOSBj1wyrWuOHWIjZgoFlzBI1SMNIeM91oGaoT7zQDfi0QIDumuUFm0HypSPdKT+nIiZp3Xfc02nx7Crp72h+J9Xi7B90oiFH0YIPh9/1I4kxYAOU6EtoYCj7BvCuBJmV8q7TDGOJruUCcGZPvkvKe/nHDvn3Bxm8meTOJJki+yQLHHIMcmTS1IgJcLJA3kiL+TVerSerTfrfdyasCYzm+QXrI9vAuaYoQ==</latexit>

EWC [1]: KL-divergence Perspective

Puneet Dokania !6

DKL(p✓kp✓+�✓) ⇡
1

2
�✓>F✓�✓

<latexit sha1_base64="amv5g3tJZ05nnjXp3n+dWHrpJus="></latexit><latexit sha1_base64="amv5g3tJZ05nnjXp3n+dWHrpJus="></latexit><latexit sha1_base64="amv5g3tJZ05nnjXp3n+dWHrpJus="></latexit><latexit sha1_base64="amv5g3tJZ05nnjXp3n+dWHrpJus="></latexit>

Fisher Information Matrix

x
<latexit sha1_base64="vX6CcaiSwBE2c4T+TYqJtNWPYeA=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbTbt0swm7E7GE/ggvHhTx6u/x5r9x0+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHJtRKwecJpwP6IjJULBKFqpk/WDkDzNBtWaW3fnIKvEK0gNCjQH1a/+MGZpxBUySY3peW6CfkY1Cib5rNJPDU8om9AR71mqaMSNn83PnZEzqwxJGGtbCslc/T2R0ciYaRTYzoji2Cx7ufif10sxvPYzoZIUuWKLRWEqCcYk/50MheYM5dQSyrSwtxI2ppoytAlVbAje8surpH1R99y6d39Za9wUcZThBE7hHDy4ggbcQRNawGACz/AKb07ivDjvzseiteQUM8fwB87nDy8Kj3Q=</latexit><latexit sha1_base64="vX6CcaiSwBE2c4T+TYqJtNWPYeA=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbTbt0swm7E7GE/ggvHhTx6u/x5r9x0+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHJtRKwecJpwP6IjJULBKFqpk/WDkDzNBtWaW3fnIKvEK0gNCjQH1a/+MGZpxBUySY3peW6CfkY1Cib5rNJPDU8om9AR71mqaMSNn83PnZEzqwxJGGtbCslc/T2R0ciYaRTYzoji2Cx7ufif10sxvPYzoZIUuWKLRWEqCcYk/50MheYM5dQSyrSwtxI2ppoytAlVbAje8surpH1R99y6d39Za9wUcZThBE7hHDy4ggbcQRNawGACz/AKb07ivDjvzseiteQUM8fwB87nDy8Kj3Q=</latexit><latexit sha1_base64="vX6CcaiSwBE2c4T+TYqJtNWPYeA=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbTbt0swm7E7GE/ggvHhTx6u/x5r9x0+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHJtRKwecJpwP6IjJULBKFqpk/WDkDzNBtWaW3fnIKvEK0gNCjQH1a/+MGZpxBUySY3peW6CfkY1Cib5rNJPDU8om9AR71mqaMSNn83PnZEzqwxJGGtbCslc/T2R0ciYaRTYzoji2Cx7ufif10sxvPYzoZIUuWKLRWEqCcYk/50MheYM5dQSyrSwtxI2ppoytAlVbAje8surpH1R99y6d39Za9wUcZThBE7hHDy4ggbcQRNawGACz/AKb07ivDjvzseiteQUM8fwB87nDy8Kj3Q=</latexit><latexit sha1_base64="vX6CcaiSwBE2c4T+TYqJtNWPYeA=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbTbt0swm7E7GE/ggvHhTx6u/x5r9x0+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHJtRKwecJpwP6IjJULBKFqpk/WDkDzNBtWaW3fnIKvEK0gNCjQH1a/+MGZpxBUySY3peW6CfkY1Cib5rNJPDU8om9AR71mqaMSNn83PnZEzqwxJGGtbCslc/T2R0ciYaRTYzoji2Cx7ufif10sxvPYzoZIUuWKLRWEqCcYk/50MheYM5dQSyrSwtxI2ppoytAlVbAje8surpH1R99y6d39Za9wUcZThBE7hHDy4ggbcQRNawGACz/AKb07ivDjvzseiteQUM8fwB87nDy8Kj3Q=</latexit>

