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<latexit sha1_base64="HveSNVOnT/8wlZJJPqGBuc5ffxw="></latexit>

1. There exists v 2 Rm such that v>H = r
> and v � 0

<latexit sha1_base64="Dmm4JO5RS6S/3/hn7dKuzBcaj4s=">AAACNHicbVDLSgNBEJz1bXxFPXppDIKnsCuiHkUvgh5UjArZGGYnHR2cnV1mesWw7Ed58UO8iOBBEa9+g5PHQaMFA0VVNdNdUaqkJd9/8UZGx8YnJqemSzOzc/ML5cWlc5tkRmBNJCoxlxG3qKTGGklSeJka5HGk8CK63e/6F3dorEz0GXVSbMT8Wsu2FJyc1CwfhoT3lB8hQQEHEEoNYczpJory0+IqjyEkGaMFXUA/CVy3XNQMR3UVmuWKX/V7gL8kGJAKG+C4WX4KW4nIYtQkFLe2HvgpNXJuSAqFRSnMLKZc3PJrrDuqudukkfeOLmDNKS1oJ8Y9TdBTf07kPLa2E0cu2d3SDntd8T+vnlF7p5FLnWaEWvQ/amcKKIFug9CSBgWpjiNcGOl2BXHDDRfkei65EoLhk/+S841qsFUNTjYru3uDOqbYCltl6yxg22yXHbBjVmOCPbBn9sbevUfv1fvwPvvREW8ws8x+wfv6BoBvqro=</latexit>

Let H 2 Rm⇥n and r 2 Rn
.

<latexit sha1_base64="BXHnxPjwnglsePnxCC7iAmJg7XI=">AAACKXicbVBNSwMxEM36WevXqkcvwSJ4Krsi6rHoxWOFtgptKdl0tg1mkyWZVcvSv+PFv+JFQVGv/hHTuge/HgQe781MZl6USmExCN68mdm5+YXF0lJ5eWV1bd3f2GxZnRkOTa6lNpcRsyCFgiYKlHCZGmBJJOEiujqd+BfXYKzQqoGjFLoJGygRC87QST2/1kG4xbwxBEXhlnGUI6oVUB1THAKNtZT6RqgBxRtNmbVgJn2WCkvRZFAd9/xKUA2moH9JWJAKKVDv+U+dvuZZAgq5dBPbYZBiN2duMJcwLncyCynjV2wAbUcVS8B28+mlY7rrlL7byrinkE7V7x05S6wdJZGrTBgO7W9vIv7ntTOMj7u5UGmGoPjXR3EmKWo6iY32hYFpOH3BuBFuV8qHzLjAXLhlF0L4++S/pLVfDQ+r4flBpXZSxFEi22SH7JGQHJEaOSN10iSc3JEH8kxevHvv0Xv13r9KZ7yiZ4v8gPfxCcFPp4s=</latexit>

Then exactly one of the following two assertions is true.

<latexit sha1_base64="rGZBU6tcdupk8fTxC7xmvhwk4fs="></latexit>

2. There exists d 2 Rn such that Hd � 0 and r
>
d < 0

<latexit sha1_base64="uAzwIu9m9zyJFi63zvxNHmcog2c=">AAAB/3icbVDLSgNBEJz1bXxFBS9eBoPoKeyKqMegIB48KJgoJCH0Tnp1yMzuMtMrhjUHf8WLB0W8+hve/Bsnj4OvgoaiqpvurjBV0pLvf3pj4xOTU9Mzs4W5+YXFpeLySs0mmRFYFYlKzFUIFpWMsUqSFF6lBkGHCi/DzlHfv7xFY2USX1A3xaaG61hGUgA5qVVcaxDeURjlx2A6sGX5KWoNvVax5Jf9AfhfEoxIiY1w1ip+NNqJyDTGJBRYWw/8lJo5GJJCYa/QyCymIDpwjXVHY9Bom/ng/h7fdEqbR4lxFRMfqN8nctDWdnXoOjXQjf3t9cX/vHpG0UEzl3GaEcZiuCjKFKeE98PgbWlQkOo6AsJIdysXN2BAkIus4EIIfr/8l9R2ysFeOTjfLVUOR3HMsHW2wbZZwPZZhZ2wM1Zlgt2zR/bMXrwH78l79d6GrWPeaGaV/YD3/gXSMJX5</latexit>

Farka’s Lemma

<latexit sha1_base64="6zJ1UW3nKrw6MgtzBPyKRfUqkfQ=">AAACD3icbVA9SwNBEN3z2/gVtbRZTBSrcCeiViLaWCqYD8jFsLc3SRb39s7dOTEc+Qc2/hUbC0Vsbe38N24+Ck18MPB4b4aZeUEihUHX/Xampmdm5+YXFnNLyyura/n1jYqJU82hzGMZ61rADEihoIwCJdQSDSwKJFSD2/O+X70HbUSsrrGbQCNibSVagjO0UjO/6yM8YFa8CKkv4Y66RcpUSIv6xsc4oSE96Uu9Zr7gltwB6CTxRqRARrhs5r/8MOZpBAq5ZMbUPTfBRsY0Ci6hl/NTAwnjt6wNdUsVi8A0ssE/PbpjlZC2Ym1LIR2ovycyFhnTjQLbGTHsmHGvL/7n1VNsHTcyoZIUQfHholYqKca0Hw4NhQaOsmsJ41rYWynvMM042ghzNgRv/OVJUtkveYcl7+qgcHo2imOBbJFtskc8ckROyQW5JGXCySN5Jq/kzXlyXpx352PYOuWMZjbJHzifP5nMmdQ=</latexit>

Hd  0 and r
>
d > 0



<latexit sha1_base64="HveSNVOnT/8wlZJJPqGBuc5ffxw="></latexit>

1. There exists v 2 Rm such that v>H = r
> and v � 0

<latexit sha1_base64="Dmm4JO5RS6S/3/hn7dKuzBcaj4s=">AAACNHicbVDLSgNBEJz1bXxFPXppDIKnsCuiHkUvgh5UjArZGGYnHR2cnV1mesWw7Ed58UO8iOBBEa9+g5PHQaMFA0VVNdNdUaqkJd9/8UZGx8YnJqemSzOzc/ML5cWlc5tkRmBNJCoxlxG3qKTGGklSeJka5HGk8CK63e/6F3dorEz0GXVSbMT8Wsu2FJyc1CwfhoT3lB8hQQEHEEoNYczpJory0+IqjyEkGaMFXUA/CVy3XNQMR3UVmuWKX/V7gL8kGJAKG+C4WX4KW4nIYtQkFLe2HvgpNXJuSAqFRSnMLKZc3PJrrDuqudukkfeOLmDNKS1oJ8Y9TdBTf07kPLa2E0cu2d3SDntd8T+vnlF7p5FLnWaEWvQ/amcKKIFug9CSBgWpjiNcGOl2BXHDDRfkei65EoLhk/+S841qsFUNTjYru3uDOqbYCltl6yxg22yXHbBjVmOCPbBn9sbevUfv1fvwPvvREW8ws8x+wfv6BoBvqro=</latexit>

Let H 2 Rm⇥n and r 2 Rn
.

<latexit sha1_base64="BXHnxPjwnglsePnxCC7iAmJg7XI=">AAACKXicbVBNSwMxEM36WevXqkcvwSJ4Krsi6rHoxWOFtgptKdl0tg1mkyWZVcvSv+PFv+JFQVGv/hHTuge/HgQe781MZl6USmExCN68mdm5+YXF0lJ5eWV1bd3f2GxZnRkOTa6lNpcRsyCFgiYKlHCZGmBJJOEiujqd+BfXYKzQqoGjFLoJGygRC87QST2/1kG4xbwxBEXhlnGUI6oVUB1THAKNtZT6RqgBxRtNmbVgJn2WCkvRZFAd9/xKUA2moH9JWJAKKVDv+U+dvuZZAgq5dBPbYZBiN2duMJcwLncyCynjV2wAbUcVS8B28+mlY7rrlL7byrinkE7V7x05S6wdJZGrTBgO7W9vIv7ntTOMj7u5UGmGoPjXR3EmKWo6iY32hYFpOH3BuBFuV8qHzLjAXLhlF0L4++S/pLVfDQ+r4flBpXZSxFEi22SH7JGQHJEaOSN10iSc3JEH8kxevHvv0Xv13r9KZ7yiZ4v8gPfxCcFPp4s=</latexit>

Then exactly one of the following two assertions is true.

<latexit sha1_base64="rGZBU6tcdupk8fTxC7xmvhwk4fs="></latexit>

2. There exists d 2 Rn such that Hd � 0 and r
>
d < 0

<latexit sha1_base64="uAzwIu9m9zyJFi63zvxNHmcog2c=">AAAB/3icbVDLSgNBEJz1bXxFBS9eBoPoKeyKqMegIB48KJgoJCH0Tnp1yMzuMtMrhjUHf8WLB0W8+hve/Bsnj4OvgoaiqpvurjBV0pLvf3pj4xOTU9Mzs4W5+YXFpeLySs0mmRFYFYlKzFUIFpWMsUqSFF6lBkGHCi/DzlHfv7xFY2USX1A3xaaG61hGUgA5qVVcaxDeURjlx2A6sGX5KWoNvVax5Jf9AfhfEoxIiY1w1ip+NNqJyDTGJBRYWw/8lJo5GJJCYa/QyCymIDpwjXVHY9Bom/ng/h7fdEqbR4lxFRMfqN8nctDWdnXoOjXQjf3t9cX/vHpG0UEzl3GaEcZiuCjKFKeE98PgbWlQkOo6AsJIdysXN2BAkIus4EIIfr/8l9R2ysFeOTjfLVUOR3HMsHW2wbZZwPZZhZ2wM1Zlgt2zR/bMXrwH78l79d6GrWPeaGaV/YD3/gXSMJX5</latexit>

Farka’s Lemma

<latexit sha1_base64="6zJ1UW3nKrw6MgtzBPyKRfUqkfQ=">AAACD3icbVA9SwNBEN3z2/gVtbRZTBSrcCeiViLaWCqYD8jFsLc3SRb39s7dOTEc+Qc2/hUbC0Vsbe38N24+Ck18MPB4b4aZeUEihUHX/Xampmdm5+YXFnNLyyura/n1jYqJU82hzGMZ61rADEihoIwCJdQSDSwKJFSD2/O+X70HbUSsrrGbQCNibSVagjO0UjO/6yM8YFa8CKkv4Y66RcpUSIv6xsc4oSE96Uu9Zr7gltwB6CTxRqRARrhs5r/8MOZpBAq5ZMbUPTfBRsY0Ci6hl/NTAwnjt6wNdUsVi8A0ssE/PbpjlZC2Ym1LIR2ovycyFhnTjQLbGTHsmHGvL/7n1VNsHTcyoZIUQfHholYqKca0Hw4NhQaOsmsJ41rYWynvMM042ghzNgRv/OVJUtkveYcl7+qgcHo2imOBbJFtskc8ckROyQW5JGXCySN5Jq/kzXlyXpx352PYOuWMZjbJHzifP5nMmdQ=</latexit>

Hd  0 and r
>
d > 0

in English…

<latexit sha1_base64="GT5w2Hp3uLmCrvWSVWCmg9uSV78=">AAAB+HicdVDLSgMxFM3UV62Pjrp0EyyCq2HSah8Loeimywq2FdpaMmmmDc0kQ5IRaumXuHGhiFs/xZ1/Y/oQVPTAhcM593LvPUHMmTa+/+GkVlbX1jfSm5mt7Z3drLu339QyUYQ2iORS3QRYU84EbRhmOL2JFcVRwGkrGF3O/NYdVZpJcW3GMe1GeCBYyAg2Vuq52VoP3XaMjGEfnkMf9tyc76F8sZIvQN8rlMpnlRkpllAxX4LI8+fIgSXqPfe905ckiagwhGOt28iPTXeClWGE02mmk2gaYzLCA9q2VOCI6u5kfvgUHlulD0OpbAkD5+r3iQmOtB5Hge2MsBnq395M/MtrJyYsdydMxImhgiwWhQmHRsJZCrDPFCWGjy3BRDF7KyRDrDAxNquMDeHrU/g/aeY9VPTQ1WmuerGMIw0OwRE4AQiUQBXUQB00AAEJeABP4Nm5dx6dF+d10ZpyljMH4Aect0+w6ZHU</latexit>

H
>
1 d = 0

<latexit sha1_base64="UpqhxFyWSUzOHBJTskrBa8o8edc=">AAAB+HicdVBNS8NAEN3Ur1o/WvXoZbEInkKSatoehKKXHivYVmhj2Gy27dJNNuxuhFr6S7x4UMSrP8Wb/8ZNW0FFHww83pthZl6QMCqVZX0YuZXVtfWN/GZha3tnt1ja2+9IngpM2pgzLm4CJAmjMWkrqhi5SQRBUcBINxhfZn73jghJeXytJgnxIjSM6YBipLTkl4pN37ntK57AEJ5DC/qlsmXajlt3KtAyK9XaWT0jbtV2nSq0TWuOMlii5Zfe+yHHaURihRmSsmdbifKmSCiKGZkV+qkkCcJjNCQ9TWMUEelN54fP4LFWQjjgQles4Fz9PjFFkZSTKNCdEVIj+dvLxL+8XqoGNW9K4yRVJMaLRYOUQcVhlgIMqSBYsYkmCAuqb4V4hATCSmdV0CF8fQr/Jx3HtF3TvjotNy6WceTBITgCJ8AGVdAATdACbYBBCh7AE3g27o1H48V4XbTmjOXMAfgB4+0TsnmR1Q==</latexit>

H
>
2 d = 0

<latexit sha1_base64="GT5w2Hp3uLmCrvWSVWCmg9uSV78=">AAAB+HicdVDLSgMxFM3UV62Pjrp0EyyCq2HSah8Loeimywq2FdpaMmmmDc0kQ5IRaumXuHGhiFs/xZ1/Y/oQVPTAhcM593LvPUHMmTa+/+GkVlbX1jfSm5mt7Z3drLu339QyUYQ2iORS3QRYU84EbRhmOL2JFcVRwGkrGF3O/NYdVZpJcW3GMe1GeCBYyAg2Vuq52VoP3XaMjGEfnkMf9tyc76F8sZIvQN8rlMpnlRkpllAxX4LI8+fIgSXqPfe905ckiagwhGOt28iPTXeClWGE02mmk2gaYzLCA9q2VOCI6u5kfvgUHlulD0OpbAkD5+r3iQmOtB5Hge2MsBnq395M/MtrJyYsdydMxImhgiwWhQmHRsJZCrDPFCWGjy3BRDF7KyRDrDAxNquMDeHrU/g/aeY9VPTQ1WmuerGMIw0OwRE4AQiUQBXUQB00AAEJeABP4Nm5dx6dF+d10ZpyljMH4Aect0+w6ZHU</latexit>

H
>
1 d = 0

<latexit sha1_base64="UpqhxFyWSUzOHBJTskrBa8o8edc=">AAAB+HicdVBNS8NAEN3Ur1o/WvXoZbEInkKSatoehKKXHivYVmhj2Gy27dJNNuxuhFr6S7x4UMSrP8Wb/8ZNW0FFHww83pthZl6QMCqVZX0YuZXVtfWN/GZha3tnt1ja2+9IngpM2pgzLm4CJAmjMWkrqhi5SQRBUcBINxhfZn73jghJeXytJgnxIjSM6YBipLTkl4pN37ntK57AEJ5DC/qlsmXajlt3KtAyK9XaWT0jbtV2nSq0TWuOMlii5Zfe+yHHaURihRmSsmdbifKmSCiKGZkV+qkkCcJjNCQ9TWMUEelN54fP4LFWQjjgQles4Fz9PjFFkZSTKNCdEVIj+dvLxL+8XqoGNW9K4yRVJMaLRYOUQcVhlgIMqSBYsYkmCAuqb4V4hATCSmdV0CF8fQr/Jx3HtF3TvjotNy6WceTBITgCJ8AGVdAATdACbYBBCh7AE3g27o1H48V4XbTmjOXMAfgB4+0TsnmR1Q==</latexit>

H
>
2 d = 0

<latexit sha1_base64="yw1+6j7qPBNbKZNMTzPxh3uf8Z4=">AAAB7nicdVDLSgMxFM3UV62vqks3wSK4GmaqfbgrunFZwT6gHUsmzbShmSQkGaEM/Qg3LhRx6/e4829M2xFU9MCFwzn3cu89oWRUG8/7cHIrq2vrG/nNwtb2zu5ecf+grUWiMGlhwYTqhkgTRjlpGWoY6UpFUBwy0gknV3O/c0+UpoLfmqkkQYxGnEYUI2OljrrrGyHhoFjy3IpfqV5UoOd6C1hSK9frtTPoZ0oJZGgOiu/9ocBJTLjBDGnd8z1pghQpQzEjs0I/0UQiPEEj0rOUo5joIF2cO4MnVhnCSChb3MCF+n0iRbHW0zi0nTEyY/3bm4t/eb3ERPUgpVwmhnC8XBQlDBoB57/DIVUEGza1BGFF7a0Qj5FC2NiECjaEr0/h/6Rddv2q69+clxqXWRx5cASOwSnwQQ00wDVoghbAYAIewBN4dqTz6Lw4r8vWnJPNHIIfcN4+AXEBj6c=</latexit>

r>

at a vertex (edge, face, etc) 
of a linear program, either…

1.  The gradient r points directly 
     into the vertex (edge, face, etc.)

OR

2. There is a direction d off of 
    the vertex into the feasible set 
    that improves the objective. 



“each row of H is orthogonal to 
the (other) columns of H inverse”

<latexit sha1_base64="BtTDSYiWbgKcM5NfGeQ2pZYRu6s="></latexit>
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>
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>
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>
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H
>
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>
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�
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�
<latexit sha1_base64="j79mEuJjgCkdYICJmNisTa+6yHM=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68VjBfkAbymY7adduNunuRiihf8KLB0W8+ne8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dJwqhnUWi1i1AqpRcIl1w43AVqKQRoHAZjC8nfrNJ1Sax/LBjBP0I9qXPOSMGiu1OOlIHJHHbqnsVtwZyDLxclKGHLVu6avTi1kaoTRMUK3bnpsYP6PKcCZwUuykGhPKhrSPbUsljVD72ezeCTm1So+EsbIlDZmpvycyGmk9jgLbGVEz0IveVPzPa6cmvPYzLpPUoGTzRWEqiInJ9HnS4wqZEWNLKFPc3krYgCrKjI2oaEPwFl9eJo3zindZ8e4vytWbPI4CHMMJnIEHV1CFO6hBHRgIeIZXeHNGzovz7nzMW1ecfOYI/sD5/AFVoo+D</latexit>

i 6= j
<latexit sha1_base64="GZdSsM8we2/muljfcPTHBquYtU0=">AAAB+nicbVBNS8NAEJ3Ur1q/Uj16WSyCp5KIqBeh6MEeK9gPaGPYbLft2k027G6UEvtTvHhQxKu/xJv/xm2bg7Y+GHi8N8PMvCDmTGnH+bZyS8srq2v59cLG5tb2jl3cbSiRSELrRHAhWwFWlLOI1jXTnLZiSXEYcNoMhlcTv/lApWIiutWjmHoh7kesxwjWRvLtYtVndx0tYnTt36ML5CDfLjllZwq0SNyMlCBDzbe/Ol1BkpBGmnCsVNt1Yu2lWGpGOB0XOomiMSZD3KdtQyMcUuWl09PH6NAoXdQT0lSk0VT9PZHiUKlRGJjOEOuBmvcm4n9eO9G9cy9lUZxoGpHZol7CkRZokgPqMkmJ5iNDMJHM3IrIAEtMtEmrYEJw519eJI3jsntadm9OSpXLLI487MMBHIELZ1CBKtSgDgQe4Rle4c16sl6sd+tj1pqzspk9+APr8wfkfZJ1</latexit>

H
>
i Gj = 0

<latexit sha1_base64="HveSNVOnT/8wlZJJPqGBuc5ffxw="></latexit>

1. There exists v 2 Rm such that v>H = r
> and v � 0

<latexit sha1_base64="Dmm4JO5RS6S/3/hn7dKuzBcaj4s=">AAACNHicbVDLSgNBEJz1bXxFPXppDIKnsCuiHkUvgh5UjArZGGYnHR2cnV1mesWw7Ed58UO8iOBBEa9+g5PHQaMFA0VVNdNdUaqkJd9/8UZGx8YnJqemSzOzc/ML5cWlc5tkRmBNJCoxlxG3qKTGGklSeJka5HGk8CK63e/6F3dorEz0GXVSbMT8Wsu2FJyc1CwfhoT3lB8hQQEHEEoNYczpJory0+IqjyEkGaMFXUA/CVy3XNQMR3UVmuWKX/V7gL8kGJAKG+C4WX4KW4nIYtQkFLe2HvgpNXJuSAqFRSnMLKZc3PJrrDuqudukkfeOLmDNKS1oJ8Y9TdBTf07kPLa2E0cu2d3SDntd8T+vnlF7p5FLnWaEWvQ/amcKKIFug9CSBgWpjiNcGOl2BXHDDRfkei65EoLhk/+S841qsFUNTjYru3uDOqbYCltl6yxg22yXHbBjVmOCPbBn9sbevUfv1fvwPvvREW8ws8x+wfv6BoBvqro=</latexit>

Let H 2 Rm⇥n and r 2 Rn
.

<latexit sha1_base64="BXHnxPjwnglsePnxCC7iAmJg7XI=">AAACKXicbVBNSwMxEM36WevXqkcvwSJ4Krsi6rHoxWOFtgptKdl0tg1mkyWZVcvSv+PFv+JFQVGv/hHTuge/HgQe781MZl6USmExCN68mdm5+YXF0lJ5eWV1bd3f2GxZnRkOTa6lNpcRsyCFgiYKlHCZGmBJJOEiujqd+BfXYKzQqoGjFLoJGygRC87QST2/1kG4xbwxBEXhlnGUI6oVUB1THAKNtZT6RqgBxRtNmbVgJn2WCkvRZFAd9/xKUA2moH9JWJAKKVDv+U+dvuZZAgq5dBPbYZBiN2duMJcwLncyCynjV2wAbUcVS8B28+mlY7rrlL7byrinkE7V7x05S6wdJZGrTBgO7W9vIv7ntTOMj7u5UGmGoPjXR3EmKWo6iY32hYFpOH3BuBFuV8qHzLjAXLhlF0L4++S/pLVfDQ+r4flBpXZSxFEi22SH7JGQHJEaOSN10iSc3JEH8kxevHvv0Xv13r9KZ7yiZ4v8gPfxCcFPp4s=</latexit>

Then exactly one of the following two assertions is true.

<latexit sha1_base64="rGZBU6tcdupk8fTxC7xmvhwk4fs="></latexit>

2. There exists d 2 Rn such that Hd � 0 and r
>
d < 0

<latexit sha1_base64="uAzwIu9m9zyJFi63zvxNHmcog2c=">AAAB/3icbVDLSgNBEJz1bXxFBS9eBoPoKeyKqMegIB48KJgoJCH0Tnp1yMzuMtMrhjUHf8WLB0W8+hve/Bsnj4OvgoaiqpvurjBV0pLvf3pj4xOTU9Mzs4W5+YXFpeLySs0mmRFYFYlKzFUIFpWMsUqSFF6lBkGHCi/DzlHfv7xFY2USX1A3xaaG61hGUgA5qVVcaxDeURjlx2A6sGX5KWoNvVax5Jf9AfhfEoxIiY1w1ip+NNqJyDTGJBRYWw/8lJo5GJJCYa/QyCymIDpwjXVHY9Bom/ng/h7fdEqbR4lxFRMfqN8nctDWdnXoOjXQjf3t9cX/vHpG0UEzl3GaEcZiuCjKFKeE98PgbWlQkOo6AsJIdysXN2BAkIus4EIIfr/8l9R2ysFeOTjfLVUOR3HMsHW2wbZZwPZZhZ2wM1Zlgt2zR/bMXrwH78l79d6GrWPeaGaV/YD3/gXSMJX5</latexit>

Farka’s Lemma

<latexit sha1_base64="6zJ1UW3nKrw6MgtzBPyKRfUqkfQ=">AAACD3icbVA9SwNBEN3z2/gVtbRZTBSrcCeiViLaWCqYD8jFsLc3SRb39s7dOTEc+Qc2/hUbC0Vsbe38N24+Ck18MPB4b4aZeUEihUHX/Xampmdm5+YXFnNLyyura/n1jYqJU82hzGMZ61rADEihoIwCJdQSDSwKJFSD2/O+X70HbUSsrrGbQCNibSVagjO0UjO/6yM8YFa8CKkv4Y66RcpUSIv6xsc4oSE96Uu9Zr7gltwB6CTxRqRARrhs5r/8MOZpBAq5ZMbUPTfBRsY0Ci6hl/NTAwnjt6wNdUsVi8A0ssE/PbpjlZC2Ym1LIR2ovycyFhnTjQLbGTHsmHGvL/7n1VNsHTcyoZIUQfHholYqKca0Hw4NhQaOsmsJ41rYWynvMM042ghzNgRv/OVJUtkveYcl7+qgcHo2imOBbJFtskc8ckROyQW5JGXCySN5Jq/kzXlyXpx352PYOuWMZjbJHzifP5nMmdQ=</latexit>

Hd  0 and r
>
d > 0

Core Intuition: Square Case

<latexit sha1_base64="GT5w2Hp3uLmCrvWSVWCmg9uSV78=">AAAB+HicdVDLSgMxFM3UV62Pjrp0EyyCq2HSah8Loeimywq2FdpaMmmmDc0kQ5IRaumXuHGhiFs/xZ1/Y/oQVPTAhcM593LvPUHMmTa+/+GkVlbX1jfSm5mt7Z3drLu339QyUYQ2iORS3QRYU84EbRhmOL2JFcVRwGkrGF3O/NYdVZpJcW3GMe1GeCBYyAg2Vuq52VoP3XaMjGEfnkMf9tyc76F8sZIvQN8rlMpnlRkpllAxX4LI8+fIgSXqPfe905ckiagwhGOt28iPTXeClWGE02mmk2gaYzLCA9q2VOCI6u5kfvgUHlulD0OpbAkD5+r3iQmOtB5Hge2MsBnq395M/MtrJyYsdydMxImhgiwWhQmHRsJZCrDPFCWGjy3BRDF7KyRDrDAxNquMDeHrU/g/aeY9VPTQ1WmuerGMIw0OwRE4AQiUQBXUQB00AAEJeABP4Nm5dx6dF+d10ZpyljMH4Aect0+w6ZHU</latexit>

H
>
1 d = 0

<latexit sha1_base64="UpqhxFyWSUzOHBJTskrBa8o8edc=">AAAB+HicdVBNS8NAEN3Ur1o/WvXoZbEInkKSatoehKKXHivYVmhj2Gy27dJNNuxuhFr6S7x4UMSrP8Wb/8ZNW0FFHww83pthZl6QMCqVZX0YuZXVtfWN/GZha3tnt1ja2+9IngpM2pgzLm4CJAmjMWkrqhi5SQRBUcBINxhfZn73jghJeXytJgnxIjSM6YBipLTkl4pN37ntK57AEJ5DC/qlsmXajlt3KtAyK9XaWT0jbtV2nSq0TWuOMlii5Zfe+yHHaURihRmSsmdbifKmSCiKGZkV+qkkCcJjNCQ9TWMUEelN54fP4LFWQjjgQles4Fz9PjFFkZSTKNCdEVIj+dvLxL+8XqoGNW9K4yRVJMaLRYOUQcVhlgIMqSBYsYkmCAuqb4V4hATCSmdV0CF8fQr/Jx3HtF3TvjotNy6WceTBITgCJ8AGVdAATdACbYBBCh7AE3g27o1H48V4XbTmjOXMAfgB4+0TsnmR1Q==</latexit>

H
>
2 d = 0

<latexit sha1_base64="GT5w2Hp3uLmCrvWSVWCmg9uSV78=">AAAB+HicdVDLSgMxFM3UV62Pjrp0EyyCq2HSah8Loeimywq2FdpaMmmmDc0kQ5IRaumXuHGhiFs/xZ1/Y/oQVPTAhcM593LvPUHMmTa+/+GkVlbX1jfSm5mt7Z3drLu339QyUYQ2iORS3QRYU84EbRhmOL2JFcVRwGkrGF3O/NYdVZpJcW3GMe1GeCBYyAg2Vuq52VoP3XaMjGEfnkMf9tyc76F8sZIvQN8rlMpnlRkpllAxX4LI8+fIgSXqPfe905ckiagwhGOt28iPTXeClWGE02mmk2gaYzLCA9q2VOCI6u5kfvgUHlulD0OpbAkD5+r3iQmOtB5Hge2MsBnq395M/MtrJyYsdydMxImhgiwWhQmHRsJZCrDPFCWGjy3BRDF7KyRDrDAxNquMDeHrU/g/aeY9VPTQ1WmuerGMIw0OwRE4AQiUQBXUQB00AAEJeABP4Nm5dx6dF+d10ZpyljMH4Aect0+w6ZHU</latexit>

H
>
1 d = 0

<latexit sha1_base64="UpqhxFyWSUzOHBJTskrBa8o8edc=">AAAB+HicdVBNS8NAEN3Ur1o/WvXoZbEInkKSatoehKKXHivYVmhj2Gy27dJNNuxuhFr6S7x4UMSrP8Wb/8ZNW0FFHww83pthZl6QMCqVZX0YuZXVtfWN/GZha3tnt1ja2+9IngpM2pgzLm4CJAmjMWkrqhi5SQRBUcBINxhfZn73jghJeXytJgnxIjSM6YBipLTkl4pN37ntK57AEJ5DC/qlsmXajlt3KtAyK9XaWT0jbtV2nSq0TWuOMlii5Zfe+yHHaURihRmSsmdbifKmSCiKGZkV+qkkCcJjNCQ9TWMUEelN54fP4LFWQjjgQles4Fz9PjFFkZSTKNCdEVIj+dvLxL+8XqoGNW9K4yRVJMaLRYOUQcVhlgIMqSBYsYkmCAuqb4V4hATCSmdV0CF8fQr/Jx3HtF3TvjotNy6WceTBITgCJ8AGVdAATdACbYBBCh7AE3g27o1H48V4XbTmjOXMAfgB4+0TsnmR1Q==</latexit>

H
>
2 d = 0

<latexit sha1_base64="J+IqWdFWLEuPsOejiPH2WEasSkU=">AAAB8XicdVBNS8NAEN3Ur1q/qh69LBbBU0haTdpb0UuPFawttqFsNpt26WYTdzdCCf0XXjwo4tV/481/46atoKIPBh7vzTAzz08YlcqyPozCyura+kZxs7S1vbO7V94/uJFxKjDp4JjFoucjSRjlpKOoYqSXCIIin5GuP7nM/e49EZLG/FpNE+JFaMRpSDFSWrptBXDAyB204LBcsUy76jSqNWiZNbd+3siJ49pO1YW2ac1RAUu0h+X3QRDjNCJcYYak7NtWorwMCUUxI7PSIJUkQXiCRqSvKUcRkV42v3gGT7QSwDAWuriCc/X7RIYiKaeRrzsjpMbyt5eLf3n9VIV1L6M8SRXheLEoTBlUMczfhwEVBCs21QRhQfWtEI+RQFjpkEo6hK9P4f/kpmrajmlfnVWaF8s4iuAIHINTYAMXNEELtEEHYMDBA3gCz4Y0Ho0X43XRWjCWM4fgB4y3T10wkBU=</latexit>

Hd  0



<latexit sha1_base64="GT5w2Hp3uLmCrvWSVWCmg9uSV78=">AAAB+HicdVDLSgMxFM3UV62Pjrp0EyyCq2HSah8Loeimywq2FdpaMmmmDc0kQ5IRaumXuHGhiFs/xZ1/Y/oQVPTAhcM593LvPUHMmTa+/+GkVlbX1jfSm5mt7Z3drLu339QyUYQ2iORS3QRYU84EbRhmOL2JFcVRwGkrGF3O/NYdVZpJcW3GMe1GeCBYyAg2Vuq52VoP3XaMjGEfnkMf9tyc76F8sZIvQN8rlMpnlRkpllAxX4LI8+fIgSXqPfe905ckiagwhGOt28iPTXeClWGE02mmk2gaYzLCA9q2VOCI6u5kfvgUHlulD0OpbAkD5+r3iQmOtB5Hge2MsBnq395M/MtrJyYsdydMxImhgiwWhQmHRsJZCrDPFCWGjy3BRDF7KyRDrDAxNquMDeHrU/g/aeY9VPTQ1WmuerGMIw0OwRE4AQiUQBXUQB00AAEJeABP4Nm5dx6dF+d10ZpyljMH4Aect0+w6ZHU</latexit>

H
>
1 d = 0

<latexit sha1_base64="UpqhxFyWSUzOHBJTskrBa8o8edc=">AAAB+HicdVBNS8NAEN3Ur1o/WvXoZbEInkKSatoehKKXHivYVmhj2Gy27dJNNuxuhFr6S7x4UMSrP8Wb/8ZNW0FFHww83pthZl6QMCqVZX0YuZXVtfWN/GZha3tnt1ja2+9IngpM2pgzLm4CJAmjMWkrqhi5SQRBUcBINxhfZn73jghJeXytJgnxIjSM6YBipLTkl4pN37ntK57AEJ5DC/qlsmXajlt3KtAyK9XaWT0jbtV2nSq0TWuOMlii5Zfe+yHHaURihRmSsmdbifKmSCiKGZkV+qkkCcJjNCQ9TWMUEelN54fP4LFWQjjgQles4Fz9PjFFkZSTKNCdEVIj+dvLxL+8XqoGNW9K4yRVJMaLRYOUQcVhlgIMqSBYsYkmCAuqb4V4hATCSmdV0CF8fQr/Jx3HtF3TvjotNy6WceTBITgCJ8AGVdAATdACbYBBCh7AE3g27o1H48V4XbTmjOXMAfgB4+0TsnmR1Q==</latexit>

