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Inductive Matrix Completion. What? Why?

Low-rank Matrix Completion:
given some entries, find a matching
low-rank matrix

• Recommender systems

• image inpainting
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X
<latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit>

Inductive Matrix Completion[Jain and Dhillon ’13]

• In many applications, side information is available

• Inductive matrix completion (IMC) incorporates side information
in form of features of the row and column entities

• Benefits:
• Reduce sample complexity
• Allow for inductive prediction on new users/items

This talk: study the optimization landscape of the IMC Model

Rutgers University Ghassemi et al.
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Inductive Matrix Completion. What? Why?

Low-rank Matrix Completion:
given some entries, find a matching
low-rank matrix

• Recommender systems

• image inpainting

X
<latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit>

X
<latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit>

X
<latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit>

X
<latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit>

X
<latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit>

X
<latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit> X

<latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit>

X
<latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit>

X
<latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit>

X
<latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit>
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Inductive Matrix Completion[Jain and Dhillon ’13]

• In many applications, side information is available

• Inductive matrix completion (IMC) incorporates side information
in form of features of the row and column entities

• Benefits:
• Reduce sample complexity
• Allow for inductive prediction on new users/items

This talk: study the optimization landscape of the IMC Model

Rutgers University Ghassemi et al.
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Inductive Matrix Completion. What? Why?

Low-rank Matrix Completion:
given some entries, find a matching
low-rank matrix

• Recommender systems

• image inpainting
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X
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X
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X
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X
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Inductive Matrix Completion[Jain and Dhillon ’13]

• In many applications, side information is available

• Inductive matrix completion (IMC) incorporates side information
in form of features of the row and column entities

• Benefits:
• Reduce sample complexity
• Allow for inductive prediction on new users/items

This talk: study the optimization landscape of the IMC Model

Rutgers University Ghassemi et al.
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Inductive Matrix Completion. What? Why?

Low-rank Matrix Completion:
given some entries, find a matching
low-rank matrix

• Recommender systems

• image inpainting
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<latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit>

X
<latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit>

X
<latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit>

X
<latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit>

X
<latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit> X
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Inductive Matrix Completion[Jain and Dhillon ’13]

• In many applications, side information is available

• Inductive matrix completion (IMC) incorporates side information
in form of features of the row and column entities

• Benefits:
• Reduce sample complexity
• Allow for inductive prediction on new users/items

This talk: study the optimization landscape of the IMC Model

Rutgers University Ghassemi et al.
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Inductive Matrix Completion. What? Why?

Low-rank Matrix Completion:
given some entries, find a matching
low-rank matrix

• Recommender systems

• image inpainting

X
<latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit>

X
<latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit>

X
<latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit>

X
<latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit>

X
<latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit>

X
<latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit> X

<latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit>

X
<latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit>

X
<latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit>

X
<latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit>

X
<latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit>
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Inductive Matrix Completion[Jain and Dhillon ’13]

• In many applications, side information is available

• Inductive matrix completion (IMC) incorporates side information
in form of features of the row and column entities

• Benefits:
• Reduce sample complexity
• Allow for inductive prediction on new users/items

This talk: study the optimization landscape of the IMC Model

Rutgers University Ghassemi et al.
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Inductive Matrix Completion. What? Why?

Low-rank Matrix Completion:
given some entries, find a matching
low-rank matrix

• Recommender systems

• image inpainting
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X
<latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit>

X
<latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit>

X
<latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit>

Inductive Matrix Completion[Jain and Dhillon ’13]

• In many applications, side information is available

• Inductive matrix completion (IMC) incorporates side information
in form of features of the row and column entities

• Benefits:
• Reduce sample complexity
• Allow for inductive prediction on new users/items

This talk: study the optimization landscape of the IMC Model

Rutgers University Ghassemi et al.
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Low-Rank Matrix Completion

• Low-rank matrix completion problem

min
M2Rn1⇥n2

��M⇤
⌦ � M⌦

��2

F
s.t. rank(M)  r.

<latexit sha1_base64="LJkR0bUiWhg7AyprT8sH++LaND0="></latexit><latexit sha1_base64="LJkR0bUiWhg7AyprT8sH++LaND0="></latexit><latexit sha1_base64="LJkR0bUiWhg7AyprT8sH++LaND0="></latexit><latexit sha1_base64="LJkR0bUiWhg7AyprT8sH++LaND0="></latexit>

indices of m given entries
<latexit sha1_base64="C+ItGoyoUjxPqFX64bQN2GFtXKA=">AAACEXicbVDLSgMxFM3UV62vUZdugkXoqsyIoMuiG5cV7APaUjLpnTY0kxmSO8VS2k9w46+4caGIW3fu/BvTx0JbDwQO59yb5JwgkcKg5307mbX1jc2t7HZuZ3dv/8A9PKqaONUcKjyWsa4HzIAUCiooUEI90cCiQEIt6N9M/doAtBGxusdhAq2IdZUIBWdopbZbaCI84EiojuBgaByOJ9FkrnXFABQFhVqAGbfdvFf0ZqCrxF+QPFmg3Ha/mp2Yp5G9gEtmTMP3EmyNmEbBJYxzzdRAwnifdaFhqWIRmNZolmhMz6zSoWGs7VFIZ+rvjRGLjBlGgZ2MGPbMsjcV//MaKYZXLRs3SREUnz8UppJiTKf10I7QwFEOLWFcC/tXyntMM462xJwtwV+OvEqq50XfK/p3F/nS9aKOLDkhp6RAfHJJSuSWlEmFcPJInskreXOenBfn3fmYj2acxc4x+QPn8wfLG57d</latexit><latexit sha1_base64="C+ItGoyoUjxPqFX64bQN2GFtXKA=">AAACEXicbVDLSgMxFM3UV62vUZdugkXoqsyIoMuiG5cV7APaUjLpnTY0kxmSO8VS2k9w46+4caGIW3fu/BvTx0JbDwQO59yb5JwgkcKg5307mbX1jc2t7HZuZ3dv/8A9PKqaONUcKjyWsa4HzIAUCiooUEI90cCiQEIt6N9M/doAtBGxusdhAq2IdZUIBWdopbZbaCI84EiojuBgaByOJ9FkrnXFABQFhVqAGbfdvFf0ZqCrxF+QPFmg3Ha/mp2Yp5G9gEtmTMP3EmyNmEbBJYxzzdRAwnifdaFhqWIRmNZolmhMz6zSoWGs7VFIZ+rvjRGLjBlGgZ2MGPbMsjcV//MaKYZXLRs3SREUnz8UppJiTKf10I7QwFEOLWFcC/tXyntMM462xJwtwV+OvEqq50XfK/p3F/nS9aKOLDkhp6RAfHJJSuSWlEmFcPJInskreXOenBfn3fmYj2acxc4x+QPn8wfLG57d</latexit><latexit sha1_base64="C+ItGoyoUjxPqFX64bQN2GFtXKA=">AAACEXicbVDLSgMxFM3UV62vUZdugkXoqsyIoMuiG5cV7APaUjLpnTY0kxmSO8VS2k9w46+4caGIW3fu/BvTx0JbDwQO59yb5JwgkcKg5307mbX1jc2t7HZuZ3dv/8A9PKqaONUcKjyWsa4HzIAUCiooUEI90cCiQEIt6N9M/doAtBGxusdhAq2IdZUIBWdopbZbaCI84EiojuBgaByOJ9FkrnXFABQFhVqAGbfdvFf0ZqCrxF+QPFmg3Ha/mp2Yp5G9gEtmTMP3EmyNmEbBJYxzzdRAwnifdaFhqWIRmNZolmhMz6zSoWGs7VFIZ+rvjRGLjBlGgZ2MGPbMsjcV//MaKYZXLRs3SREUnz8UppJiTKf10I7QwFEOLWFcC/tXyntMM462xJwtwV+OvEqq50XfK/p3F/nS9aKOLDkhp6RAfHJJSuSWlEmFcPJInskreXOenBfn3fmYj2acxc4x+QPn8wfLG57d</latexit><latexit sha1_base64="C+ItGoyoUjxPqFX64bQN2GFtXKA=">AAACEXicbVDLSgMxFM3UV62vUZdugkXoqsyIoMuiG5cV7APaUjLpnTY0kxmSO8VS2k9w46+4caGIW3fu/BvTx0JbDwQO59yb5JwgkcKg5307mbX1jc2t7HZuZ3dv/8A9PKqaONUcKjyWsa4HzIAUCiooUEI90cCiQEIt6N9M/doAtBGxusdhAq2IdZUIBWdopbZbaCI84EiojuBgaByOJ9FkrnXFABQFhVqAGbfdvFf0ZqCrxF+QPFmg3Ha/mp2Yp5G9gEtmTMP3EmyNmEbBJYxzzdRAwnifdaFhqWIRmNZolmhMz6zSoWGs7VFIZ+rvjRGLjBlGgZ2MGPbMsjcV//MaKYZXLRs3SREUnz8UppJiTKf10I7QwFEOLWFcC/tXyntMM462xJwtwV+OvEqq50XfK/p3F/nS9aKOLDkhp6RAfHJJSuSWlEmFcPJInskreXOenBfn3fmYj2acxc4x+QPn8wfLG57d</latexit>

• This is too hard! Two tractable approaches:

min
M

��M⇤
⌦ � M⌦

��2

F
+ �

��M
��
⇤

<latexit sha1_base64="C8R/GsqiROTz2pV/Jx6iJdhDy3U="></latexit><latexit sha1_base64="C8R/GsqiROTz2pV/Jx6iJdhDy3U="></latexit><latexit sha1_base64="C8R/GsqiROTz2pV/Jx6iJdhDy3U="></latexit><latexit sha1_base64="C8R/GsqiROTz2pV/Jx6iJdhDy3U="></latexit>

Convex Nonconvex
min
U,V

��M⇤
⌦ � [UVT ]⌦

��2

F
+ R(U,V)

<latexit sha1_base64="b6Lod8hEHfa5Gy5EXkilQU40TGU="></latexit><latexit sha1_base64="b6Lod8hEHfa5Gy5EXkilQU40TGU="></latexit><latexit sha1_base64="b6Lod8hEHfa5Gy5EXkilQU40TGU="></latexit><latexit sha1_base64="b6Lod8hEHfa5Gy5EXkilQU40TGU="></latexit>

• Sample complexity O
(
n polylog(n) poly(r)

)
, where n is the

dimension of M.

Rutgers University Ghassemi et al.
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Low-Rank Matrix Completion

• Low-rank matrix completion problem

min
M2Rn1⇥n2

��M⇤
⌦ � M⌦

��2

F
s.t. rank(M)  r.

<latexit sha1_base64="LJkR0bUiWhg7AyprT8sH++LaND0="></latexit><latexit sha1_base64="LJkR0bUiWhg7AyprT8sH++LaND0="></latexit><latexit sha1_base64="LJkR0bUiWhg7AyprT8sH++LaND0="></latexit><latexit sha1_base64="LJkR0bUiWhg7AyprT8sH++LaND0="></latexit>

indices of m given entries
<latexit sha1_base64="C+ItGoyoUjxPqFX64bQN2GFtXKA=">AAACEXicbVDLSgMxFM3UV62vUZdugkXoqsyIoMuiG5cV7APaUjLpnTY0kxmSO8VS2k9w46+4caGIW3fu/BvTx0JbDwQO59yb5JwgkcKg5307mbX1jc2t7HZuZ3dv/8A9PKqaONUcKjyWsa4HzIAUCiooUEI90cCiQEIt6N9M/doAtBGxusdhAq2IdZUIBWdopbZbaCI84EiojuBgaByOJ9FkrnXFABQFhVqAGbfdvFf0ZqCrxF+QPFmg3Ha/mp2Yp5G9gEtmTMP3EmyNmEbBJYxzzdRAwnifdaFhqWIRmNZolmhMz6zSoWGs7VFIZ+rvjRGLjBlGgZ2MGPbMsjcV//MaKYZXLRs3SREUnz8UppJiTKf10I7QwFEOLWFcC/tXyntMM462xJwtwV+OvEqq50XfK/p3F/nS9aKOLDkhp6RAfHJJSuSWlEmFcPJInskreXOenBfn3fmYj2acxc4x+QPn8wfLG57d</latexit><latexit sha1_base64="C+ItGoyoUjxPqFX64bQN2GFtXKA=">AAACEXicbVDLSgMxFM3UV62vUZdugkXoqsyIoMuiG5cV7APaUjLpnTY0kxmSO8VS2k9w46+4caGIW3fu/BvTx0JbDwQO59yb5JwgkcKg5307mbX1jc2t7HZuZ3dv/8A9PKqaONUcKjyWsa4HzIAUCiooUEI90cCiQEIt6N9M/doAtBGxusdhAq2IdZUIBWdopbZbaCI84EiojuBgaByOJ9FkrnXFABQFhVqAGbfdvFf0ZqCrxF+QPFmg3Ha/mp2Yp5G9gEtmTMP3EmyNmEbBJYxzzdRAwnifdaFhqWIRmNZolmhMz6zSoWGs7VFIZ+rvjRGLjBlGgZ2MGPbMsjcV//MaKYZXLRs3SREUnz8UppJiTKf10I7QwFEOLWFcC/tXyntMM462xJwtwV+OvEqq50XfK/p3F/nS9aKOLDkhp6RAfHJJSuSWlEmFcPJInskreXOenBfn3fmYj2acxc4x+QPn8wfLG57d</latexit><latexit sha1_base64="C+ItGoyoUjxPqFX64bQN2GFtXKA=">AAACEXicbVDLSgMxFM3UV62vUZdugkXoqsyIoMuiG5cV7APaUjLpnTY0kxmSO8VS2k9w46+4caGIW3fu/BvTx0JbDwQO59yb5JwgkcKg5307mbX1jc2t7HZuZ3dv/8A9PKqaONUcKjyWsa4HzIAUCiooUEI90cCiQEIt6N9M/doAtBGxusdhAq2IdZUIBWdopbZbaCI84EiojuBgaByOJ9FkrnXFABQFhVqAGbfdvFf0ZqCrxF+QPFmg3Ha/mp2Yp5G9gEtmTMP3EmyNmEbBJYxzzdRAwnifdaFhqWIRmNZolmhMz6zSoWGs7VFIZ+rvjRGLjBlGgZ2MGPbMsjcV//MaKYZXLRs3SREUnz8UppJiTKf10I7QwFEOLWFcC/tXyntMM462xJwtwV+OvEqq50XfK/p3F/nS9aKOLDkhp6RAfHJJSuSWlEmFcPJInskreXOenBfn3fmYj2acxc4x+QPn8wfLG57d</latexit><latexit sha1_base64="C+ItGoyoUjxPqFX64bQN2GFtXKA=">AAACEXicbVDLSgMxFM3UV62vUZdugkXoqsyIoMuiG5cV7APaUjLpnTY0kxmSO8VS2k9w46+4caGIW3fu/BvTx0JbDwQO59yb5JwgkcKg5307mbX1jc2t7HZuZ3dv/8A9PKqaONUcKjyWsa4HzIAUCiooUEI90cCiQEIt6N9M/doAtBGxusdhAq2IdZUIBWdopbZbaCI84EiojuBgaByOJ9FkrnXFABQFhVqAGbfdvFf0ZqCrxF+QPFmg3Ha/mp2Yp5G9gEtmTMP3EmyNmEbBJYxzzdRAwnifdaFhqWIRmNZolmhMz6zSoWGs7VFIZ+rvjRGLjBlGgZ2MGPbMsjcV//MaKYZXLRs3SREUnz8UppJiTKf10I7QwFEOLWFcC/tXyntMM462xJwtwV+OvEqq50XfK/p3F/nS9aKOLDkhp6RAfHJJSuSWlEmFcPJInskreXOenBfn3fmYj2acxc4x+QPn8wfLG57d</latexit>

• This is too hard! Two tractable approaches:

min
M

��M⇤
⌦ � M⌦

��2

F
+ �

��M
��
⇤

<latexit sha1_base64="C8R/GsqiROTz2pV/Jx6iJdhDy3U="></latexit><latexit sha1_base64="C8R/GsqiROTz2pV/Jx6iJdhDy3U="></latexit><latexit sha1_base64="C8R/GsqiROTz2pV/Jx6iJdhDy3U="></latexit><latexit sha1_base64="C8R/GsqiROTz2pV/Jx6iJdhDy3U="></latexit>

Convex Nonconvex
min
U,V

��M⇤
⌦ � [UVT ]⌦

��2

F
+ R(U,V)

<latexit sha1_base64="b6Lod8hEHfa5Gy5EXkilQU40TGU="></latexit><latexit sha1_base64="b6Lod8hEHfa5Gy5EXkilQU40TGU="></latexit><latexit sha1_base64="b6Lod8hEHfa5Gy5EXkilQU40TGU="></latexit><latexit sha1_base64="b6Lod8hEHfa5Gy5EXkilQU40TGU="></latexit>

• Sample complexity O
(
n polylog(n) poly(r)

)
, where n is the

dimension of M.
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Low-Rank Matrix Completion

• Low-rank matrix completion problem

min
M2Rn1⇥n2

��M⇤
⌦ � M⌦

��2

F
s.t. rank(M)  r.

<latexit sha1_base64="LJkR0bUiWhg7AyprT8sH++LaND0="></latexit><latexit sha1_base64="LJkR0bUiWhg7AyprT8sH++LaND0="></latexit><latexit sha1_base64="LJkR0bUiWhg7AyprT8sH++LaND0="></latexit><latexit sha1_base64="LJkR0bUiWhg7AyprT8sH++LaND0="></latexit>

indices of m given entries
<latexit sha1_base64="C+ItGoyoUjxPqFX64bQN2GFtXKA=">AAACEXicbVDLSgMxFM3UV62vUZdugkXoqsyIoMuiG5cV7APaUjLpnTY0kxmSO8VS2k9w46+4caGIW3fu/BvTx0JbDwQO59yb5JwgkcKg5307mbX1jc2t7HZuZ3dv/8A9PKqaONUcKjyWsa4HzIAUCiooUEI90cCiQEIt6N9M/doAtBGxusdhAq2IdZUIBWdopbZbaCI84EiojuBgaByOJ9FkrnXFABQFhVqAGbfdvFf0ZqCrxF+QPFmg3Ha/mp2Yp5G9gEtmTMP3EmyNmEbBJYxzzdRAwnifdaFhqWIRmNZolmhMz6zSoWGs7VFIZ+rvjRGLjBlGgZ2MGPbMsjcV//MaKYZXLRs3SREUnz8UppJiTKf10I7QwFEOLWFcC/tXyntMM462xJwtwV+OvEqq50XfK/p3F/nS9aKOLDkhp6RAfHJJSuSWlEmFcPJInskreXOenBfn3fmYj2acxc4x+QPn8wfLG57d</latexit><latexit sha1_base64="C+ItGoyoUjxPqFX64bQN2GFtXKA=">AAACEXicbVDLSgMxFM3UV62vUZdugkXoqsyIoMuiG5cV7APaUjLpnTY0kxmSO8VS2k9w46+4caGIW3fu/BvTx0JbDwQO59yb5JwgkcKg5307mbX1jc2t7HZuZ3dv/8A9PKqaONUcKjyWsa4HzIAUCiooUEI90cCiQEIt6N9M/doAtBGxusdhAq2IdZUIBWdopbZbaCI84EiojuBgaByOJ9FkrnXFABQFhVqAGbfdvFf0ZqCrxF+QPFmg3Ha/mp2Yp5G9gEtmTMP3EmyNmEbBJYxzzdRAwnifdaFhqWIRmNZolmhMz6zSoWGs7VFIZ+rvjRGLjBlGgZ2MGPbMsjcV//MaKYZXLRs3SREUnz8UppJiTKf10I7QwFEOLWFcC/tXyntMM462xJwtwV+OvEqq50XfK/p3F/nS9aKOLDkhp6RAfHJJSuSWlEmFcPJInskreXOenBfn3fmYj2acxc4x+QPn8wfLG57d</latexit><latexit sha1_base64="C+ItGoyoUjxPqFX64bQN2GFtXKA=">AAACEXicbVDLSgMxFM3UV62vUZdugkXoqsyIoMuiG5cV7APaUjLpnTY0kxmSO8VS2k9w46+4caGIW3fu/BvTx0JbDwQO59yb5JwgkcKg5307mbX1jc2t7HZuZ3dv/8A9PKqaONUcKjyWsa4HzIAUCiooUEI90cCiQEIt6N9M/doAtBGxusdhAq2IdZUIBWdopbZbaCI84EiojuBgaByOJ9FkrnXFABQFhVqAGbfdvFf0ZqCrxF+QPFmg3Ha/mp2Yp5G9gEtmTMP3EmyNmEbBJYxzzdRAwnifdaFhqWIRmNZolmhMz6zSoWGs7VFIZ+rvjRGLjBlGgZ2MGPbMsjcV//MaKYZXLRs3SREUnz8UppJiTKf10I7QwFEOLWFcC/tXyntMM462xJwtwV+OvEqq50XfK/p3F/nS9aKOLDkhp6RAfHJJSuSWlEmFcPJInskreXOenBfn3fmYj2acxc4x+QPn8wfLG57d</latexit><latexit sha1_base64="C+ItGoyoUjxPqFX64bQN2GFtXKA=">AAACEXicbVDLSgMxFM3UV62vUZdugkXoqsyIoMuiG5cV7APaUjLpnTY0kxmSO8VS2k9w46+4caGIW3fu/BvTx0JbDwQO59yb5JwgkcKg5307mbX1jc2t7HZuZ3dv/8A9PKqaONUcKjyWsa4HzIAUCiooUEI90cCiQEIt6N9M/doAtBGxusdhAq2IdZUIBWdopbZbaCI84EiojuBgaByOJ9FkrnXFABQFhVqAGbfdvFf0ZqCrxF+QPFmg3Ha/mp2Yp5G9gEtmTMP3EmyNmEbBJYxzzdRAwnifdaFhqWIRmNZolmhMz6zSoWGs7VFIZ+rvjRGLjBlGgZ2MGPbMsjcV//MaKYZXLRs3SREUnz8UppJiTKf10I7QwFEOLWFcC/tXyntMM462xJwtwV+OvEqq50XfK/p3F/nS9aKOLDkhp6RAfHJJSuSWlEmFcPJInskreXOenBfn3fmYj2acxc4x+QPn8wfLG57d</latexit>

• This is too hard! Two tractable approaches:

min
M

��M⇤
⌦ � M⌦

��2

F
+ �

��M
��
⇤

<latexit sha1_base64="C8R/GsqiROTz2pV/Jx6iJdhDy3U="></latexit><latexit sha1_base64="C8R/GsqiROTz2pV/Jx6iJdhDy3U="></latexit><latexit sha1_base64="C8R/GsqiROTz2pV/Jx6iJdhDy3U="></latexit><latexit sha1_base64="C8R/GsqiROTz2pV/Jx6iJdhDy3U="></latexit>

Convex Nonconvex
min
U,V

��M⇤
⌦ � [UVT ]⌦

��2

F
+ R(U,V)

<latexit sha1_base64="b6Lod8hEHfa5Gy5EXkilQU40TGU="></latexit><latexit sha1_base64="b6Lod8hEHfa5Gy5EXkilQU40TGU="></latexit><latexit sha1_base64="b6Lod8hEHfa5Gy5EXkilQU40TGU="></latexit><latexit sha1_base64="b6Lod8hEHfa5Gy5EXkilQU40TGU="></latexit>

• Sample complexity O
(
n polylog(n) poly(r)

)
, where n is the

dimension of M.
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Side Information and IMC

• Examples of side information
• Graph information (pairwise relationships)
• Estimates of column/row spaces (e.g. in time varying applications)
→ features of users and items

• IMC models side information as knowledge of feature spaces

X
<latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit>

X
<latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit>

X
<latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit>

X
<latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit>

X
<latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit>
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<latexit sha1_base64="jk9m1AoqnXGNCJHTtJDbX4Hy6CY=">AAAB+XicbVDLSgMxFL1TX7W+Rl26CRbBVZkRQZdFNy4r2Id0asmkmTY0kwxJplCG/okbF4q49U/c+Tdm2llo64HA4Zx7uScnTDjTxvO+ndLa+sbmVnm7srO7t3/gHh61tEwVoU0iuVSdEGvKmaBNwwynnURRHIectsPxbe63J1RpJsWDmSa0F+OhYBEj2Fip77pBjM0ojNDjUxYYmcz6btWreXOgVeIXpAoFGn33KxhIksZUGMKx1l3fS0wvw8owwumsEqSaJpiM8ZB2LRU4prqXzZPP0JlVBiiSyj5h0Fz9vZHhWOtpHNrJPKde9nLxP6+bmui6lzGRpIYKsjgUpRwZifIa0IApSgyfWoKJYjYrIiOsMDG2rIotwV/+8ippXdR8r+bfX1brN0UdZTiBUzgHH66gDnfQgCYQmMAzvMKbkzkvzrvzsRgtOcXOMfyB8/kDi/yTlw==</latexit><latexit sha1_base64="jk9m1AoqnXGNCJHTtJDbX4Hy6CY=">AAAB+XicbVDLSgMxFL1TX7W+Rl26CRbBVZkRQZdFNy4r2Id0asmkmTY0kwxJplCG/okbF4q49U/c+Tdm2llo64HA4Zx7uScnTDjTxvO+ndLa+sbmVnm7srO7t3/gHh61tEwVoU0iuVSdEGvKmaBNwwynnURRHIectsPxbe63J1RpJsWDmSa0F+OhYBEj2Fip77pBjM0ojNDjUxYYmcz6btWreXOgVeIXpAoFGn33KxhIksZUGMKx1l3fS0wvw8owwumsEqSaJpiM8ZB2LRU4prqXzZPP0JlVBiiSyj5h0Fz9vZHhWOtpHNrJPKde9nLxP6+bmui6lzGRpIYKsjgUpRwZifIa0IApSgyfWoKJYjYrIiOsMDG2rIotwV/+8ippXdR8r+bfX1brN0UdZTiBUzgHH66gDnfQgCYQmMAzvMKbkzkvzrvzsRgtOcXOMfyB8/kDi/yTlw==</latexit><latexit sha1_base64="jk9m1AoqnXGNCJHTtJDbX4Hy6CY=">AAAB+XicbVDLSgMxFL1TX7W+Rl26CRbBVZkRQZdFNy4r2Id0asmkmTY0kwxJplCG/okbF4q49U/c+Tdm2llo64HA4Zx7uScnTDjTxvO+ndLa+sbmVnm7srO7t3/gHh61tEwVoU0iuVSdEGvKmaBNwwynnURRHIectsPxbe63J1RpJsWDmSa0F+OhYBEj2Fip77pBjM0ojNDjUxYYmcz6btWreXOgVeIXpAoFGn33KxhIksZUGMKx1l3fS0wvw8owwumsEqSaJpiM8ZB2LRU4prqXzZPP0JlVBiiSyj5h0Fz9vZHhWOtpHNrJPKde9nLxP6+bmui6lzGRpIYKsjgUpRwZifIa0IApSgyfWoKJYjYrIiOsMDG2rIotwV/+8ippXdR8r+bfX1brN0UdZTiBUzgHH66gDnfQgCYQmMAzvMKbkzkvzrvzsRgtOcXOMfyB8/kDi/yTlw==</latexit><latexit sha1_base64="jk9m1AoqnXGNCJHTtJDbX4Hy6CY=">AAAB+XicbVDLSgMxFL1TX7W+Rl26CRbBVZkRQZdFNy4r2Id0asmkmTY0kwxJplCG/okbF4q49U/c+Tdm2llo64HA4Zx7uScnTDjTxvO+ndLa+sbmVnm7srO7t3/gHh61tEwVoU0iuVSdEGvKmaBNwwynnURRHIectsPxbe63J1RpJsWDmSa0F+OhYBEj2Fip77pBjM0ojNDjUxYYmcz6btWreXOgVeIXpAoFGn33KxhIksZUGMKx1l3fS0wvw8owwumsEqSaJpiM8ZB2LRU4prqXzZPP0JlVBiiSyj5h0Fz9vZHhWOtpHNrJPKde9nLxP6+bmui6lzGRpIYKsjgUpRwZifIa0IApSgyfWoKJYjYrIiOsMDG2rIotwV/+8ippXdR8r+bfX1brN0UdZTiBUzgHH66gDnfQgCYQmMAzvMKbkzkvzrvzsRgtOcXOMfyB8/kDi/yTlw==</latexit>