f✓
<latexit sha1_base64="/ij4NDw1XHtQ2g/MYQ4Asu23I5M=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMF+4FtKZvtpF262YTdiVBC/4UXD4p49d9489+4bXPQ1gcDj/dmmJkXJFIY8rxvp7C2vrG5Vdwu7ezu7R+UD4+aJk41xwaPZazbATMohcIGCZLYTjSyKJDYCsa3M7/1hNqIWD3QJMFexIZKhIIzstJj2M+6NEJi03654lW9OdxV4uekAjnq/fJXdxDzNEJFXDJjOr6XUC9jmgSXOC11U4MJ42M2xI6likVoetn84ql7ZpWBG8baliJ3rv6eyFhkzCQKbGfEaGSWvZn4n9dJKbzuZUIlKaHii0VhKl2K3dn77kBo5CQnljCuhb3V5SOmGScbUsmG4C+/vEqaF1Xfq/r3l5XaTR5HEU7gFM7BhyuowR3UoQEcFDzDK7w5xnlx3p2PRWvByWeO4Q+czx/muZEN</latexit><latexit sha1_base64="/ij4NDw1XHtQ2g/MYQ4Asu23I5M=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMF+4FtKZvtpF262YTdiVBC/4UXD4p49d9489+4bXPQ1gcDj/dmmJkXJFIY8rxvp7C2vrG5Vdwu7ezu7R+UD4+aJk41xwaPZazbATMohcIGCZLYTjSyKJDYCsa3M7/1hNqIWD3QJMFexIZKhIIzstJj2M+6NEJi03654lW9OdxV4uekAjnq/fJXdxDzNEJFXDJjOr6XUC9jmgSXOC11U4MJ42M2xI6likVoetn84ql7ZpWBG8baliJ3rv6eyFhkzCQKbGfEaGSWvZn4n9dJKbzuZUIlKaHii0VhKl2K3dn77kBo5CQnljCuhb3V5SOmGScbUsmG4C+/vEqaF1Xfq/r3l5XaTR5HEU7gFM7BhyuowR3UoQEcFDzDK7w5xnlx3p2PRWvByWeO4Q+czx/muZEN</latexit><latexit sha1_base64="/ij4NDw1XHtQ2g/MYQ4Asu23I5M=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMF+4FtKZvtpF262YTdiVBC/4UXD4p49d9489+4bXPQ1gcDj/dmmJkXJFIY8rxvp7C2vrG5Vdwu7ezu7R+UD4+aJk41xwaPZazbATMohcIGCZLYTjSyKJDYCsa3M7/1hNqIWD3QJMFexIZKhIIzstJj2M+6NEJi03654lW9OdxV4uekAjnq/fJXdxDzNEJFXDJjOr6XUC9jmgSXOC11U4MJ42M2xI6likVoetn84ql7ZpWBG8baliJ3rv6eyFhkzCQKbGfEaGSWvZn4n9dJKbzuZUIlKaHii0VhKl2K3dn77kBo5CQnljCuhb3V5SOmGScbUsmG4C+/vEqaF1Xfq/r3l5XaTR5HEU7gFM7BhyuowR3UoQEcFDzDK7w5xnlx3p2PRWvByWeO4Q+czx/muZEN</latexit><latexit sha1_base64="/ij4NDw1XHtQ2g/MYQ4Asu23I5M=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMF+4FtKZvtpF262YTdiVBC/4UXD4p49d9489+4bXPQ1gcDj/dmmJkXJFIY8rxvp7C2vrG5Vdwu7ezu7R+UD4+aJk41xwaPZazbATMohcIGCZLYTjSyKJDYCsa3M7/1hNqIWD3QJMFexIZKhIIzstJj2M+6NEJi03654lW9OdxV4uekAjnq/fJXdxDzNEJFXDJjOr6XUC9jmgSXOC11U4MJ42M2xI6likVoetn84ql7ZpWBG8baliJ3rv6eyFhkzCQKbGfEaGSWvZn4n9dJKbzuZUIlKaHii0VhKl2K3dn77kBo5CQnljCuhb3V5SOmGScbUsmG4C+/vEqaF1Xfq/r3l5XaTR5HEU7gFM7BhyuowR3UoQEcFDzDK7w5xnlx3p2PRWvByWeO4Q+czx/muZEN</latexit>