H
>
2 d = 0

<latexit sha1_base64="GT5w2Hp3uLmCrvWSVWCmg9uSV78=">AAAB+HicdVDLSgMxFM3UV62Pjrp0EyyCq2HSah8Loeimywq2FdpaMmmmDc0kQ5IRaumXuHGhiFs/xZ1/Y/oQVPTAhcM593LvPUHMmTa+/+GkVlbX1jfSm5mt7Z3drLu339QyUYQ2iORS3QRYU84EbRhmOL2JFcVRwGkrGF3O/NYdVZpJcW3GMe1GeCBYyAg2Vuq52VoP3XaMjGEfnkMf9tyc76F8sZIvQN8rlMpnlRkpllAxX4LI8+fIgSXqPfe905ckiagwhGOt28iPTXeClWGE02mmk2gaYzLCA9q2VOCI6u5kfvgUHlulD0OpbAkD5+r3iQmOtB5Hge2MsBnq395M/MtrJyYsdydMxImhgiwWhQmHRsJZCrDPFCWGjy3BRDF7KyRDrDAxNquMDeHrU/g/aeY9VPTQ1WmuerGMIw0OwRE4AQiUQBXUQB00AAEJeABP4Nm5dx6dF+d10ZpyljMH4Aect0+w6ZHU</latexit>

H
>
1 d = 0

<latexit sha1_base64="UpqhxFyWSUzOHBJTskrBa8o8edc=">AAAB+HicdVBNS8NAEN3Ur1o/WvXoZbEInkKSatoehKKXHivYVmhj2Gy27dJNNuxuhFr6S7x4UMSrP8Wb/8ZNW0FFHww83pthZl6QMCqVZX0YuZXVtfWN/GZha3tnt1ja2+9IngpM2pgzLm4CJAmjMWkrqhi5SQRBUcBINxhfZn73jghJeXytJgnxIjSM6YBipLTkl4pN37ntK57AEJ5DC/qlsmXajlt3KtAyK9XaWT0jbtV2nSq0TWuOMlii5Zfe+yHHaURihRmSsmdbifKmSCiKGZkV+qkkCcJjNCQ9TWMUEelN54fP4LFWQjjgQles4Fz9PjFFkZSTKNCdEVIj+dvLxL+8XqoGNW9K4yRVJMaLRYOUQcVhlgIMqSBYsYkmCAuqb4V4hATCSmdV0CF8fQr/Jx3HtF3TvjotNy6WceTBITgCJ8AGVdAATdACbYBBCh7AE3g27o1H48V4XbTmjOXMAfgB4+0TsnmR1Q==</latexit>

H
>
2 d = 0

<latexit sha1_base64="J+IqWdFWLEuPsOejiPH2WEasSkU=">AAAB8XicdVBNS8NAEN3Ur1q/qh69LBbBU0haTdpb0UuPFawttqFsNpt26WYTdzdCCf0XXjwo4tV/481/46atoKIPBh7vzTAzz08YlcqyPozCyura+kZxs7S1vbO7V94/uJFxKjDp4JjFoucjSRjlpKOoYqSXCIIin5GuP7nM/e49EZLG/FpNE+JFaMRpSDFSWrptBXDAyB204LBcsUy76jSqNWiZNbd+3siJ49pO1YW2ac1RAUu0h+X3QRDjNCJcYYak7NtWorwMCUUxI7PSIJUkQXiCRqSvKUcRkV42v3gGT7QSwDAWuriCc/X7RIYiKaeRrzsjpMbyt5eLf3n9VIV1L6M8SRXheLEoTBlUMczfhwEVBCs21QRhQfWtEI+RQFjpkEo6hK9P4f/kpmrajmlfnVWaF8s4iuAIHINTYAMXNEELtEEHYMDBA3gCz4Y0Ho0X43XRWjCWM4fgB4y3T10wkBU=</latexit>

Hd  0

Core Intuition: Square Case
“each row of H is orthogonal to 

the (other) columns of H inverse”

<latexit sha1_base64="BtTDSYiWbgKcM5NfGeQ2pZYRu6s="></latexit>

HH
�1 =


� H

>
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� H
>
2 �

� 
|

G1
|

|
G2
|

�
=


H

>
1 G1 H

>
1 G2

H
>
2 G1 H

>
2 G2

�
=


1 0
0 1

�
<latexit sha1_base64="j79mEuJjgCkdYICJmNisTa+6yHM=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68VjBfkAbymY7adduNunuRiihf8KLB0W8+ne8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dJwqhnUWi1i1AqpRcIl1w43AVqKQRoHAZjC8nfrNJ1Sax/LBjBP0I9qXPOSMGiu1OOlIHJHHbqnsVtwZyDLxclKGHLVu6avTi1kaoTRMUK3bnpsYP6PKcCZwUuykGhPKhrSPbUsljVD72ezeCTm1So+EsbIlDZmpvycyGmk9jgLbGVEz0IveVPzPa6cmvPYzLpPUoGTzRWEqiInJ9HnS4wqZEWNLKFPc3krYgCrKjI2oaEPwFl9eJo3zindZ8e4vytWbPI4CHMMJnIEHV1CFO6hBHRgIeIZXeHNGzovz7nzMW1ecfOYI/sD5/AFVoo+D</latexit>

i 6= j
<latexit sha1_base64="GZdSsM8we2/muljfcPTHBquYtU0=">AAAB+nicbVBNS8NAEJ3Ur1q/Uj16WSyCp5KIqBeh6MEeK9gPaGPYbLft2k027G6UEvtTvHhQxKu/xJv/xm2bg7Y+GHi8N8PMvCDmTGnH+bZyS8srq2v59cLG5tb2jl3cbSiRSELrRHAhWwFWlLOI1jXTnLZiSXEYcNoMhlcTv/lApWIiutWjmHoh7kesxwjWRvLtYtVndx0tYnTt36ML5CDfLjllZwq0SNyMlCBDzbe/Ol1BkpBGmnCsVNt1Yu2lWGpGOB0XOomiMSZD3KdtQyMcUuWl09PH6NAoXdQT0lSk0VT9PZHiUKlRGJjOEOuBmvcm4n9eO9G9cy9lUZxoGpHZol7CkRZokgPqMkmJ5iNDMJHM3IrIAEtMtEmrYEJw519eJI3jsntadm9OSpXLLI487MMBHIELZ1CBKtSgDgQe4Rle4c16sl6sd+tj1pqzspk9+APr8wfkfZJ1</latexit>

H
>
i Gj = 0

<latexit sha1_base64="HveSNVOnT/8wlZJJPqGBuc5ffxw="></latexit>

1. There exists v 2 Rm such that v>H = r
> and v � 0

<latexit sha1_base64="Dmm4JO5RS6S/3/hn7dKuzBcaj4s=">AAACNHicbVDLSgNBEJz1bXxFPXppDIKnsCuiHkUvgh5UjArZGGYnHR2cnV1mesWw7Ed58UO8iOBBEa9+g5PHQaMFA0VVNdNdUaqkJd9/8UZGx8YnJqemSzOzc/ML5cWlc5tkRmBNJCoxlxG3qKTGGklSeJka5HGk8CK63e/6F3dorEz0GXVSbMT8Wsu2FJyc1CwfhoT3lB8hQQEHEEoNYczpJory0+IqjyEkGaMFXUA/CVy3XNQMR3UVmuWKX/V7gL8kGJAKG+C4WX4KW4nIYtQkFLe2HvgpNXJuSAqFRSnMLKZc3PJrrDuqudukkfeOLmDNKS1oJ8Y9TdBTf07kPLa2E0cu2d3SDntd8T+vnlF7p5FLnWaEWvQ/amcKKIFug9CSBgWpjiNcGOl2BXHDDRfkei65EoLhk/+S841qsFUNTjYru3uDOqbYCltl6yxg22yXHbBjVmOCPbBn9sbevUfv1fvwPvvREW8ws8x+wfv6BoBvqro=</latexit>

Let H 2 Rm⇥n and r 2 Rn
.

<latexit sha1_base64="BXHnxPjwnglsePnxCC7iAmJg7XI=">AAACKXicbVBNSwMxEM36WevXqkcvwSJ4Krsi6rHoxWOFtgptKdl0tg1mkyWZVcvSv+PFv+JFQVGv/hHTuge/HgQe781MZl6USmExCN68mdm5+YXF0lJ5eWV1bd3f2GxZnRkOTa6lNpcRsyCFgiYKlHCZGmBJJOEiujqd+BfXYKzQqoGjFLoJGygRC87QST2/1kG4xbwxBEXhlnGUI6oVUB1THAKNtZT6RqgBxRtNmbVgJn2WCkvRZFAd9/xKUA2moH9JWJAKKVDv+U+dvuZZAgq5dBPbYZBiN2duMJcwLncyCynjV2wAbUcVS8B28+mlY7rrlL7byrinkE7V7x05S6wdJZGrTBgO7W9vIv7ntTOMj7u5UGmGoPjXR3EmKWo6iY32hYFpOH3BuBFuV8qHzLjAXLhlF0L4++S/pLVfDQ+r4flBpXZSxFEi22SH7JGQHJEaOSN10iSc3JEH8kxevHvv0Xv13r9KZ7yiZ4v8gPfxCcFPp4s=</latexit>

Then exactly one of the following two assertions is true.

<latexit sha1_base64="rGZBU6tcdupk8fTxC7xmvhwk4fs="></latexit>

2. There exists d 2 Rn such that Hd � 0 and r
>
d < 0

<latexit sha1_base64="uAzwIu9m9zyJFi63zvxNHmcog2c=">AAAB/3icbVDLSgNBEJz1bXxFBS9eBoPoKeyKqMegIB48KJgoJCH0Tnp1yMzuMtMrhjUHf8WLB0W8+hve/Bsnj4OvgoaiqpvurjBV0pLvf3pj4xOTU9Mzs4W5+YXFpeLySs0mmRFYFYlKzFUIFpWMsUqSFF6lBkGHCi/DzlHfv7xFY2USX1A3xaaG61hGUgA5qVVcaxDeURjlx2A6sGX5KWoNvVax5Jf9AfhfEoxIiY1w1ip+NNqJyDTGJBRYWw/8lJo5GJJCYa/QyCymIDpwjXVHY9Bom/ng/h7fdEqbR4lxFRMfqN8nctDWdnXoOjXQjf3t9cX/vHpG0UEzl3GaEcZiuCjKFKeE98PgbWlQkOo6AsJIdysXN2BAkIus4EIIfr/8l9R2ysFeOTjfLVUOR3HMsHW2wbZZwPZZhZ2wM1Zlgt2zR/bMXrwH78l79d6GrWPeaGaV/YD3/gXSMJX5</latexit>

Farka’s Lemma

<latexit sha1_base64="6zJ1UW3nKrw6MgtzBPyKRfUqkfQ=">AAACD3icbVA9SwNBEN3z2/gVtbRZTBSrcCeiViLaWCqYD8jFsLc3SRb39s7dOTEc+Qc2/hUbC0Vsbe38N24+Ck18MPB4b4aZeUEihUHX/Xampmdm5+YXFnNLyyura/n1jYqJU82hzGMZ61rADEihoIwCJdQSDSwKJFSD2/O+X70HbUSsrrGbQCNibSVagjO0UjO/6yM8YFa8CKkv4Y66RcpUSIv6xsc4oSE96Uu9Zr7gltwB6CTxRqRARrhs5r/8MOZpBAq5ZMbUPTfBRsY0Ci6hl/NTAwnjt6wNdUsVi8A0ssE/PbpjlZC2Ym1LIR2ovycyFhnTjQLbGTHsmHGvL/7n1VNsHTcyoZIUQfHholYqKca0Hw4NhQaOsmsJ41rYWynvMM042ghzNgRv/OVJUtkveYcl7+qgcHo2imOBbJFtskc8ckROyQW5JGXCySN5Jq/kzXlyXpx352PYOuWMZjbJHzifP5nMmdQ=</latexit>

Hd  0 and r
>
d > 0



<latexit sha1_base64="GT5w2Hp3uLmCrvWSVWCmg9uSV78=">AAAB+HicdVDLSgMxFM3UV62Pjrp0EyyCq2HSah8Loeimywq2FdpaMmmmDc0kQ5IRaumXuHGhiFs/xZ1/Y/oQVPTAhcM593LvPUHMmTa+/+GkVlbX1jfSm5mt7Z3drLu339QyUYQ2iORS3QRYU84EbRhmOL2JFcVRwGkrGF3O/NYdVZpJcW3GMe1GeCBYyAg2Vuq52VoP3XaMjGEfnkMf9tyc76F8sZIvQN8rlMpnlRkpllAxX4LI8+fIgSXqPfe905ckiagwhGOt28iPTXeClWGE02mmk2gaYzLCA9q2VOCI6u5kfvgUHlulD0OpbAkD5+r3iQmOtB5Hge2MsBnq395M/MtrJyYsdydMxImhgiwWhQmHRsJZCrDPFCWGjy3BRDF7KyRDrDAxNquMDeHrU/g/aeY9VPTQ1WmuerGMIw0OwRE4AQiUQBXUQB00AAEJeABP4Nm5dx6dF+d10ZpyljMH4Aect0+w6ZHU</latexit>

H
>
1 d = 0

<latexit sha1_base64="UpqhxFyWSUzOHBJTskrBa8o8edc=">AAAB+HicdVBNS8NAEN3Ur1o/WvXoZbEInkKSatoehKKXHivYVmhj2Gy27dJNNuxuhFr6S7x4UMSrP8Wb/8ZNW0FFHww83pthZl6QMCqVZX0YuZXVtfWN/GZha3tnt1ja2+9IngpM2pgzLm4CJAmjMWkrqhi5SQRBUcBINxhfZn73jghJeXytJgnxIjSM6YBipLTkl4pN37ntK57AEJ5DC/qlsmXajlt3KtAyK9XaWT0jbtV2nSq0TWuOMlii5Zfe+yHHaURihRmSsmdbifKmSCiKGZkV+qkkCcJjNCQ9TWMUEelN54fP4LFWQjjgQles4Fz9PjFFkZSTKNCdEVIj+dvLxL+8XqoGNW9K4yRVJMaLRYOUQcVhlgIMqSBYsYkmCAuqb4V4hATCSmdV0CF8fQr/Jx3HtF3TvjotNy6WceTBITgCJ8AGVdAATdACbYBBCh7AE3g27o1H48V4XbTmjOXMAfgB4+0TsnmR1Q==</latexit>

H
>
2 d = 0

<latexit sha1_base64="GT5w2Hp3uLmCrvWSVWCmg9uSV78=">AAAB+HicdVDLSgMxFM3UV62Pjrp0EyyCq2HSah8Loeimywq2FdpaMmmmDc0kQ5IRaumXuHGhiFs/xZ1/Y/oQVPTAhcM593LvPUHMmTa+/+GkVlbX1jfSm5mt7Z3drLu339QyUYQ2iORS3QRYU84EbRhmOL2JFcVRwGkrGF3O/NYdVZpJcW3GMe1GeCBYyAg2Vuq52VoP3XaMjGEfnkMf9tyc76F8sZIvQN8rlMpnlRkpllAxX4LI8+fIgSXqPfe905ckiagwhGOt28iPTXeClWGE02mmk2gaYzLCA9q2VOCI6u5kfvgUHlulD0OpbAkD5+r3iQmOtB5Hge2MsBnq395M/MtrJyYsdydMxImhgiwWhQmHRsJZCrDPFCWGjy3BRDF7KyRDrDAxNquMDeHrU/g/aeY9VPTQ1WmuerGMIw0OwRE4AQiUQBXUQB00AAEJeABP4Nm5dx6dF+d10ZpyljMH4Aect0+w6ZHU</latexit>

H
>
1 d = 0

<latexit sha1_base64="UpqhxFyWSUzOHBJTskrBa8o8edc=">AAAB+HicdVBNS8NAEN3Ur1o/WvXoZbEInkKSatoehKKXHivYVmhj2Gy27dJNNuxuhFr6S7x4UMSrP8Wb/8ZNW0FFHww83pthZl6QMCqVZX0YuZXVtfWN/GZha3tnt1ja2+9IngpM2pgzLm4CJAmjMWkrqhi5SQRBUcBINxhfZn73jghJeXytJgnxIjSM6YBipLTkl4pN37ntK57AEJ5DC/qlsmXajlt3KtAyK9XaWT0jbtV2nSq0TWuOMlii5Zfe+yHHaURihRmSsmdbifKmSCiKGZkV+qkkCcJjNCQ9TWMUEelN54fP4LFWQjjgQles4Fz9PjFFkZSTKNCdEVIj+dvLxL+8XqoGNW9K4yRVJMaLRYOUQcVhlgIMqSBYsYkmCAuqb4V4hATCSmdV0CF8fQr/Jx3HtF3TvjotNy6WceTBITgCJ8AGVdAATdACbYBBCh7AE3g27o1H48V4XbTmjOXMAfgB4+0TsnmR1Q==</latexit>

H
>
2 d = 0

<latexit sha1_base64="J+IqWdFWLEuPsOejiPH2WEasSkU=">AAAB8XicdVBNS8NAEN3Ur1q/qh69LBbBU0haTdpb0UuPFawttqFsNpt26WYTdzdCCf0XXjwo4tV/481/46atoKIPBh7vzTAzz08YlcqyPozCyura+kZxs7S1vbO7V94/uJFxKjDp4JjFoucjSRjlpKOoYqSXCIIin5GuP7nM/e49EZLG/FpNE+JFaMRpSDFSWrptBXDAyB204LBcsUy76jSqNWiZNbd+3siJ49pO1YW2ac1RAUu0h+X3QRDjNCJcYYak7NtWorwMCUUxI7PSIJUkQXiCRqSvKUcRkV42v3gGT7QSwDAWuriCc/X7RIYiKaeRrzsjpMbyt5eLf3n9VIV1L6M8SRXheLEoTBlUMczfhwEVBCs21QRhQfWtEI+RQFjpkEo6hK9P4f/kpmrajmlfnVWaF8s4iuAIHINTYAMXNEELtEEHYMDBA3gCz4Y0Ho0X43XRWjCWM4fgB4y3T10wkBU=</latexit>

Hd  0

“each row of H is orthogonal to 
the (other) columns of H inverse”

<latexit sha1_base64="BtTDSYiWbgKcM5NfGeQ2pZYRu6s="></latexit>

HH
�1 =


� H

>
1 �

� H
>
2 �

� 
|

G1
|

|
G2
|

�
=


H

>
1 G1 H

>
1 G2

H
>
2 G1 H

>
2 G2

�
=


1 0
0 1

�
<latexit sha1_base64="j79mEuJjgCkdYICJmNisTa+6yHM=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68VjBfkAbymY7adduNunuRiihf8KLB0W8+ne8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dJwqhnUWi1i1AqpRcIl1w43AVqKQRoHAZjC8nfrNJ1Sax/LBjBP0I9qXPOSMGiu1OOlIHJHHbqnsVtwZyDLxclKGHLVu6avTi1kaoTRMUK3bnpsYP6PKcCZwUuykGhPKhrSPbUsljVD72ezeCTm1So+EsbIlDZmpvycyGmk9jgLbGVEz0IveVPzPa6cmvPYzLpPUoGTzRWEqiInJ9HnS4wqZEWNLKFPc3krYgCrKjI2oaEPwFl9eJo3zindZ8e4vytWbPI4CHMMJnIEHV1CFO6hBHRgIeIZXeHNGzovz7nzMW1ecfOYI/sD5/AFVoo+D</latexit>

i 6= j
<latexit sha1_base64="GZdSsM8we2/muljfcPTHBquYtU0=">AAAB+nicbVBNS8NAEJ3Ur1q/Uj16WSyCp5KIqBeh6MEeK9gPaGPYbLft2k027G6UEvtTvHhQxKu/xJv/xm2bg7Y+GHi8N8PMvCDmTGnH+bZyS8srq2v59cLG5tb2jl3cbSiRSELrRHAhWwFWlLOI1jXTnLZiSXEYcNoMhlcTv/lApWIiutWjmHoh7kesxwjWRvLtYtVndx0tYnTt36ML5CDfLjllZwq0SNyMlCBDzbe/Ol1BkpBGmnCsVNt1Yu2lWGpGOB0XOomiMSZD3KdtQyMcUuWl09PH6NAoXdQT0lSk0VT9PZHiUKlRGJjOEOuBmvcm4n9eO9G9cy9lUZxoGpHZol7CkRZokgPqMkmJ5iNDMJHM3IrIAEtMtEmrYEJw519eJI3jsntadm9OSpXLLI487MMBHIELZ1CBKtSgDgQe4Rle4c16sl6sd+tj1pqzspk9+APr8wfkfZJ1</latexit>

H
>
i Gj = 0

<latexit sha1_base64="HveSNVOnT/8wlZJJPqGBuc5ffxw="></latexit>

1. There exists v 2 Rm such that v>H = r
> and v � 0

<latexit sha1_base64="Dmm4JO5RS6S/3/hn7dKuzBcaj4s=">AAACNHicbVDLSgNBEJz1bXxFPXppDIKnsCuiHkUvgh5UjArZGGYnHR2cnV1mesWw7Ed58UO8iOBBEa9+g5PHQaMFA0VVNdNdUaqkJd9/8UZGx8YnJqemSzOzc/ML5cWlc5tkRmBNJCoxlxG3qKTGGklSeJka5HGk8CK63e/6F3dorEz0GXVSbMT8Wsu2FJyc1CwfhoT3lB8hQQEHEEoNYczpJory0+IqjyEkGaMFXUA/CVy3XNQMR3UVmuWKX/V7gL8kGJAKG+C4WX4KW4nIYtQkFLe2HvgpNXJuSAqFRSnMLKZc3PJrrDuqudukkfeOLmDNKS1oJ8Y9TdBTf07kPLa2E0cu2d3SDntd8T+vnlF7p5FLnWaEWvQ/amcKKIFug9CSBgWpjiNcGOl2BXHDDRfkei65EoLhk/+S841qsFUNTjYru3uDOqbYCltl6yxg22yXHbBjVmOCPbBn9sbevUfv1fvwPvvREW8ws8x+wfv6BoBvqro=</latexit>

Let H 2 Rm⇥n and r 2 Rn
.

<latexit sha1_base64="BXHnxPjwnglsePnxCC7iAmJg7XI=">AAACKXicbVBNSwMxEM36WevXqkcvwSJ4Krsi6rHoxWOFtgptKdl0tg1mkyWZVcvSv+PFv+JFQVGv/hHTuge/HgQe781MZl6USmExCN68mdm5+YXF0lJ5eWV1bd3f2GxZnRkOTa6lNpcRsyCFgiYKlHCZGmBJJOEiujqd+BfXYKzQqoGjFLoJGygRC87QST2/1kG4xbwxBEXhlnGUI6oVUB1THAKNtZT6RqgBxRtNmbVgJn2WCkvRZFAd9/xKUA2moH9JWJAKKVDv+U+dvuZZAgq5dBPbYZBiN2duMJcwLncyCynjV2wAbUcVS8B28+mlY7rrlL7byrinkE7V7x05S6wdJZGrTBgO7W9vIv7ntTOMj7u5UGmGoPjXR3EmKWo6iY32hYFpOH3BuBFuV8qHzLjAXLhlF0L4++S/pLVfDQ+r4flBpXZSxFEi22SH7JGQHJEaOSN10iSc3JEH8kxevHvv0Xv13r9KZ7yiZ4v8gPfxCcFPp4s=</latexit>

Then exactly one of the following two assertions is true.

<latexit sha1_base64="rGZBU6tcdupk8fTxC7xmvhwk4fs="></latexit>

2. There exists d 2 Rn such that Hd � 0 and r
>
d < 0

<latexit sha1_base64="uAzwIu9m9zyJFi63zvxNHmcog2c=">AAAB/3icbVDLSgNBEJz1bXxFBS9eBoPoKeyKqMegIB48KJgoJCH0Tnp1yMzuMtMrhjUHf8WLB0W8+hve/Bsnj4OvgoaiqpvurjBV0pLvf3pj4xOTU9Mzs4W5+YXFpeLySs0mmRFYFYlKzFUIFpWMsUqSFF6lBkGHCi/DzlHfv7xFY2USX1A3xaaG61hGUgA5qVVcaxDeURjlx2A6sGX5KWoNvVax5Jf9AfhfEoxIiY1w1ip+NNqJyDTGJBRYWw/8lJo5GJJCYa/QyCymIDpwjXVHY9Bom/ng/h7fdEqbR4lxFRMfqN8nctDWdnXoOjXQjf3t9cX/vHpG0UEzl3GaEcZiuCjKFKeE98PgbWlQkOo6AsJIdysXN2BAkIus4EIIfr/8l9R2ysFeOTjfLVUOR3HMsHW2wbZZwPZZhZ2wM1Zlgt2zR/bMXrwH78l79d6GrWPeaGaV/YD3/gXSMJX5</latexit>

Farka’s Lemma

<latexit sha1_base64="6zJ1UW3nKrw6MgtzBPyKRfUqkfQ=">AAACD3icbVA9SwNBEN3z2/gVtbRZTBSrcCeiViLaWCqYD8jFsLc3SRb39s7dOTEc+Qc2/hUbC0Vsbe38N24+Ck18MPB4b4aZeUEihUHX/Xampmdm5+YXFnNLyyura/n1jYqJU82hzGMZ61rADEihoIwCJdQSDSwKJFSD2/O+X70HbUSsrrGbQCNibSVagjO0UjO/6yM8YFa8CKkv4Y66RcpUSIv6xsc4oSE96Uu9Zr7gltwB6CTxRqRARrhs5r/8MOZpBAq5ZMbUPTfBRsY0Ci6hl/NTAwnjt6wNdUsVi8A0ssE/PbpjlZC2Ym1LIR2ovycyFhnTjQLbGTHsmHGvL/7n1VNsHTcyoZIUQfHholYqKca0Hw4NhQaOsmsJ41rYWynvMM042ghzNgRv/OVJUtkveYcl7+qgcHo2imOBbJFtskc8ckROyQW5JGXCySN5Jq/kzXlyXpx352PYOuWMZjbJHzifP5nMmdQ=</latexit>

Hd  0 and r
>
d > 0

<latexit sha1_base64="GT5w2Hp3uLmCrvWSVWCmg9uSV78=">AAAB+HicdVDLSgMxFM3UV62Pjrp0EyyCq2HSah8Loeimywq2FdpaMmmmDc0kQ5IRaumXuHGhiFs/xZ1/Y/oQVPTAhcM593LvPUHMmTa+/+GkVlbX1jfSm5mt7Z3drLu339QyUYQ2iORS3QRYU84EbRhmOL2JFcVRwGkrGF3O/NYdVZpJcW3GMe1GeCBYyAg2Vuq52VoP3XaMjGEfnkMf9tyc76F8sZIvQN8rlMpnlRkpllAxX4LI8+fIgSXqPfe905ckiagwhGOt28iPTXeClWGE02mmk2gaYzLCA9q2VOCI6u5kfvgUHlulD0OpbAkD5+r3iQmOtB5Hge2MsBnq395M/MtrJyYsdydMxImhgiwWhQmHRsJZCrDPFCWGjy3BRDF7KyRDrDAxNquMDeHrU/g/aeY9VPTQ1WmuerGMIw0OwRE4AQiUQBXUQB00AAEJeABP4Nm5dx6dF+d10ZpyljMH4Aect0+w6ZHU</latexit>

H
>
1 d = 0

<latexit sha1_base64="UpqhxFyWSUzOHBJTskrBa8o8edc=">AAAB+HicdVBNS8NAEN3Ur1o/WvXoZbEInkKSatoehKKXHivYVmhj2Gy27dJNNuxuhFr6S7x4UMSrP8Wb/8ZNW0FFHww83pthZl6QMCqVZX0YuZXVtfWN/GZha3tnt1ja2+9IngpM2pgzLm4CJAmjMWkrqhi5SQRBUcBINxhfZn73jghJeXytJgnxIjSM6YBipLTkl4pN37ntK57AEJ5DC/qlsmXajlt3KtAyK9XaWT0jbtV2nSq0TWuOMlii5Zfe+yHHaURihRmSsmdbifKmSCiKGZkV+qkkCcJjNCQ9TWMUEelN54fP4LFWQjjgQles4Fz9PjFFkZSTKNCdEVIj+dvLxL+8XqoGNW9K4yRVJMaLRYOUQcVhlgIMqSBYsYkmCAuqb4V4hATCSmdV0CF8fQr/Jx3HtF3TvjotNy6WceTBITgCJ8AGVdAATdACbYBBCh7AE3g27o1H48V4XbTmjOXMAfgB4+0TsnmR1Q==</latexit>

H
>
2 d = 0

<latexit sha1_base64="GT5w2Hp3uLmCrvWSVWCmg9uSV78=">AAAB+HicdVDLSgMxFM3UV62Pjrp0EyyCq2HSah8Loeimywq2FdpaMmmmDc0kQ5IRaumXuHGhiFs/xZ1/Y/oQVPTAhcM593LvPUHMmTa+/+GkVlbX1jfSm5mt7Z3drLu339QyUYQ2iORS3QRYU84EbRhmOL2JFcVRwGkrGF3O/NYdVZpJcW3GMe1GeCBYyAg2Vuq52VoP3XaMjGEfnkMf9tyc76F8sZIvQN8rlMpnlRkpllAxX4LI8+fIgSXqPfe905ckiagwhGOt28iPTXeClWGE02mmk2gaYzLCA9q2VOCI6u5kfvgUHlulD0OpbAkD5+r3iQmOtB5Hge2MsBnq395M/MtrJyYsdydMxImhgiwWhQmHRsJZCrDPFCWGjy3BRDF7KyRDrDAxNquMDeHrU/g/aeY9VPTQ1WmuerGMIw0OwRE4AQiUQBXUQB00AAEJeABP4Nm5dx6dF+d10ZpyljMH4Aect0+w6ZHU</latexit>

H
>
1 d = 0

<latexit sha1_base64="UpqhxFyWSUzOHBJTskrBa8o8edc=">AAAB+HicdVBNS8NAEN3Ur1o/WvXoZbEInkKSatoehKKXHivYVmhj2Gy27dJNNuxuhFr6S7x4UMSrP8Wb/8ZNW0FFHww83pthZl6QMCqVZX0YuZXVtfWN/GZha3tnt1ja2+9IngpM2pgzLm4CJAmjMWkrqhi5SQRBUcBINxhfZn73jghJeXytJgnxIjSM6YBipLTkl4pN37ntK57AEJ5DC/qlsmXajlt3KtAyK9XaWT0jbtV2nSq0TWuOMlii5Zfe+yHHaURihRmSsmdbifKmSCiKGZkV+qkkCcJjNCQ9TWMUEelN54fP4LFWQjjgQles4Fz9PjFFkZSTKNCdEVIj+dvLxL+8XqoGNW9K4yRVJMaLRYOUQcVhlgIMqSBYsYkmCAuqb4V4hATCSmdV0CF8fQr/Jx3HtF3TvjotNy6WceTBITgCJ8AGVdAATdACbYBBCh7AE3g27o1H48V4XbTmjOXMAfgB4+0TsnmR1Q==</latexit>

H
>
2 d = 0

<latexit sha1_base64="J+IqWdFWLEuPsOejiPH2WEasSkU=">AAAB8XicdVBNS8NAEN3Ur1q/qh69LBbBU0haTdpb0UuPFawttqFsNpt26WYTdzdCCf0XXjwo4tV/481/46atoKIPBh7vzTAzz08YlcqyPozCyura+kZxs7S1vbO7V94/uJFxKjDp4JjFoucjSRjlpKOoYqSXCIIin5GuP7nM/e49EZLG/FpNE+JFaMRpSDFSWrptBXDAyB204LBcsUy76jSqNWiZNbd+3siJ49pO1YW2ac1RAUu0h+X3QRDjNCJcYYak7NtWorwMCUUxI7PSIJUkQXiCRqSvKUcRkV42v3gGT7QSwDAWuriCc/X7RIYiKaeRrzsjpMbyt5eLf3n9VIV1L6M8SRXheLEoTBlUMczfhwEVBCs21QRhQfWtEI+RQFjpkEo6hK9P4f/kpmrajmlfnVWaF8s4iuAIHINTYAMXNEELtEEHYMDBA3gCz4Y0Ho0X43XRWjCWM4fgB4y3T10wkBU=</latexit>

Hd  0

<latexit sha1_base64="j0JIu5qHg0fRPiT9ymu4ubDB2vM=">AAAB6nicdVBNS8NAEJ3Ur1q/qh69LBbBU0hKqfZW9KDHivYD2lA22027dLMJuxuhhP4ELx4U8eov8ua/cdNGUNEHA4/3ZpiZ58ecKe04H1ZhZXVtfaO4Wdra3tndK+8fdFSUSELbJOKR7PlYUc4EbWumOe3FkuLQ57TrTy8zv3tPpWKRuNOzmHohHgsWMIK1kW6vhu6wXHHses2pNWrIsZ0FMuJW604DublSgRytYfl9MIpIElKhCcdK9V0n1l6KpWaE03lpkCgaYzLFY9o3VOCQKi9dnDpHJ0YZoSCSpoRGC/X7RIpDpWahbzpDrCfqt5eJf3n9RAfnXspEnGgqyHJRkHCkI5T9jUZMUqL5zBBMJDO3IjLBEhNt0imZEL4+Rf+TTtV267Z7U6s0L/I4inAEx3AKLpxBE66hBW0gMIYHeIJni1uP1ov1umwtWPnMIfyA9fYJBFiNog==</latexit>

G1

<latexit sha1_base64="rzN56WYD7yGYF/FDvQ2u+ToPZYc=">AAAB6nicdVBNS8NAEJ3Ur1q/qh69LBbBU0hKqfZW9KDHivYD2lA22027dLMJuxuhhP4ELx4U8eov8ua/cdNGUNEHA4/3ZpiZ58ecKe04H1ZhZXVtfaO4Wdra3tndK+8fdFSUSELbJOKR7PlYUc4EbWumOe3FkuLQ57TrTy8zv3tPpWKRuNOzmHohHgsWMIK1kW6vhtVhueLY9ZpTa9SQYzsLZMSt1p0GcnOlAjlaw/L7YBSRJKRCE46V6rtOrL0US80Ip/PSIFE0xmSKx7RvqMAhVV66OHWOTowyQkEkTQmNFur3iRSHSs1C33SGWE/Uby8T//L6iQ7OvZSJONFUkOWiIOFIRyj7G42YpETzmSGYSGZuRWSCJSbapFMyIXx9iv4nnart1m33plZpXuRxFOEIjuEUXDiDJlxDC9pAYAwP8ATPFrcerRfrddlasPKZQ/gB6+0TBdyNow==</latexit>