X<latexit sha1_base64="tvYW7ya05yp7CJdF9u/3OpabOpg=">AAAB8HicbVDLSgMxFL2pr1pfVZdugkVwVWZE0GXRjcsK9iHtUDJppg1NMkOSEcrQr3DjQhG3fo47/8ZMOwttPRA4nHMvOfeEieDGet43Kq2tb2xulbcrO7t7+wfVw6O2iVNNWYvGItbdkBgmuGIty61g3UQzIkPBOuHkNvc7T0wbHqsHO01YIMlI8YhTYp302JfEjsMIdwfVmlf35sCrxC9IDQo0B9Wv/jCmqWTKUkGM6fleYoOMaMupYLNKPzUsIXRCRqznqCKSmSCbB57hM6cMcRRr95TFc/X3RkakMVMZusk8oFn2cvE/r5fa6DrIuEpSyxRdfBSlAtsY59fjIdeMWjF1hFDNXVZMx0QTal1HFVeCv3zyKmlf1H2v7t9f1ho3RR1lOIFTOAcfrqABd9CEFlCQ8Ayv8IY0ekHv6GMxWkLFzjH8Afr8AVw6kBo=</latexit><latexit sha1_base64="tvYW7ya05yp7CJdF9u/3OpabOpg=">AAAB8HicbVDLSgMxFL2pr1pfVZdugkVwVWZE0GXRjcsK9iHtUDJppg1NMkOSEcrQr3DjQhG3fo47/8ZMOwttPRA4nHMvOfeEieDGet43Kq2tb2xulbcrO7t7+wfVw6O2iVNNWYvGItbdkBgmuGIty61g3UQzIkPBOuHkNvc7T0wbHqsHO01YIMlI8YhTYp302JfEjsMIdwfVmlf35sCrxC9IDQo0B9Wv/jCmqWTKUkGM6fleYoOMaMupYLNKPzUsIXRCRqznqCKSmSCbB57hM6cMcRRr95TFc/X3RkakMVMZusk8oFn2cvE/r5fa6DrIuEpSyxRdfBSlAtsY59fjIdeMWjF1hFDNXVZMx0QTal1HFVeCv3zyKmlf1H2v7t9f1ho3RR1lOIFTOAcfrqABd9CEFlCQ8Ayv8IY0ekHv6GMxWkLFzjH8Afr8AVw6kBo=</latexit><latexit sha1_base64="tvYW7ya05yp7CJdF9u/3OpabOpg=">AAAB8HicbVDLSgMxFL2pr1pfVZdugkVwVWZE0GXRjcsK9iHtUDJppg1NMkOSEcrQr3DjQhG3fo47/8ZMOwttPRA4nHMvOfeEieDGet43Kq2tb2xulbcrO7t7+wfVw6O2iVNNWYvGItbdkBgmuGIty61g3UQzIkPBOuHkNvc7T0wbHqsHO01YIMlI8YhTYp302JfEjsMIdwfVmlf35sCrxC9IDQo0B9Wv/jCmqWTKUkGM6fleYoOMaMupYLNKPzUsIXRCRqznqCKSmSCbB57hM6cMcRRr95TFc/X3RkakMVMZusk8oFn2cvE/r5fa6DrIuEpSyxRdfBSlAtsY59fjIdeMWjF1hFDNXVZMx0QTal1HFVeCv3zyKmlf1H2v7t9f1ho3RR1lOIFTOAcfrqABd9CEFlCQ8Ayv8IY0ekHv6GMxWkLFzjH8Afr8AVw6kBo=</latexit><latexit sha1_base64="tvYW7ya05yp7CJdF9u/3OpabOpg=">AAAB8HicbVDLSgMxFL2pr1pfVZdugkVwVWZE0GXRjcsK9iHtUDJppg1NMkOSEcrQr3DjQhG3fo47/8ZMOwttPRA4nHMvOfeEieDGet43Kq2tb2xulbcrO7t7+wfVw6O2iVNNWYvGItbdkBgmuGIty61g3UQzIkPBOuHkNvc7T0wbHqsHO01YIMlI8YhTYp302JfEjsMIdwfVmlf35sCrxC9IDQo0B9Wv/jCmqWTKUkGM6fleYoOMaMupYLNKPzUsIXRCRqznqCKSmSCbB57hM6cMcRRr95TFc/X3RkakMVMZusk8oFn2cvE/r5fa6DrIuEpSyxRdfBSlAtsY59fjIdeMWjF1hFDNXVZMx0QTal1HFVeCv3zyKmlf1H2v7t9f1ho3RR1lOIFTOAcfrqABd9CEFlCQ8Ayv8IY0ekHv6GMxWkLFzjH8Afr8AVw6kBo=</latexit>

W⇤
<latexit sha1_base64="dsVFnUausZg3LCaphbbulDThMeU=">AAAB8nicbVDLSsNAFL3xWeur6tLNYBHERUlE0GXRjcsK9gFtLJPppB06mYSZG6GEfoYbF4q49Wvc+TdO2iy09cDA4Zx7mXNPkEhh0HW/nZXVtfWNzdJWeXtnd2+/cnDYMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2Mb3O//cS1EbF6wEnC/YgOlQgFo2ilbi+iOApC0n4871eqbs2dgSwTryBVKNDoV756g5ilEVfIJDWm67kJ+hnVKJjk03IvNTyhbEyHvGupohE3fjaLPCWnVhmQMNb2KSQz9fdGRiNjJlFgJ/OIZtHLxf+8borhtZ8JlaTIFZt/FKaSYEzy+8lAaM5QTiyhTAublbAR1ZShbalsS/AWT14mrYua59a8+8tq/aaoowTHcAJn4MEV1OEOGtAEBjE8wyu8Oei8OO/Ox3x0xSl2juAPnM8febeQtQ==</latexit><latexit sha1_base64="dsVFnUausZg3LCaphbbulDThMeU=">AAAB8nicbVDLSsNAFL3xWeur6tLNYBHERUlE0GXRjcsK9gFtLJPppB06mYSZG6GEfoYbF4q49Wvc+TdO2iy09cDA4Zx7mXNPkEhh0HW/nZXVtfWNzdJWeXtnd2+/cnDYMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2Mb3O//cS1EbF6wEnC/YgOlQgFo2ilbi+iOApC0n4871eqbs2dgSwTryBVKNDoV756g5ilEVfIJDWm67kJ+hnVKJjk03IvNTyhbEyHvGupohE3fjaLPCWnVhmQMNb2KSQz9fdGRiNjJlFgJ/OIZtHLxf+8borhtZ8JlaTIFZt/FKaSYEzy+8lAaM5QTiyhTAublbAR1ZShbalsS/AWT14mrYua59a8+8tq/aaoowTHcAJn4MEV1OEOGtAEBjE8wyu8Oei8OO/Ox3x0xSl2juAPnM8febeQtQ==</latexit><latexit sha1_base64="dsVFnUausZg3LCaphbbulDThMeU=">AAAB8nicbVDLSsNAFL3xWeur6tLNYBHERUlE0GXRjcsK9gFtLJPppB06mYSZG6GEfoYbF4q49Wvc+TdO2iy09cDA4Zx7mXNPkEhh0HW/nZXVtfWNzdJWeXtnd2+/cnDYMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2Mb3O//cS1EbF6wEnC/YgOlQgFo2ilbi+iOApC0n4871eqbs2dgSwTryBVKNDoV756g5ilEVfIJDWm67kJ+hnVKJjk03IvNTyhbEyHvGupohE3fjaLPCWnVhmQMNb2KSQz9fdGRiNjJlFgJ/OIZtHLxf+8borhtZ8JlaTIFZt/FKaSYEzy+8lAaM5QTiyhTAublbAR1ZShbalsS/AWT14mrYua59a8+8tq/aaoowTHcAJn4MEV1OEOGtAEBjE8wyu8Oei8OO/Ox3x0xSl2juAPnM8febeQtQ==</latexit><latexit sha1_base64="dsVFnUausZg3LCaphbbulDThMeU=">AAAB8nicbVDLSsNAFL3xWeur6tLNYBHERUlE0GXRjcsK9gFtLJPppB06mYSZG6GEfoYbF4q49Wvc+TdO2iy09cDA4Zx7mXNPkEhh0HW/nZXVtfWNzdJWeXtnd2+/cnDYMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2Mb3O//cS1EbF6wEnC/YgOlQgFo2ilbi+iOApC0n4871eqbs2dgSwTryBVKNDoV756g5ilEVfIJDWm67kJ+hnVKJjk03IvNTyhbEyHvGupohE3fjaLPCWnVhmQMNb2KSQz9fdGRiNjJlFgJ/OIZtHLxf+8borhtZ8JlaTIFZt/FKaSYEzy+8lAaM5QTiyhTAublbAR1ZShbalsS/AWT14mrYua59a8+8tq/aaoowTHcAJn4MEV1OEOGtAEBjE8wyu8Oei8OO/Ox3x0xSl2juAPnM8febeQtQ==</latexit>

M⇤
<latexit sha1_base64="a9yos+eAhPMJhP/OLJ4lqM01wXs=">AAAB8nicbVDLSgMxFM3UV62vqks3wSKIizIjgi6LbtwIFewDpmPJpJk2NJMMyR2hDP0MNy4UcevXuPNvzLSz0NYDgcM595JzT5gIbsB1v53Syura+kZ5s7K1vbO7V90/aBuVaspaVAmluyExTHDJWsBBsG6iGYlDwTrh+Cb3O09MG67kA0wSFsRkKHnEKQEr+b2YwCiM8N3jWb9ac+vuDHiZeAWpoQLNfvWrN1A0jZkEKogxvucmEGREA6eCTSu91LCE0DEZMt9SSWJmgmwWeYpPrDLAkdL2ScAz9fdGRmJjJnFoJ/OIZtHLxf88P4XoKsi4TFJgks4/ilKBQeH8fjzgmlEQE0sI1dxmxXRENKFgW6rYErzFk5dJ+7zuuXXv/qLWuC7qKKMjdIxOkYcuUQPdoiZqIYoUekav6M0B58V5dz7moyWn2DlEf+B8/gBqe5Cr</latexit><latexit sha1_base64="a9yos+eAhPMJhP/OLJ4lqM01wXs=">AAAB8nicbVDLSgMxFM3UV62vqks3wSKIizIjgi6LbtwIFewDpmPJpJk2NJMMyR2hDP0MNy4UcevXuPNvzLSz0NYDgcM595JzT5gIbsB1v53Syura+kZ5s7K1vbO7V90/aBuVaspaVAmluyExTHDJWsBBsG6iGYlDwTrh+Cb3O09MG67kA0wSFsRkKHnEKQEr+b2YwCiM8N3jWb9ac+vuDHiZeAWpoQLNfvWrN1A0jZkEKogxvucmEGREA6eCTSu91LCE0DEZMt9SSWJmgmwWeYpPrDLAkdL2ScAz9fdGRmJjJnFoJ/OIZtHLxf88P4XoKsi4TFJgks4/ilKBQeH8fjzgmlEQE0sI1dxmxXRENKFgW6rYErzFk5dJ+7zuuXXv/qLWuC7qKKMjdIxOkYcuUQPdoiZqIYoUekav6M0B58V5dz7moyWn2DlEf+B8/gBqe5Cr</latexit><latexit sha1_base64="a9yos+eAhPMJhP/OLJ4lqM01wXs=">AAAB8nicbVDLSgMxFM3UV62vqks3wSKIizIjgi6LbtwIFewDpmPJpJk2NJMMyR2hDP0MNy4UcevXuPNvzLSz0NYDgcM595JzT5gIbsB1v53Syura+kZ5s7K1vbO7V90/aBuVaspaVAmluyExTHDJWsBBsG6iGYlDwTrh+Cb3O09MG67kA0wSFsRkKHnEKQEr+b2YwCiM8N3jWb9ac+vuDHiZeAWpoQLNfvWrN1A0jZkEKogxvucmEGREA6eCTSu91LCE0DEZMt9SSWJmgmwWeYpPrDLAkdL2ScAz9fdGRmJjJnFoJ/OIZtHLxf88P4XoKsi4TFJgks4/ilKBQeH8fjzgmlEQE0sI1dxmxXRENKFgW6rYErzFk5dJ+7zuuXXv/qLWuC7qKKMjdIxOkYcuUQPdoiZqIYoUekav6M0B58V5dz7moyWn2DlEf+B8/gBqe5Cr</latexit><latexit sha1_base64="a9yos+eAhPMJhP/OLJ4lqM01wXs=">AAAB8nicbVDLSgMxFM3UV62vqks3wSKIizIjgi6LbtwIFewDpmPJpJk2NJMMyR2hDP0MNy4UcevXuPNvzLSz0NYDgcM595JzT5gIbsB1v53Syura+kZ5s7K1vbO7V90/aBuVaspaVAmluyExTHDJWsBBsG6iGYlDwTrh+Cb3O09MG67kA0wSFsRkKHnEKQEr+b2YwCiM8N3jWb9ac+vuDHiZeAWpoQLNfvWrN1A0jZkEKogxvucmEGREA6eCTSu91LCE0DEZMt9SSWJmgmwWeYpPrDLAkdL2ScAz9fdGRmJjJnFoJ/OIZtHLxf88P4XoKsi4TFJgks4/ilKBQeH8fjzgmlEQE0sI1dxmxXRENKFgW6rYErzFk5dJ+7zuuXXv/qLWuC7qKKMjdIxOkYcuUQPdoiZqIYoUekav6M0B58V5dz7moyWn2DlEf+B8/gBqe5Cr</latexit>

X
<latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit>

X
<latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit>

=<latexit sha1_base64="DmNMk2YXYyTv+zN0rWXYwO/YuLg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpv57SdUmsfywUwS9CM6lDzkjBorNW765Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2m0eRxFO4BTOwYMrqME91KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AIzNjME=</latexit><latexit sha1_base64="DmNMk2YXYyTv+zN0rWXYwO/YuLg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpv57SdUmsfywUwS9CM6lDzkjBorNW765Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2m0eRxFO4BTOwYMrqME91KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AIzNjME=</latexit><latexit sha1_base64="DmNMk2YXYyTv+zN0rWXYwO/YuLg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpv57SdUmsfywUwS9CM6lDzkjBorNW765Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2m0eRxFO4BTOwYMrqME91KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AIzNjME=</latexit><latexit sha1_base64="DmNMk2YXYyTv+zN0rWXYwO/YuLg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpv57SdUmsfywUwS9CM6lDzkjBorNW765Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2m0eRxFO4BTOwYMrqME91KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AIzNjME=</latexit>
d1

<latexit sha1_base64="Drhj6lE2qenVqrsOzi9XNVF17JE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK9gPaUDabTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuBtRwKRRvoUDJu6nmNA4k7wTj25nfeeLaiEQ94iTlfkyHSkSCUbTSQzjwBtWaW3fnIKvEK0gNCjQH1a9+mLAs5gqZpMb0PDdFP6caBZN8WulnhqeUjemQ9yxVNObGz+enTsmZVUISJdqWQjJXf0/kNDZmEge2M6Y4MsveTPzP62UYXfu5UGmGXLHFoiiTBBMy+5uEQnOGcmIJZVrYWwkbUU0Z2nQqNgRv+eVV0r6oe27du7+sNW6KOMpwAqdwDh5cQQPuoAktYDCEZ3iFN0c6L86787FoLTnFzDH8gfP5A+0pjYw=</latexit><latexit sha1_base64="Drhj6lE2qenVqrsOzi9XNVF17JE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK9gPaUDabTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuBtRwKRRvoUDJu6nmNA4k7wTj25nfeeLaiEQ94iTlfkyHSkSCUbTSQzjwBtWaW3fnIKvEK0gNCjQH1a9+mLAs5gqZpMb0PDdFP6caBZN8WulnhqeUjemQ9yxVNObGz+enTsmZVUISJdqWQjJXf0/kNDZmEge2M6Y4MsveTPzP62UYXfu5UGmGXLHFoiiTBBMy+5uEQnOGcmIJZVrYWwkbUU0Z2nQqNgRv+eVV0r6oe27du7+sNW6KOMpwAqdwDh5cQQPuoAktYDCEZ3iFN0c6L86787FoLTnFzDH8gfP5A+0pjYw=</latexit><latexit sha1_base64="Drhj6lE2qenVqrsOzi9XNVF17JE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK9gPaUDabTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuBtRwKRRvoUDJu6nmNA4k7wTj25nfeeLaiEQ94iTlfkyHSkSCUbTSQzjwBtWaW3fnIKvEK0gNCjQH1a9+mLAs5gqZpMb0PDdFP6caBZN8WulnhqeUjemQ9yxVNObGz+enTsmZVUISJdqWQjJXf0/kNDZmEge2M6Y4MsveTPzP62UYXfu5UGmGXLHFoiiTBBMy+5uEQnOGcmIJZVrYWwkbUU0Z2nQqNgRv+eVV0r6oe27du7+sNW6KOMpwAqdwDh5cQQPuoAktYDCEZ3iFN0c6L86787FoLTnFzDH8gfP5A+0pjYw=</latexit><latexit sha1_base64="Drhj6lE2qenVqrsOzi9XNVF17JE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK9gPaUDabTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuBtRwKRRvoUDJu6nmNA4k7wTj25nfeeLaiEQ94iTlfkyHSkSCUbTSQzjwBtWaW3fnIKvEK0gNCjQH1a9+mLAs5gqZpMb0PDdFP6caBZN8WulnhqeUjemQ9yxVNObGz+enTsmZVUISJdqWQjJXf0/kNDZmEge2M6Y4MsveTPzP62UYXfu5UGmGXLHFoiiTBBMy+5uEQnOGcmIJZVrYWwkbUU0Z2nQqNgRv+eVV0r6oe27du7+sNW6KOMpwAqdwDh5cQQPuoAktYDCEZ3iFN0c6L86787FoLTnFzDH8gfP5A+0pjYw=</latexit>

d2
<latexit sha1_base64="M3fMICEIr744ZYUy2Um/W3Z16sU=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fj04rGi/YA2lM1m0i7dbMLuRiihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIphi2WiER1A6pRcIktw43AbqqQxoHATjC+nfmdJ1SaJ/LRTFL0YzqUPOKMGis9hIP6oFJ1a+4cZJV4BalCgeag8tUPE5bFKA0TVOue56bGz6kynAmclvuZxpSyMR1iz1JJY9R+Pj91Ss6tEpIoUbakIXP190ROY60ncWA7Y2pGetmbif95vcxE137OZZoZlGyxKMoEMQmZ/U1CrpAZMbGEMsXtrYSNqKLM2HTKNgRv+eVV0q7XPLfm3V9WGzdFHCU4hTO4AA+uoAF30IQWMBjCM7zCmyOcF+fd+Vi0rjnFzAn8gfP5A+6tjY0=</latexit><latexit sha1_base64="M3fMICEIr744ZYUy2Um/W3Z16sU=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fj04rGi/YA2lM1m0i7dbMLuRiihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIphi2WiER1A6pRcIktw43AbqqQxoHATjC+nfmdJ1SaJ/LRTFL0YzqUPOKMGis9hIP6oFJ1a+4cZJV4BalCgeag8tUPE5bFKA0TVOue56bGz6kynAmclvuZxpSyMR1iz1JJY9R+Pj91Ss6tEpIoUbakIXP190ROY60ncWA7Y2pGetmbif95vcxE137OZZoZlGyxKMoEMQmZ/U1CrpAZMbGEMsXtrYSNqKLM2HTKNgRv+eVV0q7XPLfm3V9WGzdFHCU4hTO4AA+uoAF30IQWMBjCM7zCmyOcF+fd+Vi0rjnFzAn8gfP5A+6tjY0=</latexit><latexit sha1_base64="M3fMICEIr744ZYUy2Um/W3Z16sU=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fj04rGi/YA2lM1m0i7dbMLuRiihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIphi2WiER1A6pRcIktw43AbqqQxoHATjC+nfmdJ1SaJ/LRTFL0YzqUPOKMGis9hIP6oFJ1a+4cZJV4BalCgeag8tUPE5bFKA0TVOue56bGz6kynAmclvuZxpSyMR1iz1JJY9R+Pj91Ss6tEpIoUbakIXP190ROY60ncWA7Y2pGetmbif95vcxE137OZZoZlGyxKMoEMQmZ/U1CrpAZMbGEMsXtrYSNqKLM2HTKNgRv+eVV0q7XPLfm3V9WGzdFHCU4hTO4AA+uoAF30IQWMBjCM7zCmyOcF+fd+Vi0rjnFzAn8gfP5A+6tjY0=</latexit><latexit sha1_base64="M3fMICEIr744ZYUy2Um/W3Z16sU=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fj04rGi/YA2lM1m0i7dbMLuRiihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIphi2WiER1A6pRcIktw43AbqqQxoHATjC+nfmdJ1SaJ/LRTFL0YzqUPOKMGis9hIP6oFJ1a+4cZJV4BalCgeag8tUPE5bFKA0TVOue56bGz6kynAmclvuZxpSyMR1iz1JJY9R+Pj91Ss6tEpIoUbakIXP190ROY60ncWA7Y2pGetmbif95vcxE137OZZoZlGyxKMoEMQmZ/U1CrpAZMbGEMsXtrYSNqKLM2HTKNgRv+eVV0q7XPLfm3V9WGzdFHCU4hTO4AA+uoAF30IQWMBjCM7zCmyOcF+fd+Vi0rjnFzAn8gfP5A+6tjY0=</latexit>

n1
<latexit sha1_base64="TbOVm4a1bj7EWv2q2BG16ZUEIEA=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis9yL7fd6tezZuDrBK/IFUo0Oi7X71BwrIYpWGCat31vdQEOVWGM4HTSi/TmFI2pkPsWippjDrI56dOyZlVBiRKlC1pyFz9PZHTWOtJHNrOmJqRXvZm4n9eNzPRdZBzmWYGJVssijJBTEJmf5MBV8iMmFhCmeL2VsJGVFFmbDoVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AfxljZY=</latexit><latexit sha1_base64="TbOVm4a1bj7EWv2q2BG16ZUEIEA=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis9yL7fd6tezZuDrBK/IFUo0Oi7X71BwrIYpWGCat31vdQEOVWGM4HTSi/TmFI2pkPsWippjDrI56dOyZlVBiRKlC1pyFz9PZHTWOtJHNrOmJqRXvZm4n9eNzPRdZBzmWYGJVssijJBTEJmf5MBV8iMmFhCmeL2VsJGVFFmbDoVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AfxljZY=</latexit><latexit sha1_base64="TbOVm4a1bj7EWv2q2BG16ZUEIEA=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis9yL7fd6tezZuDrBK/IFUo0Oi7X71BwrIYpWGCat31vdQEOVWGM4HTSi/TmFI2pkPsWippjDrI56dOyZlVBiRKlC1pyFz9PZHTWOtJHNrOmJqRXvZm4n9eNzPRdZBzmWYGJVssijJBTEJmf5MBV8iMmFhCmeL2VsJGVFFmbDoVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AfxljZY=</latexit><latexit sha1_base64="TbOVm4a1bj7EWv2q2BG16ZUEIEA=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis9yL7fd6tezZuDrBK/IFUo0Oi7X71BwrIYpWGCat31vdQEOVWGM4HTSi/TmFI2pkPsWippjDrI56dOyZlVBiRKlC1pyFz9PZHTWOtJHNrOmJqRXvZm4n9eNzPRdZBzmWYGJVssijJBTEJmf5MBV8iMmFhCmeL2VsJGVFFmbDoVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AfxljZY=</latexit>

n2
<latexit sha1_base64="bjIC+35MlRj3rmKoxI1XWIuyzrA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD2pQG5QrbtVdgKwTLycVyNEclL/6w5ilEVfIJDWm57kJ+hnVKJjks1I/NTyhbEJHvGepohE3frY4dUYurDIkYaxtKSQL9fdERiNjplFgOyOKY7PqzcX/vF6K4bWfCZWkyBVbLgpTSTAm87/JUGjOUE4toUwLeythY6opQ5tOyYbgrb68Ttq1qudWvfurSuMmj6MIZ3AOl+BBHRpwB01oAYMRPMMrvDnSeXHenY9la8HJZ07hD5zPH/3pjZc=</latexit><latexit sha1_base64="bjIC+35MlRj3rmKoxI1XWIuyzrA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD2pQG5QrbtVdgKwTLycVyNEclL/6w5ilEVfIJDWm57kJ+hnVKJjks1I/NTyhbEJHvGepohE3frY4dUYurDIkYaxtKSQL9fdERiNjplFgOyOKY7PqzcX/vF6K4bWfCZWkyBVbLgpTSTAm87/JUGjOUE4toUwLeythY6opQ5tOyYbgrb68Ttq1qudWvfurSuMmj6MIZ3AOl+BBHRpwB01oAYMRPMMrvDnSeXHenY9la8HJZ07hD5zPH/3pjZc=</latexit><latexit sha1_base64="bjIC+35MlRj3rmKoxI1XWIuyzrA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD2pQG5QrbtVdgKwTLycVyNEclL/6w5ilEVfIJDWm57kJ+hnVKJjks1I/NTyhbEJHvGepohE3frY4dUYurDIkYaxtKSQL9fdERiNjplFgOyOKY7PqzcX/vF6K4bWfCZWkyBVbLgpTSTAm87/JUGjOUE4toUwLeythY6opQ5tOyYbgrb68Ttq1qudWvfurSuMmj6MIZ3AOl+BBHRpwB01oAYMRPMMrvDnSeXHenY9la8HJZ07hD5zPH/3pjZc=</latexit><latexit sha1_base64="bjIC+35MlRj3rmKoxI1XWIuyzrA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD2pQG5QrbtVdgKwTLycVyNEclL/6w5ilEVfIJDWm57kJ+hnVKJjks1I/NTyhbEJHvGepohE3frY4dUYurDIkYaxtKSQL9fdERiNjplFgOyOKY7PqzcX/vF6K4bWfCZWkyBVbLgpTSTAm87/JUGjOUE4toUwLeythY6opQ5tOyYbgrb68Ttq1qudWvfurSuMmj6MIZ3AOl+BBHRpwB01oAYMRPMMrvDnSeXHenY9la8HJZ07hD5zPH/3pjZc=</latexit>

min
W∈Rd1×d2

∥∥M∗
Ω −

[
XWYT

]
Ω

∥∥2

F
s.t. rank(W) ≤ r

Completing M⇤
⌦ 2 Rn1⇥n2

<latexit sha1_base64="penjk1ykvd/c5V5mab3G2YmJdSo="></latexit><latexit sha1_base64="penjk1ykvd/c5V5mab3G2YmJdSo="></latexit><latexit sha1_base64="penjk1ykvd/c5V5mab3G2YmJdSo="></latexit><latexit sha1_base64="penjk1ykvd/c5V5mab3G2YmJdSo="></latexit>