p✓(y|x)
<latexit sha1_base64="QLk3H7MOlQrAnFZFHSYOd7M0O0o=">AAACBnicbZDLSsNAFIYn9VbrLepShMEi1E1JRNBl0Y3LCvYCbSiT6aQdOrkwcyKGmJUbX8WNC0Xc+gzufBunaRba+sPAx3/O4cz53UhwBZb1bZSWlldW18rrlY3Nre0dc3evrcJYUtaioQhl1yWKCR6wFnAQrBtJRnxXsI47uZrWO3dMKh4Gt5BEzPHJKOAepwS0NTAPo0HahzEDktXSvuvhJMMPOKf77GRgVq26lQsvgl1AFRVqDsyv/jCksc8CoIIo1bOtCJyUSOBUsKzSjxWLCJ2QEetpDIjPlJPmZ2T4WDtD7IVSvwBw7v6eSImvVOK7utMnMFbztan5X60Xg3fhpDyIYmABnS3yYoEhxNNM8JBLRkEkGgiVXP8V0zGRhIJOrqJDsOdPXoT2ad226vbNWbVxWcRRRgfoCNWQjc5RA12jJmohih7RM3pFb8aT8WK8Gx+z1pJRzOyjPzI+fwCFR5h8</latexit><latexit sha1_base64="QLk3H7MOlQrAnFZFHSYOd7M0O0o=">AAACBnicbZDLSsNAFIYn9VbrLepShMEi1E1JRNBl0Y3LCvYCbSiT6aQdOrkwcyKGmJUbX8WNC0Xc+gzufBunaRba+sPAx3/O4cz53UhwBZb1bZSWlldW18rrlY3Nre0dc3evrcJYUtaioQhl1yWKCR6wFnAQrBtJRnxXsI47uZrWO3dMKh4Gt5BEzPHJKOAepwS0NTAPo0HahzEDktXSvuvhJMMPOKf77GRgVq26lQsvgl1AFRVqDsyv/jCksc8CoIIo1bOtCJyUSOBUsKzSjxWLCJ2QEetpDIjPlJPmZ2T4WDtD7IVSvwBw7v6eSImvVOK7utMnMFbztan5X60Xg3fhpDyIYmABnS3yYoEhxNNM8JBLRkEkGgiVXP8V0zGRhIJOrqJDsOdPXoT2ad226vbNWbVxWcRRRgfoCNWQjc5RA12jJmohih7RM3pFb8aT8WK8Gx+z1pJRzOyjPzI+fwCFR5h8</latexit><latexit sha1_base64="QLk3H7MOlQrAnFZFHSYOd7M0O0o=">AAACBnicbZDLSsNAFIYn9VbrLepShMEi1E1JRNBl0Y3LCvYCbSiT6aQdOrkwcyKGmJUbX8WNC0Xc+gzufBunaRba+sPAx3/O4cz53UhwBZb1bZSWlldW18rrlY3Nre0dc3evrcJYUtaioQhl1yWKCR6wFnAQrBtJRnxXsI47uZrWO3dMKh4Gt5BEzPHJKOAepwS0NTAPo0HahzEDktXSvuvhJMMPOKf77GRgVq26lQsvgl1AFRVqDsyv/jCksc8CoIIo1bOtCJyUSOBUsKzSjxWLCJ2QEetpDIjPlJPmZ2T4WDtD7IVSvwBw7v6eSImvVOK7utMnMFbztan5X60Xg3fhpDyIYmABnS3yYoEhxNNM8JBLRkEkGgiVXP8V0zGRhIJOrqJDsOdPXoT2ad226vbNWbVxWcRRRgfoCNWQjc5RA12jJmohih7RM3pFb8aT8WK8Gx+z1pJRzOyjPzI+fwCFR5h8</latexit><latexit sha1_base64="QLk3H7MOlQrAnFZFHSYOd7M0O0o=">AAACBnicbZDLSsNAFIYn9VbrLepShMEi1E1JRNBl0Y3LCvYCbSiT6aQdOrkwcyKGmJUbX8WNC0Xc+gzufBunaRba+sPAx3/O4cz53UhwBZb1bZSWlldW18rrlY3Nre0dc3evrcJYUtaioQhl1yWKCR6wFnAQrBtJRnxXsI47uZrWO3dMKh4Gt5BEzPHJKOAepwS0NTAPo0HahzEDktXSvuvhJMMPOKf77GRgVq26lQsvgl1AFRVqDsyv/jCksc8CoIIo1bOtCJyUSOBUsKzSjxWLCJ2QEetpDIjPlJPmZ2T4WDtD7IVSvwBw7v6eSImvVOK7utMnMFbztan5X60Xg3fhpDyIYmABnS3yYoEhxNNM8JBLRkEkGgiVXP8V0zGRhIJOrqJDsOdPXoT2ad226vbNWbVxWcRRRgfoCNWQjc5RA12jJmohih7RM3pFb8aT8WK8Gx+z1pJRzOyjPzI+fwCFR5h8</latexit>