G2

Core Intuition: Square Case



<latexit sha1_base64="GT5w2Hp3uLmCrvWSVWCmg9uSV78=">AAAB+HicdVDLSgMxFM3UV62Pjrp0EyyCq2HSah8Loeimywq2FdpaMmmmDc0kQ5IRaumXuHGhiFs/xZ1/Y/oQVPTAhcM593LvPUHMmTa+/+GkVlbX1jfSm5mt7Z3drLu339QyUYQ2iORS3QRYU84EbRhmOL2JFcVRwGkrGF3O/NYdVZpJcW3GMe1GeCBYyAg2Vuq52VoP3XaMjGEfnkMf9tyc76F8sZIvQN8rlMpnlRkpllAxX4LI8+fIgSXqPfe905ckiagwhGOt28iPTXeClWGE02mmk2gaYzLCA9q2VOCI6u5kfvgUHlulD0OpbAkD5+r3iQmOtB5Hge2MsBnq395M/MtrJyYsdydMxImhgiwWhQmHRsJZCrDPFCWGjy3BRDF7KyRDrDAxNquMDeHrU/g/aeY9VPTQ1WmuerGMIw0OwRE4AQiUQBXUQB00AAEJeABP4Nm5dx6dF+d10ZpyljMH4Aect0+w6ZHU</latexit>

H
>
1 d = 0

<latexit sha1_base64="UpqhxFyWSUzOHBJTskrBa8o8edc=">AAAB+HicdVBNS8NAEN3Ur1o/WvXoZbEInkKSatoehKKXHivYVmhj2Gy27dJNNuxuhFr6S7x4UMSrP8Wb/8ZNW0FFHww83pthZl6QMCqVZX0YuZXVtfWN/GZha3tnt1ja2+9IngpM2pgzLm4CJAmjMWkrqhi5SQRBUcBINxhfZn73jghJeXytJgnxIjSM6YBipLTkl4pN37ntK57AEJ5DC/qlsmXajlt3KtAyK9XaWT0jbtV2nSq0TWuOMlii5Zfe+yHHaURihRmSsmdbifKmSCiKGZkV+qkkCcJjNCQ9TWMUEelN54fP4LFWQjjgQles4Fz9PjFFkZSTKNCdEVIj+dvLxL+8XqoGNW9K4yRVJMaLRYOUQcVhlgIMqSBYsYkmCAuqb4V4hATCSmdV0CF8fQr/Jx3HtF3TvjotNy6WceTBITgCJ8AGVdAATdACbYBBCh7AE3g27o1H48V4XbTmjOXMAfgB4+0TsnmR1Q==</latexit>

H
>
2 d = 0

<latexit sha1_base64="GT5w2Hp3uLmCrvWSVWCmg9uSV78=">AAAB+HicdVDLSgMxFM3UV62Pjrp0EyyCq2HSah8Loeimywq2FdpaMmmmDc0kQ5IRaumXuHGhiFs/xZ1/Y/oQVPTAhcM593LvPUHMmTa+/+GkVlbX1jfSm5mt7Z3drLu339QyUYQ2iORS3QRYU84EbRhmOL2JFcVRwGkrGF3O/NYdVZpJcW3GMe1GeCBYyAg2Vuq52VoP3XaMjGEfnkMf9tyc76F8sZIvQN8rlMpnlRkpllAxX4LI8+fIgSXqPfe905ckiagwhGOt28iPTXeClWGE02mmk2gaYzLCA9q2VOCI6u5kfvgUHlulD0OpbAkD5+r3iQmOtB5Hge2MsBnq395M/MtrJyYsdydMxImhgiwWhQmHRsJZCrDPFCWGjy3BRDF7KyRDrDAxNquMDeHrU/g/aeY9VPTQ1WmuerGMIw0OwRE4AQiUQBXUQB00AAEJeABP4Nm5dx6dF+d10ZpyljMH4Aect0+w6ZHU</latexit>

H
>
1 d = 0

<latexit sha1_base64="UpqhxFyWSUzOHBJTskrBa8o8edc=">AAAB+HicdVBNS8NAEN3Ur1o/WvXoZbEInkKSatoehKKXHivYVmhj2Gy27dJNNuxuhFr6S7x4UMSrP8Wb/8ZNW0FFHww83pthZl6QMCqVZX0YuZXVtfWN/GZha3tnt1ja2+9IngpM2pgzLm4CJAmjMWkrqhi5SQRBUcBINxhfZn73jghJeXytJgnxIjSM6YBipLTkl4pN37ntK57AEJ5DC/qlsmXajlt3KtAyK9XaWT0jbtV2nSq0TWuOMlii5Zfe+yHHaURihRmSsmdbifKmSCiKGZkV+qkkCcJjNCQ9TWMUEelN54fP4LFWQjjgQles4Fz9PjFFkZSTKNCdEVIj+dvLxL+8XqoGNW9K4yRVJMaLRYOUQcVhlgIMqSBYsYkmCAuqb4V4hATCSmdV0CF8fQr/Jx3HtF3TvjotNy6WceTBITgCJ8AGVdAATdACbYBBCh7AE3g27o1H48V4XbTmjOXMAfgB4+0TsnmR1Q==</latexit>

H
>
2 d = 0

<latexit sha1_base64="J+IqWdFWLEuPsOejiPH2WEasSkU=">AAAB8XicdVBNS8NAEN3Ur1q/qh69LBbBU0haTdpb0UuPFawttqFsNpt26WYTdzdCCf0XXjwo4tV/481/46atoKIPBh7vzTAzz08YlcqyPozCyura+kZxs7S1vbO7V94/uJFxKjDp4JjFoucjSRjlpKOoYqSXCIIin5GuP7nM/e49EZLG/FpNE+JFaMRpSDFSWrptBXDAyB204LBcsUy76jSqNWiZNbd+3siJ49pO1YW2ac1RAUu0h+X3QRDjNCJcYYak7NtWorwMCUUxI7PSIJUkQXiCRqSvKUcRkV42v3gGT7QSwDAWuriCc/X7RIYiKaeRrzsjpMbyt5eLf3n9VIV1L6M8SRXheLEoTBlUMczfhwEVBCs21QRhQfWtEI+RQFjpkEo6hK9P4f/kpmrajmlfnVWaF8s4iuAIHINTYAMXNEELtEEHYMDBA3gCz4Y0Ho0X43XRWjCWM4fgB4y3T10wkBU=</latexit>

Hd  0

“each row of H is orthogonal to 
the (other) columns of H inverse”

<latexit sha1_base64="BtTDSYiWbgKcM5NfGeQ2pZYRu6s="></latexit>

HH
�1 =


� H

>
1 �

� H
>
2 �

� 
|

G1
|

|
G2
|

�
=


H

>
1 G1 H

>
1 G2

H
>
2 G1 H

>
2 G2

�
=


1 0
0 1

�
<latexit sha1_base64="j79mEuJjgCkdYICJmNisTa+6yHM=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68VjBfkAbymY7adduNunuRiihf8KLB0W8+ne8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dJwqhnUWi1i1AqpRcIl1w43AVqKQRoHAZjC8nfrNJ1Sax/LBjBP0I9qXPOSMGiu1OOlIHJHHbqnsVtwZyDLxclKGHLVu6avTi1kaoTRMUK3bnpsYP6PKcCZwUuykGhPKhrSPbUsljVD72ezeCTm1So+EsbIlDZmpvycyGmk9jgLbGVEz0IveVPzPa6cmvPYzLpPUoGTzRWEqiInJ9HnS4wqZEWNLKFPc3krYgCrKjI2oaEPwFl9eJo3zindZ8e4vytWbPI4CHMMJnIEHV1CFO6hBHRgIeIZXeHNGzovz7nzMW1ecfOYI/sD5/AFVoo+D</latexit>

i 6= j
<latexit sha1_base64="GZdSsM8we2/muljfcPTHBquYtU0=">AAAB+nicbVBNS8NAEJ3Ur1q/Uj16WSyCp5KIqBeh6MEeK9gPaGPYbLft2k027G6UEvtTvHhQxKu/xJv/xm2bg7Y+GHi8N8PMvCDmTGnH+bZyS8srq2v59cLG5tb2jl3cbSiRSELrRHAhWwFWlLOI1jXTnLZiSXEYcNoMhlcTv/lApWIiutWjmHoh7kesxwjWRvLtYtVndx0tYnTt36ML5CDfLjllZwq0SNyMlCBDzbe/Ol1BkpBGmnCsVNt1Yu2lWGpGOB0XOomiMSZD3KdtQyMcUuWl09PH6NAoXdQT0lSk0VT9PZHiUKlRGJjOEOuBmvcm4n9eO9G9cy9lUZxoGpHZol7CkRZokgPqMkmJ5iNDMJHM3IrIAEtMtEmrYEJw519eJI3jsntadm9OSpXLLI487MMBHIELZ1CBKtSgDgQe4Rle4c16sl6sd+tj1pqzspk9+APr8wfkfZJ1</latexit>

H
>
i Gj = 0

<latexit sha1_base64="HveSNVOnT/8wlZJJPqGBuc5ffxw="></latexit>

1. There exists v 2 Rm such that v>H = r
> and v � 0

<latexit sha1_base64="Dmm4JO5RS6S/3/hn7dKuzBcaj4s=">AAACNHicbVDLSgNBEJz1bXxFPXppDIKnsCuiHkUvgh5UjArZGGYnHR2cnV1mesWw7Ed58UO8iOBBEa9+g5PHQaMFA0VVNdNdUaqkJd9/8UZGx8YnJqemSzOzc/ML5cWlc5tkRmBNJCoxlxG3qKTGGklSeJka5HGk8CK63e/6F3dorEz0GXVSbMT8Wsu2FJyc1CwfhoT3lB8hQQEHEEoNYczpJory0+IqjyEkGaMFXUA/CVy3XNQMR3UVmuWKX/V7gL8kGJAKG+C4WX4KW4nIYtQkFLe2HvgpNXJuSAqFRSnMLKZc3PJrrDuqudukkfeOLmDNKS1oJ8Y9TdBTf07kPLa2E0cu2d3SDntd8T+vnlF7p5FLnWaEWvQ/amcKKIFug9CSBgWpjiNcGOl2BXHDDRfkei65EoLhk/+S841qsFUNTjYru3uDOqbYCltl6yxg22yXHbBjVmOCPbBn9sbevUfv1fvwPvvREW8ws8x+wfv6BoBvqro=</latexit>

Let H 2 Rm⇥n and r 2 Rn
.

<latexit sha1_base64="BXHnxPjwnglsePnxCC7iAmJg7XI=">AAACKXicbVBNSwMxEM36WevXqkcvwSJ4Krsi6rHoxWOFtgptKdl0tg1mkyWZVcvSv+PFv+JFQVGv/hHTuge/HgQe781MZl6USmExCN68mdm5+YXF0lJ5eWV1bd3f2GxZnRkOTa6lNpcRsyCFgiYKlHCZGmBJJOEiujqd+BfXYKzQqoGjFLoJGygRC87QST2/1kG4xbwxBEXhlnGUI6oVUB1THAKNtZT6RqgBxRtNmbVgJn2WCkvRZFAd9/xKUA2moH9JWJAKKVDv+U+dvuZZAgq5dBPbYZBiN2duMJcwLncyCynjV2wAbUcVS8B28+mlY7rrlL7byrinkE7V7x05S6wdJZGrTBgO7W9vIv7ntTOMj7u5UGmGoPjXR3EmKWo6iY32hYFpOH3BuBFuV8qHzLjAXLhlF0L4++S/pLVfDQ+r4flBpXZSxFEi22SH7JGQHJEaOSN10iSc3JEH8kxevHvv0Xv13r9KZ7yiZ4v8gPfxCcFPp4s=</latexit>

Then exactly one of the following two assertions is true.

<latexit sha1_base64="rGZBU6tcdupk8fTxC7xmvhwk4fs="></latexit>

2. There exists d 2 Rn such that Hd � 0 and r
>
d < 0

<latexit sha1_base64="uAzwIu9m9zyJFi63zvxNHmcog2c=">AAAB/3icbVDLSgNBEJz1bXxFBS9eBoPoKeyKqMegIB48KJgoJCH0Tnp1yMzuMtMrhjUHf8WLB0W8+hve/Bsnj4OvgoaiqpvurjBV0pLvf3pj4xOTU9Mzs4W5+YXFpeLySs0mmRFYFYlKzFUIFpWMsUqSFF6lBkGHCi/DzlHfv7xFY2USX1A3xaaG61hGUgA5qVVcaxDeURjlx2A6sGX5KWoNvVax5Jf9AfhfEoxIiY1w1ip+NNqJyDTGJBRYWw/8lJo5GJJCYa/QyCymIDpwjXVHY9Bom/ng/h7fdEqbR4lxFRMfqN8nctDWdnXoOjXQjf3t9cX/vHpG0UEzl3GaEcZiuCjKFKeE98PgbWlQkOo6AsJIdysXN2BAkIus4EIIfr/8l9R2ysFeOTjfLVUOR3HMsHW2wbZZwPZZhZ2wM1Zlgt2zR/bMXrwH78l79d6GrWPeaGaV/YD3/gXSMJX5</latexit>

Farka’s Lemma

<latexit sha1_base64="6zJ1UW3nKrw6MgtzBPyKRfUqkfQ=">AAACD3icbVA9SwNBEN3z2/gVtbRZTBSrcCeiViLaWCqYD8jFsLc3SRb39s7dOTEc+Qc2/hUbC0Vsbe38N24+Ck18MPB4b4aZeUEihUHX/Xampmdm5+YXFnNLyyura/n1jYqJU82hzGMZ61rADEihoIwCJdQSDSwKJFSD2/O+X70HbUSsrrGbQCNibSVagjO0UjO/6yM8YFa8CKkv4Y66RcpUSIv6xsc4oSE96Uu9Zr7gltwB6CTxRqRARrhs5r/8MOZpBAq5ZMbUPTfBRsY0Ci6hl/NTAwnjt6wNdUsVi8A0ssE/PbpjlZC2Ym1LIR2ovycyFhnTjQLbGTHsmHGvL/7n1VNsHTcyoZIUQfHholYqKca0Hw4NhQaOsmsJ41rYWynvMM042ghzNgRv/OVJUtkveYcl7+qgcHo2imOBbJFtskc8ckROyQW5JGXCySN5Jq/kzXlyXpx352PYOuWMZjbJHzifP5nMmdQ=</latexit>

Hd  0 and r
>
d > 0

<latexit sha1_base64="GT5w2Hp3uLmCrvWSVWCmg9uSV78=">AAAB+HicdVDLSgMxFM3UV62Pjrp0EyyCq2HSah8Loeimywq2FdpaMmmmDc0kQ5IRaumXuHGhiFs/xZ1/Y/oQVPTAhcM593LvPUHMmTa+/+GkVlbX1jfSm5mt7Z3drLu339QyUYQ2iORS3QRYU84EbRhmOL2JFcVRwGkrGF3O/NYdVZpJcW3GMe1GeCBYyAg2Vuq52VoP3XaMjGEfnkMf9tyc76F8sZIvQN8rlMpnlRkpllAxX4LI8+fIgSXqPfe905ckiagwhGOt28iPTXeClWGE02mmk2gaYzLCA9q2VOCI6u5kfvgUHlulD0OpbAkD5+r3iQmOtB5Hge2MsBnq395M/MtrJyYsdydMxImhgiwWhQmHRsJZCrDPFCWGjy3BRDF7KyRDrDAxNquMDeHrU/g/aeY9VPTQ1WmuerGMIw0OwRE4AQiUQBXUQB00AAEJeABP4Nm5dx6dF+d10ZpyljMH4Aect0+w6ZHU</latexit>

H
>
1 d = 0

<latexit sha1_base64="UpqhxFyWSUzOHBJTskrBa8o8edc=">AAAB+HicdVBNS8NAEN3Ur1o/WvXoZbEInkKSatoehKKXHivYVmhj2Gy27dJNNuxuhFr6S7x4UMSrP8Wb/8ZNW0FFHww83pthZl6QMCqVZX0YuZXVtfWN/GZha3tnt1ja2+9IngpM2pgzLm4CJAmjMWkrqhi5SQRBUcBINxhfZn73jghJeXytJgnxIjSM6YBipLTkl4pN37ntK57AEJ5DC/qlsmXajlt3KtAyK9XaWT0jbtV2nSq0TWuOMlii5Zfe+yHHaURihRmSsmdbifKmSCiKGZkV+qkkCcJjNCQ9TWMUEelN54fP4LFWQjjgQles4Fz9PjFFkZSTKNCdEVIj+dvLxL+8XqoGNW9K4yRVJMaLRYOUQcVhlgIMqSBYsYkmCAuqb4V4hATCSmdV0CF8fQr/Jx3HtF3TvjotNy6WceTBITgCJ8AGVdAATdACbYBBCh7AE3g27o1H48V4XbTmjOXMAfgB4+0TsnmR1Q==</latexit>

H
>
2 d = 0

<latexit sha1_base64="GT5w2Hp3uLmCrvWSVWCmg9uSV78=">AAAB+HicdVDLSgMxFM3UV62Pjrp0EyyCq2HSah8Loeimywq2FdpaMmmmDc0kQ5IRaumXuHGhiFs/xZ1/Y/oQVPTAhcM593LvPUHMmTa+/+GkVlbX1jfSm5mt7Z3drLu339QyUYQ2iORS3QRYU84EbRhmOL2JFcVRwGkrGF3O/NYdVZpJcW3GMe1GeCBYyAg2Vuq52VoP3XaMjGEfnkMf9tyc76F8sZIvQN8rlMpnlRkpllAxX4LI8+fIgSXqPfe905ckiagwhGOt28iPTXeClWGE02mmk2gaYzLCA9q2VOCI6u5kfvgUHlulD0OpbAkD5+r3iQmOtB5Hge2MsBnq395M/MtrJyYsdydMxImhgiwWhQmHRsJZCrDPFCWGjy3BRDF7KyRDrDAxNquMDeHrU/g/aeY9VPTQ1WmuerGMIw0OwRE4AQiUQBXUQB00AAEJeABP4Nm5dx6dF+d10ZpyljMH4Aect0+w6ZHU</latexit>

H
>
1 d = 0

<latexit sha1_base64="UpqhxFyWSUzOHBJTskrBa8o8edc=">AAAB+HicdVBNS8NAEN3Ur1o/WvXoZbEInkKSatoehKKXHivYVmhj2Gy27dJNNuxuhFr6S7x4UMSrP8Wb/8ZNW0FFHww83pthZl6QMCqVZX0YuZXVtfWN/GZha3tnt1ja2+9IngpM2pgzLm4CJAmjMWkrqhi5SQRBUcBINxhfZn73jghJeXytJgnxIjSM6YBipLTkl4pN37ntK57AEJ5DC/qlsmXajlt3KtAyK9XaWT0jbtV2nSq0TWuOMlii5Zfe+yHHaURihRmSsmdbifKmSCiKGZkV+qkkCcJjNCQ9TWMUEelN54fP4LFWQjjgQles4Fz9PjFFkZSTKNCdEVIj+dvLxL+8XqoGNW9K4yRVJMaLRYOUQcVhlgIMqSBYsYkmCAuqb4V4hATCSmdV0CF8fQr/Jx3HtF3TvjotNy6WceTBITgCJ8AGVdAATdACbYBBCh7AE3g27o1H48V4XbTmjOXMAfgB4+0TsnmR1Q==</latexit>

H
>
2 d = 0

<latexit sha1_base64="J+IqWdFWLEuPsOejiPH2WEasSkU=">AAAB8XicdVBNS8NAEN3Ur1q/qh69LBbBU0haTdpb0UuPFawttqFsNpt26WYTdzdCCf0XXjwo4tV/481/46atoKIPBh7vzTAzz08YlcqyPozCyura+kZxs7S1vbO7V94/uJFxKjDp4JjFoucjSRjlpKOoYqSXCIIin5GuP7nM/e49EZLG/FpNE+JFaMRpSDFSWrptBXDAyB204LBcsUy76jSqNWiZNbd+3siJ49pO1YW2ac1RAUu0h+X3QRDjNCJcYYak7NtWorwMCUUxI7PSIJUkQXiCRqSvKUcRkV42v3gGT7QSwDAWuriCc/X7RIYiKaeRrzsjpMbyt5eLf3n9VIV1L6M8SRXheLEoTBlUMczfhwEVBCs21QRhQfWtEI+RQFjpkEo6hK9P4f/kpmrajmlfnVWaF8s4iuAIHINTYAMXNEELtEEHYMDBA3gCz4Y0Ho0X43XRWjCWM4fgB4y3T10wkBU=</latexit>

Hd  0

<latexit sha1_base64="j0JIu5qHg0fRPiT9ymu4ubDB2vM=">AAAB6nicdVBNS8NAEJ3Ur1q/qh69LBbBU0hKqfZW9KDHivYD2lA22027dLMJuxuhhP4ELx4U8eov8ua/cdNGUNEHA4/3ZpiZ58ecKe04H1ZhZXVtfaO4Wdra3tndK+8fdFSUSELbJOKR7PlYUc4EbWumOe3FkuLQ57TrTy8zv3tPpWKRuNOzmHohHgsWMIK1kW6vhu6wXHHses2pNWrIsZ0FMuJW604DublSgRytYfl9MIpIElKhCcdK9V0n1l6KpWaE03lpkCgaYzLFY9o3VOCQKi9dnDpHJ0YZoSCSpoRGC/X7RIpDpWahbzpDrCfqt5eJf3n9RAfnXspEnGgqyHJRkHCkI5T9jUZMUqL5zBBMJDO3IjLBEhNt0imZEL4+Rf+TTtV267Z7U6s0L/I4inAEx3AKLpxBE66hBW0gMIYHeIJni1uP1ov1umwtWPnMIfyA9fYJBFiNog==</latexit>

G1

<latexit sha1_base64="rzN56WYD7yGYF/FDvQ2u+ToPZYc=">AAAB6nicdVBNS8NAEJ3Ur1q/qh69LBbBU0hKqfZW9KDHivYD2lA22027dLMJuxuhhP4ELx4U8eov8ua/cdNGUNEHA4/3ZpiZ58ecKe04H1ZhZXVtfaO4Wdra3tndK+8fdFSUSELbJOKR7PlYUc4EbWumOe3FkuLQ57TrTy8zv3tPpWKRuNOzmHohHgsWMIK1kW6vhtVhueLY9ZpTa9SQYzsLZMSt1p0GcnOlAjlaw/L7YBSRJKRCE46V6rtOrL0US80Ip/PSIFE0xmSKx7RvqMAhVV66OHWOTowyQkEkTQmNFur3iRSHSs1C33SGWE/Uby8T//L6iQ7OvZSJONFUkOWiIOFIRyj7G42YpETzmSGYSGZuRWSCJSbapFMyIXx9iv4nnart1m33plZpXuRxFOEIjuEUXDiDJlxDC9pAYAwP8ATPFrcerRfrddlasPKZQ/gB6+0TBdyNow==</latexit>

G2

<latexit sha1_base64="VKyecYH/p79gCa5gwXTDBUrZJMo=">AAAB/nicdVDLSsNAFJ3UV62vqLhyM1gEFxKSah/uim66rGAf0MQymU7boZNJnJkUSij4K25cKOLW73Dn3zhtI6jogQuHc+7l3nv8iFGpbPvDyCwtr6yuZddzG5tb2zvm7l5ThrHApIFDFoq2jyRhlJOGooqRdiQICnxGWv7oaua3xkRIGvIbNYmIF6ABp32KkdJS1zwY37oqjGDtFLpwDN0BuYM27Jp52yo6xdJFEdqWPYcm5UKlUj6DTqrkQYp613x3eyGOA8IVZkjKjmNHykuQUBQzMs25sSQRwiM0IB1NOQqI9JL5+VN4rJUe7IdCF1dwrn6fSFAg5STwdWeA1FD+9mbiX14nVv2Kl1AexYpwvFjUjxlUIZxlAXtUEKzYRBOEBdW3QjxEAmGlE8vpEL4+hf+TZsFySpZzfZ6vXqZxZMEhOAInwAFlUAU1UAcNgEECHsATeDbujUfjxXhdtGaMdGYf/IDx9gnH7pQX</latexit>

v
>
H, v � 0

Core Intuition: Square Case



<latexit sha1_base64="GT5w2Hp3uLmCrvWSVWCmg9uSV78=">AAAB+HicdVDLSgMxFM3UV62Pjrp0EyyCq2HSah8Loeimywq2FdpaMmmmDc0kQ5IRaumXuHGhiFs/xZ1/Y/oQVPTAhcM593LvPUHMmTa+/+GkVlbX1jfSm5mt7Z3drLu339QyUYQ2iORS3QRYU84EbRhmOL2JFcVRwGkrGF3O/NYdVZpJcW3GMe1GeCBYyAg2Vuq52VoP3XaMjGEfnkMf9tyc76F8sZIvQN8rlMpnlRkpllAxX4LI8+fIgSXqPfe905ckiagwhGOt28iPTXeClWGE02mmk2gaYzLCA9q2VOCI6u5kfvgUHlulD0OpbAkD5+r3iQmOtB5Hge2MsBnq395M/MtrJyYsdydMxImhgiwWhQmHRsJZCrDPFCWGjy3BRDF7KyRDrDAxNquMDeHrU/g/aeY9VPTQ1WmuerGMIw0OwRE4AQiUQBXUQB00AAEJeABP4Nm5dx6dF+d10ZpyljMH4Aect0+w6ZHU</latexit>

H
>
1 d = 0

<latexit sha1_base64="UpqhxFyWSUzOHBJTskrBa8o8edc=">AAAB+HicdVBNS8NAEN3Ur1o/WvXoZbEInkKSatoehKKXHivYVmhj2Gy27dJNNuxuhFr6S7x4UMSrP8Wb/8ZNW0FFHww83pthZl6QMCqVZX0YuZXVtfWN/GZha3tnt1ja2+9IngpM2pgzLm4CJAmjMWkrqhi5SQRBUcBINxhfZn73jghJeXytJgnxIjSM6YBipLTkl4pN37ntK57AEJ5DC/qlsmXajlt3KtAyK9XaWT0jbtV2nSq0TWuOMlii5Zfe+yHHaURihRmSsmdbifKmSCiKGZkV+qkkCcJjNCQ9TWMUEelN54fP4LFWQjjgQles4Fz9PjFFkZSTKNCdEVIj+dvLxL+8XqoGNW9K4yRVJMaLRYOUQcVhlgIMqSBYsYkmCAuqb4V4hATCSmdV0CF8fQr/Jx3HtF3TvjotNy6WceTBITgCJ8AGVdAATdACbYBBCh7AE3g27o1H48V4XbTmjOXMAfgB4+0TsnmR1Q==</latexit>

H
>
2 d = 0

<latexit sha1_base64="GT5w2Hp3uLmCrvWSVWCmg9uSV78=">AAAB+HicdVDLSgMxFM3UV62Pjrp0EyyCq2HSah8Loeimywq2FdpaMmmmDc0kQ5IRaumXuHGhiFs/xZ1/Y/oQVPTAhcM593LvPUHMmTa+/+GkVlbX1jfSm5mt7Z3drLu339QyUYQ2iORS3QRYU84EbRhmOL2JFcVRwGkrGF3O/NYdVZpJcW3GMe1GeCBYyAg2Vuq52VoP3XaMjGEfnkMf9tyc76F8sZIvQN8rlMpnlRkpllAxX4LI8+fIgSXqPfe905ckiagwhGOt28iPTXeClWGE02mmk2gaYzLCA9q2VOCI6u5kfvgUHlulD0OpbAkD5+r3iQmOtB5Hge2MsBnq395M/MtrJyYsdydMxImhgiwWhQmHRsJZCrDPFCWGjy3BRDF7KyRDrDAxNquMDeHrU/g/aeY9VPTQ1WmuerGMIw0OwRE4AQiUQBXUQB00AAEJeABP4Nm5dx6dF+d10ZpyljMH4Aect0+w6ZHU</latexit>

H
>
1 d = 0

<latexit sha1_base64="UpqhxFyWSUzOHBJTskrBa8o8edc=">AAAB+HicdVBNS8NAEN3Ur1o/WvXoZbEInkKSatoehKKXHivYVmhj2Gy27dJNNuxuhFr6S7x4UMSrP8Wb/8ZNW0FFHww83pthZl6QMCqVZX0YuZXVtfWN/GZha3tnt1ja2+9IngpM2pgzLm4CJAmjMWkrqhi5SQRBUcBINxhfZn73jghJeXytJgnxIjSM6YBipLTkl4pN37ntK57AEJ5DC/qlsmXajlt3KtAyK9XaWT0jbtV2nSq0TWuOMlii5Zfe+yHHaURihRmSsmdbifKmSCiKGZkV+qkkCcJjNCQ9TWMUEelN54fP4LFWQjjgQles4Fz9PjFFkZSTKNCdEVIj+dvLxL+8XqoGNW9K4yRVJMaLRYOUQcVhlgIMqSBYsYkmCAuqb4V4hATCSmdV0CF8fQr/Jx3HtF3TvjotNy6WceTBITgCJ8AGVdAATdACbYBBCh7AE3g27o1H48V4XbTmjOXMAfgB4+0TsnmR1Q==</latexit>

H
>
2 d = 0

<latexit sha1_base64="J+IqWdFWLEuPsOejiPH2WEasSkU=">AAAB8XicdVBNS8NAEN3Ur1q/qh69LBbBU0haTdpb0UuPFawttqFsNpt26WYTdzdCCf0XXjwo4tV/481/46atoKIPBh7vzTAzz08YlcqyPozCyura+kZxs7S1vbO7V94/uJFxKjDp4JjFoucjSRjlpKOoYqSXCIIin5GuP7nM/e49EZLG/FpNE+JFaMRpSDFSWrptBXDAyB204LBcsUy76jSqNWiZNbd+3siJ49pO1YW2ac1RAUu0h+X3QRDjNCJcYYak7NtWorwMCUUxI7PSIJUkQXiCRqSvKUcRkV42v3gGT7QSwDAWuriCc/X7RIYiKaeRrzsjpMbyt5eLf3n9VIV1L6M8SRXheLEoTBlUMczfhwEVBCs21QRhQfWtEI+RQFjpkEo6hK9P4f/kpmrajmlfnVWaF8s4iuAIHINTYAMXNEELtEEHYMDBA3gCz4Y0Ho0X43XRWjCWM4fgB4y3T10wkBU=</latexit>

Hd  0

“each row of H is orthogonal to 
the (other) columns of H inverse”

<latexit sha1_base64="BtTDSYiWbgKcM5NfGeQ2pZYRu6s="></latexit>

HH
�1 =


� H

>
1 �

� H
>
2 �

� 
|

G1
|

|
G2
|

�
=


H

>
1 G1 H

>
1 G2

H
>
2 G1 H

>
2 G2

�
=


1 0
0 1

�
<latexit sha1_base64="j79mEuJjgCkdYICJmNisTa+6yHM=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68VjBfkAbymY7adduNunuRiihf8KLB0W8+ne8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dJwqhnUWi1i1AqpRcIl1w43AVqKQRoHAZjC8nfrNJ1Sax/LBjBP0I9qXPOSMGiu1OOlIHJHHbqnsVtwZyDLxclKGHLVu6avTi1kaoTRMUK3bnpsYP6PKcCZwUuykGhPKhrSPbUsljVD72ezeCTm1So+EsbIlDZmpvycyGmk9jgLbGVEz0IveVPzPa6cmvPYzLpPUoGTzRWEqiInJ9HnS4wqZEWNLKFPc3krYgCrKjI2oaEPwFl9eJo3zindZ8e4vytWbPI4CHMMJnIEHV1CFO6hBHRgIeIZXeHNGzovz7nzMW1ecfOYI/sD5/AFVoo+D</latexit>

i 6= j
<latexit sha1_base64="GZdSsM8we2/muljfcPTHBquYtU0=">AAAB+nicbVBNS8NAEJ3Ur1q/Uj16WSyCp5KIqBeh6MEeK9gPaGPYbLft2k027G6UEvtTvHhQxKu/xJv/xm2bg7Y+GHi8N8PMvCDmTGnH+bZyS8srq2v59cLG5tb2jl3cbSiRSELrRHAhWwFWlLOI1jXTnLZiSXEYcNoMhlcTv/lApWIiutWjmHoh7kesxwjWRvLtYtVndx0tYnTt36ML5CDfLjllZwq0SNyMlCBDzbe/Ol1BkpBGmnCsVNt1Yu2lWGpGOB0XOomiMSZD3KdtQyMcUuWl09PH6NAoXdQT0lSk0VT9PZHiUKlRGJjOEOuBmvcm4n9eO9G9cy9lUZxoGpHZol7CkRZokgPqMkmJ5iNDMJHM3IrIAEtMtEmrYEJw519eJI3jsntadm9OSpXLLI487MMBHIELZ1CBKtSgDgQe4Rle4c16sl6sd+tj1pqzspk9+APr8wfkfZJ1</latexit>

H
>
i Gj = 0

<latexit sha1_base64="HveSNVOnT/8wlZJJPqGBuc5ffxw="></latexit>

1. There exists v 2 Rm such that v>H = r
> and v � 0

<latexit sha1_base64="Dmm4JO5RS6S/3/hn7dKuzBcaj4s=">AAACNHicbVDLSgNBEJz1bXxFPXppDIKnsCuiHkUvgh5UjArZGGYnHR2cnV1mesWw7Ed58UO8iOBBEa9+g5PHQaMFA0VVNdNdUaqkJd9/8UZGx8YnJqemSzOzc/ML5cWlc5tkRmBNJCoxlxG3qKTGGklSeJka5HGk8CK63e/6F3dorEz0GXVSbMT8Wsu2FJyc1CwfhoT3lB8hQQEHEEoNYczpJory0+IqjyEkGaMFXUA/CVy3XNQMR3UVmuWKX/V7gL8kGJAKG+C4WX4KW4nIYtQkFLe2HvgpNXJuSAqFRSnMLKZc3PJrrDuqudukkfeOLmDNKS1oJ8Y9TdBTf07kPLa2E0cu2d3SDntd8T+vnlF7p5FLnWaEWvQ/amcKKIFug9CSBgWpjiNcGOl2BXHDDRfkei65EoLhk/+S841qsFUNTjYru3uDOqbYCltl6yxg22yXHbBjVmOCPbBn9sbevUfv1fvwPvvREW8ws8x+wfv6BoBvqro=</latexit>

Let H 2 Rm⇥n and r 2 Rn
.