Recovering W⇤ 2 Rd1⇥d2
<latexit sha1_base64="ii9M5HqPO2bV7Y080va7Pt5yR9Y=">AAACI3icbVDLSsNAFJ34tr6qLt0MFkFclEQExZXoxqUW2wpNDZPJTTt0MgkzN2IJ9Vvc+CtuXCjixoX/4vSx8HVg4Mw593LvPWEmhUHX/XCmpmdm5+YXFktLyyura+X1jYZJc82hzlOZ6uuQGZBCQR0FSrjONLAklNAMe2dDv3kL2ohUXWE/g3bCOkrEgjO0UlA+9hHusKgBT22ZUJ3BvZ8w7IYxbd7s+ULR8TektZsiCjwfRQKGRsH+IChX3Ko7Av1LvAmpkAkugvKbH6U8T0Ahl8yYludm2C6YRsElDEp+biBjvMc60LJUMTupXYxuHNAdq0Q0TrV9CulI/d5RsMSYfhLayuHC5rc3FP/zWjnGR+1CqCxHUHw8KM4lxZQOA6OR0MBR9i1hXAu7K+VdphlHG2vJhuD9PvkvaexXPbfqXR5UTk4ncSyQLbJNdolHDskJOScXpE44eSBP5IW8Oo/Os/PmvI9Lp5xJzyb5AefzC6jNpNM=</latexit><latexit sha1_base64="ii9M5HqPO2bV7Y080va7Pt5yR9Y=">AAACI3icbVDLSsNAFJ34tr6qLt0MFkFclEQExZXoxqUW2wpNDZPJTTt0MgkzN2IJ9Vvc+CtuXCjixoX/4vSx8HVg4Mw593LvPWEmhUHX/XCmpmdm5+YXFktLyyura+X1jYZJc82hzlOZ6uuQGZBCQR0FSrjONLAklNAMe2dDv3kL2ohUXWE/g3bCOkrEgjO0UlA+9hHusKgBT22ZUJ3BvZ8w7IYxbd7s+ULR8TektZsiCjwfRQKGRsH+IChX3Ko7Av1LvAmpkAkugvKbH6U8T0Ahl8yYludm2C6YRsElDEp+biBjvMc60LJUMTupXYxuHNAdq0Q0TrV9CulI/d5RsMSYfhLayuHC5rc3FP/zWjnGR+1CqCxHUHw8KM4lxZQOA6OR0MBR9i1hXAu7K+VdphlHG2vJhuD9PvkvaexXPbfqXR5UTk4ncSyQLbJNdolHDskJOScXpE44eSBP5IW8Oo/Os/PmvI9Lp5xJzyb5AefzC6jNpNM=</latexit><latexit sha1_base64="ii9M5HqPO2bV7Y080va7Pt5yR9Y=">AAACI3icbVDLSsNAFJ34tr6qLt0MFkFclEQExZXoxqUW2wpNDZPJTTt0MgkzN2IJ9Vvc+CtuXCjixoX/4vSx8HVg4Mw593LvPWEmhUHX/XCmpmdm5+YXFktLyyura+X1jYZJc82hzlOZ6uuQGZBCQR0FSrjONLAklNAMe2dDv3kL2ohUXWE/g3bCOkrEgjO0UlA+9hHusKgBT22ZUJ3BvZ8w7IYxbd7s+ULR8TektZsiCjwfRQKGRsH+IChX3Ko7Av1LvAmpkAkugvKbH6U8T0Ahl8yYludm2C6YRsElDEp+biBjvMc60LJUMTupXYxuHNAdq0Q0TrV9CulI/d5RsMSYfhLayuHC5rc3FP/zWjnGR+1CqCxHUHw8KM4lxZQOA6OR0MBR9i1hXAu7K+VdphlHG2vJhuD9PvkvaexXPbfqXR5UTk4ncSyQLbJNdolHDskJOScXpE44eSBP5IW8Oo/Os/PmvI9Lp5xJzyb5AefzC6jNpNM=</latexit><latexit sha1_base64="ii9M5HqPO2bV7Y080va7Pt5yR9Y=">AAACI3icbVDLSsNAFJ34tr6qLt0MFkFclEQExZXoxqUW2wpNDZPJTTt0MgkzN2IJ9Vvc+CtuXCjixoX/4vSx8HVg4Mw593LvPWEmhUHX/XCmpmdm5+YXFktLyyura+X1jYZJc82hzlOZ6uuQGZBCQR0FSrjONLAklNAMe2dDv3kL2ohUXWE/g3bCOkrEgjO0UlA+9hHusKgBT22ZUJ3BvZ8w7IYxbd7s+ULR8TektZsiCjwfRQKGRsH+IChX3Ko7Av1LvAmpkAkugvKbH6U8T0Ahl8yYludm2C6YRsElDEp+biBjvMc60LJUMTupXYxuHNAdq0Q0TrV9CulI/d5RsMSYfhLayuHC5rc3FP/zWjnGR+1CqCxHUHw8KM4lxZQOA6OR0MBR9i1hXAu7K+VdphlHG2vJhuD9PvkvaexXPbfqXR5UTk4ncSyQLbJNdolHDskJOScXpE44eSBP5IW8Oo/Os/PmvI9Lp5xJzyb5AefzC6jNpNM=</latexit>

⌘<latexit sha1_base64="dPavJRm3dmgrNgQtiQ+CpDGFxio=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMF+wFtKJvtpF272Y27m0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemHCmjed9O4W19Y3NreJ2aWd3b/+gfHjU1DJVFBtUcqnaIdHImcCGYYZjO1FI4pBjKxzdzvzWGJVmUjyYSYJBTAaCRYwSY6VmF59SNu6VK17Vm8NdJX5OKpCj3it/dfuSpjEKQznRuuN7iQkyogyjHKelbqoxIXREBtixVJAYdZDNr526Z1bpu5FUtoRx5+rviYzEWk/i0HbGxAz1sjcT//M6qYmug4yJJDUo6GJRlHLXSHf2uttnCqnhE0sIVcze6tIhUYQaG1DJhuAvv7xKmhdV36v695eV2k0eRxFO4BTOwYcrqMEd1KEBFB7hGV7hzZHOi/PufCxaC04+cwx/4Hz+AMI7jzw=</latexit><latexit sha1_base64="dPavJRm3dmgrNgQtiQ+CpDGFxio=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMF+wFtKJvtpF272Y27m0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemHCmjed9O4W19Y3NreJ2aWd3b/+gfHjU1DJVFBtUcqnaIdHImcCGYYZjO1FI4pBjKxzdzvzWGJVmUjyYSYJBTAaCRYwSY6VmF59SNu6VK17Vm8NdJX5OKpCj3it/dfuSpjEKQznRuuN7iQkyogyjHKelbqoxIXREBtixVJAYdZDNr526Z1bpu5FUtoRx5+rviYzEWk/i0HbGxAz1sjcT//M6qYmug4yJJDUo6GJRlHLXSHf2uttnCqnhE0sIVcze6tIhUYQaG1DJhuAvv7xKmhdV36v695eV2k0eRxFO4BTOwYcrqMEd1KEBFB7hGV7hzZHOi/PufCxaC04+cwx/4Hz+AMI7jzw=</latexit><latexit sha1_base64="dPavJRm3dmgrNgQtiQ+CpDGFxio=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMF+wFtKJvtpF272Y27m0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemHCmjed9O4W19Y3NreJ2aWd3b/+gfHjU1DJVFBtUcqnaIdHImcCGYYZjO1FI4pBjKxzdzvzWGJVmUjyYSYJBTAaCRYwSY6VmF59SNu6VK17Vm8NdJX5OKpCj3it/dfuSpjEKQznRuuN7iQkyogyjHKelbqoxIXREBtixVJAYdZDNr526Z1bpu5FUtoRx5+rviYzEWk/i0HbGxAz1sjcT//M6qYmug4yJJDUo6GJRlHLXSHf2uttnCqnhE0sIVcze6tIhUYQaG1DJhuAvv7xKmhdV36v695eV2k0eRxFO4BTOwYcrqMEd1KEBFB7hGV7hzZHOi/PufCxaC04+cwx/4Hz+AMI7jzw=</latexit><latexit sha1_base64="dPavJRm3dmgrNgQtiQ+CpDGFxio=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMF+wFtKJvtpF272Y27m0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemHCmjed9O4W19Y3NreJ2aWd3b/+gfHjU1DJVFBtUcqnaIdHImcCGYYZjO1FI4pBjKxzdzvzWGJVmUjyYSYJBTAaCRYwSY6VmF59SNu6VK17Vm8NdJX5OKpCj3it/dfuSpjEKQznRuuN7iQkyogyjHKelbqoxIXREBtixVJAYdZDNr526Z1bpu5FUtoRx5+rviYzEWk/i0HbGxAz1sjcT//M6qYmug4yJJDUo6GJRlHLXSHf2uttnCqnhE0sIVcze6tIhUYQaG1DJhuAvv7xKmhdV36v695eV2k0eRxFO4BTOwYcrqMEd1KEBFB7hGV7hzZHOi/PufCxaC04+cwx/4Hz+AMI7jzw=</latexit>
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Side Information and IMC

• Examples of side information
• Graph information (pairwise relationships)
• Estimates of column/row spaces (e.g. in time varying applications)
→ features of users and items

• IMC models side information as knowledge of feature spaces

X
<latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit>

X
<latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit>

X
<latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit>

X
<latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit>

X
<latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit>
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<latexit sha1_base64="jk9m1AoqnXGNCJHTtJDbX4Hy6CY=">AAAB+XicbVDLSgMxFL1TX7W+Rl26CRbBVZkRQZdFNy4r2Id0asmkmTY0kwxJplCG/okbF4q49U/c+Tdm2llo64HA4Zx7uScnTDjTxvO+ndLa+sbmVnm7srO7t3/gHh61tEwVoU0iuVSdEGvKmaBNwwynnURRHIectsPxbe63J1RpJsWDmSa0F+OhYBEj2Fip77pBjM0ojNDjUxYYmcz6btWreXOgVeIXpAoFGn33KxhIksZUGMKx1l3fS0wvw8owwumsEqSaJpiM8ZB2LRU4prqXzZPP0JlVBiiSyj5h0Fz9vZHhWOtpHNrJPKde9nLxP6+bmui6lzGRpIYKsjgUpRwZifIa0IApSgyfWoKJYjYrIiOsMDG2rIotwV/+8ippXdR8r+bfX1brN0UdZTiBUzgHH66gDnfQgCYQmMAzvMKbkzkvzrvzsRgtOcXOMfyB8/kDi/yTlw==</latexit><latexit sha1_base64="jk9m1AoqnXGNCJHTtJDbX4Hy6CY=">AAAB+XicbVDLSgMxFL1TX7W+Rl26CRbBVZkRQZdFNy4r2Id0asmkmTY0kwxJplCG/okbF4q49U/c+Tdm2llo64HA4Zx7uScnTDjTxvO+ndLa+sbmVnm7srO7t3/gHh61tEwVoU0iuVSdEGvKmaBNwwynnURRHIectsPxbe63J1RpJsWDmSa0F+OhYBEj2Fip77pBjM0ojNDjUxYYmcz6btWreXOgVeIXpAoFGn33KxhIksZUGMKx1l3fS0wvw8owwumsEqSaJpiM8ZB2LRU4prqXzZPP0JlVBiiSyj5h0Fz9vZHhWOtpHNrJPKde9nLxP6+bmui6lzGRpIYKsjgUpRwZifIa0IApSgyfWoKJYjYrIiOsMDG2rIotwV/+8ippXdR8r+bfX1brN0UdZTiBUzgHH66gDnfQgCYQmMAzvMKbkzkvzrvzsRgtOcXOMfyB8/kDi/yTlw==</latexit><latexit sha1_base64="jk9m1AoqnXGNCJHTtJDbX4Hy6CY=">AAAB+XicbVDLSgMxFL1TX7W+Rl26CRbBVZkRQZdFNy4r2Id0asmkmTY0kwxJplCG/okbF4q49U/c+Tdm2llo64HA4Zx7uScnTDjTxvO+ndLa+sbmVnm7srO7t3/gHh61tEwVoU0iuVSdEGvKmaBNwwynnURRHIectsPxbe63J1RpJsWDmSa0F+OhYBEj2Fip77pBjM0ojNDjUxYYmcz6btWreXOgVeIXpAoFGn33KxhIksZUGMKx1l3fS0wvw8owwumsEqSaJpiM8ZB2LRU4prqXzZPP0JlVBiiSyj5h0Fz9vZHhWOtpHNrJPKde9nLxP6+bmui6lzGRpIYKsjgUpRwZifIa0IApSgyfWoKJYjYrIiOsMDG2rIotwV/+8ippXdR8r+bfX1brN0UdZTiBUzgHH66gDnfQgCYQmMAzvMKbkzkvzrvzsRgtOcXOMfyB8/kDi/yTlw==</latexit><latexit sha1_base64="jk9m1AoqnXGNCJHTtJDbX4Hy6CY=">AAAB+XicbVDLSgMxFL1TX7W+Rl26CRbBVZkRQZdFNy4r2Id0asmkmTY0kwxJplCG/okbF4q49U/c+Tdm2llo64HA4Zx7uScnTDjTxvO+ndLa+sbmVnm7srO7t3/gHh61tEwVoU0iuVSdEGvKmaBNwwynnURRHIectsPxbe63J1RpJsWDmSa0F+OhYBEj2Fip77pBjM0ojNDjUxYYmcz6btWreXOgVeIXpAoFGn33KxhIksZUGMKx1l3fS0wvw8owwumsEqSaJpiM8ZB2LRU4prqXzZPP0JlVBiiSyj5h0Fz9vZHhWOtpHNrJPKde9nLxP6+bmui6lzGRpIYKsjgUpRwZifIa0IApSgyfWoKJYjYrIiOsMDG2rIotwV/+8ippXdR8r+bfX1brN0UdZTiBUzgHH66gDnfQgCYQmMAzvMKbkzkvzrvzsRgtOcXOMfyB8/kDi/yTlw==</latexit>

X<latexit sha1_base64="tvYW7ya05yp7CJdF9u/3OpabOpg=">AAAB8HicbVDLSgMxFL2pr1pfVZdugkVwVWZE0GXRjcsK9iHtUDJppg1NMkOSEcrQr3DjQhG3fo47/8ZMOwttPRA4nHMvOfeEieDGet43Kq2tb2xulbcrO7t7+wfVw6O2iVNNWYvGItbdkBgmuGIty61g3UQzIkPBOuHkNvc7T0wbHqsHO01YIMlI8YhTYp302JfEjsMIdwfVmlf35sCrxC9IDQo0B9Wv/jCmqWTKUkGM6fleYoOMaMupYLNKPzUsIXRCRqznqCKSmSCbB57hM6cMcRRr95TFc/X3RkakMVMZusk8oFn2cvE/r5fa6DrIuEpSyxRdfBSlAtsY59fjIdeMWjF1hFDNXVZMx0QTal1HFVeCv3zyKmlf1H2v7t9f1ho3RR1lOIFTOAcfrqABd9CEFlCQ8Ayv8IY0ekHv6GMxWkLFzjH8Afr8AVw6kBo=</latexit><latexit sha1_base64="tvYW7ya05yp7CJdF9u/3OpabOpg=">AAAB8HicbVDLSgMxFL2pr1pfVZdugkVwVWZE0GXRjcsK9iHtUDJppg1NMkOSEcrQr3DjQhG3fo47/8ZMOwttPRA4nHMvOfeEieDGet43Kq2tb2xulbcrO7t7+wfVw6O2iVNNWYvGItbdkBgmuGIty61g3UQzIkPBOuHkNvc7T0wbHqsHO01YIMlI8YhTYp302JfEjsMIdwfVmlf35sCrxC9IDQo0B9Wv/jCmqWTKUkGM6fleYoOMaMupYLNKPzUsIXRCRqznqCKSmSCbB57hM6cMcRRr95TFc/X3RkakMVMZusk8oFn2cvE/r5fa6DrIuEpSyxRdfBSlAtsY59fjIdeMWjF1hFDNXVZMx0QTal1HFVeCv3zyKmlf1H2v7t9f1ho3RR1lOIFTOAcfrqABd9CEFlCQ8Ayv8IY0ekHv6GMxWkLFzjH8Afr8AVw6kBo=</latexit><latexit sha1_base64="tvYW7ya05yp7CJdF9u/3OpabOpg=">AAAB8HicbVDLSgMxFL2pr1pfVZdugkVwVWZE0GXRjcsK9iHtUDJppg1NMkOSEcrQr3DjQhG3fo47/8ZMOwttPRA4nHMvOfeEieDGet43Kq2tb2xulbcrO7t7+wfVw6O2iVNNWYvGItbdkBgmuGIty61g3UQzIkPBOuHkNvc7T0wbHqsHO01YIMlI8YhTYp302JfEjsMIdwfVmlf35sCrxC9IDQo0B9Wv/jCmqWTKUkGM6fleYoOMaMupYLNKPzUsIXRCRqznqCKSmSCbB57hM6cMcRRr95TFc/X3RkakMVMZusk8oFn2cvE/r5fa6DrIuEpSyxRdfBSlAtsY59fjIdeMWjF1hFDNXVZMx0QTal1HFVeCv3zyKmlf1H2v7t9f1ho3RR1lOIFTOAcfrqABd9CEFlCQ8Ayv8IY0ekHv6GMxWkLFzjH8Afr8AVw6kBo=</latexit><latexit sha1_base64="tvYW7ya05yp7CJdF9u/3OpabOpg=">AAAB8HicbVDLSgMxFL2pr1pfVZdugkVwVWZE0GXRjcsK9iHtUDJppg1NMkOSEcrQr3DjQhG3fo47/8ZMOwttPRA4nHMvOfeEieDGet43Kq2tb2xulbcrO7t7+wfVw6O2iVNNWYvGItbdkBgmuGIty61g3UQzIkPBOuHkNvc7T0wbHqsHO01YIMlI8YhTYp302JfEjsMIdwfVmlf35sCrxC9IDQo0B9Wv/jCmqWTKUkGM6fleYoOMaMupYLNKPzUsIXRCRqznqCKSmSCbB57hM6cMcRRr95TFc/X3RkakMVMZusk8oFn2cvE/r5fa6DrIuEpSyxRdfBSlAtsY59fjIdeMWjF1hFDNXVZMx0QTal1HFVeCv3zyKmlf1H2v7t9f1ho3RR1lOIFTOAcfrqABd9CEFlCQ8Ayv8IY0ekHv6GMxWkLFzjH8Afr8AVw6kBo=</latexit>

W⇤
<latexit sha1_base64="dsVFnUausZg3LCaphbbulDThMeU=">AAAB8nicbVDLSsNAFL3xWeur6tLNYBHERUlE0GXRjcsK9gFtLJPppB06mYSZG6GEfoYbF4q49Wvc+TdO2iy09cDA4Zx7mXNPkEhh0HW/nZXVtfWNzdJWeXtnd2+/cnDYMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2Mb3O//cS1EbF6wEnC/YgOlQgFo2ilbi+iOApC0n4871eqbs2dgSwTryBVKNDoV756g5ilEVfIJDWm67kJ+hnVKJjk03IvNTyhbEyHvGupohE3fjaLPCWnVhmQMNb2KSQz9fdGRiNjJlFgJ/OIZtHLxf+8borhtZ8JlaTIFZt/FKaSYEzy+8lAaM5QTiyhTAublbAR1ZShbalsS/AWT14mrYua59a8+8tq/aaoowTHcAJn4MEV1OEOGtAEBjE8wyu8Oei8OO/Ox3x0xSl2juAPnM8febeQtQ==</latexit><latexit sha1_base64="dsVFnUausZg3LCaphbbulDThMeU=">AAAB8nicbVDLSsNAFL3xWeur6tLNYBHERUlE0GXRjcsK9gFtLJPppB06mYSZG6GEfoYbF4q49Wvc+TdO2iy09cDA4Zx7mXNPkEhh0HW/nZXVtfWNzdJWeXtnd2+/cnDYMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2Mb3O//cS1EbF6wEnC/YgOlQgFo2ilbi+iOApC0n4871eqbs2dgSwTryBVKNDoV756g5ilEVfIJDWm67kJ+hnVKJjk03IvNTyhbEyHvGupohE3fjaLPCWnVhmQMNb2KSQz9fdGRiNjJlFgJ/OIZtHLxf+8borhtZ8JlaTIFZt/FKaSYEzy+8lAaM5QTiyhTAublbAR1ZShbalsS/AWT14mrYua59a8+8tq/aaoowTHcAJn4MEV1OEOGtAEBjE8wyu8Oei8OO/Ox3x0xSl2juAPnM8febeQtQ==</latexit><latexit sha1_base64="dsVFnUausZg3LCaphbbulDThMeU=">AAAB8nicbVDLSsNAFL3xWeur6tLNYBHERUlE0GXRjcsK9gFtLJPppB06mYSZG6GEfoYbF4q49Wvc+TdO2iy09cDA4Zx7mXNPkEhh0HW/nZXVtfWNzdJWeXtnd2+/cnDYMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2Mb3O//cS1EbF6wEnC/YgOlQgFo2ilbi+iOApC0n4871eqbs2dgSwTryBVKNDoV756g5ilEVfIJDWm67kJ+hnVKJjk03IvNTyhbEyHvGupohE3fjaLPCWnVhmQMNb2KSQz9fdGRiNjJlFgJ/OIZtHLxf+8borhtZ8JlaTIFZt/FKaSYEzy+8lAaM5QTiyhTAublbAR1ZShbalsS/AWT14mrYua59a8+8tq/aaoowTHcAJn4MEV1OEOGtAEBjE8wyu8Oei8OO/Ox3x0xSl2juAPnM8febeQtQ==</latexit><latexit sha1_base64="dsVFnUausZg3LCaphbbulDThMeU=">AAAB8nicbVDLSsNAFL3xWeur6tLNYBHERUlE0GXRjcsK9gFtLJPppB06mYSZG6GEfoYbF4q49Wvc+TdO2iy09cDA4Zx7mXNPkEhh0HW/nZXVtfWNzdJWeXtnd2+/cnDYMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2Mb3O//cS1EbF6wEnC/YgOlQgFo2ilbi+iOApC0n4871eqbs2dgSwTryBVKNDoV756g5ilEVfIJDWm67kJ+hnVKJjk03IvNTyhbEyHvGupohE3fjaLPCWnVhmQMNb2KSQz9fdGRiNjJlFgJ/OIZtHLxf+8borhtZ8JlaTIFZt/FKaSYEzy+8lAaM5QTiyhTAublbAR1ZShbalsS/AWT14mrYua59a8+8tq/aaoowTHcAJn4MEV1OEOGtAEBjE8wyu8Oei8OO/Ox3x0xSl2juAPnM8febeQtQ==</latexit>

M⇤
<latexit sha1_base64="a9yos+eAhPMJhP/OLJ4lqM01wXs=">AAAB8nicbVDLSgMxFM3UV62vqks3wSKIizIjgi6LbtwIFewDpmPJpJk2NJMMyR2hDP0MNy4UcevXuPNvzLSz0NYDgcM595JzT5gIbsB1v53Syura+kZ5s7K1vbO7V90/aBuVaspaVAmluyExTHDJWsBBsG6iGYlDwTrh+Cb3O09MG67kA0wSFsRkKHnEKQEr+b2YwCiM8N3jWb9ac+vuDHiZeAWpoQLNfvWrN1A0jZkEKogxvucmEGREA6eCTSu91LCE0DEZMt9SSWJmgmwWeYpPrDLAkdL2ScAz9fdGRmJjJnFoJ/OIZtHLxf88P4XoKsi4TFJgks4/ilKBQeH8fjzgmlEQE0sI1dxmxXRENKFgW6rYErzFk5dJ+7zuuXXv/qLWuC7qKKMjdIxOkYcuUQPdoiZqIYoUekav6M0B58V5dz7moyWn2DlEf+B8/gBqe5Cr</latexit><latexit sha1_base64="a9yos+eAhPMJhP/OLJ4lqM01wXs=">AAAB8nicbVDLSgMxFM3UV62vqks3wSKIizIjgi6LbtwIFewDpmPJpJk2NJMMyR2hDP0MNy4UcevXuPNvzLSz0NYDgcM595JzT5gIbsB1v53Syura+kZ5s7K1vbO7V90/aBuVaspaVAmluyExTHDJWsBBsG6iGYlDwTrh+Cb3O09MG67kA0wSFsRkKHnEKQEr+b2YwCiM8N3jWb9ac+vuDHiZeAWpoQLNfvWrN1A0jZkEKogxvucmEGREA6eCTSu91LCE0DEZMt9SSWJmgmwWeYpPrDLAkdL2ScAz9fdGRmJjJnFoJ/OIZtHLxf88P4XoKsi4TFJgks4/ilKBQeH8fjzgmlEQE0sI1dxmxXRENKFgW6rYErzFk5dJ+7zuuXXv/qLWuC7qKKMjdIxOkYcuUQPdoiZqIYoUekav6M0B58V5dz7moyWn2DlEf+B8/gBqe5Cr</latexit><latexit sha1_base64="a9yos+eAhPMJhP/OLJ4lqM01wXs=">AAAB8nicbVDLSgMxFM3UV62vqks3wSKIizIjgi6LbtwIFewDpmPJpJk2NJMMyR2hDP0MNy4UcevXuPNvzLSz0NYDgcM595JzT5gIbsB1v53Syura+kZ5s7K1vbO7V90/aBuVaspaVAmluyExTHDJWsBBsG6iGYlDwTrh+Cb3O09MG67kA0wSFsRkKHnEKQEr+b2YwCiM8N3jWb9ac+vuDHiZeAWpoQLNfvWrN1A0jZkEKogxvucmEGREA6eCTSu91LCE0DEZMt9SSWJmgmwWeYpPrDLAkdL2ScAz9fdGRmJjJnFoJ/OIZtHLxf88P4XoKsi4TFJgks4/ilKBQeH8fjzgmlEQE0sI1dxmxXRENKFgW6rYErzFk5dJ+7zuuXXv/qLWuC7qKKMjdIxOkYcuUQPdoiZqIYoUekav6M0B58V5dz7moyWn2DlEf+B8/gBqe5Cr</latexit><latexit sha1_base64="a9yos+eAhPMJhP/OLJ4lqM01wXs=">AAAB8nicbVDLSgMxFM3UV62vqks3wSKIizIjgi6LbtwIFewDpmPJpJk2NJMMyR2hDP0MNy4UcevXuPNvzLSz0NYDgcM595JzT5gIbsB1v53Syura+kZ5s7K1vbO7V90/aBuVaspaVAmluyExTHDJWsBBsG6iGYlDwTrh+Cb3O09MG67kA0wSFsRkKHnEKQEr+b2YwCiM8N3jWb9ac+vuDHiZeAWpoQLNfvWrN1A0jZkEKogxvucmEGREA6eCTSu91LCE0DEZMt9SSWJmgmwWeYpPrDLAkdL2ScAz9fdGRmJjJnFoJ/OIZtHLxf88P4XoKsi4TFJgks4/ilKBQeH8fjzgmlEQE0sI1dxmxXRENKFgW6rYErzFk5dJ+7zuuXXv/qLWuC7qKKMjdIxOkYcuUQPdoiZqIYoUekav6M0B58V5dz7moyWn2DlEf+B8/gBqe5Cr</latexit>