f✓+�✓
<latexit sha1_base64="KfBjHTlxQWBS8jhsASTOXYtsVzc=">AAACFXicbVDLSgMxFM34rPU16tJNsAiCUmZE0GVRFy4r2Ad0Ssmkd9rQzIPkjliG+Qk3/oobF4q4Fdz5N6aPhbYeCBzOOTe5OX4ihUbH+bYWFpeWV1YLa8X1jc2tbXtnt67jVHGo8VjGqukzDVJEUEOBEpqJAhb6Ehr+4GrkN+5BaRFHdzhMoB2yXiQCwRkaqWOfBJ3Mwz4go8fUQ3jA8Z2ZL1PIM+8apHEmgTzv2CWn7IxB54k7JSUyRbVjf3ndmKchRMgl07rlOgm2M6ZQcAl50Us1JIwPWA9ahkYsBN3Oxhvk9NAoXRrEypwI6Vj9PZGxUOth6JtkyLCvZ72R+J/XSjG4aGciSlKEiE8eClJJMaajimhXKOAoh4YwroTZlfI+U4yjKbJoSnBnvzxP6qdl1ym7t2elyuW0jgLZJwfkiLjknFTIDamSGuHkkTyTV/JmPVkv1rv1MYkuWNOZPfIH1ucPhzmfrQ==</latexit><latexit sha1_base64="KfBjHTlxQWBS8jhsASTOXYtsVzc=">AAACFXicbVDLSgMxFM34rPU16tJNsAiCUmZE0GVRFy4r2Ad0Ssmkd9rQzIPkjliG+Qk3/oobF4q4Fdz5N6aPhbYeCBzOOTe5OX4ihUbH+bYWFpeWV1YLa8X1jc2tbXtnt67jVHGo8VjGqukzDVJEUEOBEpqJAhb6Ehr+4GrkN+5BaRFHdzhMoB2yXiQCwRkaqWOfBJ3Mwz4go8fUQ3jA8Z2ZL1PIM+8apHEmgTzv2CWn7IxB54k7JSUyRbVjf3ndmKchRMgl07rlOgm2M6ZQcAl50Us1JIwPWA9ahkYsBN3Oxhvk9NAoXRrEypwI6Vj9PZGxUOth6JtkyLCvZ72R+J/XSjG4aGciSlKEiE8eClJJMaajimhXKOAoh4YwroTZlfI+U4yjKbJoSnBnvzxP6qdl1ym7t2elyuW0jgLZJwfkiLjknFTIDamSGuHkkTyTV/JmPVkv1rv1MYkuWNOZPfIH1ucPhzmfrQ==</latexit><latexit sha1_base64="KfBjHTlxQWBS8jhsASTOXYtsVzc=">AAACFXicbVDLSgMxFM34rPU16tJNsAiCUmZE0GVRFy4r2Ad0Ssmkd9rQzIPkjliG+Qk3/oobF4q4Fdz5N6aPhbYeCBzOOTe5OX4ihUbH+bYWFpeWV1YLa8X1jc2tbXtnt67jVHGo8VjGqukzDVJEUEOBEpqJAhb6Ehr+4GrkN+5BaRFHdzhMoB2yXiQCwRkaqWOfBJ3Mwz4go8fUQ3jA8Z2ZL1PIM+8apHEmgTzv2CWn7IxB54k7JSUyRbVjf3ndmKchRMgl07rlOgm2M6ZQcAl50Us1JIwPWA9ahkYsBN3Oxhvk9NAoXRrEypwI6Vj9PZGxUOth6JtkyLCvZ72R+J/XSjG4aGciSlKEiE8eClJJMaajimhXKOAoh4YwroTZlfI+U4yjKbJoSnBnvzxP6qdl1ym7t2elyuW0jgLZJwfkiLjknFTIDamSGuHkkTyTV/JmPVkv1rv1MYkuWNOZPfIH1ucPhzmfrQ==</latexit><latexit sha1_base64="KfBjHTlxQWBS8jhsASTOXYtsVzc=">AAACFXicbVDLSgMxFM34rPU16tJNsAiCUmZE0GVRFy4r2Ad0Ssmkd9rQzIPkjliG+Qk3/oobF4q4Fdz5N6aPhbYeCBzOOTe5OX4ihUbH+bYWFpeWV1YLa8X1jc2tbXtnt67jVHGo8VjGqukzDVJEUEOBEpqJAhb6Ehr+4GrkN+5BaRFHdzhMoB2yXiQCwRkaqWOfBJ3Mwz4go8fUQ3jA8Z2ZL1PIM+8apHEmgTzv2CWn7IxB54k7JSUyRbVjf3ndmKchRMgl07rlOgm2M6ZQcAl50Us1JIwPWA9ahkYsBN3Oxhvk9NAoXRrEypwI6Vj9PZGxUOth6JtkyLCvZ72R+J/XSjG4aGciSlKEiE8eClJJMaajimhXKOAoh4YwroTZlfI+U4yjKbJoSnBnvzxP6qdl1ym7t2elyuW0jgLZJwfkiLjknFTIDamSGuHkkTyTV/JmPVkv1rv1MYkuWNOZPfIH1ucPhzmfrQ==</latexit>
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• Cross Entropy Loss =
• By construction PSD (outer-product)
• Computationally expensive 
• Huge matrix
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Fisher based parameter importance (1/2)
(approximate KL and Fisher)