<latexit sha1_base64="BXHnxPjwnglsePnxCC7iAmJg7XI=">AAACKXicbVBNSwMxEM36WevXqkcvwSJ4Krsi6rHoxWOFtgptKdl0tg1mkyWZVcvSv+PFv+JFQVGv/hHTuge/HgQe781MZl6USmExCN68mdm5+YXF0lJ5eWV1bd3f2GxZnRkOTa6lNpcRsyCFgiYKlHCZGmBJJOEiujqd+BfXYKzQqoGjFLoJGygRC87QST2/1kG4xbwxBEXhlnGUI6oVUB1THAKNtZT6RqgBxRtNmbVgJn2WCkvRZFAd9/xKUA2moH9JWJAKKVDv+U+dvuZZAgq5dBPbYZBiN2duMJcwLncyCynjV2wAbUcVS8B28+mlY7rrlL7byrinkE7V7x05S6wdJZGrTBgO7W9vIv7ntTOMj7u5UGmGoPjXR3EmKWo6iY32hYFpOH3BuBFuV8qHzLjAXLhlF0L4++S/pLVfDQ+r4flBpXZSxFEi22SH7JGQHJEaOSN10iSc3JEH8kxevHvv0Xv13r9KZ7yiZ4v8gPfxCcFPp4s=</latexit>

Then exactly one of the following two assertions is true.

<latexit sha1_base64="rGZBU6tcdupk8fTxC7xmvhwk4fs="></latexit>

2. There exists d 2 Rn such that Hd � 0 and r
>
d < 0

<latexit sha1_base64="uAzwIu9m9zyJFi63zvxNHmcog2c=">AAAB/3icbVDLSgNBEJz1bXxFBS9eBoPoKeyKqMegIB48KJgoJCH0Tnp1yMzuMtMrhjUHf8WLB0W8+hve/Bsnj4OvgoaiqpvurjBV0pLvf3pj4xOTU9Mzs4W5+YXFpeLySs0mmRFYFYlKzFUIFpWMsUqSFF6lBkGHCi/DzlHfv7xFY2USX1A3xaaG61hGUgA5qVVcaxDeURjlx2A6sGX5KWoNvVax5Jf9AfhfEoxIiY1w1ip+NNqJyDTGJBRYWw/8lJo5GJJCYa/QyCymIDpwjXVHY9Bom/ng/h7fdEqbR4lxFRMfqN8nctDWdnXoOjXQjf3t9cX/vHpG0UEzl3GaEcZiuCjKFKeE98PgbWlQkOo6AsJIdysXN2BAkIus4EIIfr/8l9R2ysFeOTjfLVUOR3HMsHW2wbZZwPZZhZ2wM1Zlgt2zR/bMXrwH78l79d6GrWPeaGaV/YD3/gXSMJX5</latexit>

Farka’s Lemma

<latexit sha1_base64="6zJ1UW3nKrw6MgtzBPyKRfUqkfQ=">AAACD3icbVA9SwNBEN3z2/gVtbRZTBSrcCeiViLaWCqYD8jFsLc3SRb39s7dOTEc+Qc2/hUbC0Vsbe38N24+Ck18MPB4b4aZeUEihUHX/Xampmdm5+YXFnNLyyura/n1jYqJU82hzGMZ61rADEihoIwCJdQSDSwKJFSD2/O+X70HbUSsrrGbQCNibSVagjO0UjO/6yM8YFa8CKkv4Y66RcpUSIv6xsc4oSE96Uu9Zr7gltwB6CTxRqRARrhs5r/8MOZpBAq5ZMbUPTfBRsY0Ci6hl/NTAwnjt6wNdUsVi8A0ssE/PbpjlZC2Ym1LIR2ovycyFhnTjQLbGTHsmHGvL/7n1VNsHTcyoZIUQfHholYqKca0Hw4NhQaOsmsJ41rYWynvMM042ghzNgRv/OVJUtkveYcl7+qgcHo2imOBbJFtskc8ckROyQW5JGXCySN5Jq/kzXlyXpx352PYOuWMZjbJHzifP5nMmdQ=</latexit>

Hd  0 and r
>
d > 0

<latexit sha1_base64="GT5w2Hp3uLmCrvWSVWCmg9uSV78=">AAAB+HicdVDLSgMxFM3UV62Pjrp0EyyCq2HSah8Loeimywq2FdpaMmmmDc0kQ5IRaumXuHGhiFs/xZ1/Y/oQVPTAhcM593LvPUHMmTa+/+GkVlbX1jfSm5mt7Z3drLu339QyUYQ2iORS3QRYU84EbRhmOL2JFcVRwGkrGF3O/NYdVZpJcW3GMe1GeCBYyAg2Vuq52VoP3XaMjGEfnkMf9tyc76F8sZIvQN8rlMpnlRkpllAxX4LI8+fIgSXqPfe905ckiagwhGOt28iPTXeClWGE02mmk2gaYzLCA9q2VOCI6u5kfvgUHlulD0OpbAkD5+r3iQmOtB5Hge2MsBnq395M/MtrJyYsdydMxImhgiwWhQmHRsJZCrDPFCWGjy3BRDF7KyRDrDAxNquMDeHrU/g/aeY9VPTQ1WmuerGMIw0OwRE4AQiUQBXUQB00AAEJeABP4Nm5dx6dF+d10ZpyljMH4Aect0+w6ZHU</latexit>

H
>
1 d = 0

<latexit sha1_base64="UpqhxFyWSUzOHBJTskrBa8o8edc=">AAAB+HicdVBNS8NAEN3Ur1o/WvXoZbEInkKSatoehKKXHivYVmhj2Gy27dJNNuxuhFr6S7x4UMSrP8Wb/8ZNW0FFHww83pthZl6QMCqVZX0YuZXVtfWN/GZha3tnt1ja2+9IngpM2pgzLm4CJAmjMWkrqhi5SQRBUcBINxhfZn73jghJeXytJgnxIjSM6YBipLTkl4pN37ntK57AEJ5DC/qlsmXajlt3KtAyK9XaWT0jbtV2nSq0TWuOMlii5Zfe+yHHaURihRmSsmdbifKmSCiKGZkV+qkkCcJjNCQ9TWMUEelN54fP4LFWQjjgQles4Fz9PjFFkZSTKNCdEVIj+dvLxL+8XqoGNW9K4yRVJMaLRYOUQcVhlgIMqSBYsYkmCAuqb4V4hATCSmdV0CF8fQr/Jx3HtF3TvjotNy6WceTBITgCJ8AGVdAATdACbYBBCh7AE3g27o1H48V4XbTmjOXMAfgB4+0TsnmR1Q==</latexit>

H
>
2 d = 0

<latexit sha1_base64="GT5w2Hp3uLmCrvWSVWCmg9uSV78=">AAAB+HicdVDLSgMxFM3UV62Pjrp0EyyCq2HSah8Loeimywq2FdpaMmmmDc0kQ5IRaumXuHGhiFs/xZ1/Y/oQVPTAhcM593LvPUHMmTa+/+GkVlbX1jfSm5mt7Z3drLu339QyUYQ2iORS3QRYU84EbRhmOL2JFcVRwGkrGF3O/NYdVZpJcW3GMe1GeCBYyAg2Vuq52VoP3XaMjGEfnkMf9tyc76F8sZIvQN8rlMpnlRkpllAxX4LI8+fIgSXqPfe905ckiagwhGOt28iPTXeClWGE02mmk2gaYzLCA9q2VOCI6u5kfvgUHlulD0OpbAkD5+r3iQmOtB5Hge2MsBnq395M/MtrJyYsdydMxImhgiwWhQmHRsJZCrDPFCWGjy3BRDF7KyRDrDAxNquMDeHrU/g/aeY9VPTQ1WmuerGMIw0OwRE4AQiUQBXUQB00AAEJeABP4Nm5dx6dF+d10ZpyljMH4Aect0+w6ZHU</latexit>

H
>
1 d = 0

<latexit sha1_base64="UpqhxFyWSUzOHBJTskrBa8o8edc=">AAAB+HicdVBNS8NAEN3Ur1o/WvXoZbEInkKSatoehKKXHivYVmhj2Gy27dJNNuxuhFr6S7x4UMSrP8Wb/8ZNW0FFHww83pthZl6QMCqVZX0YuZXVtfWN/GZha3tnt1ja2+9IngpM2pgzLm4CJAmjMWkrqhi5SQRBUcBINxhfZn73jghJeXytJgnxIjSM6YBipLTkl4pN37ntK57AEJ5DC/qlsmXajlt3KtAyK9XaWT0jbtV2nSq0TWuOMlii5Zfe+yHHaURihRmSsmdbifKmSCiKGZkV+qkkCcJjNCQ9TWMUEelN54fP4LFWQjjgQles4Fz9PjFFkZSTKNCdEVIj+dvLxL+8XqoGNW9K4yRVJMaLRYOUQcVhlgIMqSBYsYkmCAuqb4V4hATCSmdV0CF8fQr/Jx3HtF3TvjotNy6WceTBITgCJ8AGVdAATdACbYBBCh7AE3g27o1H48V4XbTmjOXMAfgB4+0TsnmR1Q==</latexit>

H
>
2 d = 0

<latexit sha1_base64="J+IqWdFWLEuPsOejiPH2WEasSkU=">AAAB8XicdVBNS8NAEN3Ur1q/qh69LBbBU0haTdpb0UuPFawttqFsNpt26WYTdzdCCf0XXjwo4tV/481/46atoKIPBh7vzTAzz08YlcqyPozCyura+kZxs7S1vbO7V94/uJFxKjDp4JjFoucjSRjlpKOoYqSXCIIin5GuP7nM/e49EZLG/FpNE+JFaMRpSDFSWrptBXDAyB204LBcsUy76jSqNWiZNbd+3siJ49pO1YW2ac1RAUu0h+X3QRDjNCJcYYak7NtWorwMCUUxI7PSIJUkQXiCRqSvKUcRkV42v3gGT7QSwDAWuriCc/X7RIYiKaeRrzsjpMbyt5eLf3n9VIV1L6M8SRXheLEoTBlUMczfhwEVBCs21QRhQfWtEI+RQFjpkEo6hK9P4f/kpmrajmlfnVWaF8s4iuAIHINTYAMXNEELtEEHYMDBA3gCz4Y0Ho0X43XRWjCWM4fgB4y3T10wkBU=</latexit>

Hd  0

<latexit sha1_base64="j0JIu5qHg0fRPiT9ymu4ubDB2vM=">AAAB6nicdVBNS8NAEJ3Ur1q/qh69LBbBU0hKqfZW9KDHivYD2lA22027dLMJuxuhhP4ELx4U8eov8ua/cdNGUNEHA4/3ZpiZ58ecKe04H1ZhZXVtfaO4Wdra3tndK+8fdFSUSELbJOKR7PlYUc4EbWumOe3FkuLQ57TrTy8zv3tPpWKRuNOzmHohHgsWMIK1kW6vhu6wXHHses2pNWrIsZ0FMuJW604DublSgRytYfl9MIpIElKhCcdK9V0n1l6KpWaE03lpkCgaYzLFY9o3VOCQKi9dnDpHJ0YZoSCSpoRGC/X7RIpDpWahbzpDrCfqt5eJf3n9RAfnXspEnGgqyHJRkHCkI5T9jUZMUqL5zBBMJDO3IjLBEhNt0imZEL4+Rf+TTtV267Z7U6s0L/I4inAEx3AKLpxBE66hBW0gMIYHeIJni1uP1ov1umwtWPnMIfyA9fYJBFiNog==</latexit>

G1

<latexit sha1_base64="rzN56WYD7yGYF/FDvQ2u+ToPZYc=">AAAB6nicdVBNS8NAEJ3Ur1q/qh69LBbBU0hKqfZW9KDHivYD2lA22027dLMJuxuhhP4ELx4U8eov8ua/cdNGUNEHA4/3ZpiZ58ecKe04H1ZhZXVtfaO4Wdra3tndK+8fdFSUSELbJOKR7PlYUc4EbWumOe3FkuLQ57TrTy8zv3tPpWKRuNOzmHohHgsWMIK1kW6vhtVhueLY9ZpTa9SQYzsLZMSt1p0GcnOlAjlaw/L7YBSRJKRCE46V6rtOrL0US80Ip/PSIFE0xmSKx7RvqMAhVV66OHWOTowyQkEkTQmNFur3iRSHSs1C33SGWE/Uby8T//L6iQ7OvZSJONFUkOWiIOFIRyj7G42YpETzmSGYSGZuRWSCJSbapFMyIXx9iv4nnart1m33plZpXuRxFOEIjuEUXDiDJlxDC9pAYAwP8ATPFrcerRfrddlasPKZQ/gB6+0TBdyNow==</latexit>

G2

<latexit sha1_base64="yw1+6j7qPBNbKZNMTzPxh3uf8Z4=">AAAB7nicdVDLSgMxFM3UV62vqks3wSK4GmaqfbgrunFZwT6gHUsmzbShmSQkGaEM/Qg3LhRx6/e4829M2xFU9MCFwzn3cu89oWRUG8/7cHIrq2vrG/nNwtb2zu5ecf+grUWiMGlhwYTqhkgTRjlpGWoY6UpFUBwy0gknV3O/c0+UpoLfmqkkQYxGnEYUI2OljrrrGyHhoFjy3IpfqV5UoOd6C1hSK9frtTPoZ0oJZGgOiu/9ocBJTLjBDGnd8z1pghQpQzEjs0I/0UQiPEEj0rOUo5joIF2cO4MnVhnCSChb3MCF+n0iRbHW0zi0nTEyY/3bm4t/eb3ERPUgpVwmhnC8XBQlDBoB57/DIVUEGza1BGFF7a0Qj5FC2NiECjaEr0/h/6Rddv2q69+clxqXWRx5cASOwSnwQQ00wDVoghbAYAIewBN4dqTz6Lw4r8vWnJPNHIIfcN4+AXEBj6c=</latexit>

r>

<latexit sha1_base64="1HWOcyddGbNReJFCK6x4Q4xABt0=">AAAB63icdVDLSsNAFL2pr1pfVZduBovgKiTVPtwV3bisYB/QhjKZTtuhk0mYmRRK6C+4caGIW3/InX/jpI2gogcuHM65l3vv8SPOlHacDyu3tr6xuZXfLuzs7u0fFA+P2iqMJaEtEvJQdn2sKGeCtjTTnHYjSXHgc9rxpzep35lRqVgo7vU8ol6Ax4KNGME6lWYDFw2KJceuuJXqVQU5trOEIbVyvV67QG6mlCBDc1B87w9DEgdUaMKxUj3XibSXYKkZ4XRR6MeKRphM8Zj2DBU4oMpLlrcu0JlRhmgUSlNCo6X6fSLBgVLzwDedAdYT9dtLxb+8XqxHdS9hIoo1FWS1aBRzpEOUPo6GTFKi+dwQTCQztyIywRITbeIpmBC+PkX/k3bZdqu2e3dZalxnceThBE7hHFyoQQNuoQktIDCBB3iCZyuwHq0X63XVmrOymWP4AevtE8BhjhA=</latexit>v1

<latexit sha1_base64="E8XcQm3qQk1pa4YzIpPE1SdLJMY=">AAAB6nicdVDLSsNAFL3xWeur6tLNYBFchaTah7uiG5cV7QPaUCbTSTt0Mgkzk0IJ/QQ3LhRx6xe582+cthFU9MCFwzn3cu89fsyZ0o7zYa2srq1vbOa28ts7u3v7hYPDlooSSWiTRDySHR8rypmgTc00p51YUhz6nLb98fXcb0+oVCwS93oaUy/EQ8ECRrA20t2kX+oXio5ddsuVyzJybGcBQ6qlWq16jtxMKUKGRr/w3htEJAmp0IRjpbquE2svxVIzwuks30sUjTEZ4yHtGipwSJWXLk6doVOjDFAQSVNCo4X6fSLFoVLT0DedIdYj9dubi3953UQHNS9lIk40FWS5KEg40hGa/40GTFKi+dQQTCQztyIywhITbdLJmxC+PkX/k1bJdiu2e3tRrF9lceTgGE7gDFyoQh1uoAFNIDCEB3iCZ4tbj9aL9bpsXbGymSP4AevtE2t3jec=</latexit>v2

<latexit sha1_base64="VKyecYH/p79gCa5gwXTDBUrZJMo=">AAAB/nicdVDLSsNAFJ3UV62vqLhyM1gEFxKSah/uim66rGAf0MQymU7boZNJnJkUSij4K25cKOLW73Dn3zhtI6jogQuHc+7l3nv8iFGpbPvDyCwtr6yuZddzG5tb2zvm7l5ThrHApIFDFoq2jyRhlJOGooqRdiQICnxGWv7oaua3xkRIGvIbNYmIF6ABp32KkdJS1zwY37oqjGDtFLpwDN0BuYM27Jp52yo6xdJFEdqWPYcm5UKlUj6DTqrkQYp613x3eyGOA8IVZkjKjmNHykuQUBQzMs25sSQRwiM0IB1NOQqI9JL5+VN4rJUe7IdCF1dwrn6fSFAg5STwdWeA1FD+9mbiX14nVv2Kl1AexYpwvFjUjxlUIZxlAXtUEKzYRBOEBdW3QjxEAmGlE8vpEL4+hf+TZsFySpZzfZ6vXqZxZMEhOAInwAFlUAU1UAcNgEECHsATeDbujUfjxXhdtGaMdGYf/IDx9gnH7pQX</latexit>

v
>
H, v � 0

Core Intuition: Square Case



<latexit sha1_base64="GT5w2Hp3uLmCrvWSVWCmg9uSV78=">AAAB+HicdVDLSgMxFM3UV62Pjrp0EyyCq2HSah8Loeimywq2FdpaMmmmDc0kQ5IRaumXuHGhiFs/xZ1/Y/oQVPTAhcM593LvPUHMmTa+/+GkVlbX1jfSm5mt7Z3drLu339QyUYQ2iORS3QRYU84EbRhmOL2JFcVRwGkrGF3O/NYdVZpJcW3GMe1GeCBYyAg2Vuq52VoP3XaMjGEfnkMf9tyc76F8sZIvQN8rlMpnlRkpllAxX4LI8+fIgSXqPfe905ckiagwhGOt28iPTXeClWGE02mmk2gaYzLCA9q2VOCI6u5kfvgUHlulD0OpbAkD5+r3iQmOtB5Hge2MsBnq395M/MtrJyYsdydMxImhgiwWhQmHRsJZCrDPFCWGjy3BRDF7KyRDrDAxNquMDeHrU/g/aeY9VPTQ1WmuerGMIw0OwRE4AQiUQBXUQB00AAEJeABP4Nm5dx6dF+d10ZpyljMH4Aect0+w6ZHU</latexit>

H
>
1 d = 0

<latexit sha1_base64="UpqhxFyWSUzOHBJTskrBa8o8edc=">AAAB+HicdVBNS8NAEN3Ur1o/WvXoZbEInkKSatoehKKXHivYVmhj2Gy27dJNNuxuhFr6S7x4UMSrP8Wb/8ZNW0FFHww83pthZl6QMCqVZX0YuZXVtfWN/GZha3tnt1ja2+9IngpM2pgzLm4CJAmjMWkrqhi5SQRBUcBINxhfZn73jghJeXytJgnxIjSM6YBipLTkl4pN37ntK57AEJ5DC/qlsmXajlt3KtAyK9XaWT0jbtV2nSq0TWuOMlii5Zfe+yHHaURihRmSsmdbifKmSCiKGZkV+qkkCcJjNCQ9TWMUEelN54fP4LFWQjjgQles4Fz9PjFFkZSTKNCdEVIj+dvLxL+8XqoGNW9K4yRVJMaLRYOUQcVhlgIMqSBYsYkmCAuqb4V4hATCSmdV0CF8fQr/Jx3HtF3TvjotNy6WceTBITgCJ8AGVdAATdACbYBBCh7AE3g27o1H48V4XbTmjOXMAfgB4+0TsnmR1Q==</latexit>

H
>
2 d = 0

<latexit sha1_base64="GT5w2Hp3uLmCrvWSVWCmg9uSV78=">AAAB+HicdVDLSgMxFM3UV62Pjrp0EyyCq2HSah8Loeimywq2FdpaMmmmDc0kQ5IRaumXuHGhiFs/xZ1/Y/oQVPTAhcM593LvPUHMmTa+/+GkVlbX1jfSm5mt7Z3drLu339QyUYQ2iORS3QRYU84EbRhmOL2JFcVRwGkrGF3O/NYdVZpJcW3GMe1GeCBYyAg2Vuq52VoP3XaMjGEfnkMf9tyc76F8sZIvQN8rlMpnlRkpllAxX4LI8+fIgSXqPfe905ckiagwhGOt28iPTXeClWGE02mmk2gaYzLCA9q2VOCI6u5kfvgUHlulD0OpbAkD5+r3iQmOtB5Hge2MsBnq395M/MtrJyYsdydMxImhgiwWhQmHRsJZCrDPFCWGjy3BRDF7KyRDrDAxNquMDeHrU/g/aeY9VPTQ1WmuerGMIw0OwRE4AQiUQBXUQB00AAEJeABP4Nm5dx6dF+d10ZpyljMH4Aect0+w6ZHU</latexit>

H
>
1 d = 0

<latexit sha1_base64="UpqhxFyWSUzOHBJTskrBa8o8edc=">AAAB+HicdVBNS8NAEN3Ur1o/WvXoZbEInkKSatoehKKXHivYVmhj2Gy27dJNNuxuhFr6S7x4UMSrP8Wb/8ZNW0FFHww83pthZl6QMCqVZX0YuZXVtfWN/GZha3tnt1ja2+9IngpM2pgzLm4CJAmjMWkrqhi5SQRBUcBINxhfZn73jghJeXytJgnxIjSM6YBipLTkl4pN37ntK57AEJ5DC/qlsmXajlt3KtAyK9XaWT0jbtV2nSq0TWuOMlii5Zfe+yHHaURihRmSsmdbifKmSCiKGZkV+qkkCcJjNCQ9TWMUEelN54fP4LFWQjjgQles4Fz9PjFFkZSTKNCdEVIj+dvLxL+8XqoGNW9K4yRVJMaLRYOUQcVhlgIMqSBYsYkmCAuqb4V4hATCSmdV0CF8fQr/Jx3HtF3TvjotNy6WceTBITgCJ8AGVdAATdACbYBBCh7AE3g27o1H48V4XbTmjOXMAfgB4+0TsnmR1Q==</latexit>

H
>
2 d = 0

<latexit sha1_base64="J+IqWdFWLEuPsOejiPH2WEasSkU=">AAAB8XicdVBNS8NAEN3Ur1q/qh69LBbBU0haTdpb0UuPFawttqFsNpt26WYTdzdCCf0XXjwo4tV/481/46atoKIPBh7vzTAzz08YlcqyPozCyura+kZxs7S1vbO7V94/uJFxKjDp4JjFoucjSRjlpKOoYqSXCIIin5GuP7nM/e49EZLG/FpNE+JFaMRpSDFSWrptBXDAyB204LBcsUy76jSqNWiZNbd+3siJ49pO1YW2ac1RAUu0h+X3QRDjNCJcYYak7NtWorwMCUUxI7PSIJUkQXiCRqSvKUcRkV42v3gGT7QSwDAWuriCc/X7RIYiKaeRrzsjpMbyt5eLf3n9VIV1L6M8SRXheLEoTBlUMczfhwEVBCs21QRhQfWtEI+RQFjpkEo6hK9P4f/kpmrajmlfnVWaF8s4iuAIHINTYAMXNEELtEEHYMDBA3gCz4Y0Ho0X43XRWjCWM4fgB4y3T10wkBU=</latexit>

Hd  0

“each row of H is orthogonal to 
the (other) columns of H inverse”

<latexit sha1_base64="HveSNVOnT/8wlZJJPqGBuc5ffxw="></latexit>

1. There exists v 2 Rm such that v>H = r
> and v � 0

<latexit sha1_base64="Dmm4JO5RS6S/3/hn7dKuzBcaj4s=">AAACNHicbVDLSgNBEJz1bXxFPXppDIKnsCuiHkUvgh5UjArZGGYnHR2cnV1mesWw7Ed58UO8iOBBEa9+g5PHQaMFA0VVNdNdUaqkJd9/8UZGx8YnJqemSzOzc/ML5cWlc5tkRmBNJCoxlxG3qKTGGklSeJka5HGk8CK63e/6F3dorEz0GXVSbMT8Wsu2FJyc1CwfhoT3lB8hQQEHEEoNYczpJory0+IqjyEkGaMFXUA/CVy3XNQMR3UVmuWKX/V7gL8kGJAKG+C4WX4KW4nIYtQkFLe2HvgpNXJuSAqFRSnMLKZc3PJrrDuqudukkfeOLmDNKS1oJ8Y9TdBTf07kPLa2E0cu2d3SDntd8T+vnlF7p5FLnWaEWvQ/amcKKIFug9CSBgWpjiNcGOl2BXHDDRfkei65EoLhk/+S841qsFUNTjYru3uDOqbYCltl6yxg22yXHbBjVmOCPbBn9sbevUfv1fvwPvvREW8ws8x+wfv6BoBvqro=</latexit>

Let H 2 Rm⇥n and r 2 Rn
.

<latexit sha1_base64="BXHnxPjwnglsePnxCC7iAmJg7XI=">AAACKXicbVBNSwMxEM36WevXqkcvwSJ4Krsi6rHoxWOFtgptKdl0tg1mkyWZVcvSv+PFv+JFQVGv/hHTuge/HgQe781MZl6USmExCN68mdm5+YXF0lJ5eWV1bd3f2GxZnRkOTa6lNpcRsyCFgiYKlHCZGmBJJOEiujqd+BfXYKzQqoGjFLoJGygRC87QST2/1kG4xbwxBEXhlnGUI6oVUB1THAKNtZT6RqgBxRtNmbVgJn2WCkvRZFAd9/xKUA2moH9JWJAKKVDv+U+dvuZZAgq5dBPbYZBiN2duMJcwLncyCynjV2wAbUcVS8B28+mlY7rrlL7byrinkE7V7x05S6wdJZGrTBgO7W9vIv7ntTOMj7u5UGmGoPjXR3EmKWo6iY32hYFpOH3BuBFuV8qHzLjAXLhlF0L4++S/pLVfDQ+r4flBpXZSxFEi22SH7JGQHJEaOSN10iSc3JEH8kxevHvv0Xv13r9KZ7yiZ4v8gPfxCcFPp4s=</latexit>

Then exactly one of the following two assertions is true.

<latexit sha1_base64="rGZBU6tcdupk8fTxC7xmvhwk4fs="></latexit>

2. There exists d 2 Rn such that Hd � 0 and r
>
d < 0

<latexit sha1_base64="uAzwIu9m9zyJFi63zvxNHmcog2c=">AAAB/3icbVDLSgNBEJz1bXxFBS9eBoPoKeyKqMegIB48KJgoJCH0Tnp1yMzuMtMrhjUHf8WLB0W8+hve/Bsnj4OvgoaiqpvurjBV0pLvf3pj4xOTU9Mzs4W5+YXFpeLySs0mmRFYFYlKzFUIFpWMsUqSFF6lBkGHCi/DzlHfv7xFY2USX1A3xaaG61hGUgA5qVVcaxDeURjlx2A6sGX5KWoNvVax5Jf9AfhfEoxIiY1w1ip+NNqJyDTGJBRYWw/8lJo5GJJCYa/QyCymIDpwjXVHY9Bom/ng/h7fdEqbR4lxFRMfqN8nctDWdnXoOjXQjf3t9cX/vHpG0UEzl3GaEcZiuCjKFKeE98PgbWlQkOo6AsJIdysXN2BAkIus4EIIfr/8l9R2ysFeOTjfLVUOR3HMsHW2wbZZwPZZhZ2wM1Zlgt2zR/bMXrwH78l79d6GrWPeaGaV/YD3/gXSMJX5</latexit>

Farka’s Lemma

<latexit sha1_base64="6zJ1UW3nKrw6MgtzBPyKRfUqkfQ=">AAACD3icbVA9SwNBEN3z2/gVtbRZTBSrcCeiViLaWCqYD8jFsLc3SRb39s7dOTEc+Qc2/hUbC0Vsbe38N24+Ck18MPB4b4aZeUEihUHX/Xampmdm5+YXFnNLyyura/n1jYqJU82hzGMZ61rADEihoIwCJdQSDSwKJFSD2/O+X70HbUSsrrGbQCNibSVagjO0UjO/6yM8YFa8CKkv4Y66RcpUSIv6xsc4oSE96Uu9Zr7gltwB6CTxRqRARrhs5r/8MOZpBAq5ZMbUPTfBRsY0Ci6hl/NTAwnjt6wNdUsVi8A0ssE/PbpjlZC2Ym1LIR2ovycyFhnTjQLbGTHsmHGvL/7n1VNsHTcyoZIUQfHholYqKca0Hw4NhQaOsmsJ41rYWynvMM042ghzNgRv/OVJUtkveYcl7+qgcHo2imOBbJFtskc8ckROyQW5JGXCySN5Jq/kzXlyXpx352PYOuWMZjbJHzifP5nMmdQ=</latexit>

Hd  0 and r
>
d > 0

<latexit sha1_base64="GT5w2Hp3uLmCrvWSVWCmg9uSV78=">AAAB+HicdVDLSgMxFM3UV62Pjrp0EyyCq2HSah8Loeimywq2FdpaMmmmDc0kQ5IRaumXuHGhiFs/xZ1/Y/oQVPTAhcM593LvPUHMmTa+/+GkVlbX1jfSm5mt7Z3drLu339QyUYQ2iORS3QRYU84EbRhmOL2JFcVRwGkrGF3O/NYdVZpJcW3GMe1GeCBYyAg2Vuq52VoP3XaMjGEfnkMf9tyc76F8sZIvQN8rlMpnlRkpllAxX4LI8+fIgSXqPfe905ckiagwhGOt28iPTXeClWGE02mmk2gaYzLCA9q2VOCI6u5kfvgUHlulD0OpbAkD5+r3iQmOtB5Hge2MsBnq395M/MtrJyYsdydMxImhgiwWhQmHRsJZCrDPFCWGjy3BRDF7KyRDrDAxNquMDeHrU/g/aeY9VPTQ1WmuerGMIw0OwRE4AQiUQBXUQB00AAEJeABP4Nm5dx6dF+d10ZpyljMH4Aect0+w6ZHU</latexit>

H
>
1 d = 0

<latexit sha1_base64="UpqhxFyWSUzOHBJTskrBa8o8edc=">AAAB+HicdVBNS8NAEN3Ur1o/WvXoZbEInkKSatoehKKXHivYVmhj2Gy27dJNNuxuhFr6S7x4UMSrP8Wb/8ZNW0FFHww83pthZl6QMCqVZX0YuZXVtfWN/GZha3tnt1ja2+9IngpM2pgzLm4CJAmjMWkrqhi5SQRBUcBINxhfZn73jghJeXytJgnxIjSM6YBipLTkl4pN37ntK57AEJ5DC/qlsmXajlt3KtAyK9XaWT0jbtV2nSq0TWuOMlii5Zfe+yHHaURihRmSsmdbifKmSCiKGZkV+qkkCcJjNCQ9TWMUEelN54fP4LFWQjjgQles4Fz9PjFFkZSTKNCdEVIj+dvLxL+8XqoGNW9K4yRVJMaLRYOUQcVhlgIMqSBYsYkmCAuqb4V4hATCSmdV0CF8fQr/Jx3HtF3TvjotNy6WceTBITgCJ8AGVdAATdACbYBBCh7AE3g27o1H48V4XbTmjOXMAfgB4+0TsnmR1Q==</latexit>

H
>
2 d = 0

<latexit sha1_base64="GT5w2Hp3uLmCrvWSVWCmg9uSV78=">AAAB+HicdVDLSgMxFM3UV62Pjrp0EyyCq2HSah8Loeimywq2FdpaMmmmDc0kQ5IRaumXuHGhiFs/xZ1/Y/oQVPTAhcM593LvPUHMmTa+/+GkVlbX1jfSm5mt7Z3drLu339QyUYQ2iORS3QRYU84EbRhmOL2JFcVRwGkrGF3O/NYdVZpJcW3GMe1GeCBYyAg2Vuq52VoP3XaMjGEfnkMf9tyc76F8sZIvQN8rlMpnlRkpllAxX4LI8+fIgSXqPfe905ckiagwhGOt28iPTXeClWGE02mmk2gaYzLCA9q2VOCI6u5kfvgUHlulD0OpbAkD5+r3iQmOtB5Hge2MsBnq395M/MtrJyYsdydMxImhgiwWhQmHRsJZCrDPFCWGjy3BRDF7KyRDrDAxNquMDeHrU/g/aeY9VPTQ1WmuerGMIw0OwRE4AQiUQBXUQB00AAEJeABP4Nm5dx6dF+d10ZpyljMH4Aect0+w6ZHU</latexit>