X
<latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit>

X
<latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit>

=<latexit sha1_base64="DmNMk2YXYyTv+zN0rWXYwO/YuLg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpv57SdUmsfywUwS9CM6lDzkjBorNW765Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2m0eRxFO4BTOwYMrqME91KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AIzNjME=</latexit><latexit sha1_base64="DmNMk2YXYyTv+zN0rWXYwO/YuLg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpv57SdUmsfywUwS9CM6lDzkjBorNW765Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2m0eRxFO4BTOwYMrqME91KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AIzNjME=</latexit><latexit sha1_base64="DmNMk2YXYyTv+zN0rWXYwO/YuLg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpv57SdUmsfywUwS9CM6lDzkjBorNW765Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2m0eRxFO4BTOwYMrqME91KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AIzNjME=</latexit><latexit sha1_base64="DmNMk2YXYyTv+zN0rWXYwO/YuLg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpv57SdUmsfywUwS9CM6lDzkjBorNW765Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2m0eRxFO4BTOwYMrqME91KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AIzNjME=</latexit>

d1
<latexit sha1_base64="Drhj6lE2qenVqrsOzi9XNVF17JE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK9gPaUDabTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuBtRwKRRvoUDJu6nmNA4k7wTj25nfeeLaiEQ94iTlfkyHSkSCUbTSQzjwBtWaW3fnIKvEK0gNCjQH1a9+mLAs5gqZpMb0PDdFP6caBZN8WulnhqeUjemQ9yxVNObGz+enTsmZVUISJdqWQjJXf0/kNDZmEge2M6Y4MsveTPzP62UYXfu5UGmGXLHFoiiTBBMy+5uEQnOGcmIJZVrYWwkbUU0Z2nQqNgRv+eVV0r6oe27du7+sNW6KOMpwAqdwDh5cQQPuoAktYDCEZ3iFN0c6L86787FoLTnFzDH8gfP5A+0pjYw=</latexit><latexit sha1_base64="Drhj6lE2qenVqrsOzi9XNVF17JE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK9gPaUDabTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuBtRwKRRvoUDJu6nmNA4k7wTj25nfeeLaiEQ94iTlfkyHSkSCUbTSQzjwBtWaW3fnIKvEK0gNCjQH1a9+mLAs5gqZpMb0PDdFP6caBZN8WulnhqeUjemQ9yxVNObGz+enTsmZVUISJdqWQjJXf0/kNDZmEge2M6Y4MsveTPzP62UYXfu5UGmGXLHFoiiTBBMy+5uEQnOGcmIJZVrYWwkbUU0Z2nQqNgRv+eVV0r6oe27du7+sNW6KOMpwAqdwDh5cQQPuoAktYDCEZ3iFN0c6L86787FoLTnFzDH8gfP5A+0pjYw=</latexit><latexit sha1_base64="Drhj6lE2qenVqrsOzi9XNVF17JE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK9gPaUDabTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuBtRwKRRvoUDJu6nmNA4k7wTj25nfeeLaiEQ94iTlfkyHSkSCUbTSQzjwBtWaW3fnIKvEK0gNCjQH1a9+mLAs5gqZpMb0PDdFP6caBZN8WulnhqeUjemQ9yxVNObGz+enTsmZVUISJdqWQjJXf0/kNDZmEge2M6Y4MsveTPzP62UYXfu5UGmGXLHFoiiTBBMy+5uEQnOGcmIJZVrYWwkbUU0Z2nQqNgRv+eVV0r6oe27du7+sNW6KOMpwAqdwDh5cQQPuoAktYDCEZ3iFN0c6L86787FoLTnFzDH8gfP5A+0pjYw=</latexit><latexit sha1_base64="Drhj6lE2qenVqrsOzi9XNVF17JE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK9gPaUDabTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuBtRwKRRvoUDJu6nmNA4k7wTj25nfeeLaiEQ94iTlfkyHSkSCUbTSQzjwBtWaW3fnIKvEK0gNCjQH1a9+mLAs5gqZpMb0PDdFP6caBZN8WulnhqeUjemQ9yxVNObGz+enTsmZVUISJdqWQjJXf0/kNDZmEge2M6Y4MsveTPzP62UYXfu5UGmGXLHFoiiTBBMy+5uEQnOGcmIJZVrYWwkbUU0Z2nQqNgRv+eVV0r6oe27du7+sNW6KOMpwAqdwDh5cQQPuoAktYDCEZ3iFN0c6L86787FoLTnFzDH8gfP5A+0pjYw=</latexit>

d2
<latexit sha1_base64="M3fMICEIr744ZYUy2Um/W3Z16sU=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fj04rGi/YA2lM1m0i7dbMLuRiihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIphi2WiER1A6pRcIktw43AbqqQxoHATjC+nfmdJ1SaJ/LRTFL0YzqUPOKMGis9hIP6oFJ1a+4cZJV4BalCgeag8tUPE5bFKA0TVOue56bGz6kynAmclvuZxpSyMR1iz1JJY9R+Pj91Ss6tEpIoUbakIXP190ROY60ncWA7Y2pGetmbif95vcxE137OZZoZlGyxKMoEMQmZ/U1CrpAZMbGEMsXtrYSNqKLM2HTKNgRv+eVV0q7XPLfm3V9WGzdFHCU4hTO4AA+uoAF30IQWMBjCM7zCmyOcF+fd+Vi0rjnFzAn8gfP5A+6tjY0=</latexit><latexit sha1_base64="M3fMICEIr744ZYUy2Um/W3Z16sU=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fj04rGi/YA2lM1m0i7dbMLuRiihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIphi2WiER1A6pRcIktw43AbqqQxoHATjC+nfmdJ1SaJ/LRTFL0YzqUPOKMGis9hIP6oFJ1a+4cZJV4BalCgeag8tUPE5bFKA0TVOue56bGz6kynAmclvuZxpSyMR1iz1JJY9R+Pj91Ss6tEpIoUbakIXP190ROY60ncWA7Y2pGetmbif95vcxE137OZZoZlGyxKMoEMQmZ/U1CrpAZMbGEMsXtrYSNqKLM2HTKNgRv+eVV0q7XPLfm3V9WGzdFHCU4hTO4AA+uoAF30IQWMBjCM7zCmyOcF+fd+Vi0rjnFzAn8gfP5A+6tjY0=</latexit><latexit sha1_base64="M3fMICEIr744ZYUy2Um/W3Z16sU=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fj04rGi/YA2lM1m0i7dbMLuRiihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIphi2WiER1A6pRcIktw43AbqqQxoHATjC+nfmdJ1SaJ/LRTFL0YzqUPOKMGis9hIP6oFJ1a+4cZJV4BalCgeag8tUPE5bFKA0TVOue56bGz6kynAmclvuZxpSyMR1iz1JJY9R+Pj91Ss6tEpIoUbakIXP190ROY60ncWA7Y2pGetmbif95vcxE137OZZoZlGyxKMoEMQmZ/U1CrpAZMbGEMsXtrYSNqKLM2HTKNgRv+eVV0q7XPLfm3V9WGzdFHCU4hTO4AA+uoAF30IQWMBjCM7zCmyOcF+fd+Vi0rjnFzAn8gfP5A+6tjY0=</latexit><latexit sha1_base64="M3fMICEIr744ZYUy2Um/W3Z16sU=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fj04rGi/YA2lM1m0i7dbMLuRiihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIphi2WiER1A6pRcIktw43AbqqQxoHATjC+nfmdJ1SaJ/LRTFL0YzqUPOKMGis9hIP6oFJ1a+4cZJV4BalCgeag8tUPE5bFKA0TVOue56bGz6kynAmclvuZxpSyMR1iz1JJY9R+Pj91Ss6tEpIoUbakIXP190ROY60ncWA7Y2pGetmbif95vcxE137OZZoZlGyxKMoEMQmZ/U1CrpAZMbGEMsXtrYSNqKLM2HTKNgRv+eVV0q7XPLfm3V9WGzdFHCU4hTO4AA+uoAF30IQWMBjCM7zCmyOcF+fd+Vi0rjnFzAn8gfP5A+6tjY0=</latexit>

n1
<latexit sha1_base64="TbOVm4a1bj7EWv2q2BG16ZUEIEA=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis9yL7fd6tezZuDrBK/IFUo0Oi7X71BwrIYpWGCat31vdQEOVWGM4HTSi/TmFI2pkPsWippjDrI56dOyZlVBiRKlC1pyFz9PZHTWOtJHNrOmJqRXvZm4n9eNzPRdZBzmWYGJVssijJBTEJmf5MBV8iMmFhCmeL2VsJGVFFmbDoVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AfxljZY=</latexit><latexit sha1_base64="TbOVm4a1bj7EWv2q2BG16ZUEIEA=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis9yL7fd6tezZuDrBK/IFUo0Oi7X71BwrIYpWGCat31vdQEOVWGM4HTSi/TmFI2pkPsWippjDrI56dOyZlVBiRKlC1pyFz9PZHTWOtJHNrOmJqRXvZm4n9eNzPRdZBzmWYGJVssijJBTEJmf5MBV8iMmFhCmeL2VsJGVFFmbDoVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AfxljZY=</latexit><latexit sha1_base64="TbOVm4a1bj7EWv2q2BG16ZUEIEA=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis9yL7fd6tezZuDrBK/IFUo0Oi7X71BwrIYpWGCat31vdQEOVWGM4HTSi/TmFI2pkPsWippjDrI56dOyZlVBiRKlC1pyFz9PZHTWOtJHNrOmJqRXvZm4n9eNzPRdZBzmWYGJVssijJBTEJmf5MBV8iMmFhCmeL2VsJGVFFmbDoVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AfxljZY=</latexit><latexit sha1_base64="TbOVm4a1bj7EWv2q2BG16ZUEIEA=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis9yL7fd6tezZuDrBK/IFUo0Oi7X71BwrIYpWGCat31vdQEOVWGM4HTSi/TmFI2pkPsWippjDrI56dOyZlVBiRKlC1pyFz9PZHTWOtJHNrOmJqRXvZm4n9eNzPRdZBzmWYGJVssijJBTEJmf5MBV8iMmFhCmeL2VsJGVFFmbDoVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AfxljZY=</latexit>

n2
<latexit sha1_base64="bjIC+35MlRj3rmKoxI1XWIuyzrA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD2pQG5QrbtVdgKwTLycVyNEclL/6w5ilEVfIJDWm57kJ+hnVKJjks1I/NTyhbEJHvGepohE3frY4dUYurDIkYaxtKSQL9fdERiNjplFgOyOKY7PqzcX/vF6K4bWfCZWkyBVbLgpTSTAm87/JUGjOUE4toUwLeythY6opQ5tOyYbgrb68Ttq1qudWvfurSuMmj6MIZ3AOl+BBHRpwB01oAYMRPMMrvDnSeXHenY9la8HJZ07hD5zPH/3pjZc=</latexit><latexit sha1_base64="bjIC+35MlRj3rmKoxI1XWIuyzrA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD2pQG5QrbtVdgKwTLycVyNEclL/6w5ilEVfIJDWm57kJ+hnVKJjks1I/NTyhbEJHvGepohE3frY4dUYurDIkYaxtKSQL9fdERiNjplFgOyOKY7PqzcX/vF6K4bWfCZWkyBVbLgpTSTAm87/JUGjOUE4toUwLeythY6opQ5tOyYbgrb68Ttq1qudWvfurSuMmj6MIZ3AOl+BBHRpwB01oAYMRPMMrvDnSeXHenY9la8HJZ07hD5zPH/3pjZc=</latexit><latexit sha1_base64="bjIC+35MlRj3rmKoxI1XWIuyzrA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD2pQG5QrbtVdgKwTLycVyNEclL/6w5ilEVfIJDWm57kJ+hnVKJjks1I/NTyhbEJHvGepohE3frY4dUYurDIkYaxtKSQL9fdERiNjplFgOyOKY7PqzcX/vF6K4bWfCZWkyBVbLgpTSTAm87/JUGjOUE4toUwLeythY6opQ5tOyYbgrb68Ttq1qudWvfurSuMmj6MIZ3AOl+BBHRpwB01oAYMRPMMrvDnSeXHenY9la8HJZ07hD5zPH/3pjZc=</latexit><latexit sha1_base64="bjIC+35MlRj3rmKoxI1XWIuyzrA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD2pQG5QrbtVdgKwTLycVyNEclL/6w5ilEVfIJDWm57kJ+hnVKJjks1I/NTyhbEJHvGepohE3frY4dUYurDIkYaxtKSQL9fdERiNjplFgOyOKY7PqzcX/vF6K4bWfCZWkyBVbLgpTSTAm87/JUGjOUE4toUwLeythY6opQ5tOyYbgrb68Ttq1qudWvfurSuMmj6MIZ3AOl+BBHRpwB01oAYMRPMMrvDnSeXHenY9la8HJZ07hD5zPH/3pjZc=</latexit>

min
W∈Rd1×d2

∥∥M∗
Ω −

[
XWYT

]
Ω

∥∥2

F
s.t. rank(W) ≤ r

Completing M⇤
⌦ 2 Rn1⇥n2

<latexit sha1_base64="penjk1ykvd/c5V5mab3G2YmJdSo="></latexit><latexit sha1_base64="penjk1ykvd/c5V5mab3G2YmJdSo="></latexit><latexit sha1_base64="penjk1ykvd/c5V5mab3G2YmJdSo="></latexit><latexit sha1_base64="penjk1ykvd/c5V5mab3G2YmJdSo="></latexit>

Recovering W⇤ 2 Rd1⇥d2
<latexit sha1_base64="ii9M5HqPO2bV7Y080va7Pt5yR9Y=">AAACI3icbVDLSsNAFJ34tr6qLt0MFkFclEQExZXoxqUW2wpNDZPJTTt0MgkzN2IJ9Vvc+CtuXCjixoX/4vSx8HVg4Mw593LvPWEmhUHX/XCmpmdm5+YXFktLyyura+X1jYZJc82hzlOZ6uuQGZBCQR0FSrjONLAklNAMe2dDv3kL2ohUXWE/g3bCOkrEgjO0UlA+9hHusKgBT22ZUJ3BvZ8w7IYxbd7s+ULR8TektZsiCjwfRQKGRsH+IChX3Ko7Av1LvAmpkAkugvKbH6U8T0Ahl8yYludm2C6YRsElDEp+biBjvMc60LJUMTupXYxuHNAdq0Q0TrV9CulI/d5RsMSYfhLayuHC5rc3FP/zWjnGR+1CqCxHUHw8KM4lxZQOA6OR0MBR9i1hXAu7K+VdphlHG2vJhuD9PvkvaexXPbfqXR5UTk4ncSyQLbJNdolHDskJOScXpE44eSBP5IW8Oo/Os/PmvI9Lp5xJzyb5AefzC6jNpNM=</latexit><latexit sha1_base64="ii9M5HqPO2bV7Y080va7Pt5yR9Y=">AAACI3icbVDLSsNAFJ34tr6qLt0MFkFclEQExZXoxqUW2wpNDZPJTTt0MgkzN2IJ9Vvc+CtuXCjixoX/4vSx8HVg4Mw593LvPWEmhUHX/XCmpmdm5+YXFktLyyura+X1jYZJc82hzlOZ6uuQGZBCQR0FSrjONLAklNAMe2dDv3kL2ohUXWE/g3bCOkrEgjO0UlA+9hHusKgBT22ZUJ3BvZ8w7IYxbd7s+ULR8TektZsiCjwfRQKGRsH+IChX3Ko7Av1LvAmpkAkugvKbH6U8T0Ahl8yYludm2C6YRsElDEp+biBjvMc60LJUMTupXYxuHNAdq0Q0TrV9CulI/d5RsMSYfhLayuHC5rc3FP/zWjnGR+1CqCxHUHw8KM4lxZQOA6OR0MBR9i1hXAu7K+VdphlHG2vJhuD9PvkvaexXPbfqXR5UTk4ncSyQLbJNdolHDskJOScXpE44eSBP5IW8Oo/Os/PmvI9Lp5xJzyb5AefzC6jNpNM=</latexit><latexit sha1_base64="ii9M5HqPO2bV7Y080va7Pt5yR9Y=">AAACI3icbVDLSsNAFJ34tr6qLt0MFkFclEQExZXoxqUW2wpNDZPJTTt0MgkzN2IJ9Vvc+CtuXCjixoX/4vSx8HVg4Mw593LvPWEmhUHX/XCmpmdm5+YXFktLyyura+X1jYZJc82hzlOZ6uuQGZBCQR0FSrjONLAklNAMe2dDv3kL2ohUXWE/g3bCOkrEgjO0UlA+9hHusKgBT22ZUJ3BvZ8w7IYxbd7s+ULR8TektZsiCjwfRQKGRsH+IChX3Ko7Av1LvAmpkAkugvKbH6U8T0Ahl8yYludm2C6YRsElDEp+biBjvMc60LJUMTupXYxuHNAdq0Q0TrV9CulI/d5RsMSYfhLayuHC5rc3FP/zWjnGR+1CqCxHUHw8KM4lxZQOA6OR0MBR9i1hXAu7K+VdphlHG2vJhuD9PvkvaexXPbfqXR5UTk4ncSyQLbJNdolHDskJOScXpE44eSBP5IW8Oo/Os/PmvI9Lp5xJzyb5AefzC6jNpNM=</latexit><latexit sha1_base64="ii9M5HqPO2bV7Y080va7Pt5yR9Y=">AAACI3icbVDLSsNAFJ34tr6qLt0MFkFclEQExZXoxqUW2wpNDZPJTTt0MgkzN2IJ9Vvc+CtuXCjixoX/4vSx8HVg4Mw593LvPWEmhUHX/XCmpmdm5+YXFktLyyura+X1jYZJc82hzlOZ6uuQGZBCQR0FSrjONLAklNAMe2dDv3kL2ohUXWE/g3bCOkrEgjO0UlA+9hHusKgBT22ZUJ3BvZ8w7IYxbd7s+ULR8TektZsiCjwfRQKGRsH+IChX3Ko7Av1LvAmpkAkugvKbH6U8T0Ahl8yYludm2C6YRsElDEp+biBjvMc60LJUMTupXYxuHNAdq0Q0TrV9CulI/d5RsMSYfhLayuHC5rc3FP/zWjnGR+1CqCxHUHw8KM4lxZQOA6OR0MBR9i1hXAu7K+VdphlHG2vJhuD9PvkvaexXPbfqXR5UTk4ncSyQLbJNdolHDskJOScXpE44eSBP5IW8Oo/Os/PmvI9Lp5xJzyb5AefzC6jNpNM=</latexit>

⌘<latexit sha1_base64="dPavJRm3dmgrNgQtiQ+CpDGFxio=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMF+wFtKJvtpF272Y27m0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemHCmjed9O4W19Y3NreJ2aWd3b/+gfHjU1DJVFBtUcqnaIdHImcCGYYZjO1FI4pBjKxzdzvzWGJVmUjyYSYJBTAaCRYwSY6VmF59SNu6VK17Vm8NdJX5OKpCj3it/dfuSpjEKQznRuuN7iQkyogyjHKelbqoxIXREBtixVJAYdZDNr526Z1bpu5FUtoRx5+rviYzEWk/i0HbGxAz1sjcT//M6qYmug4yJJDUo6GJRlHLXSHf2uttnCqnhE0sIVcze6tIhUYQaG1DJhuAvv7xKmhdV36v695eV2k0eRxFO4BTOwYcrqMEd1KEBFB7hGV7hzZHOi/PufCxaC04+cwx/4Hz+AMI7jzw=</latexit><latexit sha1_base64="dPavJRm3dmgrNgQtiQ+CpDGFxio=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMF+wFtKJvtpF272Y27m0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemHCmjed9O4W19Y3NreJ2aWd3b/+gfHjU1DJVFBtUcqnaIdHImcCGYYZjO1FI4pBjKxzdzvzWGJVmUjyYSYJBTAaCRYwSY6VmF59SNu6VK17Vm8NdJX5OKpCj3it/dfuSpjEKQznRuuN7iQkyogyjHKelbqoxIXREBtixVJAYdZDNr526Z1bpu5FUtoRx5+rviYzEWk/i0HbGxAz1sjcT//M6qYmug4yJJDUo6GJRlHLXSHf2uttnCqnhE0sIVcze6tIhUYQaG1DJhuAvv7xKmhdV36v695eV2k0eRxFO4BTOwYcrqMEd1KEBFB7hGV7hzZHOi/PufCxaC04+cwx/4Hz+AMI7jzw=</latexit><latexit sha1_base64="dPavJRm3dmgrNgQtiQ+CpDGFxio=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMF+wFtKJvtpF272Y27m0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemHCmjed9O4W19Y3NreJ2aWd3b/+gfHjU1DJVFBtUcqnaIdHImcCGYYZjO1FI4pBjKxzdzvzWGJVmUjyYSYJBTAaCRYwSY6VmF59SNu6VK17Vm8NdJX5OKpCj3it/dfuSpjEKQznRuuN7iQkyogyjHKelbqoxIXREBtixVJAYdZDNr526Z1bpu5FUtoRx5+rviYzEWk/i0HbGxAz1sjcT//M6qYmug4yJJDUo6GJRlHLXSHf2uttnCqnhE0sIVcze6tIhUYQaG1DJhuAvv7xKmhdV36v695eV2k0eRxFO4BTOwYcrqMEd1KEBFB7hGV7hzZHOi/PufCxaC04+cwx/4Hz+AMI7jzw=</latexit><latexit sha1_base64="dPavJRm3dmgrNgQtiQ+CpDGFxio=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMF+wFtKJvtpF272Y27m0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemHCmjed9O4W19Y3NreJ2aWd3b/+gfHjU1DJVFBtUcqnaIdHImcCGYYZjO1FI4pBjKxzdzvzWGJVmUjyYSYJBTAaCRYwSY6VmF59SNu6VK17Vm8NdJX5OKpCj3it/dfuSpjEKQznRuuN7iQkyogyjHKelbqoxIXREBtixVJAYdZDNr526Z1bpu5FUtoRx5+rviYzEWk/i0HbGxAz1sjcT//M6qYmug4yJJDUo6GJRlHLXSHf2uttnCqnhE0sIVcze6tIhUYQaG1DJhuAvv7xKmhdV36v695eV2k0eRxFO4BTOwYcrqMEd1KEBFB7hGV7hzZHOi/PufCxaC04+cwx/4Hz+AMI7jzw=</latexit>
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Side Information and IMC

• Examples of side information
• Graph information (pairwise relationships)
• Estimates of column/row spaces (e.g. in time varying applications)
→ features of users and items

• IMC models side information as knowledge of feature spaces

X
<latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit>

X
<latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit>

X
<latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit>

X
<latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit>

X
<latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit>
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Y>
<latexit sha1_base64="jk9m1AoqnXGNCJHTtJDbX4Hy6CY=">AAAB+XicbVDLSgMxFL1TX7W+Rl26CRbBVZkRQZdFNy4r2Id0asmkmTY0kwxJplCG/okbF4q49U/c+Tdm2llo64HA4Zx7uScnTDjTxvO+ndLa+sbmVnm7srO7t3/gHh61tEwVoU0iuVSdEGvKmaBNwwynnURRHIectsPxbe63J1RpJsWDmSa0F+OhYBEj2Fip77pBjM0ojNDjUxYYmcz6btWreXOgVeIXpAoFGn33KxhIksZUGMKx1l3fS0wvw8owwumsEqSaJpiM8ZB2LRU4prqXzZPP0JlVBiiSyj5h0Fz9vZHhWOtpHNrJPKde9nLxP6+bmui6lzGRpIYKsjgUpRwZifIa0IApSgyfWoKJYjYrIiOsMDG2rIotwV/+8ippXdR8r+bfX1brN0UdZTiBUzgHH66gDnfQgCYQmMAzvMKbkzkvzrvzsRgtOcXOMfyB8/kDi/yTlw==</latexit><latexit sha1_base64="jk9m1AoqnXGNCJHTtJDbX4Hy6CY=">AAAB+XicbVDLSgMxFL1TX7W+Rl26CRbBVZkRQZdFNy4r2Id0asmkmTY0kwxJplCG/okbF4q49U/c+Tdm2llo64HA4Zx7uScnTDjTxvO+ndLa+sbmVnm7srO7t3/gHh61tEwVoU0iuVSdEGvKmaBNwwynnURRHIectsPxbe63J1RpJsWDmSa0F+OhYBEj2Fip77pBjM0ojNDjUxYYmcz6btWreXOgVeIXpAoFGn33KxhIksZUGMKx1l3fS0wvw8owwumsEqSaJpiM8ZB2LRU4prqXzZPP0JlVBiiSyj5h0Fz9vZHhWOtpHNrJPKde9nLxP6+bmui6lzGRpIYKsjgUpRwZifIa0IApSgyfWoKJYjYrIiOsMDG2rIotwV/+8ippXdR8r+bfX1brN0UdZTiBUzgHH66gDnfQgCYQmMAzvMKbkzkvzrvzsRgtOcXOMfyB8/kDi/yTlw==</latexit><latexit sha1_base64="jk9m1AoqnXGNCJHTtJDbX4Hy6CY=">AAAB+XicbVDLSgMxFL1TX7W+Rl26CRbBVZkRQZdFNy4r2Id0asmkmTY0kwxJplCG/okbF4q49U/c+Tdm2llo64HA4Zx7uScnTDjTxvO+ndLa+sbmVnm7srO7t3/gHh61tEwVoU0iuVSdEGvKmaBNwwynnURRHIectsPxbe63J1RpJsWDmSa0F+OhYBEj2Fip77pBjM0ojNDjUxYYmcz6btWreXOgVeIXpAoFGn33KxhIksZUGMKx1l3fS0wvw8owwumsEqSaJpiM8ZB2LRU4prqXzZPP0JlVBiiSyj5h0Fz9vZHhWOtpHNrJPKde9nLxP6+bmui6lzGRpIYKsjgUpRwZifIa0IApSgyfWoKJYjYrIiOsMDG2rIotwV/+8ippXdR8r+bfX1brN0UdZTiBUzgHH66gDnfQgCYQmMAzvMKbkzkvzrvzsRgtOcXOMfyB8/kDi/yTlw==</latexit><latexit sha1_base64="jk9m1AoqnXGNCJHTtJDbX4Hy6CY=">AAAB+XicbVDLSgMxFL1TX7W+Rl26CRbBVZkRQZdFNy4r2Id0asmkmTY0kwxJplCG/okbF4q49U/c+Tdm2llo64HA4Zx7uScnTDjTxvO+ndLa+sbmVnm7srO7t3/gHh61tEwVoU0iuVSdEGvKmaBNwwynnURRHIectsPxbe63J1RpJsWDmSa0F+OhYBEj2Fip77pBjM0ojNDjUxYYmcz6btWreXOgVeIXpAoFGn33KxhIksZUGMKx1l3fS0wvw8owwumsEqSaJpiM8ZB2LRU4prqXzZPP0JlVBiiSyj5h0Fz9vZHhWOtpHNrJPKde9nLxP6+bmui6lzGRpIYKsjgUpRwZifIa0IApSgyfWoKJYjYrIiOsMDG2rIotwV/+8ippXdR8r+bfX1brN0UdZTiBUzgHH66gDnfQgCYQmMAzvMKbkzkvzrvzsRgtOcXOMfyB8/kDi/yTlw==</latexit>