DKL(pθ||pθ+∆θ) ≈
1

2
∆θTFθ∆θ ≈

1

2

∑

i

(∆θi)
2 ED(g2

i )︸ ︷︷ ︸
Fθi

I DKL is equivalent to a distance in a Riemannian manifold induced by Fθ
I Fθ captures the curvature of the KL-divergence surface
I High curvature→ high sensitivity→ more important→ preserve it
I EWC objective: argminθ L

k(θ) + λ
2

∑
i(∆θi)

2Fθi

EWC++: Efficient Version of EWC [1]

I EWC requires
. Storing Fisher for each task independently - O(kP ) parameters
. Additional pass over the dataset to computer Fisher
. Does not capture influence of parameters along the optimization path

I EWC++ maintains a single Fisher computed using moving average
F t
θ = αF t

θ + (1− α)F t−1
θ

. Memory Efficient: One estimate of Fisher for all the previous tasks

. Training Efficient: Fisher computation is the by-product of the training

Optimization Path based Importance

I Parameter importance: Change in loss
per unit movement in the Riemannian
manifold defined by the Fisher Information
Matrix

si =
∆Lt+∆t

t (θi)

∆DKL(θi)

. Captures the influence of parameters
along the optimization path

RWalk - Final Objective

L̃k(θ) = Lk(θ) + λ
∑

i

(Fθk−1i
+ stk−1t0

)(θi − θk−1
i )2 (1)

I Eq. 1 is the generalization of EWC++ and PI [2]
. If no optimization-path based score, then EWC++
. In Euclidean distance instead of Riemannian, then PI [2]

Results
Methods MNIST CIFAR

Multi-head Evaluation
λ A5(%) F5 I5 λ A10(%) F10 I10

Vanilla 0 90.3 0.12 6.6× 10−4 0 44.4 0.36 0.02
EWC 75000 99.3 0.001 0.01 3× 106 72.8 0.001 0.07

PI 0.1 99.3 0.002 0.01 10 73.2 0 0.06
RWalk (Ours) 1000 99.3 0.003 0.01 1000 74.2 0.004 0.04

Single-head Evaluation
Vanilla 0 38.0 0.62 0.29 0 10.2 0.36 -0.06

EWC 75000 55.8 0.08 0.77 3× 106 23.1 0.03 0.17
PI 0.1 57.6 0.11 0.8 10 22.8 0.04 0.2

iCaRL-hb1 - 36.6 0.68 -0.01 - 7.4 0.40 0.06
iCaRL - 55.8 0.19 0.46 - 9.5 0.11 0.35

Vanilla-S 0 73.7 0.30 0.03 0 12.9 0.64 -0.3
EWC-S 75000 79.7 0.14 0.22 15× 105 33.6 0.27 -0.05

PI-S 0.1 78.7 0.24 0.05 10 33.6 0.27 -0.03
RWalk (Ours) 1000 82.5 0.15 0.14 500 34.0 0.28 -0.06
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