H
>
1 d = 0

<latexit sha1_base64="UpqhxFyWSUzOHBJTskrBa8o8edc=">AAAB+HicdVBNS8NAEN3Ur1o/WvXoZbEInkKSatoehKKXHivYVmhj2Gy27dJNNuxuhFr6S7x4UMSrP8Wb/8ZNW0FFHww83pthZl6QMCqVZX0YuZXVtfWN/GZha3tnt1ja2+9IngpM2pgzLm4CJAmjMWkrqhi5SQRBUcBINxhfZn73jghJeXytJgnxIjSM6YBipLTkl4pN37ntK57AEJ5DC/qlsmXajlt3KtAyK9XaWT0jbtV2nSq0TWuOMlii5Zfe+yHHaURihRmSsmdbifKmSCiKGZkV+qkkCcJjNCQ9TWMUEelN54fP4LFWQjjgQles4Fz9PjFFkZSTKNCdEVIj+dvLxL+8XqoGNW9K4yRVJMaLRYOUQcVhlgIMqSBYsYkmCAuqb4V4hATCSmdV0CF8fQr/Jx3HtF3TvjotNy6WceTBITgCJ8AGVdAATdACbYBBCh7AE3g27o1H48V4XbTmjOXMAfgB4+0TsnmR1Q==</latexit>

H
>
2 d = 0

<latexit sha1_base64="J+IqWdFWLEuPsOejiPH2WEasSkU=">AAAB8XicdVBNS8NAEN3Ur1q/qh69LBbBU0haTdpb0UuPFawttqFsNpt26WYTdzdCCf0XXjwo4tV/481/46atoKIPBh7vzTAzz08YlcqyPozCyura+kZxs7S1vbO7V94/uJFxKjDp4JjFoucjSRjlpKOoYqSXCIIin5GuP7nM/e49EZLG/FpNE+JFaMRpSDFSWrptBXDAyB204LBcsUy76jSqNWiZNbd+3siJ49pO1YW2ac1RAUu0h+X3QRDjNCJcYYak7NtWorwMCUUxI7PSIJUkQXiCRqSvKUcRkV42v3gGT7QSwDAWuriCc/X7RIYiKaeRrzsjpMbyt5eLf3n9VIV1L6M8SRXheLEoTBlUMczfhwEVBCs21QRhQfWtEI+RQFjpkEo6hK9P4f/kpmrajmlfnVWaF8s4iuAIHINTYAMXNEELtEEHYMDBA3gCz4Y0Ho0X43XRWjCWM4fgB4y3T10wkBU=</latexit>

Hd  0

<latexit sha1_base64="yw1+6j7qPBNbKZNMTzPxh3uf8Z4=">AAAB7nicdVDLSgMxFM3UV62vqks3wSK4GmaqfbgrunFZwT6gHUsmzbShmSQkGaEM/Qg3LhRx6/e4829M2xFU9MCFwzn3cu89oWRUG8/7cHIrq2vrG/nNwtb2zu5ecf+grUWiMGlhwYTqhkgTRjlpGWoY6UpFUBwy0gknV3O/c0+UpoLfmqkkQYxGnEYUI2OljrrrGyHhoFjy3IpfqV5UoOd6C1hSK9frtTPoZ0oJZGgOiu/9ocBJTLjBDGnd8z1pghQpQzEjs0I/0UQiPEEj0rOUo5joIF2cO4MnVhnCSChb3MCF+n0iRbHW0zi0nTEyY/3bm4t/eb3ERPUgpVwmhnC8XBQlDBoB57/DIVUEGza1BGFF7a0Qj5FC2NiECjaEr0/h/6Rddv2q69+clxqXWRx5cASOwSnwQQ00wDVoghbAYAIewBN4dqTz6Lw4r8vWnJPNHIIfcN4+AXEBj6c=</latexit>

r>

<latexit sha1_base64="1HWOcyddGbNReJFCK6x4Q4xABt0=">AAAB63icdVDLSsNAFL2pr1pfVZduBovgKiTVPtwV3bisYB/QhjKZTtuhk0mYmRRK6C+4caGIW3/InX/jpI2gogcuHM65l3vv8SPOlHacDyu3tr6xuZXfLuzs7u0fFA+P2iqMJaEtEvJQdn2sKGeCtjTTnHYjSXHgc9rxpzep35lRqVgo7vU8ol6Ax4KNGME6lWYDFw2KJceuuJXqVQU5trOEIbVyvV67QG6mlCBDc1B87w9DEgdUaMKxUj3XibSXYKkZ4XRR6MeKRphM8Zj2DBU4oMpLlrcu0JlRhmgUSlNCo6X6fSLBgVLzwDedAdYT9dtLxb+8XqxHdS9hIoo1FWS1aBRzpEOUPo6GTFKi+dwQTCQztyIywRITbeIpmBC+PkX/k3bZdqu2e3dZalxnceThBE7hHFyoQQNuoQktIDCBB3iCZyuwHq0X63XVmrOymWP4AevtE8BhjhA=</latexit>v1

<latexit sha1_base64="E8XcQm3qQk1pa4YzIpPE1SdLJMY=">AAAB6nicdVDLSsNAFL3xWeur6tLNYBFchaTah7uiG5cV7QPaUCbTSTt0Mgkzk0IJ/QQ3LhRx6xe582+cthFU9MCFwzn3cu89fsyZ0o7zYa2srq1vbOa28ts7u3v7hYPDlooSSWiTRDySHR8rypmgTc00p51YUhz6nLb98fXcb0+oVCwS93oaUy/EQ8ECRrA20t2kX+oXio5ddsuVyzJybGcBQ6qlWq16jtxMKUKGRr/w3htEJAmp0IRjpbquE2svxVIzwuks30sUjTEZ4yHtGipwSJWXLk6doVOjDFAQSVNCo4X6fSLFoVLT0DedIdYj9dubi3953UQHNS9lIk40FWS5KEg40hGa/40GTFKi+dQQTCQztyIywhITbdLJmxC+PkX/k1bJdiu2e3tRrF9lceTgGE7gDFyoQh1uoAFNIDCEB3iCZ4tbj9aL9bpsXbGymSP4AevtE2t3jec=</latexit>v2

<latexit sha1_base64="VKyecYH/p79gCa5gwXTDBUrZJMo=">AAAB/nicdVDLSsNAFJ3UV62vqLhyM1gEFxKSah/uim66rGAf0MQymU7boZNJnJkUSij4K25cKOLW73Dn3zhtI6jogQuHc+7l3nv8iFGpbPvDyCwtr6yuZddzG5tb2zvm7l5ThrHApIFDFoq2jyRhlJOGooqRdiQICnxGWv7oaua3xkRIGvIbNYmIF6ABp32KkdJS1zwY37oqjGDtFLpwDN0BuYM27Jp52yo6xdJFEdqWPYcm5UKlUj6DTqrkQYp613x3eyGOA8IVZkjKjmNHykuQUBQzMs25sSQRwiM0IB1NOQqI9JL5+VN4rJUe7IdCF1dwrn6fSFAg5STwdWeA1FD+9mbiX14nVv2Kl1AexYpwvFjUjxlUIZxlAXtUEKzYRBOEBdW3QjxEAmGlE8vpEL4+hf+TZsFySpZzfZ6vXqZxZMEhOAInwAFlUAU1UAcNgEECHsATeDbujUfjxXhdtGaMdGYf/IDx9gnH7pQX</latexit>

v
>
H, v � 0

<latexit sha1_base64="j0JIu5qHg0fRPiT9ymu4ubDB2vM=">AAAB6nicdVBNS8NAEJ3Ur1q/qh69LBbBU0hKqfZW9KDHivYD2lA22027dLMJuxuhhP4ELx4U8eov8ua/cdNGUNEHA4/3ZpiZ58ecKe04H1ZhZXVtfaO4Wdra3tndK+8fdFSUSELbJOKR7PlYUc4EbWumOe3FkuLQ57TrTy8zv3tPpWKRuNOzmHohHgsWMIK1kW6vhu6wXHHses2pNWrIsZ0FMuJW604DublSgRytYfl9MIpIElKhCcdK9V0n1l6KpWaE03lpkCgaYzLFY9o3VOCQKi9dnDpHJ0YZoSCSpoRGC/X7RIpDpWahbzpDrCfqt5eJf3n9RAfnXspEnGgqyHJRkHCkI5T9jUZMUqL5zBBMJDO3IjLBEhNt0imZEL4+Rf+TTtV267Z7U6s0L/I4inAEx3AKLpxBE66hBW0gMIYHeIJni1uP1ov1umwtWPnMIfyA9fYJBFiNog==</latexit>

G1

<latexit sha1_base64="rzN56WYD7yGYF/FDvQ2u+ToPZYc=">AAAB6nicdVBNS8NAEJ3Ur1q/qh69LBbBU0hKqfZW9KDHivYD2lA22027dLMJuxuhhP4ELx4U8eov8ua/cdNGUNEHA4/3ZpiZ58ecKe04H1ZhZXVtfaO4Wdra3tndK+8fdFSUSELbJOKR7PlYUc4EbWumOe3FkuLQ57TrTy8zv3tPpWKRuNOzmHohHgsWMIK1kW6vhtVhueLY9ZpTa9SQYzsLZMSt1p0GcnOlAjlaw/L7YBSRJKRCE46V6rtOrL0US80Ip/PSIFE0xmSKx7RvqMAhVV66OHWOTowyQkEkTQmNFur3iRSHSs1C33SGWE/Uby8T//L6iQ7OvZSJONFUkOWiIOFIRyj7G42YpETzmSGYSGZuRWSCJSbapFMyIXx9iv4nnart1m33plZpXuRxFOEIjuEUXDiDJlxDC9pAYAwP8ATPFrcerRfrddlasPKZQ/gB6+0TBdyNow==</latexit>

G2

<latexit sha1_base64="ckarGhhCErq0Wj+/f0fRuXlbGkE=">AAACCnicbVC7TgJBFJ31ifhCLW1G0cTCkF1j1JJoYigxETABQmaHuzBhdnaduWskG2obf8XGQmNs/QI7/8bhUSh6qpNz7vP4sRQGXffLmZmdm19YzCxll1dW19ZzG5tVEyWaQ4VHMtI3PjMghYIKCpRwE2tgoS+h5vcuhn7tDrQRkbrGfgzNkHWUCARnaKVWbqeBcI/pZaSpuU2YhkMqlG1AYSfQvdLeoJXLuwV3BPqXeBOSJxOUW7nPRjviSQgKuWTG1D03xmbK7EwuYZBtJAZixnusA3VLFQvBNNPRKwO6b5U2Dew5QaSQjtSfHSkLjemHvq0MGXbNtDcU//PqCQZnzVSoOEFQfLwoSCTFiA5zoW2hgaPsW8K4FvZWyrtMM442vawNwZt++S+pHhW8k4J3dZwvnk/iyJBtsksOiEdOSZGUSJlUCCcP5Im8kFfn0Xl23pz3cemMM+nZIr/gfHwDfM+aHA==</latexit>

For square, invertible H
<latexit sha1_base64="6CA4sWhgj02/ITj2d6elZGurtuE="></latexit>

9 d 2 Rn s.t. Hd  0
<latexit sha1_base64="8LzS/rKkwB9Jk8gaGbX2DbDU+CY=">AAACDXicbVC7TgJBFJ3FF+ILtbSZyJrYSHaNURsTog0lJvJIAMnscBcmzD6cuWuEDT9g46/YWGiMrb2df+PyKBQ81ck59+aee5xQCo2W9W2kFhaXllfSq5m19Y3Nrez2TkUHkeJQ5oEMVM1hGqTwoYwCJdRCBcxzJFSd3tXIr96D0iLwb7AfQtNjHV+4gjNMpFbWbCA8YGy26QUt3sZH9nBgUjdQ1BzQhoQ7apnDTCubs/LWGHSe2FOSI1OUWtmvRjvgkQc+csm0rttWiM2YKRRcwjDTiDSEjPdYB+oJ9ZkHuhmPvxnSg0RpjzO4gY90rP7eiJmndd9zkkmPYVfPeiPxP68eoXvejIUfRgg+nxxyI0kxoKNqaFso4Cj7CWFciSQr5V2mGMekwFEJ9uzL86RynLdP8/b1Sa5wOa0jTfbIPjkkNjkjBVIkJVImnDySZ/JK3own48V4Nz4moyljurNL/sD4/AFeV5ky</latexit>

d = H
�1

z for z  0
<latexit sha1_base64="QmHIA++SxZAvda4kr1gF1pNIplQ=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKpi20oWy2k3bpZhN2N0Ip/Q1ePCji1R/kzX/jps1BWx8MPN6bYWZemAqujet+O6W19Y3NrfJ2ZWd3b/+genjU0kmmGPosEYnqhFSj4BJ9w43ATqqQxqHAdji+y/32EyrNE/loJikGMR1KHnFGjZX8Ho+iSr9ac+vuHGSVeAWpQYFmv/rVGyQsi1EaJqjWXc9NTTClynAmcFbpZRpTysZ0iF1LJY1RB9P5sTNyZpUBiRJlSxoyV39PTGms9SQObWdMzUgve7n4n9fNTHQTTLlMM4OSLRZFmSAmIfnnZMAVMiMmllCmuL2VsBFVlBmbTx6Ct/zyKmld1L2ruvdwWWvcFnGU4QRO4Rw8uIYG3EMTfGDA4Rle4c2Rzovz7nwsWktOMXMMf+B8/gA4445N</latexit>()

<latexit sha1_base64="iNHsKkcOSDfs0fA9WTjVGSBkuMo=">AAAB83icdVDLSsNAFJ3UV62vqks3g0VwY0hSTdqFUHTTZQXbCm0sk8mkHTp5MDMRauhvuHGhiFt/xp1/46StoKIHLhzOuZd77/ESRoU0jA+tsLS8srpWXC9tbG5t75R39zoiTjkmbRyzmN94SBBGI9KWVDJyk3CCQo+Rrje+zP3uHeGCxtG1nCTEDdEwogHFSCqp78Nz2LzNTswpvB+UK4ZuWnbdqkJDrzq1s3pObMe0LQeaujFDBSzQGpTf+36M05BEEjMkRM80EulmiEuKGZmW+qkgCcJjNCQ9RSMUEuFms5un8EgpPgxiriqScKZ+n8hQKMQk9FRniORI/PZy8S+vl8qg5mY0SlJJIjxfFKQMyhjmAUCfcoIlmyiCMKfqVohHiCMsVUwlFcLXp/B/0rF009bNq9NK42IRRxEcgENwDEzggAZoghZoAwwS8ACewLOWao/ai/Y6by1oi5l98APa2yeYo5DG</latexit>

d = H
�1

z

<latexit sha1_base64="9I1aHh8FnW+1TaPauyaZwh0tKIQ=">AAAB63icdVDLSgMxFM34rPVVdekmWARXQ6YM1e6KblxWsA9oh5JJM21okhmSjFCH/oIbF4q49Yfc+Tdm2hFU9MCFwzn3cu89YcKZNgh9OCura+sbm6Wt8vbO7t5+5eCwo+NUEdomMY9VL8SaciZp2zDDaS9RFIuQ0244vcr97h1VmsXy1swSGgg8lixiBJtcuh96cFipIrfuI7/hQ+SiBXLi1eqoAb1CqYICrWHlfTCKSSqoNIRjrfseSkyQYWUY4XReHqSaJphM8Zj2LZVYUB1ki1vn8NQqIxjFypY0cKF+n8iw0HomQtspsJno314u/uX1UxNdBBmTSWqoJMtFUcqhiWH+OBwxRYnhM0swUczeCskEK0yMjadsQ/j6FP5POjXXq7vejV9tXhZxlMAxOAFnwAPnoAmuQQu0AQET8ACewLMjnEfnxXldtq44xcwR+AHn7ROofI3/</latexit>z1

<latexit sha1_base64="iYW42tdwXXBF1hc2O3BH1qX50Ww=">AAAB6nicdVBNS8NAEJ3Ur1q/qh69LBbBU0hKqfZW9OKxov2ANpTNdtMu3WzC7kaooT/BiwdFvPqLvPlv3LQRVPTBwOO9GWbm+TFnSjvOh1VYWV1b3yhulra2d3b3yvsHHRUlktA2iXgkez5WlDNB25ppTnuxpDj0Oe3608vM795RqVgkbvUspl6Ix4IFjGBtpJv7YXVYrjh2vebUGjXk2M4CGXGrdaeB3FypQI7WsPw+GEUkCanQhGOl+q4Tay/FUjPC6bw0SBSNMZniMe0bKnBIlZcuTp2jE6OMUBBJU0Kjhfp9IsWhUrPQN50h1hP128vEv7x+ooNzL2UiTjQVZLkoSDjSEcr+RiMmKdF8ZggmkplbEZlgiYk26ZRMCF+fov9Jp2q7ddu9rlWaF3kcRTiCYzgFF86gCVfQgjYQGMMDPMGzxa1H68V6XbYWrHzmEH7AevsEU46N1g==</latexit>z2

Core Intuition: Square Case



<latexit sha1_base64="GT5w2Hp3uLmCrvWSVWCmg9uSV78=">AAAB+HicdVDLSgMxFM3UV62Pjrp0EyyCq2HSah8Loeimywq2FdpaMmmmDc0kQ5IRaumXuHGhiFs/xZ1/Y/oQVPTAhcM593LvPUHMmTa+/+GkVlbX1jfSm5mt7Z3drLu339QyUYQ2iORS3QRYU84EbRhmOL2JFcVRwGkrGF3O/NYdVZpJcW3GMe1GeCBYyAg2Vuq52VoP3XaMjGEfnkMf9tyc76F8sZIvQN8rlMpnlRkpllAxX4LI8+fIgSXqPfe905ckiagwhGOt28iPTXeClWGE02mmk2gaYzLCA9q2VOCI6u5kfvgUHlulD0OpbAkD5+r3iQmOtB5Hge2MsBnq395M/MtrJyYsdydMxImhgiwWhQmHRsJZCrDPFCWGjy3BRDF7KyRDrDAxNquMDeHrU/g/aeY9VPTQ1WmuerGMIw0OwRE4AQiUQBXUQB00AAEJeABP4Nm5dx6dF+d10ZpyljMH4Aect0+w6ZHU</latexit>

H
>
1 d = 0

<latexit sha1_base64="UpqhxFyWSUzOHBJTskrBa8o8edc=">AAAB+HicdVBNS8NAEN3Ur1o/WvXoZbEInkKSatoehKKXHivYVmhj2Gy27dJNNuxuhFr6S7x4UMSrP8Wb/8ZNW0FFHww83pthZl6QMCqVZX0YuZXVtfWN/GZha3tnt1ja2+9IngpM2pgzLm4CJAmjMWkrqhi5SQRBUcBINxhfZn73jghJeXytJgnxIjSM6YBipLTkl4pN37ntK57AEJ5DC/qlsmXajlt3KtAyK9XaWT0jbtV2nSq0TWuOMlii5Zfe+yHHaURihRmSsmdbifKmSCiKGZkV+qkkCcJjNCQ9TWMUEelN54fP4LFWQjjgQles4Fz9PjFFkZSTKNCdEVIj+dvLxL+8XqoGNW9K4yRVJMaLRYOUQcVhlgIMqSBYsYkmCAuqb4V4hATCSmdV0CF8fQr/Jx3HtF3TvjotNy6WceTBITgCJ8AGVdAATdACbYBBCh7AE3g27o1H48V4XbTmjOXMAfgB4+0TsnmR1Q==</latexit>

H
>
2 d = 0

<latexit sha1_base64="GT5w2Hp3uLmCrvWSVWCmg9uSV78=">AAAB+HicdVDLSgMxFM3UV62Pjrp0EyyCq2HSah8Loeimywq2FdpaMmmmDc0kQ5IRaumXuHGhiFs/xZ1/Y/oQVPTAhcM593LvPUHMmTa+/+GkVlbX1jfSm5mt7Z3drLu339QyUYQ2iORS3QRYU84EbRhmOL2JFcVRwGkrGF3O/NYdVZpJcW3GMe1GeCBYyAg2Vuq52VoP3XaMjGEfnkMf9tyc76F8sZIvQN8rlMpnlRkpllAxX4LI8+fIgSXqPfe905ckiagwhGOt28iPTXeClWGE02mmk2gaYzLCA9q2VOCI6u5kfvgUHlulD0OpbAkD5+r3iQmOtB5Hge2MsBnq395M/MtrJyYsdydMxImhgiwWhQmHRsJZCrDPFCWGjy3BRDF7KyRDrDAxNquMDeHrU/g/aeY9VPTQ1WmuerGMIw0OwRE4AQiUQBXUQB00AAEJeABP4Nm5dx6dF+d10ZpyljMH4Aect0+w6ZHU</latexit>

H
>
1 d = 0

<latexit sha1_base64="UpqhxFyWSUzOHBJTskrBa8o8edc=">AAAB+HicdVBNS8NAEN3Ur1o/WvXoZbEInkKSatoehKKXHivYVmhj2Gy27dJNNuxuhFr6S7x4UMSrP8Wb/8ZNW0FFHww83pthZl6QMCqVZX0YuZXVtfWN/GZha3tnt1ja2+9IngpM2pgzLm4CJAmjMWkrqhi5SQRBUcBINxhfZn73jghJeXytJgnxIjSM6YBipLTkl4pN37ntK57AEJ5DC/qlsmXajlt3KtAyK9XaWT0jbtV2nSq0TWuOMlii5Zfe+yHHaURihRmSsmdbifKmSCiKGZkV+qkkCcJjNCQ9TWMUEelN54fP4LFWQjjgQles4Fz9PjFFkZSTKNCdEVIj+dvLxL+8XqoGNW9K4yRVJMaLRYOUQcVhlgIMqSBYsYkmCAuqb4V4hATCSmdV0CF8fQr/Jx3HtF3TvjotNy6WceTBITgCJ8AGVdAATdACbYBBCh7AE3g27o1H48V4XbTmjOXMAfgB4+0TsnmR1Q==</latexit>

H
>
2 d = 0

<latexit sha1_base64="J+IqWdFWLEuPsOejiPH2WEasSkU=">AAAB8XicdVBNS8NAEN3Ur1q/qh69LBbBU0haTdpb0UuPFawttqFsNpt26WYTdzdCCf0XXjwo4tV/481/46atoKIPBh7vzTAzz08YlcqyPozCyura+kZxs7S1vbO7V94/uJFxKjDp4JjFoucjSRjlpKOoYqSXCIIin5GuP7nM/e49EZLG/FpNE+JFaMRpSDFSWrptBXDAyB204LBcsUy76jSqNWiZNbd+3siJ49pO1YW2ac1RAUu0h+X3QRDjNCJcYYak7NtWorwMCUUxI7PSIJUkQXiCRqSvKUcRkV42v3gGT7QSwDAWuriCc/X7RIYiKaeRrzsjpMbyt5eLf3n9VIV1L6M8SRXheLEoTBlUMczfhwEVBCs21QRhQfWtEI+RQFjpkEo6hK9P4f/kpmrajmlfnVWaF8s4iuAIHINTYAMXNEELtEEHYMDBA3gCz4Y0Ho0X43XRWjCWM4fgB4y3T10wkBU=</latexit>

Hd  0

<latexit sha1_base64="HveSNVOnT/8wlZJJPqGBuc5ffxw="></latexit>

1. There exists v 2 Rm such that v>H = r
> and v � 0

<latexit sha1_base64="Dmm4JO5RS6S/3/hn7dKuzBcaj4s=">AAACNHicbVDLSgNBEJz1bXxFPXppDIKnsCuiHkUvgh5UjArZGGYnHR2cnV1mesWw7Ed58UO8iOBBEa9+g5PHQaMFA0VVNdNdUaqkJd9/8UZGx8YnJqemSzOzc/ML5cWlc5tkRmBNJCoxlxG3qKTGGklSeJka5HGk8CK63e/6F3dorEz0GXVSbMT8Wsu2FJyc1CwfhoT3lB8hQQEHEEoNYczpJory0+IqjyEkGaMFXUA/CVy3XNQMR3UVmuWKX/V7gL8kGJAKG+C4WX4KW4nIYtQkFLe2HvgpNXJuSAqFRSnMLKZc3PJrrDuqudukkfeOLmDNKS1oJ8Y9TdBTf07kPLa2E0cu2d3SDntd8T+vnlF7p5FLnWaEWvQ/amcKKIFug9CSBgWpjiNcGOl2BXHDDRfkei65EoLhk/+S841qsFUNTjYru3uDOqbYCltl6yxg22yXHbBjVmOCPbBn9sbevUfv1fvwPvvREW8ws8x+wfv6BoBvqro=</latexit>

Let H 2 Rm⇥n and r 2 Rn
.

<latexit sha1_base64="BXHnxPjwnglsePnxCC7iAmJg7XI=">AAACKXicbVBNSwMxEM36WevXqkcvwSJ4Krsi6rHoxWOFtgptKdl0tg1mkyWZVcvSv+PFv+JFQVGv/hHTuge/HgQe781MZl6USmExCN68mdm5+YXF0lJ5eWV1bd3f2GxZnRkOTa6lNpcRsyCFgiYKlHCZGmBJJOEiujqd+BfXYKzQqoGjFLoJGygRC87QST2/1kG4xbwxBEXhlnGUI6oVUB1THAKNtZT6RqgBxRtNmbVgJn2WCkvRZFAd9/xKUA2moH9JWJAKKVDv+U+dvuZZAgq5dBPbYZBiN2duMJcwLncyCynjV2wAbUcVS8B28+mlY7rrlL7byrinkE7V7x05S6wdJZGrTBgO7W9vIv7ntTOMj7u5UGmGoPjXR3EmKWo6iY32hYFpOH3BuBFuV8qHzLjAXLhlF0L4++S/pLVfDQ+r4flBpXZSxFEi22SH7JGQHJEaOSN10iSc3JEH8kxevHvv0Xv13r9KZ7yiZ4v8gPfxCcFPp4s=</latexit>

Then exactly one of the following two assertions is true.

<latexit sha1_base64="rGZBU6tcdupk8fTxC7xmvhwk4fs="></latexit>

2. There exists d 2 Rn such that

<latexit sha1_base64="uAzwIu9m9zyJFi63zvxNHmcog2c=">AAAB/3icbVDLSgNBEJz1bXxFBS9eBoPoKeyKqMegIB48KJgoJCH0Tnp1yMzuMtMrhjUHf8WLB0W8+hve/Bsnj4OvgoaiqpvurjBV0pLvf3pj4xOTU9Mzs4W5+YXFpeLySs0mmRFYFYlKzFUIFpWMsUqSFF6lBkGHCi/DzlHfv7xFY2USX1A3xaaG61hGUgA5qVVcaxDeURjlx2A6sGX5KWoNvVax5Jf9AfhfEoxIiY1w1ip+NNqJyDTGJBRYWw/8lJo5GJJCYa/QyCymIDpwjXVHY9Bom/ng/h7fdEqbR4lxFRMfqN8nctDWdnXoOjXQjf3t9cX/vHpG0UEzl3GaEcZiuCjKFKeE98PgbWlQkOo6AsJIdysXN2BAkIus4EIIfr/8l9R2ysFeOTjfLVUOR3HMsHW2wbZZwPZZhZ2wM1Zlgt2zR/bMXrwH78l79d6GrWPeaGaV/YD3/gXSMJX5</latexit>

Farka’s Lemma

<latexit sha1_base64="6zJ1UW3nKrw6MgtzBPyKRfUqkfQ=">AAACD3icbVA9SwNBEN3z2/gVtbRZTBSrcCeiViLaWCqYD8jFsLc3SRb39s7dOTEc+Qc2/hUbC0Vsbe38N24+Ck18MPB4b4aZeUEihUHX/Xampmdm5+YXFnNLyyura/n1jYqJU82hzGMZ61rADEihoIwCJdQSDSwKJFSD2/O+X70HbUSsrrGbQCNibSVagjO0UjO/6yM8YFa8CKkv4Y66RcpUSIv6xsc4oSE96Uu9Zr7gltwB6CTxRqRARrhs5r/8MOZpBAq5ZMbUPTfBRsY0Ci6hl/NTAwnjt6wNdUsVi8A0ssE/PbpjlZC2Ym1LIR2ovycyFhnTjQLbGTHsmHGvL/7n1VNsHTcyoZIUQfHholYqKca0Hw4NhQaOsmsJ41rYWynvMM042ghzNgRv/OVJUtkveYcl7+qgcHo2imOBbJFtskc8ckROyQW5JGXCySN5Jq/kzXlyXpx352PYOuWMZjbJHzifP5nMmdQ=</latexit>

Hd  0 and r
>
d > 0

<latexit sha1_base64="GT5w2Hp3uLmCrvWSVWCmg9uSV78=">AAAB+HicdVDLSgMxFM3UV62Pjrp0EyyCq2HSah8Loeimywq2FdpaMmmmDc0kQ5IRaumXuHGhiFs/xZ1/Y/oQVPTAhcM593LvPUHMmTa+/+GkVlbX1jfSm5mt7Z3drLu339QyUYQ2iORS3QRYU84EbRhmOL2JFcVRwGkrGF3O/NYdVZpJcW3GMe1GeCBYyAg2Vuq52VoP3XaMjGEfnkMf9tyc76F8sZIvQN8rlMpnlRkpllAxX4LI8+fIgSXqPfe905ckiagwhGOt28iPTXeClWGE02mmk2gaYzLCA9q2VOCI6u5kfvgUHlulD0OpbAkD5+r3iQmOtB5Hge2MsBnq395M/MtrJyYsdydMxImhgiwWhQmHRsJZCrDPFCWGjy3BRDF7KyRDrDAxNquMDeHrU/g/aeY9VPTQ1WmuerGMIw0OwRE4AQiUQBXUQB00AAEJeABP4Nm5dx6dF+d10ZpyljMH4Aect0+w6ZHU</latexit>

H
>
1 d = 0

<latexit sha1_base64="UpqhxFyWSUzOHBJTskrBa8o8edc=">AAAB+HicdVBNS8NAEN3Ur1o/WvXoZbEInkKSatoehKKXHivYVmhj2Gy27dJNNuxuhFr6S7x4UMSrP8Wb/8ZNW0FFHww83pthZl6QMCqVZX0YuZXVtfWN/GZha3tnt1ja2+9IngpM2pgzLm4CJAmjMWkrqhi5SQRBUcBINxhfZn73jghJeXytJgnxIjSM6YBipLTkl4pN37ntK57AEJ5DC/qlsmXajlt3KtAyK9XaWT0jbtV2nSq0TWuOMlii5Zfe+yHHaURihRmSsmdbifKmSCiKGZkV+qkkCcJjNCQ9TWMUEelN54fP4LFWQjjgQles4Fz9PjFFkZSTKNCdEVIj+dvLxL+8XqoGNW9K4yRVJMaLRYOUQcVhlgIMqSBYsYkmCAuqb4V4hATCSmdV0CF8fQr/Jx3HtF3TvjotNy6WceTBITgCJ8AGVdAATdACbYBBCh7AE3g27o1H48V4XbTmjOXMAfgB4+0TsnmR1Q==</latexit>

H
>
2 d = 0

<latexit sha1_base64="GT5w2Hp3uLmCrvWSVWCmg9uSV78=">AAAB+HicdVDLSgMxFM3UV62Pjrp0EyyCq2HSah8Loeimywq2FdpaMmmmDc0kQ5IRaumXuHGhiFs/xZ1/Y/oQVPTAhcM593LvPUHMmTa+/+GkVlbX1jfSm5mt7Z3drLu339QyUYQ2iORS3QRYU84EbRhmOL2JFcVRwGkrGF3O/NYdVZpJcW3GMe1GeCBYyAg2Vuq52VoP3XaMjGEfnkMf9tyc76F8sZIvQN8rlMpnlRkpllAxX4LI8+fIgSXqPfe905ckiagwhGOt28iPTXeClWGE02mmk2gaYzLCA9q2VOCI6u5kfvgUHlulD0OpbAkD5+r3iQmOtB5Hge2MsBnq395M/MtrJyYsdydMxImhgiwWhQmHRsJZCrDPFCWGjy3BRDF7KyRDrDAxNquMDeHrU/g/aeY9VPTQ1WmuerGMIw0OwRE4AQiUQBXUQB00AAEJeABP4Nm5dx6dF+d10ZpyljMH4Aect0+w6ZHU</latexit>

H
>
1 d = 0

<latexit sha1_base64="UpqhxFyWSUzOHBJTskrBa8o8edc=">AAAB+HicdVBNS8NAEN3Ur1o/WvXoZbEInkKSatoehKKXHivYVmhj2Gy27dJNNuxuhFr6S7x4UMSrP8Wb/8ZNW0FFHww83pthZl6QMCqVZX0YuZXVtfWN/GZha3tnt1ja2+9IngpM2pgzLm4CJAmjMWkrqhi5SQRBUcBINxhfZn73jghJeXytJgnxIjSM6YBipLTkl4pN37ntK57AEJ5DC/qlsmXajlt3KtAyK9XaWT0jbtV2nSq0TWuOMlii5Zfe+yHHaURihRmSsmdbifKmSCiKGZkV+qkkCcJjNCQ9TWMUEelN54fP4LFWQjjgQles4Fz9PjFFkZSTKNCdEVIj+dvLxL+8XqoGNW9K4yRVJMaLRYOUQcVhlgIMqSBYsYkmCAuqb4V4hATCSmdV0CF8fQr/Jx3HtF3TvjotNy6WceTBITgCJ8AGVdAATdACbYBBCh7AE3g27o1H48V4XbTmjOXMAfgB4+0TsnmR1Q==</latexit>

H
>
2 d = 0

<latexit sha1_base64="J+IqWdFWLEuPsOejiPH2WEasSkU=">AAAB8XicdVBNS8NAEN3Ur1q/qh69LBbBU0haTdpb0UuPFawttqFsNpt26WYTdzdCCf0XXjwo4tV/481/46atoKIPBh7vzTAzz08YlcqyPozCyura+kZxs7S1vbO7V94/uJFxKjDp4JjFoucjSRjlpKOoYqSXCIIin5GuP7nM/e49EZLG/FpNE+JFaMRpSDFSWrptBXDAyB204LBcsUy76jSqNWiZNbd+3siJ49pO1YW2ac1RAUu0h+X3QRDjNCJcYYak7NtWorwMCUUxI7PSIJUkQXiCRqSvKUcRkV42v3gGT7QSwDAWuriCc/X7RIYiKaeRrzsjpMbyt5eLf3n9VIV1L6M8SRXheLEoTBlUMczfhwEVBCs21QRhQfWtEI+RQFjpkEo6hK9P4f/kpmrajmlfnVWaF8s4iuAIHINTYAMXNEELtEEHYMDBA3gCz4Y0Ho0X43XRWjCWM4fgB4y3T10wkBU=</latexit>