X<latexit sha1_base64="tvYW7ya05yp7CJdF9u/3OpabOpg=">AAAB8HicbVDLSgMxFL2pr1pfVZdugkVwVWZE0GXRjcsK9iHtUDJppg1NMkOSEcrQr3DjQhG3fo47/8ZMOwttPRA4nHMvOfeEieDGet43Kq2tb2xulbcrO7t7+wfVw6O2iVNNWYvGItbdkBgmuGIty61g3UQzIkPBOuHkNvc7T0wbHqsHO01YIMlI8YhTYp302JfEjsMIdwfVmlf35sCrxC9IDQo0B9Wv/jCmqWTKUkGM6fleYoOMaMupYLNKPzUsIXRCRqznqCKSmSCbB57hM6cMcRRr95TFc/X3RkakMVMZusk8oFn2cvE/r5fa6DrIuEpSyxRdfBSlAtsY59fjIdeMWjF1hFDNXVZMx0QTal1HFVeCv3zyKmlf1H2v7t9f1ho3RR1lOIFTOAcfrqABd9CEFlCQ8Ayv8IY0ekHv6GMxWkLFzjH8Afr8AVw6kBo=</latexit><latexit sha1_base64="tvYW7ya05yp7CJdF9u/3OpabOpg=">AAAB8HicbVDLSgMxFL2pr1pfVZdugkVwVWZE0GXRjcsK9iHtUDJppg1NMkOSEcrQr3DjQhG3fo47/8ZMOwttPRA4nHMvOfeEieDGet43Kq2tb2xulbcrO7t7+wfVw6O2iVNNWYvGItbdkBgmuGIty61g3UQzIkPBOuHkNvc7T0wbHqsHO01YIMlI8YhTYp302JfEjsMIdwfVmlf35sCrxC9IDQo0B9Wv/jCmqWTKUkGM6fleYoOMaMupYLNKPzUsIXRCRqznqCKSmSCbB57hM6cMcRRr95TFc/X3RkakMVMZusk8oFn2cvE/r5fa6DrIuEpSyxRdfBSlAtsY59fjIdeMWjF1hFDNXVZMx0QTal1HFVeCv3zyKmlf1H2v7t9f1ho3RR1lOIFTOAcfrqABd9CEFlCQ8Ayv8IY0ekHv6GMxWkLFzjH8Afr8AVw6kBo=</latexit><latexit sha1_base64="tvYW7ya05yp7CJdF9u/3OpabOpg=">AAAB8HicbVDLSgMxFL2pr1pfVZdugkVwVWZE0GXRjcsK9iHtUDJppg1NMkOSEcrQr3DjQhG3fo47/8ZMOwttPRA4nHMvOfeEieDGet43Kq2tb2xulbcrO7t7+wfVw6O2iVNNWYvGItbdkBgmuGIty61g3UQzIkPBOuHkNvc7T0wbHqsHO01YIMlI8YhTYp302JfEjsMIdwfVmlf35sCrxC9IDQo0B9Wv/jCmqWTKUkGM6fleYoOMaMupYLNKPzUsIXRCRqznqCKSmSCbB57hM6cMcRRr95TFc/X3RkakMVMZusk8oFn2cvE/r5fa6DrIuEpSyxRdfBSlAtsY59fjIdeMWjF1hFDNXVZMx0QTal1HFVeCv3zyKmlf1H2v7t9f1ho3RR1lOIFTOAcfrqABd9CEFlCQ8Ayv8IY0ekHv6GMxWkLFzjH8Afr8AVw6kBo=</latexit><latexit sha1_base64="tvYW7ya05yp7CJdF9u/3OpabOpg=">AAAB8HicbVDLSgMxFL2pr1pfVZdugkVwVWZE0GXRjcsK9iHtUDJppg1NMkOSEcrQr3DjQhG3fo47/8ZMOwttPRA4nHMvOfeEieDGet43Kq2tb2xulbcrO7t7+wfVw6O2iVNNWYvGItbdkBgmuGIty61g3UQzIkPBOuHkNvc7T0wbHqsHO01YIMlI8YhTYp302JfEjsMIdwfVmlf35sCrxC9IDQo0B9Wv/jCmqWTKUkGM6fleYoOMaMupYLNKPzUsIXRCRqznqCKSmSCbB57hM6cMcRRr95TFc/X3RkakMVMZusk8oFn2cvE/r5fa6DrIuEpSyxRdfBSlAtsY59fjIdeMWjF1hFDNXVZMx0QTal1HFVeCv3zyKmlf1H2v7t9f1ho3RR1lOIFTOAcfrqABd9CEFlCQ8Ayv8IY0ekHv6GMxWkLFzjH8Afr8AVw6kBo=</latexit>

W⇤
<latexit sha1_base64="dsVFnUausZg3LCaphbbulDThMeU=">AAAB8nicbVDLSsNAFL3xWeur6tLNYBHERUlE0GXRjcsK9gFtLJPppB06mYSZG6GEfoYbF4q49Wvc+TdO2iy09cDA4Zx7mXNPkEhh0HW/nZXVtfWNzdJWeXtnd2+/cnDYMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2Mb3O//cS1EbF6wEnC/YgOlQgFo2ilbi+iOApC0n4871eqbs2dgSwTryBVKNDoV756g5ilEVfIJDWm67kJ+hnVKJjk03IvNTyhbEyHvGupohE3fjaLPCWnVhmQMNb2KSQz9fdGRiNjJlFgJ/OIZtHLxf+8borhtZ8JlaTIFZt/FKaSYEzy+8lAaM5QTiyhTAublbAR1ZShbalsS/AWT14mrYua59a8+8tq/aaoowTHcAJn4MEV1OEOGtAEBjE8wyu8Oei8OO/Ox3x0xSl2juAPnM8febeQtQ==</latexit><latexit sha1_base64="dsVFnUausZg3LCaphbbulDThMeU=">AAAB8nicbVDLSsNAFL3xWeur6tLNYBHERUlE0GXRjcsK9gFtLJPppB06mYSZG6GEfoYbF4q49Wvc+TdO2iy09cDA4Zx7mXNPkEhh0HW/nZXVtfWNzdJWeXtnd2+/cnDYMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2Mb3O//cS1EbF6wEnC/YgOlQgFo2ilbi+iOApC0n4871eqbs2dgSwTryBVKNDoV756g5ilEVfIJDWm67kJ+hnVKJjk03IvNTyhbEyHvGupohE3fjaLPCWnVhmQMNb2KSQz9fdGRiNjJlFgJ/OIZtHLxf+8borhtZ8JlaTIFZt/FKaSYEzy+8lAaM5QTiyhTAublbAR1ZShbalsS/AWT14mrYua59a8+8tq/aaoowTHcAJn4MEV1OEOGtAEBjE8wyu8Oei8OO/Ox3x0xSl2juAPnM8febeQtQ==</latexit><latexit sha1_base64="dsVFnUausZg3LCaphbbulDThMeU=">AAAB8nicbVDLSsNAFL3xWeur6tLNYBHERUlE0GXRjcsK9gFtLJPppB06mYSZG6GEfoYbF4q49Wvc+TdO2iy09cDA4Zx7mXNPkEhh0HW/nZXVtfWNzdJWeXtnd2+/cnDYMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2Mb3O//cS1EbF6wEnC/YgOlQgFo2ilbi+iOApC0n4871eqbs2dgSwTryBVKNDoV756g5ilEVfIJDWm67kJ+hnVKJjk03IvNTyhbEyHvGupohE3fjaLPCWnVhmQMNb2KSQz9fdGRiNjJlFgJ/OIZtHLxf+8borhtZ8JlaTIFZt/FKaSYEzy+8lAaM5QTiyhTAublbAR1ZShbalsS/AWT14mrYua59a8+8tq/aaoowTHcAJn4MEV1OEOGtAEBjE8wyu8Oei8OO/Ox3x0xSl2juAPnM8febeQtQ==</latexit><latexit sha1_base64="dsVFnUausZg3LCaphbbulDThMeU=">AAAB8nicbVDLSsNAFL3xWeur6tLNYBHERUlE0GXRjcsK9gFtLJPppB06mYSZG6GEfoYbF4q49Wvc+TdO2iy09cDA4Zx7mXNPkEhh0HW/nZXVtfWNzdJWeXtnd2+/cnDYMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2Mb3O//cS1EbF6wEnC/YgOlQgFo2ilbi+iOApC0n4871eqbs2dgSwTryBVKNDoV756g5ilEVfIJDWm67kJ+hnVKJjk03IvNTyhbEyHvGupohE3fjaLPCWnVhmQMNb2KSQz9fdGRiNjJlFgJ/OIZtHLxf+8borhtZ8JlaTIFZt/FKaSYEzy+8lAaM5QTiyhTAublbAR1ZShbalsS/AWT14mrYua59a8+8tq/aaoowTHcAJn4MEV1OEOGtAEBjE8wyu8Oei8OO/Ox3x0xSl2juAPnM8febeQtQ==</latexit>

M⇤
<latexit sha1_base64="a9yos+eAhPMJhP/OLJ4lqM01wXs=">AAAB8nicbVDLSgMxFM3UV62vqks3wSKIizIjgi6LbtwIFewDpmPJpJk2NJMMyR2hDP0MNy4UcevXuPNvzLSz0NYDgcM595JzT5gIbsB1v53Syura+kZ5s7K1vbO7V90/aBuVaspaVAmluyExTHDJWsBBsG6iGYlDwTrh+Cb3O09MG67kA0wSFsRkKHnEKQEr+b2YwCiM8N3jWb9ac+vuDHiZeAWpoQLNfvWrN1A0jZkEKogxvucmEGREA6eCTSu91LCE0DEZMt9SSWJmgmwWeYpPrDLAkdL2ScAz9fdGRmJjJnFoJ/OIZtHLxf88P4XoKsi4TFJgks4/ilKBQeH8fjzgmlEQE0sI1dxmxXRENKFgW6rYErzFk5dJ+7zuuXXv/qLWuC7qKKMjdIxOkYcuUQPdoiZqIYoUekav6M0B58V5dz7moyWn2DlEf+B8/gBqe5Cr</latexit><latexit sha1_base64="a9yos+eAhPMJhP/OLJ4lqM01wXs=">AAAB8nicbVDLSgMxFM3UV62vqks3wSKIizIjgi6LbtwIFewDpmPJpJk2NJMMyR2hDP0MNy4UcevXuPNvzLSz0NYDgcM595JzT5gIbsB1v53Syura+kZ5s7K1vbO7V90/aBuVaspaVAmluyExTHDJWsBBsG6iGYlDwTrh+Cb3O09MG67kA0wSFsRkKHnEKQEr+b2YwCiM8N3jWb9ac+vuDHiZeAWpoQLNfvWrN1A0jZkEKogxvucmEGREA6eCTSu91LCE0DEZMt9SSWJmgmwWeYpPrDLAkdL2ScAz9fdGRmJjJnFoJ/OIZtHLxf88P4XoKsi4TFJgks4/ilKBQeH8fjzgmlEQE0sI1dxmxXRENKFgW6rYErzFk5dJ+7zuuXXv/qLWuC7qKKMjdIxOkYcuUQPdoiZqIYoUekav6M0B58V5dz7moyWn2DlEf+B8/gBqe5Cr</latexit><latexit sha1_base64="a9yos+eAhPMJhP/OLJ4lqM01wXs=">AAAB8nicbVDLSgMxFM3UV62vqks3wSKIizIjgi6LbtwIFewDpmPJpJk2NJMMyR2hDP0MNy4UcevXuPNvzLSz0NYDgcM595JzT5gIbsB1v53Syura+kZ5s7K1vbO7V90/aBuVaspaVAmluyExTHDJWsBBsG6iGYlDwTrh+Cb3O09MG67kA0wSFsRkKHnEKQEr+b2YwCiM8N3jWb9ac+vuDHiZeAWpoQLNfvWrN1A0jZkEKogxvucmEGREA6eCTSu91LCE0DEZMt9SSWJmgmwWeYpPrDLAkdL2ScAz9fdGRmJjJnFoJ/OIZtHLxf88P4XoKsi4TFJgks4/ilKBQeH8fjzgmlEQE0sI1dxmxXRENKFgW6rYErzFk5dJ+7zuuXXv/qLWuC7qKKMjdIxOkYcuUQPdoiZqIYoUekav6M0B58V5dz7moyWn2DlEf+B8/gBqe5Cr</latexit><latexit sha1_base64="a9yos+eAhPMJhP/OLJ4lqM01wXs=">AAAB8nicbVDLSgMxFM3UV62vqks3wSKIizIjgi6LbtwIFewDpmPJpJk2NJMMyR2hDP0MNy4UcevXuPNvzLSz0NYDgcM595JzT5gIbsB1v53Syura+kZ5s7K1vbO7V90/aBuVaspaVAmluyExTHDJWsBBsG6iGYlDwTrh+Cb3O09MG67kA0wSFsRkKHnEKQEr+b2YwCiM8N3jWb9ac+vuDHiZeAWpoQLNfvWrN1A0jZkEKogxvucmEGREA6eCTSu91LCE0DEZMt9SSWJmgmwWeYpPrDLAkdL2ScAz9fdGRmJjJnFoJ/OIZtHLxf88P4XoKsi4TFJgks4/ilKBQeH8fjzgmlEQE0sI1dxmxXRENKFgW6rYErzFk5dJ+7zuuXXv/qLWuC7qKKMjdIxOkYcuUQPdoiZqIYoUekav6M0B58V5dz7moyWn2DlEf+B8/gBqe5Cr</latexit>

X
<latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit>

X
<latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit>

=<latexit sha1_base64="DmNMk2YXYyTv+zN0rWXYwO/YuLg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpv57SdUmsfywUwS9CM6lDzkjBorNW765Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2m0eRxFO4BTOwYMrqME91KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AIzNjME=</latexit><latexit sha1_base64="DmNMk2YXYyTv+zN0rWXYwO/YuLg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpv57SdUmsfywUwS9CM6lDzkjBorNW765Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2m0eRxFO4BTOwYMrqME91KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AIzNjME=</latexit><latexit sha1_base64="DmNMk2YXYyTv+zN0rWXYwO/YuLg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpv57SdUmsfywUwS9CM6lDzkjBorNW765Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2m0eRxFO4BTOwYMrqME91KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AIzNjME=</latexit><latexit sha1_base64="DmNMk2YXYyTv+zN0rWXYwO/YuLg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpv57SdUmsfywUwS9CM6lDzkjBorNW765Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2m0eRxFO4BTOwYMrqME91KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AIzNjME=</latexit>

d1
<latexit sha1_base64="Drhj6lE2qenVqrsOzi9XNVF17JE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK9gPaUDabTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuBtRwKRRvoUDJu6nmNA4k7wTj25nfeeLaiEQ94iTlfkyHSkSCUbTSQzjwBtWaW3fnIKvEK0gNCjQH1a9+mLAs5gqZpMb0PDdFP6caBZN8WulnhqeUjemQ9yxVNObGz+enTsmZVUISJdqWQjJXf0/kNDZmEge2M6Y4MsveTPzP62UYXfu5UGmGXLHFoiiTBBMy+5uEQnOGcmIJZVrYWwkbUU0Z2nQqNgRv+eVV0r6oe27du7+sNW6KOMpwAqdwDh5cQQPuoAktYDCEZ3iFN0c6L86787FoLTnFzDH8gfP5A+0pjYw=</latexit><latexit sha1_base64="Drhj6lE2qenVqrsOzi9XNVF17JE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK9gPaUDabTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuBtRwKRRvoUDJu6nmNA4k7wTj25nfeeLaiEQ94iTlfkyHSkSCUbTSQzjwBtWaW3fnIKvEK0gNCjQH1a9+mLAs5gqZpMb0PDdFP6caBZN8WulnhqeUjemQ9yxVNObGz+enTsmZVUISJdqWQjJXf0/kNDZmEge2M6Y4MsveTPzP62UYXfu5UGmGXLHFoiiTBBMy+5uEQnOGcmIJZVrYWwkbUU0Z2nQqNgRv+eVV0r6oe27du7+sNW6KOMpwAqdwDh5cQQPuoAktYDCEZ3iFN0c6L86787FoLTnFzDH8gfP5A+0pjYw=</latexit><latexit sha1_base64="Drhj6lE2qenVqrsOzi9XNVF17JE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK9gPaUDabTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuBtRwKRRvoUDJu6nmNA4k7wTj25nfeeLaiEQ94iTlfkyHSkSCUbTSQzjwBtWaW3fnIKvEK0gNCjQH1a9+mLAs5gqZpMb0PDdFP6caBZN8WulnhqeUjemQ9yxVNObGz+enTsmZVUISJdqWQjJXf0/kNDZmEge2M6Y4MsveTPzP62UYXfu5UGmGXLHFoiiTBBMy+5uEQnOGcmIJZVrYWwkbUU0Z2nQqNgRv+eVV0r6oe27du7+sNW6KOMpwAqdwDh5cQQPuoAktYDCEZ3iFN0c6L86787FoLTnFzDH8gfP5A+0pjYw=</latexit><latexit sha1_base64="Drhj6lE2qenVqrsOzi9XNVF17JE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK9gPaUDabTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuBtRwKRRvoUDJu6nmNA4k7wTj25nfeeLaiEQ94iTlfkyHSkSCUbTSQzjwBtWaW3fnIKvEK0gNCjQH1a9+mLAs5gqZpMb0PDdFP6caBZN8WulnhqeUjemQ9yxVNObGz+enTsmZVUISJdqWQjJXf0/kNDZmEge2M6Y4MsveTPzP62UYXfu5UGmGXLHFoiiTBBMy+5uEQnOGcmIJZVrYWwkbUU0Z2nQqNgRv+eVV0r6oe27du7+sNW6KOMpwAqdwDh5cQQPuoAktYDCEZ3iFN0c6L86787FoLTnFzDH8gfP5A+0pjYw=</latexit>

d2
<latexit sha1_base64="M3fMICEIr744ZYUy2Um/W3Z16sU=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fj04rGi/YA2lM1m0i7dbMLuRiihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIphi2WiER1A6pRcIktw43AbqqQxoHATjC+nfmdJ1SaJ/LRTFL0YzqUPOKMGis9hIP6oFJ1a+4cZJV4BalCgeag8tUPE5bFKA0TVOue56bGz6kynAmclvuZxpSyMR1iz1JJY9R+Pj91Ss6tEpIoUbakIXP190ROY60ncWA7Y2pGetmbif95vcxE137OZZoZlGyxKMoEMQmZ/U1CrpAZMbGEMsXtrYSNqKLM2HTKNgRv+eVV0q7XPLfm3V9WGzdFHCU4hTO4AA+uoAF30IQWMBjCM7zCmyOcF+fd+Vi0rjnFzAn8gfP5A+6tjY0=</latexit><latexit sha1_base64="M3fMICEIr744ZYUy2Um/W3Z16sU=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fj04rGi/YA2lM1m0i7dbMLuRiihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIphi2WiER1A6pRcIktw43AbqqQxoHATjC+nfmdJ1SaJ/LRTFL0YzqUPOKMGis9hIP6oFJ1a+4cZJV4BalCgeag8tUPE5bFKA0TVOue56bGz6kynAmclvuZxpSyMR1iz1JJY9R+Pj91Ss6tEpIoUbakIXP190ROY60ncWA7Y2pGetmbif95vcxE137OZZoZlGyxKMoEMQmZ/U1CrpAZMbGEMsXtrYSNqKLM2HTKNgRv+eVV0q7XPLfm3V9WGzdFHCU4hTO4AA+uoAF30IQWMBjCM7zCmyOcF+fd+Vi0rjnFzAn8gfP5A+6tjY0=</latexit><latexit sha1_base64="M3fMICEIr744ZYUy2Um/W3Z16sU=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fj04rGi/YA2lM1m0i7dbMLuRiihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIphi2WiER1A6pRcIktw43AbqqQxoHATjC+nfmdJ1SaJ/LRTFL0YzqUPOKMGis9hIP6oFJ1a+4cZJV4BalCgeag8tUPE5bFKA0TVOue56bGz6kynAmclvuZxpSyMR1iz1JJY9R+Pj91Ss6tEpIoUbakIXP190ROY60ncWA7Y2pGetmbif95vcxE137OZZoZlGyxKMoEMQmZ/U1CrpAZMbGEMsXtrYSNqKLM2HTKNgRv+eVV0q7XPLfm3V9WGzdFHCU4hTO4AA+uoAF30IQWMBjCM7zCmyOcF+fd+Vi0rjnFzAn8gfP5A+6tjY0=</latexit><latexit sha1_base64="M3fMICEIr744ZYUy2Um/W3Z16sU=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fj04rGi/YA2lM1m0i7dbMLuRiihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIphi2WiER1A6pRcIktw43AbqqQxoHATjC+nfmdJ1SaJ/LRTFL0YzqUPOKMGis9hIP6oFJ1a+4cZJV4BalCgeag8tUPE5bFKA0TVOue56bGz6kynAmclvuZxpSyMR1iz1JJY9R+Pj91Ss6tEpIoUbakIXP190ROY60ncWA7Y2pGetmbif95vcxE137OZZoZlGyxKMoEMQmZ/U1CrpAZMbGEMsXtrYSNqKLM2HTKNgRv+eVV0q7XPLfm3V9WGzdFHCU4hTO4AA+uoAF30IQWMBjCM7zCmyOcF+fd+Vi0rjnFzAn8gfP5A+6tjY0=</latexit>

n1
<latexit sha1_base64="TbOVm4a1bj7EWv2q2BG16ZUEIEA=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis9yL7fd6tezZuDrBK/IFUo0Oi7X71BwrIYpWGCat31vdQEOVWGM4HTSi/TmFI2pkPsWippjDrI56dOyZlVBiRKlC1pyFz9PZHTWOtJHNrOmJqRXvZm4n9eNzPRdZBzmWYGJVssijJBTEJmf5MBV8iMmFhCmeL2VsJGVFFmbDoVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AfxljZY=</latexit><latexit sha1_base64="TbOVm4a1bj7EWv2q2BG16ZUEIEA=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis9yL7fd6tezZuDrBK/IFUo0Oi7X71BwrIYpWGCat31vdQEOVWGM4HTSi/TmFI2pkPsWippjDrI56dOyZlVBiRKlC1pyFz9PZHTWOtJHNrOmJqRXvZm4n9eNzPRdZBzmWYGJVssijJBTEJmf5MBV8iMmFhCmeL2VsJGVFFmbDoVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AfxljZY=</latexit><latexit sha1_base64="TbOVm4a1bj7EWv2q2BG16ZUEIEA=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis9yL7fd6tezZuDrBK/IFUo0Oi7X71BwrIYpWGCat31vdQEOVWGM4HTSi/TmFI2pkPsWippjDrI56dOyZlVBiRKlC1pyFz9PZHTWOtJHNrOmJqRXvZm4n9eNzPRdZBzmWYGJVssijJBTEJmf5MBV8iMmFhCmeL2VsJGVFFmbDoVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AfxljZY=</latexit><latexit sha1_base64="TbOVm4a1bj7EWv2q2BG16ZUEIEA=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis9yL7fd6tezZuDrBK/IFUo0Oi7X71BwrIYpWGCat31vdQEOVWGM4HTSi/TmFI2pkPsWippjDrI56dOyZlVBiRKlC1pyFz9PZHTWOtJHNrOmJqRXvZm4n9eNzPRdZBzmWYGJVssijJBTEJmf5MBV8iMmFhCmeL2VsJGVFFmbDoVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AfxljZY=</latexit>

n2
<latexit sha1_base64="bjIC+35MlRj3rmKoxI1XWIuyzrA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD2pQG5QrbtVdgKwTLycVyNEclL/6w5ilEVfIJDWm57kJ+hnVKJjks1I/NTyhbEJHvGepohE3frY4dUYurDIkYaxtKSQL9fdERiNjplFgOyOKY7PqzcX/vF6K4bWfCZWkyBVbLgpTSTAm87/JUGjOUE4toUwLeythY6opQ5tOyYbgrb68Ttq1qudWvfurSuMmj6MIZ3AOl+BBHRpwB01oAYMRPMMrvDnSeXHenY9la8HJZ07hD5zPH/3pjZc=</latexit><latexit sha1_base64="bjIC+35MlRj3rmKoxI1XWIuyzrA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD2pQG5QrbtVdgKwTLycVyNEclL/6w5ilEVfIJDWm57kJ+hnVKJjks1I/NTyhbEJHvGepohE3frY4dUYurDIkYaxtKSQL9fdERiNjplFgOyOKY7PqzcX/vF6K4bWfCZWkyBVbLgpTSTAm87/JUGjOUE4toUwLeythY6opQ5tOyYbgrb68Ttq1qudWvfurSuMmj6MIZ3AOl+BBHRpwB01oAYMRPMMrvDnSeXHenY9la8HJZ07hD5zPH/3pjZc=</latexit><latexit sha1_base64="bjIC+35MlRj3rmKoxI1XWIuyzrA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD2pQG5QrbtVdgKwTLycVyNEclL/6w5ilEVfIJDWm57kJ+hnVKJjks1I/NTyhbEJHvGepohE3frY4dUYurDIkYaxtKSQL9fdERiNjplFgOyOKY7PqzcX/vF6K4bWfCZWkyBVbLgpTSTAm87/JUGjOUE4toUwLeythY6opQ5tOyYbgrb68Ttq1qudWvfurSuMmj6MIZ3AOl+BBHRpwB01oAYMRPMMrvDnSeXHenY9la8HJZ07hD5zPH/3pjZc=</latexit><latexit sha1_base64="bjIC+35MlRj3rmKoxI1XWIuyzrA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD2pQG5QrbtVdgKwTLycVyNEclL/6w5ilEVfIJDWm57kJ+hnVKJjks1I/NTyhbEJHvGepohE3frY4dUYurDIkYaxtKSQL9fdERiNjplFgOyOKY7PqzcX/vF6K4bWfCZWkyBVbLgpTSTAm87/JUGjOUE4toUwLeythY6opQ5tOyYbgrb68Ttq1qudWvfurSuMmj6MIZ3AOl+BBHRpwB01oAYMRPMMrvDnSeXHenY9la8HJZ07hD5zPH/3pjZc=</latexit>

min
W∈Rd1×d2

∥∥M∗
Ω −

[
XWYT

]
Ω

∥∥2

F
s.t. rank(W) ≤ r

Completing M⇤
⌦ 2 Rn1⇥n2

<latexit sha1_base64="penjk1ykvd/c5V5mab3G2YmJdSo="></latexit><latexit sha1_base64="penjk1ykvd/c5V5mab3G2YmJdSo="></latexit><latexit sha1_base64="penjk1ykvd/c5V5mab3G2YmJdSo="></latexit><latexit sha1_base64="penjk1ykvd/c5V5mab3G2YmJdSo="></latexit>

Recovering W⇤ 2 Rd1⇥d2
<latexit sha1_base64="ii9M5HqPO2bV7Y080va7Pt5yR9Y=">AAACI3icbVDLSsNAFJ34tr6qLt0MFkFclEQExZXoxqUW2wpNDZPJTTt0MgkzN2IJ9Vvc+CtuXCjixoX/4vSx8HVg4Mw593LvPWEmhUHX/XCmpmdm5+YXFktLyyura+X1jYZJc82hzlOZ6uuQGZBCQR0FSrjONLAklNAMe2dDv3kL2ohUXWE/g3bCOkrEgjO0UlA+9hHusKgBT22ZUJ3BvZ8w7IYxbd7s+ULR8TektZsiCjwfRQKGRsH+IChX3Ko7Av1LvAmpkAkugvKbH6U8T0Ahl8yYludm2C6YRsElDEp+biBjvMc60LJUMTupXYxuHNAdq0Q0TrV9CulI/d5RsMSYfhLayuHC5rc3FP/zWjnGR+1CqCxHUHw8KM4lxZQOA6OR0MBR9i1hXAu7K+VdphlHG2vJhuD9PvkvaexXPbfqXR5UTk4ncSyQLbJNdolHDskJOScXpE44eSBP5IW8Oo/Os/PmvI9Lp5xJzyb5AefzC6jNpNM=</latexit><latexit sha1_base64="ii9M5HqPO2bV7Y080va7Pt5yR9Y=">AAACI3icbVDLSsNAFJ34tr6qLt0MFkFclEQExZXoxqUW2wpNDZPJTTt0MgkzN2IJ9Vvc+CtuXCjixoX/4vSx8HVg4Mw593LvPWEmhUHX/XCmpmdm5+YXFktLyyura+X1jYZJc82hzlOZ6uuQGZBCQR0FSrjONLAklNAMe2dDv3kL2ohUXWE/g3bCOkrEgjO0UlA+9hHusKgBT22ZUJ3BvZ8w7IYxbd7s+ULR8TektZsiCjwfRQKGRsH+IChX3Ko7Av1LvAmpkAkugvKbH6U8T0Ahl8yYludm2C6YRsElDEp+biBjvMc60LJUMTupXYxuHNAdq0Q0TrV9CulI/d5RsMSYfhLayuHC5rc3FP/zWjnGR+1CqCxHUHw8KM4lxZQOA6OR0MBR9i1hXAu7K+VdphlHG2vJhuD9PvkvaexXPbfqXR5UTk4ncSyQLbJNdolHDskJOScXpE44eSBP5IW8Oo/Os/PmvI9Lp5xJzyb5AefzC6jNpNM=</latexit><latexit sha1_base64="ii9M5HqPO2bV7Y080va7Pt5yR9Y=">AAACI3icbVDLSsNAFJ34tr6qLt0MFkFclEQExZXoxqUW2wpNDZPJTTt0MgkzN2IJ9Vvc+CtuXCjixoX/4vSx8HVg4Mw593LvPWEmhUHX/XCmpmdm5+YXFktLyyura+X1jYZJc82hzlOZ6uuQGZBCQR0FSrjONLAklNAMe2dDv3kL2ohUXWE/g3bCOkrEgjO0UlA+9hHusKgBT22ZUJ3BvZ8w7IYxbd7s+ULR8TektZsiCjwfRQKGRsH+IChX3Ko7Av1LvAmpkAkugvKbH6U8T0Ahl8yYludm2C6YRsElDEp+biBjvMc60LJUMTupXYxuHNAdq0Q0TrV9CulI/d5RsMSYfhLayuHC5rc3FP/zWjnGR+1CqCxHUHw8KM4lxZQOA6OR0MBR9i1hXAu7K+VdphlHG2vJhuD9PvkvaexXPbfqXR5UTk4ncSyQLbJNdolHDskJOScXpE44eSBP5IW8Oo/Os/PmvI9Lp5xJzyb5AefzC6jNpNM=</latexit><latexit sha1_base64="ii9M5HqPO2bV7Y080va7Pt5yR9Y=">AAACI3icbVDLSsNAFJ34tr6qLt0MFkFclEQExZXoxqUW2wpNDZPJTTt0MgkzN2IJ9Vvc+CtuXCjixoX/4vSx8HVg4Mw593LvPWEmhUHX/XCmpmdm5+YXFktLyyura+X1jYZJc82hzlOZ6uuQGZBCQR0FSrjONLAklNAMe2dDv3kL2ohUXWE/g3bCOkrEgjO0UlA+9hHusKgBT22ZUJ3BvZ8w7IYxbd7s+ULR8TektZsiCjwfRQKGRsH+IChX3Ko7Av1LvAmpkAkugvKbH6U8T0Ahl8yYludm2C6YRsElDEp+biBjvMc60LJUMTupXYxuHNAdq0Q0TrV9CulI/d5RsMSYfhLayuHC5rc3FP/zWjnGR+1CqCxHUHw8KM4lxZQOA6OR0MBR9i1hXAu7K+VdphlHG2vJhuD9PvkvaexXPbfqXR5UTk4ncSyQLbJNdolHDskJOScXpE44eSBP5IW8Oo/Os/PmvI9Lp5xJzyb5AefzC6jNpNM=</latexit>

⌘<latexit sha1_base64="dPavJRm3dmgrNgQtiQ+CpDGFxio=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMF+wFtKJvtpF272Y27m0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemHCmjed9O4W19Y3NreJ2aWd3b/+gfHjU1DJVFBtUcqnaIdHImcCGYYZjO1FI4pBjKxzdzvzWGJVmUjyYSYJBTAaCRYwSY6VmF59SNu6VK17Vm8NdJX5OKpCj3it/dfuSpjEKQznRuuN7iQkyogyjHKelbqoxIXREBtixVJAYdZDNr526Z1bpu5FUtoRx5+rviYzEWk/i0HbGxAz1sjcT//M6qYmug4yJJDUo6GJRlHLXSHf2uttnCqnhE0sIVcze6tIhUYQaG1DJhuAvv7xKmhdV36v695eV2k0eRxFO4BTOwYcrqMEd1KEBFB7hGV7hzZHOi/PufCxaC04+cwx/4Hz+AMI7jzw=</latexit><latexit sha1_base64="dPavJRm3dmgrNgQtiQ+CpDGFxio=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMF+wFtKJvtpF272Y27m0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemHCmjed9O4W19Y3NreJ2aWd3b/+gfHjU1DJVFBtUcqnaIdHImcCGYYZjO1FI4pBjKxzdzvzWGJVmUjyYSYJBTAaCRYwSY6VmF59SNu6VK17Vm8NdJX5OKpCj3it/dfuSpjEKQznRuuN7iQkyogyjHKelbqoxIXREBtixVJAYdZDNr526Z1bpu5FUtoRx5+rviYzEWk/i0HbGxAz1sjcT//M6qYmug4yJJDUo6GJRlHLXSHf2uttnCqnhE0sIVcze6tIhUYQaG1DJhuAvv7xKmhdV36v695eV2k0eRxFO4BTOwYcrqMEd1KEBFB7hGV7hzZHOi/PufCxaC04+cwx/4Hz+AMI7jzw=</latexit><latexit sha1_base64="dPavJRm3dmgrNgQtiQ+CpDGFxio=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMF+wFtKJvtpF272Y27m0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemHCmjed9O4W19Y3NreJ2aWd3b/+gfHjU1DJVFBtUcqnaIdHImcCGYYZjO1FI4pBjKxzdzvzWGJVmUjyYSYJBTAaCRYwSY6VmF59SNu6VK17Vm8NdJX5OKpCj3it/dfuSpjEKQznRuuN7iQkyogyjHKelbqoxIXREBtixVJAYdZDNr526Z1bpu5FUtoRx5+rviYzEWk/i0HbGxAz1sjcT//M6qYmug4yJJDUo6GJRlHLXSHf2uttnCqnhE0sIVcze6tIhUYQaG1DJhuAvv7xKmhdV36v695eV2k0eRxFO4BTOwYcrqMEd1KEBFB7hGV7hzZHOi/PufCxaC04+cwx/4Hz+AMI7jzw=</latexit><latexit sha1_base64="dPavJRm3dmgrNgQtiQ+CpDGFxio=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMF+wFtKJvtpF272Y27m0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemHCmjed9O4W19Y3NreJ2aWd3b/+gfHjU1DJVFBtUcqnaIdHImcCGYYZjO1FI4pBjKxzdzvzWGJVmUjyYSYJBTAaCRYwSY6VmF59SNu6VK17Vm8NdJX5OKpCj3it/dfuSpjEKQznRuuN7iQkyogyjHKelbqoxIXREBtixVJAYdZDNr526Z1bpu5FUtoRx5+rviYzEWk/i0HbGxAz1sjcT//M6qYmug4yJJDUo6GJRlHLXSHf2uttnCqnhE0sIVcze6tIhUYQaG1DJhuAvv7xKmhdV36v695eV2k0eRxFO4BTOwYcrqMEd1KEBFB7hGV7hzZHOi/PufCxaC04+cwx/4Hz+AMI7jzw=</latexit>
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Side Information and IMC

• Examples of side information
• Graph information (pairwise relationships)
• Estimates of column/row spaces (e.g. in time varying applications)
→ features of users and items

• IMC models side information as knowledge of feature spaces

X
<latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit>

X
<latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit>

X
<latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit>

X
<latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit>

X
<latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit>
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<latexit sha1_base64="jk9m1AoqnXGNCJHTtJDbX4Hy6CY=">AAAB+XicbVDLSgMxFL1TX7W+Rl26CRbBVZkRQZdFNy4r2Id0asmkmTY0kwxJplCG/okbF4q49U/c+Tdm2llo64HA4Zx7uScnTDjTxvO+ndLa+sbmVnm7srO7t3/gHh61tEwVoU0iuVSdEGvKmaBNwwynnURRHIectsPxbe63J1RpJsWDmSa0F+OhYBEj2Fip77pBjM0ojNDjUxYYmcz6btWreXOgVeIXpAoFGn33KxhIksZUGMKx1l3fS0wvw8owwumsEqSaJpiM8ZB2LRU4prqXzZPP0JlVBiiSyj5h0Fz9vZHhWOtpHNrJPKde9nLxP6+bmui6lzGRpIYKsjgUpRwZifIa0IApSgyfWoKJYjYrIiOsMDG2rIotwV/+8ippXdR8r+bfX1brN0UdZTiBUzgHH66gDnfQgCYQmMAzvMKbkzkvzrvzsRgtOcXOMfyB8/kDi/yTlw==</latexit><latexit sha1_base64="jk9m1AoqnXGNCJHTtJDbX4Hy6CY=">AAAB+XicbVDLSgMxFL1TX7W+Rl26CRbBVZkRQZdFNy4r2Id0asmkmTY0kwxJplCG/okbF4q49U/c+Tdm2llo64HA4Zx7uScnTDjTxvO+ndLa+sbmVnm7srO7t3/gHh61tEwVoU0iuVSdEGvKmaBNwwynnURRHIectsPxbe63J1RpJsWDmSa0F+OhYBEj2Fip77pBjM0ojNDjUxYYmcz6btWreXOgVeIXpAoFGn33KxhIksZUGMKx1l3fS0wvw8owwumsEqSaJpiM8ZB2LRU4prqXzZPP0JlVBiiSyj5h0Fz9vZHhWOtpHNrJPKde9nLxP6+bmui6lzGRpIYKsjgUpRwZifIa0IApSgyfWoKJYjYrIiOsMDG2rIotwV/+8ippXdR8r+bfX1brN0UdZTiBUzgHH66gDnfQgCYQmMAzvMKbkzkvzrvzsRgtOcXOMfyB8/kDi/yTlw==</latexit><latexit sha1_base64="jk9m1AoqnXGNCJHTtJDbX4Hy6CY=">AAAB+XicbVDLSgMxFL1TX7W+Rl26CRbBVZkRQZdFNy4r2Id0asmkmTY0kwxJplCG/okbF4q49U/c+Tdm2llo64HA4Zx7uScnTDjTxvO+ndLa+sbmVnm7srO7t3/gHh61tEwVoU0iuVSdEGvKmaBNwwynnURRHIectsPxbe63J1RpJsWDmSa0F+OhYBEj2Fip77pBjM0ojNDjUxYYmcz6btWreXOgVeIXpAoFGn33KxhIksZUGMKx1l3fS0wvw8owwumsEqSaJpiM8ZB2LRU4prqXzZPP0JlVBiiSyj5h0Fz9vZHhWOtpHNrJPKde9nLxP6+bmui6lzGRpIYKsjgUpRwZifIa0IApSgyfWoKJYjYrIiOsMDG2rIotwV/+8ippXdR8r+bfX1brN0UdZTiBUzgHH66gDnfQgCYQmMAzvMKbkzkvzrvzsRgtOcXOMfyB8/kDi/yTlw==</latexit><latexit sha1_base64="jk9m1AoqnXGNCJHTtJDbX4Hy6CY=">AAAB+XicbVDLSgMxFL1TX7W+Rl26CRbBVZkRQZdFNy4r2Id0asmkmTY0kwxJplCG/okbF4q49U/c+Tdm2llo64HA4Zx7uScnTDjTxvO+ndLa+sbmVnm7srO7t3/gHh61tEwVoU0iuVSdEGvKmaBNwwynnURRHIectsPxbe63J1RpJsWDmSa0F+OhYBEj2Fip77pBjM0ojNDjUxYYmcz6btWreXOgVeIXpAoFGn33KxhIksZUGMKx1l3fS0wvw8owwumsEqSaJpiM8ZB2LRU4prqXzZPP0JlVBiiSyj5h0Fz9vZHhWOtpHNrJPKde9nLxP6+bmui6lzGRpIYKsjgUpRwZifIa0IApSgyfWoKJYjYrIiOsMDG2rIotwV/+8ippXdR8r+bfX1brN0UdZTiBUzgHH66gDnfQgCYQmMAzvMKbkzkvzrvzsRgtOcXOMfyB8/kDi/yTlw==</latexit>

X<latexit sha1_base64="tvYW7ya05yp7CJdF9u/3OpabOpg=">AAAB8HicbVDLSgMxFL2pr1pfVZdugkVwVWZE0GXRjcsK9iHtUDJppg1NMkOSEcrQr3DjQhG3fo47/8ZMOwttPRA4nHMvOfeEieDGet43Kq2tb2xulbcrO7t7+wfVw6O2iVNNWYvGItbdkBgmuGIty61g3UQzIkPBOuHkNvc7T0wbHqsHO01YIMlI8YhTYp302JfEjsMIdwfVmlf35sCrxC9IDQo0B9Wv/jCmqWTKUkGM6fleYoOMaMupYLNKPzUsIXRCRqznqCKSmSCbB57hM6cMcRRr95TFc/X3RkakMVMZusk8oFn2cvE/r5fa6DrIuEpSyxRdfBSlAtsY59fjIdeMWjF1hFDNXVZMx0QTal1HFVeCv3zyKmlf1H2v7t9f1ho3RR1lOIFTOAcfrqABd9CEFlCQ8Ayv8IY0ekHv6GMxWkLFzjH8Afr8AVw6kBo=</latexit><latexit sha1_base64="tvYW7ya05yp7CJdF9u/3OpabOpg=">AAAB8HicbVDLSgMxFL2pr1pfVZdugkVwVWZE0GXRjcsK9iHtUDJppg1NMkOSEcrQr3DjQhG3fo47/8ZMOwttPRA4nHMvOfeEieDGet43Kq2tb2xulbcrO7t7+wfVw6O2iVNNWYvGItbdkBgmuGIty61g3UQzIkPBOuHkNvc7T0wbHqsHO01YIMlI8YhTYp302JfEjsMIdwfVmlf35sCrxC9IDQo0B9Wv/jCmqWTKUkGM6fleYoOMaMupYLNKPzUsIXRCRqznqCKSmSCbB57hM6cMcRRr95TFc/X3RkakMVMZusk8oFn2cvE/r5fa6DrIuEpSyxRdfBSlAtsY59fjIdeMWjF1hFDNXVZMx0QTal1HFVeCv3zyKmlf1H2v7t9f1ho3RR1lOIFTOAcfrqABd9CEFlCQ8Ayv8IY0ekHv6GMxWkLFzjH8Afr8AVw6kBo=</latexit><latexit sha1_base64="tvYW7ya05yp7CJdF9u/3OpabOpg=">AAAB8HicbVDLSgMxFL2pr1pfVZdugkVwVWZE0GXRjcsK9iHtUDJppg1NMkOSEcrQr3DjQhG3fo47/8ZMOwttPRA4nHMvOfeEieDGet43Kq2tb2xulbcrO7t7+wfVw6O2iVNNWYvGItbdkBgmuGIty61g3UQzIkPBOuHkNvc7T0wbHqsHO01YIMlI8YhTYp302JfEjsMIdwfVmlf35sCrxC9IDQo0B9Wv/jCmqWTKUkGM6fleYoOMaMupYLNKPzUsIXRCRqznqCKSmSCbB57hM6cMcRRr95TFc/X3RkakMVMZusk8oFn2cvE/r5fa6DrIuEpSyxRdfBSlAtsY59fjIdeMWjF1hFDNXVZMx0QTal1HFVeCv3zyKmlf1H2v7t9f1ho3RR1lOIFTOAcfrqABd9CEFlCQ8Ayv8IY0ekHv6GMxWkLFzjH8Afr8AVw6kBo=</latexit><latexit sha1_base64="tvYW7ya05yp7CJdF9u/3OpabOpg=">AAAB8HicbVDLSgMxFL2pr1pfVZdugkVwVWZE0GXRjcsK9iHtUDJppg1NMkOSEcrQr3DjQhG3fo47/8ZMOwttPRA4nHMvOfeEieDGet43Kq2tb2xulbcrO7t7+wfVw6O2iVNNWYvGItbdkBgmuGIty61g3UQzIkPBOuHkNvc7T0wbHqsHO01YIMlI8YhTYp302JfEjsMIdwfVmlf35sCrxC9IDQo0B9Wv/jCmqWTKUkGM6fleYoOMaMupYLNKPzUsIXRCRqznqCKSmSCbB57hM6cMcRRr95TFc/X3RkakMVMZusk8oFn2cvE/r5fa6DrIuEpSyxRdfBSlAtsY59fjIdeMWjF1hFDNXVZMx0QTal1HFVeCv3zyKmlf1H2v7t9f1ho3RR1lOIFTOAcfrqABd9CEFlCQ8Ayv8IY0ekHv6GMxWkLFzjH8Afr8AVw6kBo=</latexit>

W⇤
<latexit sha1_base64="dsVFnUausZg3LCaphbbulDThMeU=">AAAB8nicbVDLSsNAFL3xWeur6tLNYBHERUlE0GXRjcsK9gFtLJPppB06mYSZG6GEfoYbF4q49Wvc+TdO2iy09cDA4Zx7mXNPkEhh0HW/nZXVtfWNzdJWeXtnd2+/cnDYMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2Mb3O//cS1EbF6wEnC/YgOlQgFo2ilbi+iOApC0n4871eqbs2dgSwTryBVKNDoV756g5ilEVfIJDWm67kJ+hnVKJjk03IvNTyhbEyHvGupohE3fjaLPCWnVhmQMNb2KSQz9fdGRiNjJlFgJ/OIZtHLxf+8borhtZ8JlaTIFZt/FKaSYEzy+8lAaM5QTiyhTAublbAR1ZShbalsS/AWT14mrYua59a8+8tq/aaoowTHcAJn4MEV1OEOGtAEBjE8wyu8Oei8OO/Ox3x0xSl2juAPnM8febeQtQ==</latexit><latexit sha1_base64="dsVFnUausZg3LCaphbbulDThMeU=">AAAB8nicbVDLSsNAFL3xWeur6tLNYBHERUlE0GXRjcsK9gFtLJPppB06mYSZG6GEfoYbF4q49Wvc+TdO2iy09cDA4Zx7mXNPkEhh0HW/nZXVtfWNzdJWeXtnd2+/cnDYMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2Mb3O//cS1EbF6wEnC/YgOlQgFo2ilbi+iOApC0n4871eqbs2dgSwTryBVKNDoV756g5ilEVfIJDWm67kJ+hnVKJjk03IvNTyhbEyHvGupohE3fjaLPCWnVhmQMNb2KSQz9fdGRiNjJlFgJ/OIZtHLxf+8borhtZ8JlaTIFZt/FKaSYEzy+8lAaM5QTiyhTAublbAR1ZShbalsS/AWT14mrYua59a8+8tq/aaoowTHcAJn4MEV1OEOGtAEBjE8wyu8Oei8OO/Ox3x0xSl2juAPnM8febeQtQ==</latexit><latexit sha1_base64="dsVFnUausZg3LCaphbbulDThMeU=">AAAB8nicbVDLSsNAFL3xWeur6tLNYBHERUlE0GXRjcsK9gFtLJPppB06mYSZG6GEfoYbF4q49Wvc+TdO2iy09cDA4Zx7mXNPkEhh0HW/nZXVtfWNzdJWeXtnd2+/cnDYMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2Mb3O//cS1EbF6wEnC/YgOlQgFo2ilbi+iOApC0n4871eqbs2dgSwTryBVKNDoV756g5ilEVfIJDWm67kJ+hnVKJjk03IvNTyhbEyHvGupohE3fjaLPCWnVhmQMNb2KSQz9fdGRiNjJlFgJ/OIZtHLxf+8borhtZ8JlaTIFZt/FKaSYEzy+8lAaM5QTiyhTAublbAR1ZShbalsS/AWT14mrYua59a8+8tq/aaoowTHcAJn4MEV1OEOGtAEBjE8wyu8Oei8OO/Ox3x0xSl2juAPnM8febeQtQ==</latexit><latexit sha1_base64="dsVFnUausZg3LCaphbbulDThMeU=">AAAB8nicbVDLSsNAFL3xWeur6tLNYBHERUlE0GXRjcsK9gFtLJPppB06mYSZG6GEfoYbF4q49Wvc+TdO2iy09cDA4Zx7mXNPkEhh0HW/nZXVtfWNzdJWeXtnd2+/cnDYMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2Mb3O//cS1EbF6wEnC/YgOlQgFo2ilbi+iOApC0n4871eqbs2dgSwTryBVKNDoV756g5ilEVfIJDWm67kJ+hnVKJjk03IvNTyhbEyHvGupohE3fjaLPCWnVhmQMNb2KSQz9fdGRiNjJlFgJ/OIZtHLxf+8borhtZ8JlaTIFZt/FKaSYEzy+8lAaM5QTiyhTAublbAR1ZShbalsS/AWT14mrYua59a8+8tq/aaoowTHcAJn4MEV1OEOGtAEBjE8wyu8Oei8OO/Ox3x0xSl2juAPnM8febeQtQ==</latexit>

M⇤
<latexit sha1_base64="a9yos+eAhPMJhP/OLJ4lqM01wXs=">AAAB8nicbVDLSgMxFM3UV62vqks3wSKIizIjgi6LbtwIFewDpmPJpJk2NJMMyR2hDP0MNy4UcevXuPNvzLSz0NYDgcM595JzT5gIbsB1v53Syura+kZ5s7K1vbO7V90/aBuVaspaVAmluyExTHDJWsBBsG6iGYlDwTrh+Cb3O09MG67kA0wSFsRkKHnEKQEr+b2YwCiM8N3jWb9ac+vuDHiZeAWpoQLNfvWrN1A0jZkEKogxvucmEGREA6eCTSu91LCE0DEZMt9SSWJmgmwWeYpPrDLAkdL2ScAz9fdGRmJjJnFoJ/OIZtHLxf88P4XoKsi4TFJgks4/ilKBQeH8fjzgmlEQE0sI1dxmxXRENKFgW6rYErzFk5dJ+7zuuXXv/qLWuC7qKKMjdIxOkYcuUQPdoiZqIYoUekav6M0B58V5dz7moyWn2DlEf+B8/gBqe5Cr</latexit><latexit sha1_base64="a9yos+eAhPMJhP/OLJ4lqM01wXs=">AAAB8nicbVDLSgMxFM3UV62vqks3wSKIizIjgi6LbtwIFewDpmPJpJk2NJMMyR2hDP0MNy4UcevXuPNvzLSz0NYDgcM595JzT5gIbsB1v53Syura+kZ5s7K1vbO7V90/aBuVaspaVAmluyExTHDJWsBBsG6iGYlDwTrh+Cb3O09MG67kA0wSFsRkKHnEKQEr+b2YwCiM8N3jWb9ac+vuDHiZeAWpoQLNfvWrN1A0jZkEKogxvucmEGREA6eCTSu91LCE0DEZMt9SSWJmgmwWeYpPrDLAkdL2ScAz9fdGRmJjJnFoJ/OIZtHLxf88P4XoKsi4TFJgks4/ilKBQeH8fjzgmlEQE0sI1dxmxXRENKFgW6rYErzFk5dJ+7zuuXXv/qLWuC7qKKMjdIxOkYcuUQPdoiZqIYoUekav6M0B58V5dz7moyWn2DlEf+B8/gBqe5Cr</latexit><latexit sha1_base64="a9yos+eAhPMJhP/OLJ4lqM01wXs=">AAAB8nicbVDLSgMxFM3UV62vqks3wSKIizIjgi6LbtwIFewDpmPJpJk2NJMMyR2hDP0MNy4UcevXuPNvzLSz0NYDgcM595JzT5gIbsB1v53Syura+kZ5s7K1vbO7V90/aBuVaspaVAmluyExTHDJWsBBsG6iGYlDwTrh+Cb3O09MG67kA0wSFsRkKHnEKQEr+b2YwCiM8N3jWb9ac+vuDHiZeAWpoQLNfvWrN1A0jZkEKogxvucmEGREA6eCTSu91LCE0DEZMt9SSWJmgmwWeYpPrDLAkdL2ScAz9fdGRmJjJnFoJ/OIZtHLxf88P4XoKsi4TFJgks4/ilKBQeH8fjzgmlEQE0sI1dxmxXRENKFgW6rYErzFk5dJ+7zuuXXv/qLWuC7qKKMjdIxOkYcuUQPdoiZqIYoUekav6M0B58V5dz7moyWn2DlEf+B8/gBqe5Cr</latexit><latexit sha1_base64="a9yos+eAhPMJhP/OLJ4lqM01wXs=">AAAB8nicbVDLSgMxFM3UV62vqks3wSKIizIjgi6LbtwIFewDpmPJpJk2NJMMyR2hDP0MNy4UcevXuPNvzLSz0NYDgcM595JzT5gIbsB1v53Syura+kZ5s7K1vbO7V90/aBuVaspaVAmluyExTHDJWsBBsG6iGYlDwTrh+Cb3O09MG67kA0wSFsRkKHnEKQEr+b2YwCiM8N3jWb9ac+vuDHiZeAWpoQLNfvWrN1A0jZkEKogxvucmEGREA6eCTSu91LCE0DEZMt9SSWJmgmwWeYpPrDLAkdL2ScAz9fdGRmJjJnFoJ/OIZtHLxf88P4XoKsi4TFJgks4/ilKBQeH8fjzgmlEQE0sI1dxmxXRENKFgW6rYErzFk5dJ+7zuuXXv/qLWuC7qKKMjdIxOkYcuUQPdoiZqIYoUekav6M0B58V5dz7moyWn2DlEf+B8/gBqe5Cr</latexit>