Hd  0

<latexit sha1_base64="yw1+6j7qPBNbKZNMTzPxh3uf8Z4=">AAAB7nicdVDLSgMxFM3UV62vqks3wSK4GmaqfbgrunFZwT6gHUsmzbShmSQkGaEM/Qg3LhRx6/e4829M2xFU9MCFwzn3cu89oWRUG8/7cHIrq2vrG/nNwtb2zu5ecf+grUWiMGlhwYTqhkgTRjlpGWoY6UpFUBwy0gknV3O/c0+UpoLfmqkkQYxGnEYUI2OljrrrGyHhoFjy3IpfqV5UoOd6C1hSK9frtTPoZ0oJZGgOiu/9ocBJTLjBDGnd8z1pghQpQzEjs0I/0UQiPEEj0rOUo5joIF2cO4MnVhnCSChb3MCF+n0iRbHW0zi0nTEyY/3bm4t/eb3ERPUgpVwmhnC8XBQlDBoB57/DIVUEGza1BGFF7a0Qj5FC2NiECjaEr0/h/6Rddv2q69+clxqXWRx5cASOwSnwQQ00wDVoghbAYAIewBN4dqTz6Lw4r8vWnJPNHIIfcN4+AXEBj6c=</latexit>

r>

<latexit sha1_base64="1HWOcyddGbNReJFCK6x4Q4xABt0=">AAAB63icdVDLSsNAFL2pr1pfVZduBovgKiTVPtwV3bisYB/QhjKZTtuhk0mYmRRK6C+4caGIW3/InX/jpI2gogcuHM65l3vv8SPOlHacDyu3tr6xuZXfLuzs7u0fFA+P2iqMJaEtEvJQdn2sKGeCtjTTnHYjSXHgc9rxpzep35lRqVgo7vU8ol6Ax4KNGME6lWYDFw2KJceuuJXqVQU5trOEIbVyvV67QG6mlCBDc1B87w9DEgdUaMKxUj3XibSXYKkZ4XRR6MeKRphM8Zj2DBU4oMpLlrcu0JlRhmgUSlNCo6X6fSLBgVLzwDedAdYT9dtLxb+8XqxHdS9hIoo1FWS1aBRzpEOUPo6GTFKi+dwQTCQztyIywRITbeIpmBC+PkX/k3bZdqu2e3dZalxnceThBE7hHFyoQQNuoQktIDCBB3iCZyuwHq0X63XVmrOymWP4AevtE8BhjhA=</latexit>v1

<latexit sha1_base64="E8XcQm3qQk1pa4YzIpPE1SdLJMY=">AAAB6nicdVDLSsNAFL3xWeur6tLNYBFchaTah7uiG5cV7QPaUCbTSTt0Mgkzk0IJ/QQ3LhRx6xe582+cthFU9MCFwzn3cu89fsyZ0o7zYa2srq1vbOa28ts7u3v7hYPDlooSSWiTRDySHR8rypmgTc00p51YUhz6nLb98fXcb0+oVCwS93oaUy/EQ8ECRrA20t2kX+oXio5ddsuVyzJybGcBQ6qlWq16jtxMKUKGRr/w3htEJAmp0IRjpbquE2svxVIzwuks30sUjTEZ4yHtGipwSJWXLk6doVOjDFAQSVNCo4X6fSLFoVLT0DedIdYj9dubi3953UQHNS9lIk40FWS5KEg40hGa/40GTFKi+dQQTCQztyIywhITbdLJmxC+PkX/k1bJdiu2e3tRrF9lceTgGE7gDFyoQh1uoAFNIDCEB3iCZ4tbj9aL9bpsXbGymSP4AevtE2t3jec=</latexit>v2

<latexit sha1_base64="VKyecYH/p79gCa5gwXTDBUrZJMo=">AAAB/nicdVDLSsNAFJ3UV62vqLhyM1gEFxKSah/uim66rGAf0MQymU7boZNJnJkUSij4K25cKOLW73Dn3zhtI6jogQuHc+7l3nv8iFGpbPvDyCwtr6yuZddzG5tb2zvm7l5ThrHApIFDFoq2jyRhlJOGooqRdiQICnxGWv7oaua3xkRIGvIbNYmIF6ABp32KkdJS1zwY37oqjGDtFLpwDN0BuYM27Jp52yo6xdJFEdqWPYcm5UKlUj6DTqrkQYp613x3eyGOA8IVZkjKjmNHykuQUBQzMs25sSQRwiM0IB1NOQqI9JL5+VN4rJUe7IdCF1dwrn6fSFAg5STwdWeA1FD+9mbiX14nVv2Kl1AexYpwvFjUjxlUIZxlAXtUEKzYRBOEBdW3QjxEAmGlE8vpEL4+hf+TZsFySpZzfZ6vXqZxZMEhOAInwAFlUAU1UAcNgEECHsATeDbujUfjxXhdtGaMdGYf/IDx9gnH7pQX</latexit>

v
>
H, v � 0

<latexit sha1_base64="j0JIu5qHg0fRPiT9ymu4ubDB2vM=">AAAB6nicdVBNS8NAEJ3Ur1q/qh69LBbBU0hKqfZW9KDHivYD2lA22027dLMJuxuhhP4ELx4U8eov8ua/cdNGUNEHA4/3ZpiZ58ecKe04H1ZhZXVtfaO4Wdra3tndK+8fdFSUSELbJOKR7PlYUc4EbWumOe3FkuLQ57TrTy8zv3tPpWKRuNOzmHohHgsWMIK1kW6vhu6wXHHses2pNWrIsZ0FMuJW604DublSgRytYfl9MIpIElKhCcdK9V0n1l6KpWaE03lpkCgaYzLFY9o3VOCQKi9dnDpHJ0YZoSCSpoRGC/X7RIpDpWahbzpDrCfqt5eJf3n9RAfnXspEnGgqyHJRkHCkI5T9jUZMUqL5zBBMJDO3IjLBEhNt0imZEL4+Rf+TTtV267Z7U6s0L/I4inAEx3AKLpxBE66hBW0gMIYHeIJni1uP1ov1umwtWPnMIfyA9fYJBFiNog==</latexit>

G1

<latexit sha1_base64="rzN56WYD7yGYF/FDvQ2u+ToPZYc=">AAAB6nicdVBNS8NAEJ3Ur1q/qh69LBbBU0hKqfZW9KDHivYD2lA22027dLMJuxuhhP4ELx4U8eov8ua/cdNGUNEHA4/3ZpiZ58ecKe04H1ZhZXVtfaO4Wdra3tndK+8fdFSUSELbJOKR7PlYUc4EbWumOe3FkuLQ57TrTy8zv3tPpWKRuNOzmHohHgsWMIK1kW6vhtVhueLY9ZpTa9SQYzsLZMSt1p0GcnOlAjlaw/L7YBSRJKRCE46V6rtOrL0US80Ip/PSIFE0xmSKx7RvqMAhVV66OHWOTowyQkEkTQmNFur3iRSHSs1C33SGWE/Uby8T//L6iQ7OvZSJONFUkOWiIOFIRyj7G42YpETzmSGYSGZuRWSCJSbapFMyIXx9iv4nnart1m33plZpXuRxFOEIjuEUXDiDJlxDC9pAYAwP8ATPFrcerRfrddlasPKZQ/gB6+0TBdyNow==</latexit>

G2

Case 1.

<latexit sha1_base64="sUu4CpEluTtg99wDCSPtsFH3e78=">AAAB9XicdVDLSgNBEJyNrxhfUY9eBoPgKeyGEM0tKIjHCOYBSQyzk95kyOyDmV41LPkPLx4U8eq/ePNvnE0iqGhBQ1HVTXeXG0mh0bY/rMzS8srqWnY9t7G5tb2T391r6jBWHBo8lKFqu0yDFAE0UKCEdqSA+a6Eljs+T/3WLSgtwuAaJxH0fDYMhCc4QyPddBHu0fWSCyY1TPv5gl2slO1ytUztoj1DSpxSxa5SZ6EUyAL1fv69Owh57EOAXDKtO44dYS9hCgWXMM11Yw0R42M2hI6hAfNB95LZ1VN6ZJQB9UJlKkA6U79PJMzXeuK7ptNnONK/vVT8y+vE6J32EhFEMULA54u8WFIMaRoBHQgFHOXEEMaVMLdSPmKKcTRB5UwIX5/S/0mzVHQqReeqXKidLeLIkgNySI6JQ05IjVySOmkQThR5IE/k2bqzHq0X63XemrEWM/vkB6y3T0MQkwU=</latexit>

False

<latexit sha1_base64="yheKhNcgRnDmI2k4G/la+h80lIg=">AAAB9HicbVDJSgNBEO1xjXGLevTSGARPw4y4HYNePEbIBskQejo1SZOexe6aYBjyHV48KOLVj/Hm39hJRtDog4LHe1VU1fMTKTQ6zqe1tLyyurZe2Chubm3v7Jb29hs6ThWHOo9lrFo+0yBFBHUUKKGVKGChL6HpD2+mfnMESos4quE4AS9k/UgEgjM0ktdBeEA/yGoqhUm3VHZsZwbq2OffJFfcnJRJjmq39NHpxTwNIUIumdZt10nQy5hCwSVMip1UQ8L4kPWhbWjEQtBeNjt6Qo+N0qNBrExFSGfqz4mMhVqPQ990hgwHetGbiv957RSDKy8TUZIiRHy+KEglxZhOE6A9oYCjHBvCuBLmVsoHTDGOJqeiCcFdfPkvaZza7oXt3p2VK9d5HAVySI7ICXHJJamQW1IldcLJPXkkz+TFGllP1qv1Nm9dsvKZA/IL1vsXbWySiA==</latexit>

True



<latexit sha1_base64="GT5w2Hp3uLmCrvWSVWCmg9uSV78=">AAAB+HicdVDLSgMxFM3UV62Pjrp0EyyCq2HSah8Loeimywq2FdpaMmmmDc0kQ5IRaumXuHGhiFs/xZ1/Y/oQVPTAhcM593LvPUHMmTa+/+GkVlbX1jfSm5mt7Z3drLu339QyUYQ2iORS3QRYU84EbRhmOL2JFcVRwGkrGF3O/NYdVZpJcW3GMe1GeCBYyAg2Vuq52VoP3XaMjGEfnkMf9tyc76F8sZIvQN8rlMpnlRkpllAxX4LI8+fIgSXqPfe905ckiagwhGOt28iPTXeClWGE02mmk2gaYzLCA9q2VOCI6u5kfvgUHlulD0OpbAkD5+r3iQmOtB5Hge2MsBnq395M/MtrJyYsdydMxImhgiwWhQmHRsJZCrDPFCWGjy3BRDF7KyRDrDAxNquMDeHrU/g/aeY9VPTQ1WmuerGMIw0OwRE4AQiUQBXUQB00AAEJeABP4Nm5dx6dF+d10ZpyljMH4Aect0+w6ZHU</latexit>

H
>
1 d = 0

<latexit sha1_base64="UpqhxFyWSUzOHBJTskrBa8o8edc=">AAAB+HicdVBNS8NAEN3Ur1o/WvXoZbEInkKSatoehKKXHivYVmhj2Gy27dJNNuxuhFr6S7x4UMSrP8Wb/8ZNW0FFHww83pthZl6QMCqVZX0YuZXVtfWN/GZha3tnt1ja2+9IngpM2pgzLm4CJAmjMWkrqhi5SQRBUcBINxhfZn73jghJeXytJgnxIjSM6YBipLTkl4pN37ntK57AEJ5DC/qlsmXajlt3KtAyK9XaWT0jbtV2nSq0TWuOMlii5Zfe+yHHaURihRmSsmdbifKmSCiKGZkV+qkkCcJjNCQ9TWMUEelN54fP4LFWQjjgQles4Fz9PjFFkZSTKNCdEVIj+dvLxL+8XqoGNW9K4yRVJMaLRYOUQcVhlgIMqSBYsYkmCAuqb4V4hATCSmdV0CF8fQr/Jx3HtF3TvjotNy6WceTBITgCJ8AGVdAATdACbYBBCh7AE3g27o1H48V4XbTmjOXMAfgB4+0TsnmR1Q==</latexit>

H
>
2 d = 0

<latexit sha1_base64="GT5w2Hp3uLmCrvWSVWCmg9uSV78=">AAAB+HicdVDLSgMxFM3UV62Pjrp0EyyCq2HSah8Loeimywq2FdpaMmmmDc0kQ5IRaumXuHGhiFs/xZ1/Y/oQVPTAhcM593LvPUHMmTa+/+GkVlbX1jfSm5mt7Z3drLu339QyUYQ2iORS3QRYU84EbRhmOL2JFcVRwGkrGF3O/NYdVZpJcW3GMe1GeCBYyAg2Vuq52VoP3XaMjGEfnkMf9tyc76F8sZIvQN8rlMpnlRkpllAxX4LI8+fIgSXqPfe905ckiagwhGOt28iPTXeClWGE02mmk2gaYzLCA9q2VOCI6u5kfvgUHlulD0OpbAkD5+r3iQmOtB5Hge2MsBnq395M/MtrJyYsdydMxImhgiwWhQmHRsJZCrDPFCWGjy3BRDF7KyRDrDAxNquMDeHrU/g/aeY9VPTQ1WmuerGMIw0OwRE4AQiUQBXUQB00AAEJeABP4Nm5dx6dF+d10ZpyljMH4Aect0+w6ZHU</latexit>

H
>
1 d = 0

<latexit sha1_base64="UpqhxFyWSUzOHBJTskrBa8o8edc=">AAAB+HicdVBNS8NAEN3Ur1o/WvXoZbEInkKSatoehKKXHivYVmhj2Gy27dJNNuxuhFr6S7x4UMSrP8Wb/8ZNW0FFHww83pthZl6QMCqVZX0YuZXVtfWN/GZha3tnt1ja2+9IngpM2pgzLm4CJAmjMWkrqhi5SQRBUcBINxhfZn73jghJeXytJgnxIjSM6YBipLTkl4pN37ntK57AEJ5DC/qlsmXajlt3KtAyK9XaWT0jbtV2nSq0TWuOMlii5Zfe+yHHaURihRmSsmdbifKmSCiKGZkV+qkkCcJjNCQ9TWMUEelN54fP4LFWQjjgQles4Fz9PjFFkZSTKNCdEVIj+dvLxL+8XqoGNW9K4yRVJMaLRYOUQcVhlgIMqSBYsYkmCAuqb4V4hATCSmdV0CF8fQr/Jx3HtF3TvjotNy6WceTBITgCJ8AGVdAATdACbYBBCh7AE3g27o1H48V4XbTmjOXMAfgB4+0TsnmR1Q==</latexit>

H
>
2 d = 0

<latexit sha1_base64="J+IqWdFWLEuPsOejiPH2WEasSkU=">AAAB8XicdVBNS8NAEN3Ur1q/qh69LBbBU0haTdpb0UuPFawttqFsNpt26WYTdzdCCf0XXjwo4tV/481/46atoKIPBh7vzTAzz08YlcqyPozCyura+kZxs7S1vbO7V94/uJFxKjDp4JjFoucjSRjlpKOoYqSXCIIin5GuP7nM/e49EZLG/FpNE+JFaMRpSDFSWrptBXDAyB204LBcsUy76jSqNWiZNbd+3siJ49pO1YW2ac1RAUu0h+X3QRDjNCJcYYak7NtWorwMCUUxI7PSIJUkQXiCRqSvKUcRkV42v3gGT7QSwDAWuriCc/X7RIYiKaeRrzsjpMbyt5eLf3n9VIV1L6M8SRXheLEoTBlUMczfhwEVBCs21QRhQfWtEI+RQFjpkEo6hK9P4f/kpmrajmlfnVWaF8s4iuAIHINTYAMXNEELtEEHYMDBA3gCz4Y0Ho0X43XRWjCWM4fgB4y3T10wkBU=</latexit>

Hd  0

<latexit sha1_base64="HveSNVOnT/8wlZJJPqGBuc5ffxw="></latexit>

1. There exists v 2 Rm such that v>H = r
> and v � 0

<latexit sha1_base64="Dmm4JO5RS6S/3/hn7dKuzBcaj4s=">AAACNHicbVDLSgNBEJz1bXxFPXppDIKnsCuiHkUvgh5UjArZGGYnHR2cnV1mesWw7Ed58UO8iOBBEa9+g5PHQaMFA0VVNdNdUaqkJd9/8UZGx8YnJqemSzOzc/ML5cWlc5tkRmBNJCoxlxG3qKTGGklSeJka5HGk8CK63e/6F3dorEz0GXVSbMT8Wsu2FJyc1CwfhoT3lB8hQQEHEEoNYczpJory0+IqjyEkGaMFXUA/CVy3XNQMR3UVmuWKX/V7gL8kGJAKG+C4WX4KW4nIYtQkFLe2HvgpNXJuSAqFRSnMLKZc3PJrrDuqudukkfeOLmDNKS1oJ8Y9TdBTf07kPLa2E0cu2d3SDntd8T+vnlF7p5FLnWaEWvQ/amcKKIFug9CSBgWpjiNcGOl2BXHDDRfkei65EoLhk/+S841qsFUNTjYru3uDOqbYCltl6yxg22yXHbBjVmOCPbBn9sbevUfv1fvwPvvREW8ws8x+wfv6BoBvqro=</latexit>

Let H 2 Rm⇥n and r 2 Rn
.

<latexit sha1_base64="BXHnxPjwnglsePnxCC7iAmJg7XI=">AAACKXicbVBNSwMxEM36WevXqkcvwSJ4Krsi6rHoxWOFtgptKdl0tg1mkyWZVcvSv+PFv+JFQVGv/hHTuge/HgQe781MZl6USmExCN68mdm5+YXF0lJ5eWV1bd3f2GxZnRkOTa6lNpcRsyCFgiYKlHCZGmBJJOEiujqd+BfXYKzQqoGjFLoJGygRC87QST2/1kG4xbwxBEXhlnGUI6oVUB1THAKNtZT6RqgBxRtNmbVgJn2WCkvRZFAd9/xKUA2moH9JWJAKKVDv+U+dvuZZAgq5dBPbYZBiN2duMJcwLncyCynjV2wAbUcVS8B28+mlY7rrlL7byrinkE7V7x05S6wdJZGrTBgO7W9vIv7ntTOMj7u5UGmGoPjXR3EmKWo6iY32hYFpOH3BuBFuV8qHzLjAXLhlF0L4++S/pLVfDQ+r4flBpXZSxFEi22SH7JGQHJEaOSN10iSc3JEH8kxevHvv0Xv13r9KZ7yiZ4v8gPfxCcFPp4s=</latexit>

Then exactly one of the following two assertions is true.

<latexit sha1_base64="rGZBU6tcdupk8fTxC7xmvhwk4fs="></latexit>

2. There exists d 2 Rn such that

<latexit sha1_base64="uAzwIu9m9zyJFi63zvxNHmcog2c=">AAAB/3icbVDLSgNBEJz1bXxFBS9eBoPoKeyKqMegIB48KJgoJCH0Tnp1yMzuMtMrhjUHf8WLB0W8+hve/Bsnj4OvgoaiqpvurjBV0pLvf3pj4xOTU9Mzs4W5+YXFpeLySs0mmRFYFYlKzFUIFpWMsUqSFF6lBkGHCi/DzlHfv7xFY2USX1A3xaaG61hGUgA5qVVcaxDeURjlx2A6sGX5KWoNvVax5Jf9AfhfEoxIiY1w1ip+NNqJyDTGJBRYWw/8lJo5GJJCYa/QyCymIDpwjXVHY9Bom/ng/h7fdEqbR4lxFRMfqN8nctDWdnXoOjXQjf3t9cX/vHpG0UEzl3GaEcZiuCjKFKeE98PgbWlQkOo6AsJIdysXN2BAkIus4EIIfr/8l9R2ysFeOTjfLVUOR3HMsHW2wbZZwPZZhZ2wM1Zlgt2zR/bMXrwH78l79d6GrWPeaGaV/YD3/gXSMJX5</latexit>

Farka’s Lemma

<latexit sha1_base64="6zJ1UW3nKrw6MgtzBPyKRfUqkfQ=">AAACD3icbVA9SwNBEN3z2/gVtbRZTBSrcCeiViLaWCqYD8jFsLc3SRb39s7dOTEc+Qc2/hUbC0Vsbe38N24+Ck18MPB4b4aZeUEihUHX/Xampmdm5+YXFnNLyyura/n1jYqJU82hzGMZ61rADEihoIwCJdQSDSwKJFSD2/O+X70HbUSsrrGbQCNibSVagjO0UjO/6yM8YFa8CKkv4Y66RcpUSIv6xsc4oSE96Uu9Zr7gltwB6CTxRqRARrhs5r/8MOZpBAq5ZMbUPTfBRsY0Ci6hl/NTAwnjt6wNdUsVi8A0ssE/PbpjlZC2Ym1LIR2ovycyFhnTjQLbGTHsmHGvL/7n1VNsHTcyoZIUQfHholYqKca0Hw4NhQaOsmsJ41rYWynvMM042ghzNgRv/OVJUtkveYcl7+qgcHo2imOBbJFtskc8ckROyQW5JGXCySN5Jq/kzXlyXpx352PYOuWMZjbJHzifP5nMmdQ=</latexit>

Hd  0 and r
>
d > 0

<latexit sha1_base64="yw1+6j7qPBNbKZNMTzPxh3uf8Z4=">AAAB7nicdVDLSgMxFM3UV62vqks3wSK4GmaqfbgrunFZwT6gHUsmzbShmSQkGaEM/Qg3LhRx6/e4829M2xFU9MCFwzn3cu89oWRUG8/7cHIrq2vrG/nNwtb2zu5ecf+grUWiMGlhwYTqhkgTRjlpGWoY6UpFUBwy0gknV3O/c0+UpoLfmqkkQYxGnEYUI2OljrrrGyHhoFjy3IpfqV5UoOd6C1hSK9frtTPoZ0oJZGgOiu/9ocBJTLjBDGnd8z1pghQpQzEjs0I/0UQiPEEj0rOUo5joIF2cO4MnVhnCSChb3MCF+n0iRbHW0zi0nTEyY/3bm4t/eb3ERPUgpVwmhnC8XBQlDBoB57/DIVUEGza1BGFF7a0Qj5FC2NiECjaEr0/h/6Rddv2q69+clxqXWRx5cASOwSnwQQ00wDVoghbAYAIewBN4dqTz6Lw4r8vWnJPNHIIfcN4+AXEBj6c=</latexit>

r>

<latexit sha1_base64="1HWOcyddGbNReJFCK6x4Q4xABt0=">AAAB63icdVDLSsNAFL2pr1pfVZduBovgKiTVPtwV3bisYB/QhjKZTtuhk0mYmRRK6C+4caGIW3/InX/jpI2gogcuHM65l3vv8SPOlHacDyu3tr6xuZXfLuzs7u0fFA+P2iqMJaEtEvJQdn2sKGeCtjTTnHYjSXHgc9rxpzep35lRqVgo7vU8ol6Ax4KNGME6lWYDFw2KJceuuJXqVQU5trOEIbVyvV67QG6mlCBDc1B87w9DEgdUaMKxUj3XibSXYKkZ4XRR6MeKRphM8Zj2DBU4oMpLlrcu0JlRhmgUSlNCo6X6fSLBgVLzwDedAdYT9dtLxb+8XqxHdS9hIoo1FWS1aBRzpEOUPo6GTFKi+dwQTCQztyIywRITbeIpmBC+PkX/k3bZdqu2e3dZalxnceThBE7hHFyoQQNuoQktIDCBB3iCZyuwHq0X63XVmrOymWP4AevtE8BhjhA=</latexit>v1

<latexit sha1_base64="E8XcQm3qQk1pa4YzIpPE1SdLJMY=">AAAB6nicdVDLSsNAFL3xWeur6tLNYBFchaTah7uiG5cV7QPaUCbTSTt0Mgkzk0IJ/QQ3LhRx6xe582+cthFU9MCFwzn3cu89fsyZ0o7zYa2srq1vbOa28ts7u3v7hYPDlooSSWiTRDySHR8rypmgTc00p51YUhz6nLb98fXcb0+oVCwS93oaUy/EQ8ECRrA20t2kX+oXio5ddsuVyzJybGcBQ6qlWq16jtxMKUKGRr/w3htEJAmp0IRjpbquE2svxVIzwuks30sUjTEZ4yHtGipwSJWXLk6doVOjDFAQSVNCo4X6fSLFoVLT0DedIdYj9dubi3953UQHNS9lIk40FWS5KEg40hGa/40GTFKi+dQQTCQztyIywhITbdLJmxC+PkX/k1bJdiu2e3tRrF9lceTgGE7gDFyoQh1uoAFNIDCEB3iCZ4tbj9aL9bpsXbGymSP4AevtE2t3jec=</latexit>v2

<latexit sha1_base64="VKyecYH/p79gCa5gwXTDBUrZJMo=">AAAB/nicdVDLSsNAFJ3UV62vqLhyM1gEFxKSah/uim66rGAf0MQymU7boZNJnJkUSij4K25cKOLW73Dn3zhtI6jogQuHc+7l3nv8iFGpbPvDyCwtr6yuZddzG5tb2zvm7l5ThrHApIFDFoq2jyRhlJOGooqRdiQICnxGWv7oaua3xkRIGvIbNYmIF6ABp32KkdJS1zwY37oqjGDtFLpwDN0BuYM27Jp52yo6xdJFEdqWPYcm5UKlUj6DTqrkQYp613x3eyGOA8IVZkjKjmNHykuQUBQzMs25sSQRwiM0IB1NOQqI9JL5+VN4rJUe7IdCF1dwrn6fSFAg5STwdWeA1FD+9mbiX14nVv2Kl1AexYpwvFjUjxlUIZxlAXtUEKzYRBOEBdW3QjxEAmGlE8vpEL4+hf+TZsFySpZzfZ6vXqZxZMEhOAInwAFlUAU1UAcNgEECHsATeDbujUfjxXhdtGaMdGYf/IDx9gnH7pQX</latexit>

v
>
H, v � 0

Case 1.

<latexit sha1_base64="sUu4CpEluTtg99wDCSPtsFH3e78=">AAAB9XicdVDLSgNBEJyNrxhfUY9eBoPgKeyGEM0tKIjHCOYBSQyzk95kyOyDmV41LPkPLx4U8eq/ePNvnE0iqGhBQ1HVTXeXG0mh0bY/rMzS8srqWnY9t7G5tb2T391r6jBWHBo8lKFqu0yDFAE0UKCEdqSA+a6Eljs+T/3WLSgtwuAaJxH0fDYMhCc4QyPddBHu0fWSCyY1TPv5gl2slO1ytUztoj1DSpxSxa5SZ6EUyAL1fv69Owh57EOAXDKtO44dYS9hCgWXMM11Yw0R42M2hI6hAfNB95LZ1VN6ZJQB9UJlKkA6U79PJMzXeuK7ptNnONK/vVT8y+vE6J32EhFEMULA54u8WFIMaRoBHQgFHOXEEMaVMLdSPmKKcTRB5UwIX5/S/0mzVHQqReeqXKidLeLIkgNySI6JQ05IjVySOmkQThR5IE/k2bqzHq0X63XemrEWM/vkB6y3T0MQkwU=</latexit>

False

<latexit sha1_base64="yheKhNcgRnDmI2k4G/la+h80lIg=">AAAB9HicbVDJSgNBEO1xjXGLevTSGARPw4y4HYNePEbIBskQejo1SZOexe6aYBjyHV48KOLVj/Hm39hJRtDog4LHe1VU1fMTKTQ6zqe1tLyyurZe2Chubm3v7Jb29hs6ThWHOo9lrFo+0yBFBHUUKKGVKGChL6HpD2+mfnMESos4quE4AS9k/UgEgjM0ktdBeEA/yGoqhUm3VHZsZwbq2OffJFfcnJRJjmq39NHpxTwNIUIumdZt10nQy5hCwSVMip1UQ8L4kPWhbWjEQtBeNjt6Qo+N0qNBrExFSGfqz4mMhVqPQ990hgwHetGbiv957RSDKy8TUZIiRHy+KEglxZhOE6A9oYCjHBvCuBLmVsoHTDGOJqeiCcFdfPkvaZza7oXt3p2VK9d5HAVySI7ICXHJJamQW1IldcLJPXkkz+TFGllP1qv1Nm9dsvKZA/IL1vsXbWySiA==</latexit>

True

<latexit sha1_base64="n7b22BJmynRsvnOwbK7HbGybAqQ=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cq9gPaUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80jUo14w2mpNLtgBouRcwbKFDydqI5jQLJW8HoZuq3Hrk2QsUPOE64H9FBLELBKFqp070XgyFSrdVTr1xxq+4MZJl4OalAjnqv/NXtK5ZGPEYmqTEdz03Qz6hGwSSflLqp4QllIzrgHUtjGnHjZ7OTJ+TEKn0SKm0rRjJTf09kNDJmHAW2M6I4NIveVPzP66QYXvmZiJMUeczmi8JUElRk+j/pC80ZyrEllGlhbyVsSDVlaFMq2RC8xZeXSfOs6l1UvbvzSu06j6MIR3AMp+DBJdTgFurQAAYKnuEV3hx0Xpx352PeWnDymUP4A+fzB5MTkXM=</latexit>) <latexit sha1_base64="jhpbydLkH511OcniqctJKIM1K04="></latexit>

For all d 2 Rn s.t. Hd � 0, r>d � 0
<latexit sha1_base64="cjZM6lHqZJ5x0KVUzsr8lLWg3dI=">AAACD3icbVDJSgNBEO1xjXGLevTSmCgeJMyIqMeglxwjmAUyMfR0KkmTnsXuGjEM+QMv/ooXD4p49erNv7GzIJr4oODxXhVV9bxICo22/WXNzS8sLi2nVtKra+sbm5mt7YoOY8WhzEMZqprHNEgRQBkFSqhFCpjvSah6vcuhX70DpUUYXGM/gobPOoFoC87QSM3MgYtwj0mu2KKuhFtq545oTt24GEb0R6KDZiZr5+0R6CxxJiRLJig1M59uK+SxDwFyybSuO3aEjYQpFFzCIO3GGiLGe6wDdUMD5oNuJKN/BnTfKC3aDpWpAOlI/T2RMF/rvu+ZTp9hV097Q/E/rx5j+7yRiCCKEQI+XtSOJcWQDsOhLaGAo+wbwrgS5lbKu0wxjibCtAnBmX55llSO885p3rk6yRYuJnGkyC7ZI4fEIWekQIqkRMqEkwfyRF7Iq/VoPVtv1vu4dc6azOyQP7A+vgHu85oN</latexit>

Hd  0, r>d  0

<latexit sha1_base64="nlJQSuPkHLYx/Bg9Cjj3gWvnh04=">AAAB8XicbVBNS8NAEN3Ur1q/qh69LBbBU0lE1GPRi8cK9gPbUDbbSbt0swm7E7GE/gsvHhTx6r/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqDg0ey1i3A2ZACgUNFCihnWhgUSChFYxupn7rEbQRsbrHcQJ+xAZKhIIztNJDF+EJMxXjpFeuuFV3BrpMvJxUSI56r/zV7cc8jUAhl8yYjucm6GdMo+ASJqVuaiBhfMQG0LFUsQiMn80untATq/RpGGtbCulM/T2RsciYcRTYzojh0Cx6U/E/r5NieOVnQiUpguLzRWEqKcZ0+j7tCw0c5dgSxrWwt1I+ZJpxtCGVbAje4svLpHlW9S6q3t15pXadx1EkR+SYnBKPXJIauSV10iCcKPJMXsmbY5wX5935mLcWnHzmkPyB8/kDQviRTg==</latexit>

not

<latexit sha1_base64="GT5w2Hp3uLmCrvWSVWCmg9uSV78=">AAAB+HicdVDLSgMxFM3UV62Pjrp0EyyCq2HSah8Loeimywq2FdpaMmmmDc0kQ5IRaumXuHGhiFs/xZ1/Y/oQVPTAhcM593LvPUHMmTa+/+GkVlbX1jfSm5mt7Z3drLu339QyUYQ2iORS3QRYU84EbRhmOL2JFcVRwGkrGF3O/NYdVZpJcW3GMe1GeCBYyAg2Vuq52VoP3XaMjGEfnkMf9tyc76F8sZIvQN8rlMpnlRkpllAxX4LI8+fIgSXqPfe905ckiagwhGOt28iPTXeClWGE02mmk2gaYzLCA9q2VOCI6u5kfvgUHlulD0OpbAkD5+r3iQmOtB5Hge2MsBnq395M/MtrJyYsdydMxImhgiwWhQmHRsJZCrDPFCWGjy3BRDF7KyRDrDAxNquMDeHrU/g/aeY9VPTQ1WmuerGMIw0OwRE4AQiUQBXUQB00AAEJeABP4Nm5dx6dF+d10ZpyljMH4Aect0+w6ZHU</latexit>

H
>
1 d = 0

<latexit sha1_base64="UpqhxFyWSUzOHBJTskrBa8o8edc=">AAAB+HicdVBNS8NAEN3Ur1o/WvXoZbEInkKSatoehKKXHivYVmhj2Gy27dJNNuxuhFr6S7x4UMSrP8Wb/8ZNW0FFHww83pthZl6QMCqVZX0YuZXVtfWN/GZha3tnt1ja2+9IngpM2pgzLm4CJAmjMWkrqhi5SQRBUcBINxhfZn73jghJeXytJgnxIjSM6YBipLTkl4pN37ntK57AEJ5DC/qlsmXajlt3KtAyK9XaWT0jbtV2nSq0TWuOMlii5Zfe+yHHaURihRmSsmdbifKmSCiKGZkV+qkkCcJjNCQ9TWMUEelN54fP4LFWQjjgQles4Fz9PjFFkZSTKNCdEVIj+dvLxL+8XqoGNW9K4yRVJMaLRYOUQcVhlgIMqSBYsYkmCAuqb4V4hATCSmdV0CF8fQr/Jx3HtF3TvjotNy6WceTBITgCJ8AGVdAATdACbYBBCh7AE3g27o1H48V4XbTmjOXMAfgB4+0TsnmR1Q==</latexit>