X
<latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit>

X
<latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit>

=<latexit sha1_base64="DmNMk2YXYyTv+zN0rWXYwO/YuLg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpv57SdUmsfywUwS9CM6lDzkjBorNW765Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2m0eRxFO4BTOwYMrqME91KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AIzNjME=</latexit><latexit sha1_base64="DmNMk2YXYyTv+zN0rWXYwO/YuLg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpv57SdUmsfywUwS9CM6lDzkjBorNW765Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2m0eRxFO4BTOwYMrqME91KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AIzNjME=</latexit><latexit sha1_base64="DmNMk2YXYyTv+zN0rWXYwO/YuLg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpv57SdUmsfywUwS9CM6lDzkjBorNW765Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2m0eRxFO4BTOwYMrqME91KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AIzNjME=</latexit><latexit sha1_base64="DmNMk2YXYyTv+zN0rWXYwO/YuLg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpv57SdUmsfywUwS9CM6lDzkjBorNW765Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2m0eRxFO4BTOwYMrqME91KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AIzNjME=</latexit>

d1
<latexit sha1_base64="Drhj6lE2qenVqrsOzi9XNVF17JE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK9gPaUDabTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuBtRwKRRvoUDJu6nmNA4k7wTj25nfeeLaiEQ94iTlfkyHSkSCUbTSQzjwBtWaW3fnIKvEK0gNCjQH1a9+mLAs5gqZpMb0PDdFP6caBZN8WulnhqeUjemQ9yxVNObGz+enTsmZVUISJdqWQjJXf0/kNDZmEge2M6Y4MsveTPzP62UYXfu5UGmGXLHFoiiTBBMy+5uEQnOGcmIJZVrYWwkbUU0Z2nQqNgRv+eVV0r6oe27du7+sNW6KOMpwAqdwDh5cQQPuoAktYDCEZ3iFN0c6L86787FoLTnFzDH8gfP5A+0pjYw=</latexit><latexit sha1_base64="Drhj6lE2qenVqrsOzi9XNVF17JE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK9gPaUDabTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuBtRwKRRvoUDJu6nmNA4k7wTj25nfeeLaiEQ94iTlfkyHSkSCUbTSQzjwBtWaW3fnIKvEK0gNCjQH1a9+mLAs5gqZpMb0PDdFP6caBZN8WulnhqeUjemQ9yxVNObGz+enTsmZVUISJdqWQjJXf0/kNDZmEge2M6Y4MsveTPzP62UYXfu5UGmGXLHFoiiTBBMy+5uEQnOGcmIJZVrYWwkbUU0Z2nQqNgRv+eVV0r6oe27du7+sNW6KOMpwAqdwDh5cQQPuoAktYDCEZ3iFN0c6L86787FoLTnFzDH8gfP5A+0pjYw=</latexit><latexit sha1_base64="Drhj6lE2qenVqrsOzi9XNVF17JE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK9gPaUDabTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuBtRwKRRvoUDJu6nmNA4k7wTj25nfeeLaiEQ94iTlfkyHSkSCUbTSQzjwBtWaW3fnIKvEK0gNCjQH1a9+mLAs5gqZpMb0PDdFP6caBZN8WulnhqeUjemQ9yxVNObGz+enTsmZVUISJdqWQjJXf0/kNDZmEge2M6Y4MsveTPzP62UYXfu5UGmGXLHFoiiTBBMy+5uEQnOGcmIJZVrYWwkbUU0Z2nQqNgRv+eVV0r6oe27du7+sNW6KOMpwAqdwDh5cQQPuoAktYDCEZ3iFN0c6L86787FoLTnFzDH8gfP5A+0pjYw=</latexit><latexit sha1_base64="Drhj6lE2qenVqrsOzi9XNVF17JE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK9gPaUDabTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuBtRwKRRvoUDJu6nmNA4k7wTj25nfeeLaiEQ94iTlfkyHSkSCUbTSQzjwBtWaW3fnIKvEK0gNCjQH1a9+mLAs5gqZpMb0PDdFP6caBZN8WulnhqeUjemQ9yxVNObGz+enTsmZVUISJdqWQjJXf0/kNDZmEge2M6Y4MsveTPzP62UYXfu5UGmGXLHFoiiTBBMy+5uEQnOGcmIJZVrYWwkbUU0Z2nQqNgRv+eVV0r6oe27du7+sNW6KOMpwAqdwDh5cQQPuoAktYDCEZ3iFN0c6L86787FoLTnFzDH8gfP5A+0pjYw=</latexit>

d2
<latexit sha1_base64="M3fMICEIr744ZYUy2Um/W3Z16sU=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fj04rGi/YA2lM1m0i7dbMLuRiihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIphi2WiER1A6pRcIktw43AbqqQxoHATjC+nfmdJ1SaJ/LRTFL0YzqUPOKMGis9hIP6oFJ1a+4cZJV4BalCgeag8tUPE5bFKA0TVOue56bGz6kynAmclvuZxpSyMR1iz1JJY9R+Pj91Ss6tEpIoUbakIXP190ROY60ncWA7Y2pGetmbif95vcxE137OZZoZlGyxKMoEMQmZ/U1CrpAZMbGEMsXtrYSNqKLM2HTKNgRv+eVV0q7XPLfm3V9WGzdFHCU4hTO4AA+uoAF30IQWMBjCM7zCmyOcF+fd+Vi0rjnFzAn8gfP5A+6tjY0=</latexit><latexit sha1_base64="M3fMICEIr744ZYUy2Um/W3Z16sU=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fj04rGi/YA2lM1m0i7dbMLuRiihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIphi2WiER1A6pRcIktw43AbqqQxoHATjC+nfmdJ1SaJ/LRTFL0YzqUPOKMGis9hIP6oFJ1a+4cZJV4BalCgeag8tUPE5bFKA0TVOue56bGz6kynAmclvuZxpSyMR1iz1JJY9R+Pj91Ss6tEpIoUbakIXP190ROY60ncWA7Y2pGetmbif95vcxE137OZZoZlGyxKMoEMQmZ/U1CrpAZMbGEMsXtrYSNqKLM2HTKNgRv+eVV0q7XPLfm3V9WGzdFHCU4hTO4AA+uoAF30IQWMBjCM7zCmyOcF+fd+Vi0rjnFzAn8gfP5A+6tjY0=</latexit><latexit sha1_base64="M3fMICEIr744ZYUy2Um/W3Z16sU=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fj04rGi/YA2lM1m0i7dbMLuRiihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIphi2WiER1A6pRcIktw43AbqqQxoHATjC+nfmdJ1SaJ/LRTFL0YzqUPOKMGis9hIP6oFJ1a+4cZJV4BalCgeag8tUPE5bFKA0TVOue56bGz6kynAmclvuZxpSyMR1iz1JJY9R+Pj91Ss6tEpIoUbakIXP190ROY60ncWA7Y2pGetmbif95vcxE137OZZoZlGyxKMoEMQmZ/U1CrpAZMbGEMsXtrYSNqKLM2HTKNgRv+eVV0q7XPLfm3V9WGzdFHCU4hTO4AA+uoAF30IQWMBjCM7zCmyOcF+fd+Vi0rjnFzAn8gfP5A+6tjY0=</latexit><latexit sha1_base64="M3fMICEIr744ZYUy2Um/W3Z16sU=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fj04rGi/YA2lM1m0i7dbMLuRiihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIphi2WiER1A6pRcIktw43AbqqQxoHATjC+nfmdJ1SaJ/LRTFL0YzqUPOKMGis9hIP6oFJ1a+4cZJV4BalCgeag8tUPE5bFKA0TVOue56bGz6kynAmclvuZxpSyMR1iz1JJY9R+Pj91Ss6tEpIoUbakIXP190ROY60ncWA7Y2pGetmbif95vcxE137OZZoZlGyxKMoEMQmZ/U1CrpAZMbGEMsXtrYSNqKLM2HTKNgRv+eVV0q7XPLfm3V9WGzdFHCU4hTO4AA+uoAF30IQWMBjCM7zCmyOcF+fd+Vi0rjnFzAn8gfP5A+6tjY0=</latexit>

n1
<latexit sha1_base64="TbOVm4a1bj7EWv2q2BG16ZUEIEA=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis9yL7fd6tezZuDrBK/IFUo0Oi7X71BwrIYpWGCat31vdQEOVWGM4HTSi/TmFI2pkPsWippjDrI56dOyZlVBiRKlC1pyFz9PZHTWOtJHNrOmJqRXvZm4n9eNzPRdZBzmWYGJVssijJBTEJmf5MBV8iMmFhCmeL2VsJGVFFmbDoVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AfxljZY=</latexit><latexit sha1_base64="TbOVm4a1bj7EWv2q2BG16ZUEIEA=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis9yL7fd6tezZuDrBK/IFUo0Oi7X71BwrIYpWGCat31vdQEOVWGM4HTSi/TmFI2pkPsWippjDrI56dOyZlVBiRKlC1pyFz9PZHTWOtJHNrOmJqRXvZm4n9eNzPRdZBzmWYGJVssijJBTEJmf5MBV8iMmFhCmeL2VsJGVFFmbDoVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AfxljZY=</latexit><latexit sha1_base64="TbOVm4a1bj7EWv2q2BG16ZUEIEA=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis9yL7fd6tezZuDrBK/IFUo0Oi7X71BwrIYpWGCat31vdQEOVWGM4HTSi/TmFI2pkPsWippjDrI56dOyZlVBiRKlC1pyFz9PZHTWOtJHNrOmJqRXvZm4n9eNzPRdZBzmWYGJVssijJBTEJmf5MBV8iMmFhCmeL2VsJGVFFmbDoVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AfxljZY=</latexit><latexit sha1_base64="TbOVm4a1bj7EWv2q2BG16ZUEIEA=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis9yL7fd6tezZuDrBK/IFUo0Oi7X71BwrIYpWGCat31vdQEOVWGM4HTSi/TmFI2pkPsWippjDrI56dOyZlVBiRKlC1pyFz9PZHTWOtJHNrOmJqRXvZm4n9eNzPRdZBzmWYGJVssijJBTEJmf5MBV8iMmFhCmeL2VsJGVFFmbDoVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AfxljZY=</latexit>

n2
<latexit sha1_base64="bjIC+35MlRj3rmKoxI1XWIuyzrA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD2pQG5QrbtVdgKwTLycVyNEclL/6w5ilEVfIJDWm57kJ+hnVKJjks1I/NTyhbEJHvGepohE3frY4dUYurDIkYaxtKSQL9fdERiNjplFgOyOKY7PqzcX/vF6K4bWfCZWkyBVbLgpTSTAm87/JUGjOUE4toUwLeythY6opQ5tOyYbgrb68Ttq1qudWvfurSuMmj6MIZ3AOl+BBHRpwB01oAYMRPMMrvDnSeXHenY9la8HJZ07hD5zPH/3pjZc=</latexit><latexit sha1_base64="bjIC+35MlRj3rmKoxI1XWIuyzrA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD2pQG5QrbtVdgKwTLycVyNEclL/6w5ilEVfIJDWm57kJ+hnVKJjks1I/NTyhbEJHvGepohE3frY4dUYurDIkYaxtKSQL9fdERiNjplFgOyOKY7PqzcX/vF6K4bWfCZWkyBVbLgpTSTAm87/JUGjOUE4toUwLeythY6opQ5tOyYbgrb68Ttq1qudWvfurSuMmj6MIZ3AOl+BBHRpwB01oAYMRPMMrvDnSeXHenY9la8HJZ07hD5zPH/3pjZc=</latexit><latexit sha1_base64="bjIC+35MlRj3rmKoxI1XWIuyzrA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD2pQG5QrbtVdgKwTLycVyNEclL/6w5ilEVfIJDWm57kJ+hnVKJjks1I/NTyhbEJHvGepohE3frY4dUYurDIkYaxtKSQL9fdERiNjplFgOyOKY7PqzcX/vF6K4bWfCZWkyBVbLgpTSTAm87/JUGjOUE4toUwLeythY6opQ5tOyYbgrb68Ttq1qudWvfurSuMmj6MIZ3AOl+BBHRpwB01oAYMRPMMrvDnSeXHenY9la8HJZ07hD5zPH/3pjZc=</latexit><latexit sha1_base64="bjIC+35MlRj3rmKoxI1XWIuyzrA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD2pQG5QrbtVdgKwTLycVyNEclL/6w5ilEVfIJDWm57kJ+hnVKJjks1I/NTyhbEJHvGepohE3frY4dUYurDIkYaxtKSQL9fdERiNjplFgOyOKY7PqzcX/vF6K4bWfCZWkyBVbLgpTSTAm87/JUGjOUE4toUwLeythY6opQ5tOyYbgrb68Ttq1qudWvfurSuMmj6MIZ3AOl+BBHRpwB01oAYMRPMMrvDnSeXHenY9la8HJZ07hD5zPH/3pjZc=</latexit>

min
W∈Rd1×d2

∥∥M∗
Ω −

[
XWYT

]
Ω

∥∥2

F
s.t. rank(W) ≤ r

Completing M⇤
⌦ 2 Rn1⇥n2

<latexit sha1_base64="penjk1ykvd/c5V5mab3G2YmJdSo="></latexit><latexit sha1_base64="penjk1ykvd/c5V5mab3G2YmJdSo="></latexit><latexit sha1_base64="penjk1ykvd/c5V5mab3G2YmJdSo="></latexit><latexit sha1_base64="penjk1ykvd/c5V5mab3G2YmJdSo="></latexit>

Recovering W⇤ 2 Rd1⇥d2
<latexit sha1_base64="ii9M5HqPO2bV7Y080va7Pt5yR9Y=">AAACI3icbVDLSsNAFJ34tr6qLt0MFkFclEQExZXoxqUW2wpNDZPJTTt0MgkzN2IJ9Vvc+CtuXCjixoX/4vSx8HVg4Mw593LvPWEmhUHX/XCmpmdm5+YXFktLyyura+X1jYZJc82hzlOZ6uuQGZBCQR0FSrjONLAklNAMe2dDv3kL2ohUXWE/g3bCOkrEgjO0UlA+9hHusKgBT22ZUJ3BvZ8w7IYxbd7s+ULR8TektZsiCjwfRQKGRsH+IChX3Ko7Av1LvAmpkAkugvKbH6U8T0Ahl8yYludm2C6YRsElDEp+biBjvMc60LJUMTupXYxuHNAdq0Q0TrV9CulI/d5RsMSYfhLayuHC5rc3FP/zWjnGR+1CqCxHUHw8KM4lxZQOA6OR0MBR9i1hXAu7K+VdphlHG2vJhuD9PvkvaexXPbfqXR5UTk4ncSyQLbJNdolHDskJOScXpE44eSBP5IW8Oo/Os/PmvI9Lp5xJzyb5AefzC6jNpNM=</latexit><latexit sha1_base64="ii9M5HqPO2bV7Y080va7Pt5yR9Y=">AAACI3icbVDLSsNAFJ34tr6qLt0MFkFclEQExZXoxqUW2wpNDZPJTTt0MgkzN2IJ9Vvc+CtuXCjixoX/4vSx8HVg4Mw593LvPWEmhUHX/XCmpmdm5+YXFktLyyura+X1jYZJc82hzlOZ6uuQGZBCQR0FSrjONLAklNAMe2dDv3kL2ohUXWE/g3bCOkrEgjO0UlA+9hHusKgBT22ZUJ3BvZ8w7IYxbd7s+ULR8TektZsiCjwfRQKGRsH+IChX3Ko7Av1LvAmpkAkugvKbH6U8T0Ahl8yYludm2C6YRsElDEp+biBjvMc60LJUMTupXYxuHNAdq0Q0TrV9CulI/d5RsMSYfhLayuHC5rc3FP/zWjnGR+1CqCxHUHw8KM4lxZQOA6OR0MBR9i1hXAu7K+VdphlHG2vJhuD9PvkvaexXPbfqXR5UTk4ncSyQLbJNdolHDskJOScXpE44eSBP5IW8Oo/Os/PmvI9Lp5xJzyb5AefzC6jNpNM=</latexit><latexit sha1_base64="ii9M5HqPO2bV7Y080va7Pt5yR9Y=">AAACI3icbVDLSsNAFJ34tr6qLt0MFkFclEQExZXoxqUW2wpNDZPJTTt0MgkzN2IJ9Vvc+CtuXCjixoX/4vSx8HVg4Mw593LvPWEmhUHX/XCmpmdm5+YXFktLyyura+X1jYZJc82hzlOZ6uuQGZBCQR0FSrjONLAklNAMe2dDv3kL2ohUXWE/g3bCOkrEgjO0UlA+9hHusKgBT22ZUJ3BvZ8w7IYxbd7s+ULR8TektZsiCjwfRQKGRsH+IChX3Ko7Av1LvAmpkAkugvKbH6U8T0Ahl8yYludm2C6YRsElDEp+biBjvMc60LJUMTupXYxuHNAdq0Q0TrV9CulI/d5RsMSYfhLayuHC5rc3FP/zWjnGR+1CqCxHUHw8KM4lxZQOA6OR0MBR9i1hXAu7K+VdphlHG2vJhuD9PvkvaexXPbfqXR5UTk4ncSyQLbJNdolHDskJOScXpE44eSBP5IW8Oo/Os/PmvI9Lp5xJzyb5AefzC6jNpNM=</latexit><latexit sha1_base64="ii9M5HqPO2bV7Y080va7Pt5yR9Y=">AAACI3icbVDLSsNAFJ34tr6qLt0MFkFclEQExZXoxqUW2wpNDZPJTTt0MgkzN2IJ9Vvc+CtuXCjixoX/4vSx8HVg4Mw593LvPWEmhUHX/XCmpmdm5+YXFktLyyura+X1jYZJc82hzlOZ6uuQGZBCQR0FSrjONLAklNAMe2dDv3kL2ohUXWE/g3bCOkrEgjO0UlA+9hHusKgBT22ZUJ3BvZ8w7IYxbd7s+ULR8TektZsiCjwfRQKGRsH+IChX3Ko7Av1LvAmpkAkugvKbH6U8T0Ahl8yYludm2C6YRsElDEp+biBjvMc60LJUMTupXYxuHNAdq0Q0TrV9CulI/d5RsMSYfhLayuHC5rc3FP/zWjnGR+1CqCxHUHw8KM4lxZQOA6OR0MBR9i1hXAu7K+VdphlHG2vJhuD9PvkvaexXPbfqXR5UTk4ncSyQLbJNdolHDskJOScXpE44eSBP5IW8Oo/Os/PmvI9Lp5xJzyb5AefzC6jNpNM=</latexit>

⌘<latexit sha1_base64="dPavJRm3dmgrNgQtiQ+CpDGFxio=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMF+wFtKJvtpF272Y27m0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemHCmjed9O4W19Y3NreJ2aWd3b/+gfHjU1DJVFBtUcqnaIdHImcCGYYZjO1FI4pBjKxzdzvzWGJVmUjyYSYJBTAaCRYwSY6VmF59SNu6VK17Vm8NdJX5OKpCj3it/dfuSpjEKQznRuuN7iQkyogyjHKelbqoxIXREBtixVJAYdZDNr526Z1bpu5FUtoRx5+rviYzEWk/i0HbGxAz1sjcT//M6qYmug4yJJDUo6GJRlHLXSHf2uttnCqnhE0sIVcze6tIhUYQaG1DJhuAvv7xKmhdV36v695eV2k0eRxFO4BTOwYcrqMEd1KEBFB7hGV7hzZHOi/PufCxaC04+cwx/4Hz+AMI7jzw=</latexit><latexit sha1_base64="dPavJRm3dmgrNgQtiQ+CpDGFxio=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMF+wFtKJvtpF272Y27m0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemHCmjed9O4W19Y3NreJ2aWd3b/+gfHjU1DJVFBtUcqnaIdHImcCGYYZjO1FI4pBjKxzdzvzWGJVmUjyYSYJBTAaCRYwSY6VmF59SNu6VK17Vm8NdJX5OKpCj3it/dfuSpjEKQznRuuN7iQkyogyjHKelbqoxIXREBtixVJAYdZDNr526Z1bpu5FUtoRx5+rviYzEWk/i0HbGxAz1sjcT//M6qYmug4yJJDUo6GJRlHLXSHf2uttnCqnhE0sIVcze6tIhUYQaG1DJhuAvv7xKmhdV36v695eV2k0eRxFO4BTOwYcrqMEd1KEBFB7hGV7hzZHOi/PufCxaC04+cwx/4Hz+AMI7jzw=</latexit><latexit sha1_base64="dPavJRm3dmgrNgQtiQ+CpDGFxio=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMF+wFtKJvtpF272Y27m0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemHCmjed9O4W19Y3NreJ2aWd3b/+gfHjU1DJVFBtUcqnaIdHImcCGYYZjO1FI4pBjKxzdzvzWGJVmUjyYSYJBTAaCRYwSY6VmF59SNu6VK17Vm8NdJX5OKpCj3it/dfuSpjEKQznRuuN7iQkyogyjHKelbqoxIXREBtixVJAYdZDNr526Z1bpu5FUtoRx5+rviYzEWk/i0HbGxAz1sjcT//M6qYmug4yJJDUo6GJRlHLXSHf2uttnCqnhE0sIVcze6tIhUYQaG1DJhuAvv7xKmhdV36v695eV2k0eRxFO4BTOwYcrqMEd1KEBFB7hGV7hzZHOi/PufCxaC04+cwx/4Hz+AMI7jzw=</latexit><latexit sha1_base64="dPavJRm3dmgrNgQtiQ+CpDGFxio=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMF+wFtKJvtpF272Y27m0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemHCmjed9O4W19Y3NreJ2aWd3b/+gfHjU1DJVFBtUcqnaIdHImcCGYYZjO1FI4pBjKxzdzvzWGJVmUjyYSYJBTAaCRYwSY6VmF59SNu6VK17Vm8NdJX5OKpCj3it/dfuSpjEKQznRuuN7iQkyogyjHKelbqoxIXREBtixVJAYdZDNr526Z1bpu5FUtoRx5+rviYzEWk/i0HbGxAz1sjcT//M6qYmug4yJJDUo6GJRlHLXSHf2uttnCqnhE0sIVcze6tIhUYQaG1DJhuAvv7xKmhdV36v695eV2k0eRxFO4BTOwYcrqMEd1KEBFB7hGV7hzZHOi/PufCxaC04+cwx/4Hz+AMI7jzw=</latexit>
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IMC as A Matrix Sensing Problem

X
<latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit>

X
<latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit>

X
<latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit>

X
<latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit>

X
<latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit>
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<latexit sha1_base64="jk9m1AoqnXGNCJHTtJDbX4Hy6CY=">AAAB+XicbVDLSgMxFL1TX7W+Rl26CRbBVZkRQZdFNy4r2Id0asmkmTY0kwxJplCG/okbF4q49U/c+Tdm2llo64HA4Zx7uScnTDjTxvO+ndLa+sbmVnm7srO7t3/gHh61tEwVoU0iuVSdEGvKmaBNwwynnURRHIectsPxbe63J1RpJsWDmSa0F+OhYBEj2Fip77pBjM0ojNDjUxYYmcz6btWreXOgVeIXpAoFGn33KxhIksZUGMKx1l3fS0wvw8owwumsEqSaJpiM8ZB2LRU4prqXzZPP0JlVBiiSyj5h0Fz9vZHhWOtpHNrJPKde9nLxP6+bmui6lzGRpIYKsjgUpRwZifIa0IApSgyfWoKJYjYrIiOsMDG2rIotwV/+8ippXdR8r+bfX1brN0UdZTiBUzgHH66gDnfQgCYQmMAzvMKbkzkvzrvzsRgtOcXOMfyB8/kDi/yTlw==</latexit><latexit sha1_base64="jk9m1AoqnXGNCJHTtJDbX4Hy6CY=">AAAB+XicbVDLSgMxFL1TX7W+Rl26CRbBVZkRQZdFNy4r2Id0asmkmTY0kwxJplCG/okbF4q49U/c+Tdm2llo64HA4Zx7uScnTDjTxvO+ndLa+sbmVnm7srO7t3/gHh61tEwVoU0iuVSdEGvKmaBNwwynnURRHIectsPxbe63J1RpJsWDmSa0F+OhYBEj2Fip77pBjM0ojNDjUxYYmcz6btWreXOgVeIXpAoFGn33KxhIksZUGMKx1l3fS0wvw8owwumsEqSaJpiM8ZB2LRU4prqXzZPP0JlVBiiSyj5h0Fz9vZHhWOtpHNrJPKde9nLxP6+bmui6lzGRpIYKsjgUpRwZifIa0IApSgyfWoKJYjYrIiOsMDG2rIotwV/+8ippXdR8r+bfX1brN0UdZTiBUzgHH66gDnfQgCYQmMAzvMKbkzkvzrvzsRgtOcXOMfyB8/kDi/yTlw==</latexit><latexit sha1_base64="jk9m1AoqnXGNCJHTtJDbX4Hy6CY=">AAAB+XicbVDLSgMxFL1TX7W+Rl26CRbBVZkRQZdFNy4r2Id0asmkmTY0kwxJplCG/okbF4q49U/c+Tdm2llo64HA4Zx7uScnTDjTxvO+ndLa+sbmVnm7srO7t3/gHh61tEwVoU0iuVSdEGvKmaBNwwynnURRHIectsPxbe63J1RpJsWDmSa0F+OhYBEj2Fip77pBjM0ojNDjUxYYmcz6btWreXOgVeIXpAoFGn33KxhIksZUGMKx1l3fS0wvw8owwumsEqSaJpiM8ZB2LRU4prqXzZPP0JlVBiiSyj5h0Fz9vZHhWOtpHNrJPKde9nLxP6+bmui6lzGRpIYKsjgUpRwZifIa0IApSgyfWoKJYjYrIiOsMDG2rIotwV/+8ippXdR8r+bfX1brN0UdZTiBUzgHH66gDnfQgCYQmMAzvMKbkzkvzrvzsRgtOcXOMfyB8/kDi/yTlw==</latexit><latexit sha1_base64="jk9m1AoqnXGNCJHTtJDbX4Hy6CY=">AAAB+XicbVDLSgMxFL1TX7W+Rl26CRbBVZkRQZdFNy4r2Id0asmkmTY0kwxJplCG/okbF4q49U/c+Tdm2llo64HA4Zx7uScnTDjTxvO+ndLa+sbmVnm7srO7t3/gHh61tEwVoU0iuVSdEGvKmaBNwwynnURRHIectsPxbe63J1RpJsWDmSa0F+OhYBEj2Fip77pBjM0ojNDjUxYYmcz6btWreXOgVeIXpAoFGn33KxhIksZUGMKx1l3fS0wvw8owwumsEqSaJpiM8ZB2LRU4prqXzZPP0JlVBiiSyj5h0Fz9vZHhWOtpHNrJPKde9nLxP6+bmui6lzGRpIYKsjgUpRwZifIa0IApSgyfWoKJYjYrIiOsMDG2rIotwV/+8ippXdR8r+bfX1brN0UdZTiBUzgHH66gDnfQgCYQmMAzvMKbkzkvzrvzsRgtOcXOMfyB8/kDi/yTlw==</latexit>