H
>
2 d = 0

<latexit sha1_base64="GT5w2Hp3uLmCrvWSVWCmg9uSV78=">AAAB+HicdVDLSgMxFM3UV62Pjrp0EyyCq2HSah8Loeimywq2FdpaMmmmDc0kQ5IRaumXuHGhiFs/xZ1/Y/oQVPTAhcM593LvPUHMmTa+/+GkVlbX1jfSm5mt7Z3drLu339QyUYQ2iORS3QRYU84EbRhmOL2JFcVRwGkrGF3O/NYdVZpJcW3GMe1GeCBYyAg2Vuq52VoP3XaMjGEfnkMf9tyc76F8sZIvQN8rlMpnlRkpllAxX4LI8+fIgSXqPfe905ckiagwhGOt28iPTXeClWGE02mmk2gaYzLCA9q2VOCI6u5kfvgUHlulD0OpbAkD5+r3iQmOtB5Hge2MsBnq395M/MtrJyYsdydMxImhgiwWhQmHRsJZCrDPFCWGjy3BRDF7KyRDrDAxNquMDeHrU/g/aeY9VPTQ1WmuerGMIw0OwRE4AQiUQBXUQB00AAEJeABP4Nm5dx6dF+d10ZpyljMH4Aect0+w6ZHU</latexit>

H
>
1 d = 0

<latexit sha1_base64="UpqhxFyWSUzOHBJTskrBa8o8edc=">AAAB+HicdVBNS8NAEN3Ur1o/WvXoZbEInkKSatoehKKXHivYVmhj2Gy27dJNNuxuhFr6S7x4UMSrP8Wb/8ZNW0FFHww83pthZl6QMCqVZX0YuZXVtfWN/GZha3tnt1ja2+9IngpM2pgzLm4CJAmjMWkrqhi5SQRBUcBINxhfZn73jghJeXytJgnxIjSM6YBipLTkl4pN37ntK57AEJ5DC/qlsmXajlt3KtAyK9XaWT0jbtV2nSq0TWuOMlii5Zfe+yHHaURihRmSsmdbifKmSCiKGZkV+qkkCcJjNCQ9TWMUEelN54fP4LFWQjjgQles4Fz9PjFFkZSTKNCdEVIj+dvLxL+8XqoGNW9K4yRVJMaLRYOUQcVhlgIMqSBYsYkmCAuqb4V4hATCSmdV0CF8fQr/Jx3HtF3TvjotNy6WceTBITgCJ8AGVdAATdACbYBBCh7AE3g27o1H48V4XbTmjOXMAfgB4+0TsnmR1Q==</latexit>

H
>
2 d = 0

<latexit sha1_base64="J+IqWdFWLEuPsOejiPH2WEasSkU=">AAAB8XicdVBNS8NAEN3Ur1q/qh69LBbBU0haTdpb0UuPFawttqFsNpt26WYTdzdCCf0XXjwo4tV/481/46atoKIPBh7vzTAzz08YlcqyPozCyura+kZxs7S1vbO7V94/uJFxKjDp4JjFoucjSRjlpKOoYqSXCIIin5GuP7nM/e49EZLG/FpNE+JFaMRpSDFSWrptBXDAyB204LBcsUy76jSqNWiZNbd+3siJ49pO1YW2ac1RAUu0h+X3QRDjNCJcYYak7NtWorwMCUUxI7PSIJUkQXiCRqSvKUcRkV42v3gGT7QSwDAWuriCc/X7RIYiKaeRrzsjpMbyt5eLf3n9VIV1L6M8SRXheLEoTBlUMczfhwEVBCs21QRhQfWtEI+RQFjpkEo6hK9P4f/kpmrajmlfnVWaF8s4iuAIHINTYAMXNEELtEEHYMDBA3gCz4Y0Ho0X43XRWjCWM4fgB4y3T10wkBU=</latexit>

Hd  0

<latexit sha1_base64="j0JIu5qHg0fRPiT9ymu4ubDB2vM=">AAAB6nicdVBNS8NAEJ3Ur1q/qh69LBbBU0hKqfZW9KDHivYD2lA22027dLMJuxuhhP4ELx4U8eov8ua/cdNGUNEHA4/3ZpiZ58ecKe04H1ZhZXVtfaO4Wdra3tndK+8fdFSUSELbJOKR7PlYUc4EbWumOe3FkuLQ57TrTy8zv3tPpWKRuNOzmHohHgsWMIK1kW6vhu6wXHHses2pNWrIsZ0FMuJW604DublSgRytYfl9MIpIElKhCcdK9V0n1l6KpWaE03lpkCgaYzLFY9o3VOCQKi9dnDpHJ0YZoSCSpoRGC/X7RIpDpWahbzpDrCfqt5eJf3n9RAfnXspEnGgqyHJRkHCkI5T9jUZMUqL5zBBMJDO3IjLBEhNt0imZEL4+Rf+TTtV267Z7U6s0L/I4inAEx3AKLpxBE66hBW0gMIYHeIJni1uP1ov1umwtWPnMIfyA9fYJBFiNog==</latexit>

G1

<latexit sha1_base64="rzN56WYD7yGYF/FDvQ2u+ToPZYc=">AAAB6nicdVBNS8NAEJ3Ur1q/qh69LBbBU0hKqfZW9KDHivYD2lA22027dLMJuxuhhP4ELx4U8eov8ua/cdNGUNEHA4/3ZpiZ58ecKe04H1ZhZXVtfaO4Wdra3tndK+8fdFSUSELbJOKR7PlYUc4EbWumOe3FkuLQ57TrTy8zv3tPpWKRuNOzmHohHgsWMIK1kW6vhtVhueLY9ZpTa9SQYzsLZMSt1p0GcnOlAjlaw/L7YBSRJKRCE46V6rtOrL0US80Ip/PSIFE0xmSKx7RvqMAhVV66OHWOTowyQkEkTQmNFur3iRSHSs1C33SGWE/Uby8T//L6iQ7OvZSJONFUkOWiIOFIRyj7G42YpETzmSGYSGZuRWSCJSbapFMyIXx9iv4nnart1m33plZpXuRxFOEIjuEUXDiDJlxDC9pAYAwP8ATPFrcerRfrddlasPKZQ/gB6+0TBdyNow==</latexit>

G2

<latexit sha1_base64="yw1+6j7qPBNbKZNMTzPxh3uf8Z4=">AAAB7nicdVDLSgMxFM3UV62vqks3wSK4GmaqfbgrunFZwT6gHUsmzbShmSQkGaEM/Qg3LhRx6/e4829M2xFU9MCFwzn3cu89oWRUG8/7cHIrq2vrG/nNwtb2zu5ecf+grUWiMGlhwYTqhkgTRjlpGWoY6UpFUBwy0gknV3O/c0+UpoLfmqkkQYxGnEYUI2OljrrrGyHhoFjy3IpfqV5UoOd6C1hSK9frtTPoZ0oJZGgOiu/9ocBJTLjBDGnd8z1pghQpQzEjs0I/0UQiPEEj0rOUo5joIF2cO4MnVhnCSChb3MCF+n0iRbHW0zi0nTEyY/3bm4t/eb3ERPUgpVwmhnC8XBQlDBoB57/DIVUEGza1BGFF7a0Qj5FC2NiECjaEr0/h/6Rddv2q69+clxqXWRx5cASOwSnwQQ00wDVoghbAYAIewBN4dqTz6Lw4r8vWnJPNHIIfcN4+AXEBj6c=</latexit>

r>

<latexit sha1_base64="Q4z9qzQdZxQqvBKQpolng/9GnQA=">AAAB+XicdVDLSsNAFJ3UV62vqEs3g0VwFZJqH+6KblxWsA9oYplMJu3QySTOTAol9E/cuFDErX/izr9x2kZQ0QMXDufcy733+AmjUtn2h1FYWV1b3yhulra2d3b3zP2DjoxTgUkbxywWPR9JwignbUUVI71EEBT5jHT98dXc706IkDTmt2qaEC9CQ05DipHS0sA0xZ2r4gQG0GXkHtpwYJZtq+pUaxdVaFv2AprUK41G/Qw6uVIGOVoD890NYpxGhCvMkJR9x06UlyGhKGZkVnJTSRKEx2hI+ppyFBHpZYvLZ/BEKwEMY6GLK7hQv09kKJJyGvm6M0JqJH97c/Evr5+qsOFllCepIhwvF4UpgyqG8xhgQAXBik01QVhQfSvEIyQQVjqskg7h61P4P+lULKdmOTfn5eZlHkcRHIFjcAocUAdNcA1aoA0wmIAH8ASejcx4NF6M12VrwchnDsEPGG+fPmGSxA==</latexit>

r>d  0



<latexit sha1_base64="yw1+6j7qPBNbKZNMTzPxh3uf8Z4=">AAAB7nicdVDLSgMxFM3UV62vqks3wSK4GmaqfbgrunFZwT6gHUsmzbShmSQkGaEM/Qg3LhRx6/e4829M2xFU9MCFwzn3cu89oWRUG8/7cHIrq2vrG/nNwtb2zu5ecf+grUWiMGlhwYTqhkgTRjlpGWoY6UpFUBwy0gknV3O/c0+UpoLfmqkkQYxGnEYUI2OljrrrGyHhoFjy3IpfqV5UoOd6C1hSK9frtTPoZ0oJZGgOiu/9ocBJTLjBDGnd8z1pghQpQzEjs0I/0UQiPEEj0rOUo5joIF2cO4MnVhnCSChb3MCF+n0iRbHW0zi0nTEyY/3bm4t/eb3ERPUgpVwmhnC8XBQlDBoB57/DIVUEGza1BGFF7a0Qj5FC2NiECjaEr0/h/6Rddv2q69+clxqXWRx5cASOwSnwQQ00wDVoghbAYAIewBN4dqTz6Lw4r8vWnJPNHIIfcN4+AXEBj6c=</latexit>

r>

<latexit sha1_base64="yheKhNcgRnDmI2k4G/la+h80lIg=">AAAB9HicbVDJSgNBEO1xjXGLevTSGARPw4y4HYNePEbIBskQejo1SZOexe6aYBjyHV48KOLVj/Hm39hJRtDog4LHe1VU1fMTKTQ6zqe1tLyyurZe2Chubm3v7Jb29hs6ThWHOo9lrFo+0yBFBHUUKKGVKGChL6HpD2+mfnMESos4quE4AS9k/UgEgjM0ktdBeEA/yGoqhUm3VHZsZwbq2OffJFfcnJRJjmq39NHpxTwNIUIumdZt10nQy5hCwSVMip1UQ8L4kPWhbWjEQtBeNjt6Qo+N0qNBrExFSGfqz4mMhVqPQ990hgwHetGbiv957RSDKy8TUZIiRHy+KEglxZhOE6A9oYCjHBvCuBLmVsoHTDGOJqeiCcFdfPkvaZza7oXt3p2VK9d5HAVySI7ICXHJJamQW1IldcLJPXkkz+TFGllP1qv1Nm9dsvKZA/IL1vsXbWySiA==</latexit>

True

<latexit sha1_base64="GT5w2Hp3uLmCrvWSVWCmg9uSV78=">AAAB+HicdVDLSgMxFM3UV62Pjrp0EyyCq2HSah8Loeimywq2FdpaMmmmDc0kQ5IRaumXuHGhiFs/xZ1/Y/oQVPTAhcM593LvPUHMmTa+/+GkVlbX1jfSm5mt7Z3drLu339QyUYQ2iORS3QRYU84EbRhmOL2JFcVRwGkrGF3O/NYdVZpJcW3GMe1GeCBYyAg2Vuq52VoP3XaMjGEfnkMf9tyc76F8sZIvQN8rlMpnlRkpllAxX4LI8+fIgSXqPfe905ckiagwhGOt28iPTXeClWGE02mmk2gaYzLCA9q2VOCI6u5kfvgUHlulD0OpbAkD5+r3iQmOtB5Hge2MsBnq395M/MtrJyYsdydMxImhgiwWhQmHRsJZCrDPFCWGjy3BRDF7KyRDrDAxNquMDeHrU/g/aeY9VPTQ1WmuerGMIw0OwRE4AQiUQBXUQB00AAEJeABP4Nm5dx6dF+d10ZpyljMH4Aect0+w6ZHU</latexit>

H
>
1 d = 0

<latexit sha1_base64="UpqhxFyWSUzOHBJTskrBa8o8edc=">AAAB+HicdVBNS8NAEN3Ur1o/WvXoZbEInkKSatoehKKXHivYVmhj2Gy27dJNNuxuhFr6S7x4UMSrP8Wb/8ZNW0FFHww83pthZl6QMCqVZX0YuZXVtfWN/GZha3tnt1ja2+9IngpM2pgzLm4CJAmjMWkrqhi5SQRBUcBINxhfZn73jghJeXytJgnxIjSM6YBipLTkl4pN37ntK57AEJ5DC/qlsmXajlt3KtAyK9XaWT0jbtV2nSq0TWuOMlii5Zfe+yHHaURihRmSsmdbifKmSCiKGZkV+qkkCcJjNCQ9TWMUEelN54fP4LFWQjjgQles4Fz9PjFFkZSTKNCdEVIj+dvLxL+8XqoGNW9K4yRVJMaLRYOUQcVhlgIMqSBYsYkmCAuqb4V4hATCSmdV0CF8fQr/Jx3HtF3TvjotNy6WceTBITgCJ8AGVdAATdACbYBBCh7AE3g27o1H48V4XbTmjOXMAfgB4+0TsnmR1Q==</latexit>

H
>
2 d = 0

<latexit sha1_base64="GT5w2Hp3uLmCrvWSVWCmg9uSV78=">AAAB+HicdVDLSgMxFM3UV62Pjrp0EyyCq2HSah8Loeimywq2FdpaMmmmDc0kQ5IRaumXuHGhiFs/xZ1/Y/oQVPTAhcM593LvPUHMmTa+/+GkVlbX1jfSm5mt7Z3drLu339QyUYQ2iORS3QRYU84EbRhmOL2JFcVRwGkrGF3O/NYdVZpJcW3GMe1GeCBYyAg2Vuq52VoP3XaMjGEfnkMf9tyc76F8sZIvQN8rlMpnlRkpllAxX4LI8+fIgSXqPfe905ckiagwhGOt28iPTXeClWGE02mmk2gaYzLCA9q2VOCI6u5kfvgUHlulD0OpbAkD5+r3iQmOtB5Hge2MsBnq395M/MtrJyYsdydMxImhgiwWhQmHRsJZCrDPFCWGjy3BRDF7KyRDrDAxNquMDeHrU/g/aeY9VPTQ1WmuerGMIw0OwRE4AQiUQBXUQB00AAEJeABP4Nm5dx6dF+d10ZpyljMH4Aect0+w6ZHU</latexit>

H
>
1 d = 0

<latexit sha1_base64="UpqhxFyWSUzOHBJTskrBa8o8edc=">AAAB+HicdVBNS8NAEN3Ur1o/WvXoZbEInkKSatoehKKXHivYVmhj2Gy27dJNNuxuhFr6S7x4UMSrP8Wb/8ZNW0FFHww83pthZl6QMCqVZX0YuZXVtfWN/GZha3tnt1ja2+9IngpM2pgzLm4CJAmjMWkrqhi5SQRBUcBINxhfZn73jghJeXytJgnxIjSM6YBipLTkl4pN37ntK57AEJ5DC/qlsmXajlt3KtAyK9XaWT0jbtV2nSq0TWuOMlii5Zfe+yHHaURihRmSsmdbifKmSCiKGZkV+qkkCcJjNCQ9TWMUEelN54fP4LFWQjjgQles4Fz9PjFFkZSTKNCdEVIj+dvLxL+8XqoGNW9K4yRVJMaLRYOUQcVhlgIMqSBYsYkmCAuqb4V4hATCSmdV0CF8fQr/Jx3HtF3TvjotNy6WceTBITgCJ8AGVdAATdACbYBBCh7AE3g27o1H48V4XbTmjOXMAfgB4+0TsnmR1Q==</latexit>

H
>
2 d = 0

<latexit sha1_base64="J+IqWdFWLEuPsOejiPH2WEasSkU=">AAAB8XicdVBNS8NAEN3Ur1q/qh69LBbBU0haTdpb0UuPFawttqFsNpt26WYTdzdCCf0XXjwo4tV/481/46atoKIPBh7vzTAzz08YlcqyPozCyura+kZxs7S1vbO7V94/uJFxKjDp4JjFoucjSRjlpKOoYqSXCIIin5GuP7nM/e49EZLG/FpNE+JFaMRpSDFSWrptBXDAyB204LBcsUy76jSqNWiZNbd+3siJ49pO1YW2ac1RAUu0h+X3QRDjNCJcYYak7NtWorwMCUUxI7PSIJUkQXiCRqSvKUcRkV42v3gGT7QSwDAWuriCc/X7RIYiKaeRrzsjpMbyt5eLf3n9VIV1L6M8SRXheLEoTBlUMczfhwEVBCs21QRhQfWtEI+RQFjpkEo6hK9P4f/kpmrajmlfnVWaF8s4iuAIHINTYAMXNEELtEEHYMDBA3gCz4Y0Ho0X43XRWjCWM4fgB4y3T10wkBU=</latexit>

Hd  0

<latexit sha1_base64="HveSNVOnT/8wlZJJPqGBuc5ffxw="></latexit>

1. There exists v 2 Rm such that v>H = r
> and v � 0

<latexit sha1_base64="Dmm4JO5RS6S/3/hn7dKuzBcaj4s=">AAACNHicbVDLSgNBEJz1bXxFPXppDIKnsCuiHkUvgh5UjArZGGYnHR2cnV1mesWw7Ed58UO8iOBBEa9+g5PHQaMFA0VVNdNdUaqkJd9/8UZGx8YnJqemSzOzc/ML5cWlc5tkRmBNJCoxlxG3qKTGGklSeJka5HGk8CK63e/6F3dorEz0GXVSbMT8Wsu2FJyc1CwfhoT3lB8hQQEHEEoNYczpJory0+IqjyEkGaMFXUA/CVy3XNQMR3UVmuWKX/V7gL8kGJAKG+C4WX4KW4nIYtQkFLe2HvgpNXJuSAqFRSnMLKZc3PJrrDuqudukkfeOLmDNKS1oJ8Y9TdBTf07kPLa2E0cu2d3SDntd8T+vnlF7p5FLnWaEWvQ/amcKKIFug9CSBgWpjiNcGOl2BXHDDRfkei65EoLhk/+S841qsFUNTjYru3uDOqbYCltl6yxg22yXHbBjVmOCPbBn9sbevUfv1fvwPvvREW8ws8x+wfv6BoBvqro=</latexit>

Let H 2 Rm⇥n and r 2 Rn
.

<latexit sha1_base64="BXHnxPjwnglsePnxCC7iAmJg7XI=">AAACKXicbVBNSwMxEM36WevXqkcvwSJ4Krsi6rHoxWOFtgptKdl0tg1mkyWZVcvSv+PFv+JFQVGv/hHTuge/HgQe781MZl6USmExCN68mdm5+YXF0lJ5eWV1bd3f2GxZnRkOTa6lNpcRsyCFgiYKlHCZGmBJJOEiujqd+BfXYKzQqoGjFLoJGygRC87QST2/1kG4xbwxBEXhlnGUI6oVUB1THAKNtZT6RqgBxRtNmbVgJn2WCkvRZFAd9/xKUA2moH9JWJAKKVDv+U+dvuZZAgq5dBPbYZBiN2duMJcwLncyCynjV2wAbUcVS8B28+mlY7rrlL7byrinkE7V7x05S6wdJZGrTBgO7W9vIv7ntTOMj7u5UGmGoPjXR3EmKWo6iY32hYFpOH3BuBFuV8qHzLjAXLhlF0L4++S/pLVfDQ+r4flBpXZSxFEi22SH7JGQHJEaOSN10iSc3JEH8kxevHvv0Xv13r9KZ7yiZ4v8gPfxCcFPp4s=</latexit>

Then exactly one of the following two assertions is true.

<latexit sha1_base64="rGZBU6tcdupk8fTxC7xmvhwk4fs="></latexit>

2. There exists d 2 Rn such that Hd � 0 and r
>
d < 0

<latexit sha1_base64="uAzwIu9m9zyJFi63zvxNHmcog2c=">AAAB/3icbVDLSgNBEJz1bXxFBS9eBoPoKeyKqMegIB48KJgoJCH0Tnp1yMzuMtMrhjUHf8WLB0W8+hve/Bsnj4OvgoaiqpvurjBV0pLvf3pj4xOTU9Mzs4W5+YXFpeLySs0mmRFYFYlKzFUIFpWMsUqSFF6lBkGHCi/DzlHfv7xFY2USX1A3xaaG61hGUgA5qVVcaxDeURjlx2A6sGX5KWoNvVax5Jf9AfhfEoxIiY1w1ip+NNqJyDTGJBRYWw/8lJo5GJJCYa/QyCymIDpwjXVHY9Bom/ng/h7fdEqbR4lxFRMfqN8nctDWdnXoOjXQjf3t9cX/vHpG0UEzl3GaEcZiuCjKFKeE98PgbWlQkOo6AsJIdysXN2BAkIus4EIIfr/8l9R2ysFeOTjfLVUOR3HMsHW2wbZZwPZZhZ2wM1Zlgt2zR/bMXrwH78l79d6GrWPeaGaV/YD3/gXSMJX5</latexit>

Farka’s Lemma

<latexit sha1_base64="6zJ1UW3nKrw6MgtzBPyKRfUqkfQ=">AAACD3icbVA9SwNBEN3z2/gVtbRZTBSrcCeiViLaWCqYD8jFsLc3SRb39s7dOTEc+Qc2/hUbC0Vsbe38N24+Ck18MPB4b4aZeUEihUHX/Xampmdm5+YXFnNLyyura/n1jYqJU82hzGMZ61rADEihoIwCJdQSDSwKJFSD2/O+X70HbUSsrrGbQCNibSVagjO0UjO/6yM8YFa8CKkv4Y66RcpUSIv6xsc4oSE96Uu9Zr7gltwB6CTxRqRARrhs5r/8MOZpBAq5ZMbUPTfBRsY0Ci6hl/NTAwnjt6wNdUsVi8A0ssE/PbpjlZC2Ym1LIR2ovycyFhnTjQLbGTHsmHGvL/7n1VNsHTcyoZIUQfHholYqKca0Hw4NhQaOsmsJ41rYWynvMM042ghzNgRv/OVJUtkveYcl7+qgcHo2imOBbJFtskc8ckROyQW5JGXCySN5Jq/kzXlyXpx352PYOuWMZjbJHzifP5nMmdQ=</latexit>

Hd  0 and r
>
d > 0

Case 2.

<latexit sha1_base64="sUu4CpEluTtg99wDCSPtsFH3e78=">AAAB9XicdVDLSgNBEJyNrxhfUY9eBoPgKeyGEM0tKIjHCOYBSQyzk95kyOyDmV41LPkPLx4U8eq/ePNvnE0iqGhBQ1HVTXeXG0mh0bY/rMzS8srqWnY9t7G5tb2T391r6jBWHBo8lKFqu0yDFAE0UKCEdqSA+a6Eljs+T/3WLSgtwuAaJxH0fDYMhCc4QyPddBHu0fWSCyY1TPv5gl2slO1ytUztoj1DSpxSxa5SZ6EUyAL1fv69Owh57EOAXDKtO44dYS9hCgWXMM11Yw0R42M2hI6hAfNB95LZ1VN6ZJQB9UJlKkA6U79PJMzXeuK7ptNnONK/vVT8y+vE6J32EhFEMULA54u8WFIMaRoBHQgFHOXEEMaVMLdSPmKKcTRB5UwIX5/S/0mzVHQqReeqXKidLeLIkgNySI6JQ05IjVySOmkQThR5IE/k2bqzHq0X63XemrEWM/vkB6y3T0MQkwU=</latexit>

False

<latexit sha1_base64="GT5w2Hp3uLmCrvWSVWCmg9uSV78=">AAAB+HicdVDLSgMxFM3UV62Pjrp0EyyCq2HSah8Loeimywq2FdpaMmmmDc0kQ5IRaumXuHGhiFs/xZ1/Y/oQVPTAhcM593LvPUHMmTa+/+GkVlbX1jfSm5mt7Z3drLu339QyUYQ2iORS3QRYU84EbRhmOL2JFcVRwGkrGF3O/NYdVZpJcW3GMe1GeCBYyAg2Vuq52VoP3XaMjGEfnkMf9tyc76F8sZIvQN8rlMpnlRkpllAxX4LI8+fIgSXqPfe905ckiagwhGOt28iPTXeClWGE02mmk2gaYzLCA9q2VOCI6u5kfvgUHlulD0OpbAkD5+r3iQmOtB5Hge2MsBnq395M/MtrJyYsdydMxImhgiwWhQmHRsJZCrDPFCWGjy3BRDF7KyRDrDAxNquMDeHrU/g/aeY9VPTQ1WmuerGMIw0OwRE4AQiUQBXUQB00AAEJeABP4Nm5dx6dF+d10ZpyljMH4Aect0+w6ZHU</latexit>

H
>
1 d = 0

<latexit sha1_base64="UpqhxFyWSUzOHBJTskrBa8o8edc=">AAAB+HicdVBNS8NAEN3Ur1o/WvXoZbEInkKSatoehKKXHivYVmhj2Gy27dJNNuxuhFr6S7x4UMSrP8Wb/8ZNW0FFHww83pthZl6QMCqVZX0YuZXVtfWN/GZha3tnt1ja2+9IngpM2pgzLm4CJAmjMWkrqhi5SQRBUcBINxhfZn73jghJeXytJgnxIjSM6YBipLTkl4pN37ntK57AEJ5DC/qlsmXajlt3KtAyK9XaWT0jbtV2nSq0TWuOMlii5Zfe+yHHaURihRmSsmdbifKmSCiKGZkV+qkkCcJjNCQ9TWMUEelN54fP4LFWQjjgQles4Fz9PjFFkZSTKNCdEVIj+dvLxL+8XqoGNW9K4yRVJMaLRYOUQcVhlgIMqSBYsYkmCAuqb4V4hATCSmdV0CF8fQr/Jx3HtF3TvjotNy6WceTBITgCJ8AGVdAATdACbYBBCh7AE3g27o1H48V4XbTmjOXMAfgB4+0TsnmR1Q==</latexit>

H
>
2 d = 0

<latexit sha1_base64="GT5w2Hp3uLmCrvWSVWCmg9uSV78=">AAAB+HicdVDLSgMxFM3UV62Pjrp0EyyCq2HSah8Loeimywq2FdpaMmmmDc0kQ5IRaumXuHGhiFs/xZ1/Y/oQVPTAhcM593LvPUHMmTa+/+GkVlbX1jfSm5mt7Z3drLu339QyUYQ2iORS3QRYU84EbRhmOL2JFcVRwGkrGF3O/NYdVZpJcW3GMe1GeCBYyAg2Vuq52VoP3XaMjGEfnkMf9tyc76F8sZIvQN8rlMpnlRkpllAxX4LI8+fIgSXqPfe905ckiagwhGOt28iPTXeClWGE02mmk2gaYzLCA9q2VOCI6u5kfvgUHlulD0OpbAkD5+r3iQmOtB5Hge2MsBnq395M/MtrJyYsdydMxImhgiwWhQmHRsJZCrDPFCWGjy3BRDF7KyRDrDAxNquMDeHrU/g/aeY9VPTQ1WmuerGMIw0OwRE4AQiUQBXUQB00AAEJeABP4Nm5dx6dF+d10ZpyljMH4Aect0+w6ZHU</latexit>

H
>
1 d = 0

<latexit sha1_base64="UpqhxFyWSUzOHBJTskrBa8o8edc=">AAAB+HicdVBNS8NAEN3Ur1o/WvXoZbEInkKSatoehKKXHivYVmhj2Gy27dJNNuxuhFr6S7x4UMSrP8Wb/8ZNW0FFHww83pthZl6QMCqVZX0YuZXVtfWN/GZha3tnt1ja2+9IngpM2pgzLm4CJAmjMWkrqhi5SQRBUcBINxhfZn73jghJeXytJgnxIjSM6YBipLTkl4pN37ntK57AEJ5DC/qlsmXajlt3KtAyK9XaWT0jbtV2nSq0TWuOMlii5Zfe+yHHaURihRmSsmdbifKmSCiKGZkV+qkkCcJjNCQ9TWMUEelN54fP4LFWQjjgQles4Fz9PjFFkZSTKNCdEVIj+dvLxL+8XqoGNW9K4yRVJMaLRYOUQcVhlgIMqSBYsYkmCAuqb4V4hATCSmdV0CF8fQr/Jx3HtF3TvjotNy6WceTBITgCJ8AGVdAATdACbYBBCh7AE3g27o1H48V4XbTmjOXMAfgB4+0TsnmR1Q==</latexit>

H
>
2 d = 0

<latexit sha1_base64="J+IqWdFWLEuPsOejiPH2WEasSkU=">AAAB8XicdVBNS8NAEN3Ur1q/qh69LBbBU0haTdpb0UuPFawttqFsNpt26WYTdzdCCf0XXjwo4tV/481/46atoKIPBh7vzTAzz08YlcqyPozCyura+kZxs7S1vbO7V94/uJFxKjDp4JjFoucjSRjlpKOoYqSXCIIin5GuP7nM/e49EZLG/FpNE+JFaMRpSDFSWrptBXDAyB204LBcsUy76jSqNWiZNbd+3siJ49pO1YW2ac1RAUu0h+X3QRDjNCJcYYak7NtWorwMCUUxI7PSIJUkQXiCRqSvKUcRkV42v3gGT7QSwDAWuriCc/X7RIYiKaeRrzsjpMbyt5eLf3n9VIV1L6M8SRXheLEoTBlUMczfhwEVBCs21QRhQfWtEI+RQFjpkEo6hK9P4f/kpmrajmlfnVWaF8s4iuAIHINTYAMXNEELtEEHYMDBA3gCz4Y0Ho0X43XRWjCWM4fgB4y3T10wkBU=</latexit>

Hd  0

<latexit sha1_base64="j0JIu5qHg0fRPiT9ymu4ubDB2vM=">AAAB6nicdVBNS8NAEJ3Ur1q/qh69LBbBU0hKqfZW9KDHivYD2lA22027dLMJuxuhhP4ELx4U8eov8ua/cdNGUNEHA4/3ZpiZ58ecKe04H1ZhZXVtfaO4Wdra3tndK+8fdFSUSELbJOKR7PlYUc4EbWumOe3FkuLQ57TrTy8zv3tPpWKRuNOzmHohHgsWMIK1kW6vhu6wXHHses2pNWrIsZ0FMuJW604DublSgRytYfl9MIpIElKhCcdK9V0n1l6KpWaE03lpkCgaYzLFY9o3VOCQKi9dnDpHJ0YZoSCSpoRGC/X7RIpDpWahbzpDrCfqt5eJf3n9RAfnXspEnGgqyHJRkHCkI5T9jUZMUqL5zBBMJDO3IjLBEhNt0imZEL4+Rf+TTtV267Z7U6s0L/I4inAEx3AKLpxBE66hBW0gMIYHeIJni1uP1ov1umwtWPnMIfyA9fYJBFiNog==</latexit>

G1

<latexit sha1_base64="rzN56WYD7yGYF/FDvQ2u+ToPZYc=">AAAB6nicdVBNS8NAEJ3Ur1q/qh69LBbBU0hKqfZW9KDHivYD2lA22027dLMJuxuhhP4ELx4U8eov8ua/cdNGUNEHA4/3ZpiZ58ecKe04H1ZhZXVtfaO4Wdra3tndK+8fdFSUSELbJOKR7PlYUc4EbWumOe3FkuLQ57TrTy8zv3tPpWKRuNOzmHohHgsWMIK1kW6vhtVhueLY9ZpTa9SQYzsLZMSt1p0GcnOlAjlaw/L7YBSRJKRCE46V6rtOrL0US80Ip/PSIFE0xmSKx7RvqMAhVV66OHWOTowyQkEkTQmNFur3iRSHSs1C33SGWE/Uby8T//L6iQ7OvZSJONFUkOWiIOFIRyj7G42YpETzmSGYSGZuRWSCJSbapFMyIXx9iv4nnart1m33plZpXuRxFOEIjuEUXDiDJlxDC9pAYAwP8ATPFrcerRfrddlasPKZQ/gB6+0TBdyNow==</latexit>

G2

<latexit sha1_base64="yw1+6j7qPBNbKZNMTzPxh3uf8Z4=">AAAB7nicdVDLSgMxFM3UV62vqks3wSK4GmaqfbgrunFZwT6gHUsmzbShmSQkGaEM/Qg3LhRx6/e4829M2xFU9MCFwzn3cu89oWRUG8/7cHIrq2vrG/nNwtb2zu5ecf+grUWiMGlhwYTqhkgTRjlpGWoY6UpFUBwy0gknV3O/c0+UpoLfmqkkQYxGnEYUI2OljrrrGyHhoFjy3IpfqV5UoOd6C1hSK9frtTPoZ0oJZGgOiu/9ocBJTLjBDGnd8z1pghQpQzEjs0I/0UQiPEEj0rOUo5joIF2cO4MnVhnCSChb3MCF+n0iRbHW0zi0nTEyY/3bm4t/eb3ERPUgpVwmhnC8XBQlDBoB57/DIVUEGza1BGFF7a0Qj5FC2NiECjaEr0/h/6Rddv2q69+clxqXWRx5cASOwSnwQQ00wDVoghbAYAIewBN4dqTz6Lw4r8vWnJPNHIIfcN4+AXEBj6c=</latexit>

r>

<latexit sha1_base64="yptZsoto6bvq7/OcW48Z+2OwAy0=">AAAB9HicdVDLSgMxFM34rPVVdekmWARXw0y1DzdSdOOygn1AO5ZMJtOGZpIxyRTK0O9w40IRt36MO//GtB1BRQ9cOJxzL/fe48eMKu04H9bS8srq2npuI7+5tb2zW9jbbymRSEyaWDAhOz5ShFFOmppqRjqxJCjyGWn7o6uZ3x4Tqajgt3oSEy9CA05DipE2kifvelrEMIAX0IH9QtGxy265cl6Gju3MYUi1VKtVT6GbKUWQodEvvPcCgZOIcI0ZUqrrOrH2UiQ1xYxM871EkRjhERqQrqEcRUR56fzoKTw2SgBDIU1xDefq94kURUpNIt90RkgP1W9vJv7ldRMd1ryU8jjRhOPFojBhUAs4SwAGVBKs2cQQhCU1t0I8RBJhbXLKmxC+PoX/k1bJdiu2e3NWrF9mceTAITgCJ8AFVVAH16ABmgCDe/AAnsCzNbYerRfrddG6ZGUzB+AHrLdPMgyRFQ==</latexit>

r>d > 0



<latexit sha1_base64="yheKhNcgRnDmI2k4G/la+h80lIg=">AAAB9HicbVDJSgNBEO1xjXGLevTSGARPw4y4HYNePEbIBskQejo1SZOexe6aYBjyHV48KOLVj/Hm39hJRtDog4LHe1VU1fMTKTQ6zqe1tLyyurZe2Chubm3v7Jb29hs6ThWHOo9lrFo+0yBFBHUUKKGVKGChL6HpD2+mfnMESos4quE4AS9k/UgEgjM0ktdBeEA/yGoqhUm3VHZsZwbq2OffJFfcnJRJjmq39NHpxTwNIUIumdZt10nQy5hCwSVMip1UQ8L4kPWhbWjEQtBeNjt6Qo+N0qNBrExFSGfqz4mMhVqPQ990hgwHetGbiv957RSDKy8TUZIiRHy+KEglxZhOE6A9oYCjHBvCuBLmVsoHTDGOJqeiCcFdfPkvaZza7oXt3p2VK9d5HAVySI7ICXHJJamQW1IldcLJPXkkz+TFGllP1qv1Nm9dsvKZA/IL1vsXbWySiA==</latexit>

True

<latexit sha1_base64="HveSNVOnT/8wlZJJPqGBuc5ffxw="></latexit>

1. There exists v 2 Rm such that v>H = r
> and v � 0

<latexit sha1_base64="Dmm4JO5RS6S/3/hn7dKuzBcaj4s=">AAACNHicbVDLSgNBEJz1bXxFPXppDIKnsCuiHkUvgh5UjArZGGYnHR2cnV1mesWw7Ed58UO8iOBBEa9+g5PHQaMFA0VVNdNdUaqkJd9/8UZGx8YnJqemSzOzc/ML5cWlc5tkRmBNJCoxlxG3qKTGGklSeJka5HGk8CK63e/6F3dorEz0GXVSbMT8Wsu2FJyc1CwfhoT3lB8hQQEHEEoNYczpJory0+IqjyEkGaMFXUA/CVy3XNQMR3UVmuWKX/V7gL8kGJAKG+C4WX4KW4nIYtQkFLe2HvgpNXJuSAqFRSnMLKZc3PJrrDuqudukkfeOLmDNKS1oJ8Y9TdBTf07kPLa2E0cu2d3SDntd8T+vnlF7p5FLnWaEWvQ/amcKKIFug9CSBgWpjiNcGOl2BXHDDRfkei65EoLhk/+S841qsFUNTjYru3uDOqbYCltl6yxg22yXHbBjVmOCPbBn9sbevUfv1fvwPvvREW8ws8x+wfv6BoBvqro=</latexit>

Let H 2 Rm⇥n and r 2 Rn
.

<latexit sha1_base64="BXHnxPjwnglsePnxCC7iAmJg7XI=">AAACKXicbVBNSwMxEM36WevXqkcvwSJ4Krsi6rHoxWOFtgptKdl0tg1mkyWZVcvSv+PFv+JFQVGv/hHTuge/HgQe781MZl6USmExCN68mdm5+YXF0lJ5eWV1bd3f2GxZnRkOTa6lNpcRsyCFgiYKlHCZGmBJJOEiujqd+BfXYKzQqoGjFLoJGygRC87QST2/1kG4xbwxBEXhlnGUI6oVUB1THAKNtZT6RqgBxRtNmbVgJn2WCkvRZFAd9/xKUA2moH9JWJAKKVDv+U+dvuZZAgq5dBPbYZBiN2duMJcwLncyCynjV2wAbUcVS8B28+mlY7rrlL7byrinkE7V7x05S6wdJZGrTBgO7W9vIv7ntTOMj7u5UGmGoPjXR3EmKWo6iY32hYFpOH3BuBFuV8qHzLjAXLhlF0L4++S/pLVfDQ+r4flBpXZSxFEi22SH7JGQHJEaOSN10iSc3JEH8kxevHvv0Xv13r9KZ7yiZ4v8gPfxCcFPp4s=</latexit>

Then exactly one of the following two assertions is true.

<latexit sha1_base64="rGZBU6tcdupk8fTxC7xmvhwk4fs="></latexit>

2. There exists d 2 Rn such that Hd � 0 and r
>
d < 0

<latexit sha1_base64="uAzwIu9m9zyJFi63zvxNHmcog2c=">AAAB/3icbVDLSgNBEJz1bXxFBS9eBoPoKeyKqMegIB48KJgoJCH0Tnp1yMzuMtMrhjUHf8WLB0W8+hve/Bsnj4OvgoaiqpvurjBV0pLvf3pj4xOTU9Mzs4W5+YXFpeLySs0mmRFYFYlKzFUIFpWMsUqSFF6lBkGHCi/DzlHfv7xFY2USX1A3xaaG61hGUgA5qVVcaxDeURjlx2A6sGX5KWoNvVax5Jf9AfhfEoxIiY1w1ip+NNqJyDTGJBRYWw/8lJo5GJJCYa/QyCymIDpwjXVHY9Bom/ng/h7fdEqbR4lxFRMfqN8nctDWdnXoOjXQjf3t9cX/vHpG0UEzl3GaEcZiuCjKFKeE98PgbWlQkOo6AsJIdysXN2BAkIus4EIIfr/8l9R2ysFeOTjfLVUOR3HMsHW2wbZZwPZZhZ2wM1Zlgt2zR/bMXrwH78l79d6GrWPeaGaV/YD3/gXSMJX5</latexit>

Farka’s Lemma

<latexit sha1_base64="6zJ1UW3nKrw6MgtzBPyKRfUqkfQ=">AAACD3icbVA9SwNBEN3z2/gVtbRZTBSrcCeiViLaWCqYD8jFsLc3SRb39s7dOTEc+Qc2/hUbC0Vsbe38N24+Ck18MPB4b4aZeUEihUHX/Xampmdm5+YXFnNLyyura/n1jYqJU82hzGMZ61rADEihoIwCJdQSDSwKJFSD2/O+X70HbUSsrrGbQCNibSVagjO0UjO/6yM8YFa8CKkv4Y66RcpUSIv6xsc4oSE96Uu9Zr7gltwB6CTxRqRARrhs5r/8MOZpBAq5ZMbUPTfBRsY0Ci6hl/NTAwnjt6wNdUsVi8A0ssE/PbpjlZC2Ym1LIR2ovycyFhnTjQLbGTHsmHGvL/7n1VNsHTcyoZIUQfHholYqKca0Hw4NhQaOsmsJ41rYWynvMM042ghzNgRv/OVJUtkveYcl7+qgcHo2imOBbJFtskc8ckROyQW5JGXCySN5Jq/kzXlyXpx352PYOuWMZjbJHzifP5nMmdQ=</latexit>

Hd  0 and r
>
d > 0

Case 2.

<latexit sha1_base64="sUu4CpEluTtg99wDCSPtsFH3e78=">AAAB9XicdVDLSgNBEJyNrxhfUY9eBoPgKeyGEM0tKIjHCOYBSQyzk95kyOyDmV41LPkPLx4U8eq/ePNvnE0iqGhBQ1HVTXeXG0mh0bY/rMzS8srqWnY9t7G5tb2T391r6jBWHBo8lKFqu0yDFAE0UKCEdqSA+a6Eljs+T/3WLSgtwuAaJxH0fDYMhCc4QyPddBHu0fWSCyY1TPv5gl2slO1ytUztoj1DSpxSxa5SZ6EUyAL1fv69Owh57EOAXDKtO44dYS9hCgWXMM11Yw0R42M2hI6hAfNB95LZ1VN6ZJQB9UJlKkA6U79PJMzXeuK7ptNnONK/vVT8y+vE6J32EhFEMULA54u8WFIMaRoBHQgFHOXEEMaVMLdSPmKKcTRB5UwIX5/S/0mzVHQqReeqXKidLeLIkgNySI6JQ05IjVySOmkQThR5IE/k2bqzHq0X63XemrEWM/vkB6y3T0MQkwU=</latexit>

False
<latexit sha1_base64="n7b22BJmynRsvnOwbK7HbGybAqQ=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cq9gPaUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80jUo14w2mpNLtgBouRcwbKFDydqI5jQLJW8HoZuq3Hrk2QsUPOE64H9FBLELBKFqp070XgyFSrdVTr1xxq+4MZJl4OalAjnqv/NXtK5ZGPEYmqTEdz03Qz6hGwSSflLqp4QllIzrgHUtjGnHjZ7OTJ+TEKn0SKm0rRjJTf09kNDJmHAW2M6I4NIveVPzP66QYXvmZiJMUeczmi8JUElRk+j/pC80ZyrEllGlhbyVsSDVlaFMq2RC8xZeXSfOs6l1UvbvzSu06j6MIR3AMp+DBJdTgFurQAAYKnuEV3hx0Xpx352PeWnDymUP4A+fzB5MTkXM=</latexit>)

<latexit sha1_base64="nlJQSuPkHLYx/Bg9Cjj3gWvnh04=">AAAB8XicbVBNS8NAEN3Ur1q/qh69LBbBU0lE1GPRi8cK9gPbUDbbSbt0swm7E7GE/gsvHhTx6r/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqDg0ey1i3A2ZACgUNFCihnWhgUSChFYxupn7rEbQRsbrHcQJ+xAZKhIIztNJDF+EJMxXjpFeuuFV3BrpMvJxUSI56r/zV7cc8jUAhl8yYjucm6GdMo+ASJqVuaiBhfMQG0LFUsQiMn80untATq/RpGGtbCulM/T2RsciYcRTYzojh0Cx6U/E/r5NieOVnQiUpguLzRWEqKcZ0+j7tCw0c5dgSxrWwt1I+ZJpxtCGVbAje4svLpHlW9S6q3t15pXadx1EkR+SYnBKPXJIauSV10iCcKPJMXsmbY5wX5935mLcWnHzmkPyB8/kDQviRTg==</latexit>

not
<latexit sha1_base64="3e6iY75nFHMyBZZhznyE27aNg6s="></latexit>

For all v 2 Rm s.t. v>H = r
>
, v < 0

<latexit sha1_base64="yw1+6j7qPBNbKZNMTzPxh3uf8Z4=">AAAB7nicdVDLSgMxFM3UV62vqks3wSK4GmaqfbgrunFZwT6gHUsmzbShmSQkGaEM/Qg3LhRx6/e4829M2xFU9MCFwzn3cu89oWRUG8/7cHIrq2vrG/nNwtb2zu5ecf+grUWiMGlhwYTqhkgTRjlpGWoY6UpFUBwy0gknV3O/c0+UpoLfmqkkQYxGnEYUI2OljrrrGyHhoFjy3IpfqV5UoOd6C1hSK9frtTPoZ0oJZGgOiu/9ocBJTLjBDGnd8z1pghQpQzEjs0I/0UQiPEEj0rOUo5joIF2cO4MnVhnCSChb3MCF+n0iRbHW0zi0nTEyY/3bm4t/eb3ERPUgpVwmhnC8XBQlDBoB57/DIVUEGza1BGFF7a0Qj5FC2NiECjaEr0/h/6Rddv2q69+clxqXWRx5cASOwSnwQQ00wDVoghbAYAIewBN4dqTz6Lw4r8vWnJPNHIIfcN4+AXEBj6c=</latexit>

r>
<latexit sha1_base64="GT5w2Hp3uLmCrvWSVWCmg9uSV78=">AAAB+HicdVDLSgMxFM3UV62Pjrp0EyyCq2HSah8Loeimywq2FdpaMmmmDc0kQ5IRaumXuHGhiFs/xZ1/Y/oQVPTAhcM593LvPUHMmTa+/+GkVlbX1jfSm5mt7Z3drLu339QyUYQ2iORS3QRYU84EbRhmOL2JFcVRwGkrGF3O/NYdVZpJcW3GMe1GeCBYyAg2Vuq52VoP3XaMjGEfnkMf9tyc76F8sZIvQN8rlMpnlRkpllAxX4LI8+fIgSXqPfe905ckiagwhGOt28iPTXeClWGE02mmk2gaYzLCA9q2VOCI6u5kfvgUHlulD0OpbAkD5+r3iQmOtB5Hge2MsBnq395M/MtrJyYsdydMxImhgiwWhQmHRsJZCrDPFCWGjy3BRDF7KyRDrDAxNquMDeHrU/g/aeY9VPTQ1WmuerGMIw0OwRE4AQiUQBXUQB00AAEJeABP4Nm5dx6dF+d10ZpyljMH4Aect0+w6ZHU</latexit>

H
>
1 d = 0

<latexit sha1_base64="UpqhxFyWSUzOHBJTskrBa8o8edc=">AAAB+HicdVBNS8NAEN3Ur1o/WvXoZbEInkKSatoehKKXHivYVmhj2Gy27dJNNuxuhFr6S7x4UMSrP8Wb/8ZNW0FFHww83pthZl6QMCqVZX0YuZXVtfWN/GZha3tnt1ja2+9IngpM2pgzLm4CJAmjMWkrqhi5SQRBUcBINxhfZn73jghJeXytJgnxIjSM6YBipLTkl4pN37ntK57AEJ5DC/qlsmXajlt3KtAyK9XaWT0jbtV2nSq0TWuOMlii5Zfe+yHHaURihRmSsmdbifKmSCiKGZkV+qkkCcJjNCQ9TWMUEelN54fP4LFWQjjgQles4Fz9PjFFkZSTKNCdEVIj+dvLxL+8XqoGNW9K4yRVJMaLRYOUQcVhlgIMqSBYsYkmCAuqb4V4hATCSmdV0CF8fQr/Jx3HtF3TvjotNy6WceTBITgCJ8AGVdAATdACbYBBCh7AE3g27o1H48V4XbTmjOXMAfgB4+0TsnmR1Q==</latexit>

H
>
2 d = 0

<latexit sha1_base64="GT5w2Hp3uLmCrvWSVWCmg9uSV78=">AAAB+HicdVDLSgMxFM3UV62Pjrp0EyyCq2HSah8Loeimywq2FdpaMmmmDc0kQ5IRaumXuHGhiFs/xZ1/Y/oQVPTAhcM593LvPUHMmTa+/+GkVlbX1jfSm5mt7Z3drLu339QyUYQ2iORS3QRYU84EbRhmOL2JFcVRwGkrGF3O/NYdVZpJcW3GMe1GeCBYyAg2Vuq52VoP3XaMjGEfnkMf9tyc76F8sZIvQN8rlMpnlRkpllAxX4LI8+fIgSXqPfe905ckiagwhGOt28iPTXeClWGE02mmk2gaYzLCA9q2VOCI6u5kfvgUHlulD0OpbAkD5+r3iQmOtB5Hge2MsBnq395M/MtrJyYsdydMxImhgiwWhQmHRsJZCrDPFCWGjy3BRDF7KyRDrDAxNquMDeHrU/g/aeY9VPTQ1WmuerGMIw0OwRE4AQiUQBXUQB00AAEJeABP4Nm5dx6dF+d10ZpyljMH4Aect0+w6ZHU</latexit>

H
>
1 d = 0

<latexit sha1_base64="UpqhxFyWSUzOHBJTskrBa8o8edc=">AAAB+HicdVBNS8NAEN3Ur1o/WvXoZbEInkKSatoehKKXHivYVmhj2Gy27dJNNuxuhFr6S7x4UMSrP8Wb/8ZNW0FFHww83pthZl6QMCqVZX0YuZXVtfWN/GZha3tnt1ja2+9IngpM2pgzLm4CJAmjMWkrqhi5SQRBUcBINxhfZn73jghJeXytJgnxIjSM6YBipLTkl4pN37ntK57AEJ5DC/qlsmXajlt3KtAyK9XaWT0jbtV2nSq0TWuOMlii5Zfe+yHHaURihRmSsmdbifKmSCiKGZkV+qkkCcJjNCQ9TWMUEelN54fP4LFWQjjgQles4Fz9PjFFkZSTKNCdEVIj+dvLxL+8XqoGNW9K4yRVJMaLRYOUQcVhlgIMqSBYsYkmCAuqb4V4hATCSmdV0CF8fQr/Jx3HtF3TvjotNy6WceTBITgCJ8AGVdAATdACbYBBCh7AE3g27o1H48V4XbTmjOXMAfgB4+0TsnmR1Q==</latexit>

H
>
2 d = 0

<latexit sha1_base64="J+IqWdFWLEuPsOejiPH2WEasSkU=">AAAB8XicdVBNS8NAEN3Ur1q/qh69LBbBU0haTdpb0UuPFawttqFsNpt26WYTdzdCCf0XXjwo4tV/481/46atoKIPBh7vzTAzz08YlcqyPozCyura+kZxs7S1vbO7V94/uJFxKjDp4JjFoucjSRjlpKOoYqSXCIIin5GuP7nM/e49EZLG/FpNE+JFaMRpSDFSWrptBXDAyB204LBcsUy76jSqNWiZNbd+3siJ49pO1YW2ac1RAUu0h+X3QRDjNCJcYYak7NtWorwMCUUxI7PSIJUkQXiCRqSvKUcRkV42v3gGT7QSwDAWuriCc/X7RIYiKaeRrzsjpMbyt5eLf3n9VIV1L6M8SRXheLEoTBlUMczfhwEVBCs21QRhQfWtEI+RQFjpkEo6hK9P4f/kpmrajmlfnVWaF8s4iuAIHINTYAMXNEELtEEHYMDBA3gCz4Y0Ho0X43XRWjCWM4fgB4y3T10wkBU=</latexit>

Hd  0

<latexit sha1_base64="j0JIu5qHg0fRPiT9ymu4ubDB2vM=">AAAB6nicdVBNS8NAEJ3Ur1q/qh69LBbBU0hKqfZW9KDHivYD2lA22027dLMJuxuhhP4ELx4U8eov8ua/cdNGUNEHA4/3ZpiZ58ecKe04H1ZhZXVtfaO4Wdra3tndK+8fdFSUSELbJOKR7PlYUc4EbWumOe3FkuLQ57TrTy8zv3tPpWKRuNOzmHohHgsWMIK1kW6vhu6wXHHses2pNWrIsZ0FMuJW604DublSgRytYfl9MIpIElKhCcdK9V0n1l6KpWaE03lpkCgaYzLFY9o3VOCQKi9dnDpHJ0YZoSCSpoRGC/X7RIpDpWahbzpDrCfqt5eJf3n9RAfnXspEnGgqyHJRkHCkI5T9jUZMUqL5zBBMJDO3IjLBEhNt0imZEL4+Rf+TTtV267Z7U6s0L/I4inAEx3AKLpxBE66hBW0gMIYHeIJni1uP1ov1umwtWPnMIfyA9fYJBFiNog==</latexit>

G1

<latexit sha1_base64="rzN56WYD7yGYF/FDvQ2u+ToPZYc=">AAAB6nicdVBNS8NAEJ3Ur1q/qh69LBbBU0hKqfZW9KDHivYD2lA22027dLMJuxuhhP4ELx4U8eov8ua/cdNGUNEHA4/3ZpiZ58ecKe04H1ZhZXVtfaO4Wdra3tndK+8fdFSUSELbJOKR7PlYUc4EbWumOe3FkuLQ57TrTy8zv3tPpWKRuNOzmHohHgsWMIK1kW6vhtVhueLY9ZpTa9SQYzsLZMSt1p0GcnOlAjlaw/L7YBSRJKRCE46V6rtOrL0US80Ip/PSIFE0xmSKx7RvqMAhVV66OHWOTowyQkEkTQmNFur3iRSHSs1C33SGWE/Uby8T//L6iQ7OvZSJONFUkOWiIOFIRyj7G42YpETzmSGYSGZuRWSCJSbapFMyIXx9iv4nnart1m33plZpXuRxFOEIjuEUXDiDJlxDC9pAYAwP8ATPFrcerRfrddlasPKZQ/gB6+0TBdyNow==</latexit>

G2

<latexit sha1_base64="GT5w2Hp3uLmCrvWSVWCmg9uSV78=">AAAB+HicdVDLSgMxFM3UV62Pjrp0EyyCq2HSah8Loeimywq2FdpaMmmmDc0kQ5IRaumXuHGhiFs/xZ1/Y/oQVPTAhcM593LvPUHMmTa+/+GkVlbX1jfSm5mt7Z3drLu339QyUYQ2iORS3QRYU84EbRhmOL2JFcVRwGkrGF3O/NYdVZpJcW3GMe1GeCBYyAg2Vuq52VoP3XaMjGEfnkMf9tyc76F8sZIvQN8rlMpnlRkpllAxX4LI8+fIgSXqPfe905ckiagwhGOt28iPTXeClWGE02mmk2gaYzLCA9q2VOCI6u5kfvgUHlulD0OpbAkD5+r3iQmOtB5Hge2MsBnq395M/MtrJyYsdydMxImhgiwWhQmHRsJZCrDPFCWGjy3BRDF7KyRDrDAxNquMDeHrU/g/aeY9VPTQ1WmuerGMIw0OwRE4AQiUQBXUQB00AAEJeABP4Nm5dx6dF+d10ZpyljMH4Aect0+w6ZHU</latexit>

H
>
1 d = 0

<latexit sha1_base64="UpqhxFyWSUzOHBJTskrBa8o8edc=">AAAB+HicdVBNS8NAEN3Ur1o/WvXoZbEInkKSatoehKKXHivYVmhj2Gy27dJNNuxuhFr6S7x4UMSrP8Wb/8ZNW0FFHww83pthZl6QMCqVZX0YuZXVtfWN/GZha3tnt1ja2+9IngpM2pgzLm4CJAmjMWkrqhi5SQRBUcBINxhfZn73jghJeXytJgnxIjSM6YBipLTkl4pN37ntK57AEJ5DC/qlsmXajlt3KtAyK9XaWT0jbtV2nSq0TWuOMlii5Zfe+yHHaURihRmSsmdbifKmSCiKGZkV+qkkCcJjNCQ9TWMUEelN54fP4LFWQjjgQles4Fz9PjFFkZSTKNCdEVIj+dvLxL+8XqoGNW9K4yRVJMaLRYOUQcVhlgIMqSBYsYkmCAuqb4V4hATCSmdV0CF8fQr/Jx3HtF3TvjotNy6WceTBITgCJ8AGVdAATdACbYBBCh7AE3g27o1H48V4XbTmjOXMAfgB4+0TsnmR1Q==</latexit>

H
>
2 d = 0

<latexit sha1_base64="GT5w2Hp3uLmCrvWSVWCmg9uSV78=">AAAB+HicdVDLSgMxFM3UV62Pjrp0EyyCq2HSah8Loeimywq2FdpaMmmmDc0kQ5IRaumXuHGhiFs/xZ1/Y/oQVPTAhcM593LvPUHMmTa+/+GkVlbX1jfSm5mt7Z3drLu339QyUYQ2iORS3QRYU84EbRhmOL2JFcVRwGkrGF3O/NYdVZpJcW3GMe1GeCBYyAg2Vuq52VoP3XaMjGEfnkMf9tyc76F8sZIvQN8rlMpnlRkpllAxX4LI8+fIgSXqPfe905ckiagwhGOt28iPTXeClWGE02mmk2gaYzLCA9q2VOCI6u5kfvgUHlulD0OpbAkD5+r3iQmOtB5Hge2MsBnq395M/MtrJyYsdydMxImhgiwWhQmHRsJZCrDPFCWGjy3BRDF7KyRDrDAxNquMDeHrU/g/aeY9VPTQ1WmuerGMIw0OwRE4AQiUQBXUQB00AAEJeABP4Nm5dx6dF+d10ZpyljMH4Aect0+w6ZHU</latexit>

H
>
1 d = 0

<latexit sha1_base64="UpqhxFyWSUzOHBJTskrBa8o8edc=">AAAB+HicdVBNS8NAEN3Ur1o/WvXoZbEInkKSatoehKKXHivYVmhj2Gy27dJNNuxuhFr6S7x4UMSrP8Wb/8ZNW0FFHww83pthZl6QMCqVZX0YuZXVtfWN/GZha3tnt1ja2+9IngpM2pgzLm4CJAmjMWkrqhi5SQRBUcBINxhfZn73jghJeXytJgnxIjSM6YBipLTkl4pN37ntK57AEJ5DC/qlsmXajlt3KtAyK9XaWT0jbtV2nSq0TWuOMlii5Zfe+yHHaURihRmSsmdbifKmSCiKGZkV+qkkCcJjNCQ9TWMUEelN54fP4LFWQjjgQles4Fz9PjFFkZSTKNCdEVIj+dvLxL+8XqoGNW9K4yRVJMaLRYOUQcVhlgIMqSBYsYkmCAuqb4V4hATCSmdV0CF8fQr/Jx3HtF3TvjotNy6WceTBITgCJ8AGVdAATdACbYBBCh7AE3g27o1H48V4XbTmjOXMAfgB4+0TsnmR1Q==</latexit>

H
>
2 d = 0

<latexit sha1_base64="J+IqWdFWLEuPsOejiPH2WEasSkU=">AAAB8XicdVBNS8NAEN3Ur1q/qh69LBbBU0haTdpb0UuPFawttqFsNpt26WYTdzdCCf0XXjwo4tV/481/46atoKIPBh7vzTAzz08YlcqyPozCyura+kZxs7S1vbO7V94/uJFxKjDp4JjFoucjSRjlpKOoYqSXCIIin5GuP7nM/e49EZLG/FpNE+JFaMRpSDFSWrptBXDAyB204LBcsUy76jSqNWiZNbd+3siJ49pO1YW2ac1RAUu0h+X3QRDjNCJcYYak7NtWorwMCUUxI7PSIJUkQXiCRqSvKUcRkV42v3gGT7QSwDAWuriCc/X7RIYiKaeRrzsjpMbyt5eLf3n9VIV1L6M8SRXheLEoTBlUMczfhwEVBCs21QRhQfWtEI+RQFjpkEo6hK9P4f/kpmrajmlfnVWaF8s4iuAIHINTYAMXNEELtEEHYMDBA3gCz4Y0Ho0X43XRWjCWM4fgB4y3T10wkBU=</latexit>

Hd  0

<latexit sha1_base64="Th/TcTeT3W6t4d+wANTIf6LVnaM=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68VjBfkgbymY7aZduNnF3Uyihv8KLB0W8+nO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dJwqhnUWi1i1AqpRcIl1w43AVqKQRoHAZjC8nfrNESrNY/lgxgn6Ee1LHnJGjZUeR6Qj+/hE3G6p7FbcGcgy8XJShhy1bumr04tZGqE0TFCt256bGD+jynAmcFLspBoTyoa0j21LJY1Q+9ns4Ak5tUqPhLGyJQ2Zqb8nMhppPY4C2xlRM9CL3lT8z2unJrz2My6T1KBk80VhKoiJyfR70uMKmRFjSyhT3N5K2IAqyozNqGhD8BZfXiaN84p3WfHuL8rVmzyOAhzDCZyBB1dQhTuoQR0YRPAMr/DmKOfFeXc+5q0rTj5zBH/gfP4A1dOPxw==</latexit>

v ⇤ 0

<latexit sha1_base64="yw1+6j7qPBNbKZNMTzPxh3uf8Z4=">AAAB7nicdVDLSgMxFM3UV62vqks3wSK4GmaqfbgrunFZwT6gHUsmzbShmSQkGaEM/Qg3LhRx6/e4829M2xFU9MCFwzn3cu89oWRUG8/7cHIrq2vrG/nNwtb2zu5ecf+grUWiMGlhwYTqhkgTRjlpGWoY6UpFUBwy0gknV3O/c0+UpoLfmqkkQYxGnEYUI2OljrrrGyHhoFjy3IpfqV5UoOd6C1hSK9frtTPoZ0oJZGgOiu/9ocBJTLjBDGnd8z1pghQpQzEjs0I/0UQiPEEj0rOUo5joIF2cO4MnVhnCSChb3MCF+n0iRbHW0zi0nTEyY/3bm4t/eb3ERPUgpVwmhnC8XBQlDBoB57/DIVUEGza1BGFF7a0Qj5FC2NiECjaEr0/h/6Rddv2q69+clxqXWRx5cASOwSnwQQ00wDVoghbAYAIewBN4dqTz6Lw4r8vWnJPNHIIfcN4+AXEBj6c=</latexit>

r>

<latexit sha1_base64="VKyecYH/p79gCa5gwXTDBUrZJMo=">AAAB/nicdVDLSsNAFJ3UV62vqLhyM1gEFxKSah/uim66rGAf0MQymU7boZNJnJkUSij4K25cKOLW73Dn3zhtI6jogQuHc+7l3nv8iFGpbPvDyCwtr6yuZddzG5tb2zvm7l5ThrHApIFDFoq2jyRhlJOGooqRdiQICnxGWv7oaua3xkRIGvIbNYmIF6ABp32KkdJS1zwY37oqjGDtFLpwDN0BuYM27Jp52yo6xdJFEdqWPYcm5UKlUj6DTqrkQYp613x3eyGOA8IVZkjKjmNHykuQUBQzMs25sSQRwiM0IB1NOQqI9JL5+VN4rJUe7IdCF1dwrn6fSFAg5STwdWeA1FD+9mbiX14nVv2Kl1AexYpwvFjUjxlUIZxlAXtUEKzYRBOEBdW3QjxEAmGlE8vpEL4+hf+TZsFySpZzfZ6vXqZxZMEhOAInwAFlUAU1UAcNgEECHsATeDbujUfjxXhdtGaMdGYf/IDx9gnH7pQX</latexit>

v
>
H, v � 0

<latexit sha1_base64="1HWOcyddGbNReJFCK6x4Q4xABt0=">AAAB63icdVDLSsNAFL2pr1pfVZduBovgKiTVPtwV3bisYB/QhjKZTtuhk0mYmRRK6C+4caGIW3/InX/jpI2gogcuHM65l3vv8SPOlHacDyu3tr6xuZXfLuzs7u0fFA+P2iqMJaEtEvJQdn2sKGeCtjTTnHYjSXHgc9rxpzep35lRqVgo7vU8ol6Ax4KNGME6lWYDFw2KJceuuJXqVQU5trOEIbVyvV67QG6mlCBDc1B87w9DEgdUaMKxUj3XibSXYKkZ4XRR6MeKRphM8Zj2DBU4oMpLlrcu0JlRhmgUSlNCo6X6fSLBgVLzwDedAdYT9dtLxb+8XqxHdS9hIoo1FWS1aBRzpEOUPo6GTFKi+dwQTCQztyIywRITbeIpmBC+PkX/k3bZdqu2e3dZalxnceThBE7hHFyoQQNuoQktIDCBB3iCZyuwHq0X63XVmrOymWP4AevtE8BhjhA=</latexit>v1

<latexit sha1_base64="E8XcQm3qQk1pa4YzIpPE1SdLJMY=">AAAB6nicdVDLSsNAFL3xWeur6tLNYBFchaTah7uiG5cV7QPaUCbTSTt0Mgkzk0IJ/QQ3LhRx6xe582+cthFU9MCFwzn3cu89fsyZ0o7zYa2srq1vbOa28ts7u3v7hYPDlooSSWiTRDySHR8rypmgTc00p51YUhz6nLb98fXcb0+oVCwS93oaUy/EQ8ECRrA20t2kX+oXio5ddsuVyzJybGcBQ6qlWq16jtxMKUKGRr/w3htEJAmp0IRjpbquE2svxVIzwuks30sUjTEZ4yHtGipwSJWXLk6doVOjDFAQSVNCo4X6fSLFoVLT0DedIdYj9dubi3953UQHNS9lIk40FWS5KEg40hGa/40GTFKi+dQQTCQztyIywhITbdLJmxC+PkX/k1bJdiu2e3tRrF9lceTgGE7gDFyoQh1uoAFNIDCEB3iCZ4tbj9aL9bpsXbGymSP4AevtE2t3jec=</latexit>v2

<latexit sha1_base64="yptZsoto6bvq7/OcW48Z+2OwAy0=">AAAB9HicdVDLSgMxFM34rPVVdekmWARXw0y1DzdSdOOygn1AO5ZMJtOGZpIxyRTK0O9w40IRt36MO//GtB1BRQ9cOJxzL/fe48eMKu04H9bS8srq2npuI7+5tb2zW9jbbymRSEyaWDAhOz5ShFFOmppqRjqxJCjyGWn7o6uZ3x4Tqajgt3oSEy9CA05DipE2kifvelrEMIAX0IH9QtGxy265cl6Gju3MYUi1VKtVT6GbKUWQodEvvPcCgZOIcI0ZUqrrOrH2UiQ1xYxM871EkRjhERqQrqEcRUR56fzoKTw2SgBDIU1xDefq94kURUpNIt90RkgP1W9vJv7ldRMd1ryU8jjRhOPFojBhUAs4SwAGVBKs2cQQhCU1t0I8RBJhbXLKmxC+PoX/k1bJdiu2e3NWrF9mceTAITgCJ8AFVVAH16ABmgCDe/AAnsCzNbYerRfrddG6ZGUzB+AHrLdPMgyRFQ==</latexit>

r>d > 0