X<latexit sha1_base64="tvYW7ya05yp7CJdF9u/3OpabOpg=">AAAB8HicbVDLSgMxFL2pr1pfVZdugkVwVWZE0GXRjcsK9iHtUDJppg1NMkOSEcrQr3DjQhG3fo47/8ZMOwttPRA4nHMvOfeEieDGet43Kq2tb2xulbcrO7t7+wfVw6O2iVNNWYvGItbdkBgmuGIty61g3UQzIkPBOuHkNvc7T0wbHqsHO01YIMlI8YhTYp302JfEjsMIdwfVmlf35sCrxC9IDQo0B9Wv/jCmqWTKUkGM6fleYoOMaMupYLNKPzUsIXRCRqznqCKSmSCbB57hM6cMcRRr95TFc/X3RkakMVMZusk8oFn2cvE/r5fa6DrIuEpSyxRdfBSlAtsY59fjIdeMWjF1hFDNXVZMx0QTal1HFVeCv3zyKmlf1H2v7t9f1ho3RR1lOIFTOAcfrqABd9CEFlCQ8Ayv8IY0ekHv6GMxWkLFzjH8Afr8AVw6kBo=</latexit><latexit sha1_base64="tvYW7ya05yp7CJdF9u/3OpabOpg=">AAAB8HicbVDLSgMxFL2pr1pfVZdugkVwVWZE0GXRjcsK9iHtUDJppg1NMkOSEcrQr3DjQhG3fo47/8ZMOwttPRA4nHMvOfeEieDGet43Kq2tb2xulbcrO7t7+wfVw6O2iVNNWYvGItbdkBgmuGIty61g3UQzIkPBOuHkNvc7T0wbHqsHO01YIMlI8YhTYp302JfEjsMIdwfVmlf35sCrxC9IDQo0B9Wv/jCmqWTKUkGM6fleYoOMaMupYLNKPzUsIXRCRqznqCKSmSCbB57hM6cMcRRr95TFc/X3RkakMVMZusk8oFn2cvE/r5fa6DrIuEpSyxRdfBSlAtsY59fjIdeMWjF1hFDNXVZMx0QTal1HFVeCv3zyKmlf1H2v7t9f1ho3RR1lOIFTOAcfrqABd9CEFlCQ8Ayv8IY0ekHv6GMxWkLFzjH8Afr8AVw6kBo=</latexit><latexit sha1_base64="tvYW7ya05yp7CJdF9u/3OpabOpg=">AAAB8HicbVDLSgMxFL2pr1pfVZdugkVwVWZE0GXRjcsK9iHtUDJppg1NMkOSEcrQr3DjQhG3fo47/8ZMOwttPRA4nHMvOfeEieDGet43Kq2tb2xulbcrO7t7+wfVw6O2iVNNWYvGItbdkBgmuGIty61g3UQzIkPBOuHkNvc7T0wbHqsHO01YIMlI8YhTYp302JfEjsMIdwfVmlf35sCrxC9IDQo0B9Wv/jCmqWTKUkGM6fleYoOMaMupYLNKPzUsIXRCRqznqCKSmSCbB57hM6cMcRRr95TFc/X3RkakMVMZusk8oFn2cvE/r5fa6DrIuEpSyxRdfBSlAtsY59fjIdeMWjF1hFDNXVZMx0QTal1HFVeCv3zyKmlf1H2v7t9f1ho3RR1lOIFTOAcfrqABd9CEFlCQ8Ayv8IY0ekHv6GMxWkLFzjH8Afr8AVw6kBo=</latexit><latexit sha1_base64="tvYW7ya05yp7CJdF9u/3OpabOpg=">AAAB8HicbVDLSgMxFL2pr1pfVZdugkVwVWZE0GXRjcsK9iHtUDJppg1NMkOSEcrQr3DjQhG3fo47/8ZMOwttPRA4nHMvOfeEieDGet43Kq2tb2xulbcrO7t7+wfVw6O2iVNNWYvGItbdkBgmuGIty61g3UQzIkPBOuHkNvc7T0wbHqsHO01YIMlI8YhTYp302JfEjsMIdwfVmlf35sCrxC9IDQo0B9Wv/jCmqWTKUkGM6fleYoOMaMupYLNKPzUsIXRCRqznqCKSmSCbB57hM6cMcRRr95TFc/X3RkakMVMZusk8oFn2cvE/r5fa6DrIuEpSyxRdfBSlAtsY59fjIdeMWjF1hFDNXVZMx0QTal1HFVeCv3zyKmlf1H2v7t9f1ho3RR1lOIFTOAcfrqABd9CEFlCQ8Ayv8IY0ekHv6GMxWkLFzjH8Afr8AVw6kBo=</latexit>

W⇤
<latexit sha1_base64="dsVFnUausZg3LCaphbbulDThMeU=">AAAB8nicbVDLSsNAFL3xWeur6tLNYBHERUlE0GXRjcsK9gFtLJPppB06mYSZG6GEfoYbF4q49Wvc+TdO2iy09cDA4Zx7mXNPkEhh0HW/nZXVtfWNzdJWeXtnd2+/cnDYMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2Mb3O//cS1EbF6wEnC/YgOlQgFo2ilbi+iOApC0n4871eqbs2dgSwTryBVKNDoV756g5ilEVfIJDWm67kJ+hnVKJjk03IvNTyhbEyHvGupohE3fjaLPCWnVhmQMNb2KSQz9fdGRiNjJlFgJ/OIZtHLxf+8borhtZ8JlaTIFZt/FKaSYEzy+8lAaM5QTiyhTAublbAR1ZShbalsS/AWT14mrYua59a8+8tq/aaoowTHcAJn4MEV1OEOGtAEBjE8wyu8Oei8OO/Ox3x0xSl2juAPnM8febeQtQ==</latexit><latexit sha1_base64="dsVFnUausZg3LCaphbbulDThMeU=">AAAB8nicbVDLSsNAFL3xWeur6tLNYBHERUlE0GXRjcsK9gFtLJPppB06mYSZG6GEfoYbF4q49Wvc+TdO2iy09cDA4Zx7mXNPkEhh0HW/nZXVtfWNzdJWeXtnd2+/cnDYMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2Mb3O//cS1EbF6wEnC/YgOlQgFo2ilbi+iOApC0n4871eqbs2dgSwTryBVKNDoV756g5ilEVfIJDWm67kJ+hnVKJjk03IvNTyhbEyHvGupohE3fjaLPCWnVhmQMNb2KSQz9fdGRiNjJlFgJ/OIZtHLxf+8borhtZ8JlaTIFZt/FKaSYEzy+8lAaM5QTiyhTAublbAR1ZShbalsS/AWT14mrYua59a8+8tq/aaoowTHcAJn4MEV1OEOGtAEBjE8wyu8Oei8OO/Ox3x0xSl2juAPnM8febeQtQ==</latexit><latexit sha1_base64="dsVFnUausZg3LCaphbbulDThMeU=">AAAB8nicbVDLSsNAFL3xWeur6tLNYBHERUlE0GXRjcsK9gFtLJPppB06mYSZG6GEfoYbF4q49Wvc+TdO2iy09cDA4Zx7mXNPkEhh0HW/nZXVtfWNzdJWeXtnd2+/cnDYMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2Mb3O//cS1EbF6wEnC/YgOlQgFo2ilbi+iOApC0n4871eqbs2dgSwTryBVKNDoV756g5ilEVfIJDWm67kJ+hnVKJjk03IvNTyhbEyHvGupohE3fjaLPCWnVhmQMNb2KSQz9fdGRiNjJlFgJ/OIZtHLxf+8borhtZ8JlaTIFZt/FKaSYEzy+8lAaM5QTiyhTAublbAR1ZShbalsS/AWT14mrYua59a8+8tq/aaoowTHcAJn4MEV1OEOGtAEBjE8wyu8Oei8OO/Ox3x0xSl2juAPnM8febeQtQ==</latexit><latexit sha1_base64="dsVFnUausZg3LCaphbbulDThMeU=">AAAB8nicbVDLSsNAFL3xWeur6tLNYBHERUlE0GXRjcsK9gFtLJPppB06mYSZG6GEfoYbF4q49Wvc+TdO2iy09cDA4Zx7mXNPkEhh0HW/nZXVtfWNzdJWeXtnd2+/cnDYMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2Mb3O//cS1EbF6wEnC/YgOlQgFo2ilbi+iOApC0n4871eqbs2dgSwTryBVKNDoV756g5ilEVfIJDWm67kJ+hnVKJjk03IvNTyhbEyHvGupohE3fjaLPCWnVhmQMNb2KSQz9fdGRiNjJlFgJ/OIZtHLxf+8borhtZ8JlaTIFZt/FKaSYEzy+8lAaM5QTiyhTAublbAR1ZShbalsS/AWT14mrYua59a8+8tq/aaoowTHcAJn4MEV1OEOGtAEBjE8wyu8Oei8OO/Ox3x0xSl2juAPnM8febeQtQ==</latexit>

M⇤
<latexit sha1_base64="a9yos+eAhPMJhP/OLJ4lqM01wXs=">AAAB8nicbVDLSgMxFM3UV62vqks3wSKIizIjgi6LbtwIFewDpmPJpJk2NJMMyR2hDP0MNy4UcevXuPNvzLSz0NYDgcM595JzT5gIbsB1v53Syura+kZ5s7K1vbO7V90/aBuVaspaVAmluyExTHDJWsBBsG6iGYlDwTrh+Cb3O09MG67kA0wSFsRkKHnEKQEr+b2YwCiM8N3jWb9ac+vuDHiZeAWpoQLNfvWrN1A0jZkEKogxvucmEGREA6eCTSu91LCE0DEZMt9SSWJmgmwWeYpPrDLAkdL2ScAz9fdGRmJjJnFoJ/OIZtHLxf88P4XoKsi4TFJgks4/ilKBQeH8fjzgmlEQE0sI1dxmxXRENKFgW6rYErzFk5dJ+7zuuXXv/qLWuC7qKKMjdIxOkYcuUQPdoiZqIYoUekav6M0B58V5dz7moyWn2DlEf+B8/gBqe5Cr</latexit><latexit sha1_base64="a9yos+eAhPMJhP/OLJ4lqM01wXs=">AAAB8nicbVDLSgMxFM3UV62vqks3wSKIizIjgi6LbtwIFewDpmPJpJk2NJMMyR2hDP0MNy4UcevXuPNvzLSz0NYDgcM595JzT5gIbsB1v53Syura+kZ5s7K1vbO7V90/aBuVaspaVAmluyExTHDJWsBBsG6iGYlDwTrh+Cb3O09MG67kA0wSFsRkKHnEKQEr+b2YwCiM8N3jWb9ac+vuDHiZeAWpoQLNfvWrN1A0jZkEKogxvucmEGREA6eCTSu91LCE0DEZMt9SSWJmgmwWeYpPrDLAkdL2ScAz9fdGRmJjJnFoJ/OIZtHLxf88P4XoKsi4TFJgks4/ilKBQeH8fjzgmlEQE0sI1dxmxXRENKFgW6rYErzFk5dJ+7zuuXXv/qLWuC7qKKMjdIxOkYcuUQPdoiZqIYoUekav6M0B58V5dz7moyWn2DlEf+B8/gBqe5Cr</latexit><latexit sha1_base64="a9yos+eAhPMJhP/OLJ4lqM01wXs=">AAAB8nicbVDLSgMxFM3UV62vqks3wSKIizIjgi6LbtwIFewDpmPJpJk2NJMMyR2hDP0MNy4UcevXuPNvzLSz0NYDgcM595JzT5gIbsB1v53Syura+kZ5s7K1vbO7V90/aBuVaspaVAmluyExTHDJWsBBsG6iGYlDwTrh+Cb3O09MG67kA0wSFsRkKHnEKQEr+b2YwCiM8N3jWb9ac+vuDHiZeAWpoQLNfvWrN1A0jZkEKogxvucmEGREA6eCTSu91LCE0DEZMt9SSWJmgmwWeYpPrDLAkdL2ScAz9fdGRmJjJnFoJ/OIZtHLxf88P4XoKsi4TFJgks4/ilKBQeH8fjzgmlEQE0sI1dxmxXRENKFgW6rYErzFk5dJ+7zuuXXv/qLWuC7qKKMjdIxOkYcuUQPdoiZqIYoUekav6M0B58V5dz7moyWn2DlEf+B8/gBqe5Cr</latexit><latexit sha1_base64="a9yos+eAhPMJhP/OLJ4lqM01wXs=">AAAB8nicbVDLSgMxFM3UV62vqks3wSKIizIjgi6LbtwIFewDpmPJpJk2NJMMyR2hDP0MNy4UcevXuPNvzLSz0NYDgcM595JzT5gIbsB1v53Syura+kZ5s7K1vbO7V90/aBuVaspaVAmluyExTHDJWsBBsG6iGYlDwTrh+Cb3O09MG67kA0wSFsRkKHnEKQEr+b2YwCiM8N3jWb9ac+vuDHiZeAWpoQLNfvWrN1A0jZkEKogxvucmEGREA6eCTSu91LCE0DEZMt9SSWJmgmwWeYpPrDLAkdL2ScAz9fdGRmJjJnFoJ/OIZtHLxf88P4XoKsi4TFJgks4/ilKBQeH8fjzgmlEQE0sI1dxmxXRENKFgW6rYErzFk5dJ+7zuuXXv/qLWuC7qKKMjdIxOkYcuUQPdoiZqIYoUekav6M0B58V5dz7moyWn2DlEf+B8/gBqe5Cr</latexit>

X
<latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit>

X
<latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit>

=<latexit sha1_base64="DmNMk2YXYyTv+zN0rWXYwO/YuLg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpv57SdUmsfywUwS9CM6lDzkjBorNW765Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2m0eRxFO4BTOwYMrqME91KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AIzNjME=</latexit><latexit sha1_base64="DmNMk2YXYyTv+zN0rWXYwO/YuLg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpv57SdUmsfywUwS9CM6lDzkjBorNW765Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2m0eRxFO4BTOwYMrqME91KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AIzNjME=</latexit><latexit sha1_base64="DmNMk2YXYyTv+zN0rWXYwO/YuLg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpv57SdUmsfywUwS9CM6lDzkjBorNW765Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2m0eRxFO4BTOwYMrqME91KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AIzNjME=</latexit><latexit sha1_base64="DmNMk2YXYyTv+zN0rWXYwO/YuLg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpv57SdUmsfywUwS9CM6lDzkjBorNW765Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2m0eRxFO4BTOwYMrqME91KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AIzNjME=</latexit>

d1
<latexit sha1_base64="Drhj6lE2qenVqrsOzi9XNVF17JE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK9gPaUDabTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuBtRwKRRvoUDJu6nmNA4k7wTj25nfeeLaiEQ94iTlfkyHSkSCUbTSQzjwBtWaW3fnIKvEK0gNCjQH1a9+mLAs5gqZpMb0PDdFP6caBZN8WulnhqeUjemQ9yxVNObGz+enTsmZVUISJdqWQjJXf0/kNDZmEge2M6Y4MsveTPzP62UYXfu5UGmGXLHFoiiTBBMy+5uEQnOGcmIJZVrYWwkbUU0Z2nQqNgRv+eVV0r6oe27du7+sNW6KOMpwAqdwDh5cQQPuoAktYDCEZ3iFN0c6L86787FoLTnFzDH8gfP5A+0pjYw=</latexit><latexit sha1_base64="Drhj6lE2qenVqrsOzi9XNVF17JE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK9gPaUDabTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuBtRwKRRvoUDJu6nmNA4k7wTj25nfeeLaiEQ94iTlfkyHSkSCUbTSQzjwBtWaW3fnIKvEK0gNCjQH1a9+mLAs5gqZpMb0PDdFP6caBZN8WulnhqeUjemQ9yxVNObGz+enTsmZVUISJdqWQjJXf0/kNDZmEge2M6Y4MsveTPzP62UYXfu5UGmGXLHFoiiTBBMy+5uEQnOGcmIJZVrYWwkbUU0Z2nQqNgRv+eVV0r6oe27du7+sNW6KOMpwAqdwDh5cQQPuoAktYDCEZ3iFN0c6L86787FoLTnFzDH8gfP5A+0pjYw=</latexit><latexit sha1_base64="Drhj6lE2qenVqrsOzi9XNVF17JE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK9gPaUDabTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuBtRwKRRvoUDJu6nmNA4k7wTj25nfeeLaiEQ94iTlfkyHSkSCUbTSQzjwBtWaW3fnIKvEK0gNCjQH1a9+mLAs5gqZpMb0PDdFP6caBZN8WulnhqeUjemQ9yxVNObGz+enTsmZVUISJdqWQjJXf0/kNDZmEge2M6Y4MsveTPzP62UYXfu5UGmGXLHFoiiTBBMy+5uEQnOGcmIJZVrYWwkbUU0Z2nQqNgRv+eVV0r6oe27du7+sNW6KOMpwAqdwDh5cQQPuoAktYDCEZ3iFN0c6L86787FoLTnFzDH8gfP5A+0pjYw=</latexit><latexit sha1_base64="Drhj6lE2qenVqrsOzi9XNVF17JE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK9gPaUDabTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuBtRwKRRvoUDJu6nmNA4k7wTj25nfeeLaiEQ94iTlfkyHSkSCUbTSQzjwBtWaW3fnIKvEK0gNCjQH1a9+mLAs5gqZpMb0PDdFP6caBZN8WulnhqeUjemQ9yxVNObGz+enTsmZVUISJdqWQjJXf0/kNDZmEge2M6Y4MsveTPzP62UYXfu5UGmGXLHFoiiTBBMy+5uEQnOGcmIJZVrYWwkbUU0Z2nQqNgRv+eVV0r6oe27du7+sNW6KOMpwAqdwDh5cQQPuoAktYDCEZ3iFN0c6L86787FoLTnFzDH8gfP5A+0pjYw=</latexit>

d2
<latexit sha1_base64="M3fMICEIr744ZYUy2Um/W3Z16sU=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fj04rGi/YA2lM1m0i7dbMLuRiihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIphi2WiER1A6pRcIktw43AbqqQxoHATjC+nfmdJ1SaJ/LRTFL0YzqUPOKMGis9hIP6oFJ1a+4cZJV4BalCgeag8tUPE5bFKA0TVOue56bGz6kynAmclvuZxpSyMR1iz1JJY9R+Pj91Ss6tEpIoUbakIXP190ROY60ncWA7Y2pGetmbif95vcxE137OZZoZlGyxKMoEMQmZ/U1CrpAZMbGEMsXtrYSNqKLM2HTKNgRv+eVV0q7XPLfm3V9WGzdFHCU4hTO4AA+uoAF30IQWMBjCM7zCmyOcF+fd+Vi0rjnFzAn8gfP5A+6tjY0=</latexit><latexit sha1_base64="M3fMICEIr744ZYUy2Um/W3Z16sU=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fj04rGi/YA2lM1m0i7dbMLuRiihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIphi2WiER1A6pRcIktw43AbqqQxoHATjC+nfmdJ1SaJ/LRTFL0YzqUPOKMGis9hIP6oFJ1a+4cZJV4BalCgeag8tUPE5bFKA0TVOue56bGz6kynAmclvuZxpSyMR1iz1JJY9R+Pj91Ss6tEpIoUbakIXP190ROY60ncWA7Y2pGetmbif95vcxE137OZZoZlGyxKMoEMQmZ/U1CrpAZMbGEMsXtrYSNqKLM2HTKNgRv+eVV0q7XPLfm3V9WGzdFHCU4hTO4AA+uoAF30IQWMBjCM7zCmyOcF+fd+Vi0rjnFzAn8gfP5A+6tjY0=</latexit><latexit sha1_base64="M3fMICEIr744ZYUy2Um/W3Z16sU=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fj04rGi/YA2lM1m0i7dbMLuRiihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIphi2WiER1A6pRcIktw43AbqqQxoHATjC+nfmdJ1SaJ/LRTFL0YzqUPOKMGis9hIP6oFJ1a+4cZJV4BalCgeag8tUPE5bFKA0TVOue56bGz6kynAmclvuZxpSyMR1iz1JJY9R+Pj91Ss6tEpIoUbakIXP190ROY60ncWA7Y2pGetmbif95vcxE137OZZoZlGyxKMoEMQmZ/U1CrpAZMbGEMsXtrYSNqKLM2HTKNgRv+eVV0q7XPLfm3V9WGzdFHCU4hTO4AA+uoAF30IQWMBjCM7zCmyOcF+fd+Vi0rjnFzAn8gfP5A+6tjY0=</latexit><latexit sha1_base64="M3fMICEIr744ZYUy2Um/W3Z16sU=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fj04rGi/YA2lM1m0i7dbMLuRiihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIphi2WiER1A6pRcIktw43AbqqQxoHATjC+nfmdJ1SaJ/LRTFL0YzqUPOKMGis9hIP6oFJ1a+4cZJV4BalCgeag8tUPE5bFKA0TVOue56bGz6kynAmclvuZxpSyMR1iz1JJY9R+Pj91Ss6tEpIoUbakIXP190ROY60ncWA7Y2pGetmbif95vcxE137OZZoZlGyxKMoEMQmZ/U1CrpAZMbGEMsXtrYSNqKLM2HTKNgRv+eVV0q7XPLfm3V9WGzdFHCU4hTO4AA+uoAF30IQWMBjCM7zCmyOcF+fd+Vi0rjnFzAn8gfP5A+6tjY0=</latexit>

n1
<latexit sha1_base64="TbOVm4a1bj7EWv2q2BG16ZUEIEA=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis9yL7fd6tezZuDrBK/IFUo0Oi7X71BwrIYpWGCat31vdQEOVWGM4HTSi/TmFI2pkPsWippjDrI56dOyZlVBiRKlC1pyFz9PZHTWOtJHNrOmJqRXvZm4n9eNzPRdZBzmWYGJVssijJBTEJmf5MBV8iMmFhCmeL2VsJGVFFmbDoVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AfxljZY=</latexit><latexit sha1_base64="TbOVm4a1bj7EWv2q2BG16ZUEIEA=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis9yL7fd6tezZuDrBK/IFUo0Oi7X71BwrIYpWGCat31vdQEOVWGM4HTSi/TmFI2pkPsWippjDrI56dOyZlVBiRKlC1pyFz9PZHTWOtJHNrOmJqRXvZm4n9eNzPRdZBzmWYGJVssijJBTEJmf5MBV8iMmFhCmeL2VsJGVFFmbDoVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AfxljZY=</latexit><latexit sha1_base64="TbOVm4a1bj7EWv2q2BG16ZUEIEA=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis9yL7fd6tezZuDrBK/IFUo0Oi7X71BwrIYpWGCat31vdQEOVWGM4HTSi/TmFI2pkPsWippjDrI56dOyZlVBiRKlC1pyFz9PZHTWOtJHNrOmJqRXvZm4n9eNzPRdZBzmWYGJVssijJBTEJmf5MBV8iMmFhCmeL2VsJGVFFmbDoVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AfxljZY=</latexit><latexit sha1_base64="TbOVm4a1bj7EWv2q2BG16ZUEIEA=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis9yL7fd6tezZuDrBK/IFUo0Oi7X71BwrIYpWGCat31vdQEOVWGM4HTSi/TmFI2pkPsWippjDrI56dOyZlVBiRKlC1pyFz9PZHTWOtJHNrOmJqRXvZm4n9eNzPRdZBzmWYGJVssijJBTEJmf5MBV8iMmFhCmeL2VsJGVFFmbDoVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AfxljZY=</latexit>
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• Rewrite the IMC objective function
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2

<latexit sha1_base64="Wx4bjMn7mOG1R1DpNkTXMydc30E="></latexit><latexit sha1_base64="Wx4bjMn7mOG1R1DpNkTXMydc30E="></latexit><latexit sha1_base64="Wx4bjMn7mOG1R1DpNkTXMydc30E="></latexit><latexit sha1_base64="Wx4bjMn7mOG1R1DpNkTXMydc30E="></latexit>

• Matrix sensing problem
operator A:
randomly select
(row,col) of (X,Y)

A
<latexit sha1_base64="PbOEPO3Lq2g2RJJxwl06Gsfiq/M=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeqF48VbC22oWy2m3bpZhN2X4QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrHuBNRwKRRvoUDJO4nmNAokfwjGN7n/8MS1EbG6x0nC/YgOlQgFo2ilx15EccSoJFf9as2tuzOQZeIVpAYFmv3qV28QszTiCpmkxnQ9N0E/oxoFk3xa6aWGJ5SN6ZB3LVU04sbPZomn5MQqAxLG2j6FZKb+3shoZMwkCuxkntAsern4n9dNMbz0M6GSFLli84/CVBKMSX4+GQjNGcqJJZRpYbMSNqKaMrQlVWwJ3uLJy6R9Vvfcund3XmtcF3WU4QiO4RQ8uIAG3EITWsBAwTO8wptjnBfn3fmYj5acYucQ/sD5/AH/jZB1</latexit><latexit sha1_base64="PbOEPO3Lq2g2RJJxwl06Gsfiq/M=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeqF48VbC22oWy2m3bpZhN2X4QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrHuBNRwKRRvoUDJO4nmNAokfwjGN7n/8MS1EbG6x0nC/YgOlQgFo2ilx15EccSoJFf9as2tuzOQZeIVpAYFmv3qV28QszTiCpmkxnQ9N0E/oxoFk3xa6aWGJ5SN6ZB3LVU04sbPZomn5MQqAxLG2j6FZKb+3shoZMwkCuxkntAsern4n9dNMbz0M6GSFLli84/CVBKMSX4+GQjNGcqJJZRpYbMSNqKaMrQlVWwJ3uLJy6R9Vvfcund3XmtcF3WU4QiO4RQ8uIAG3EITWsBAwTO8wptjnBfn3fmYj5acYucQ/sD5/AH/jZB1</latexit><latexit sha1_base64="PbOEPO3Lq2g2RJJxwl06Gsfiq/M=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeqF48VbC22oWy2m3bpZhN2X4QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrHuBNRwKRRvoUDJO4nmNAokfwjGN7n/8MS1EbG6x0nC/YgOlQgFo2ilx15EccSoJFf9as2tuzOQZeIVpAYFmv3qV28QszTiCpmkxnQ9N0E/oxoFk3xa6aWGJ5SN6ZB3LVU04sbPZomn5MQqAxLG2j6FZKb+3shoZMwkCuxkntAsern4n9dNMbz0M6GSFLli84/CVBKMSX4+GQjNGcqJJZRpYbMSNqKaMrQlVWwJ3uLJy6R9Vvfcund3XmtcF3WU4QiO4RQ8uIAG3EITWsBAwTO8wptjnBfn3fmYj5acYucQ/sD5/AH/jZB1</latexit><latexit sha1_base64="PbOEPO3Lq2g2RJJxwl06Gsfiq/M=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeqF48VbC22oWy2m3bpZhN2X4QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrHuBNRwKRRvoUDJO4nmNAokfwjGN7n/8MS1EbG6x0nC/YgOlQgFo2ilx15EccSoJFf9as2tuzOQZeIVpAYFmv3qV28QszTiCpmkxnQ9N0E/oxoFk3xa6aWGJ5SN6ZB3LVU04sbPZomn5MQqAxLG2j6FZKb+3shoZMwkCuxkntAsern4n9dNMbz0M6GSFLli84/CVBKMSX4+GQjNGcqJJZRpYbMSNqKaMrQlVWwJ3uLJy6R9Vvfcund3XmtcF3WU4QiO4RQ8uIAG3EITWsBAwTO8wptjnBfn3fmYj5acYucQ/sD5/AH/jZB1</latexit>
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W⇤
<latexit sha1_base64="dsVFnUausZg3LCaphbbulDThMeU=">AAAB8nicbVDLSsNAFL3xWeur6tLNYBHERUlE0GXRjcsK9gFtLJPppB06mYSZG6GEfoYbF4q49Wvc+TdO2iy09cDA4Zx7mXNPkEhh0HW/nZXVtfWNzdJWeXtnd2+/cnDYMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2Mb3O//cS1EbF6wEnC/YgOlQgFo2ilbi+iOApC0n4871eqbs2dgSwTryBVKNDoV756g5ilEVfIJDWm67kJ+hnVKJjk03IvNTyhbEyHvGupohE3fjaLPCWnVhmQMNb2KSQz9fdGRiNjJlFgJ/OIZtHLxf+8borhtZ8JlaTIFZt/FKaSYEzy+8lAaM5QTiyhTAublbAR1ZShbalsS/AWT14mrYua59a8+8tq/aaoowTHcAJn4MEV1OEOGtAEBjE8wyu8Oei8OO/Ox3x0xSl2juAPnM8febeQtQ==</latexit><latexit sha1_base64="dsVFnUausZg3LCaphbbulDThMeU=">AAAB8nicbVDLSsNAFL3xWeur6tLNYBHERUlE0GXRjcsK9gFtLJPppB06mYSZG6GEfoYbF4q49Wvc+TdO2iy09cDA4Zx7mXNPkEhh0HW/nZXVtfWNzdJWeXtnd2+/cnDYMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2Mb3O//cS1EbF6wEnC/YgOlQgFo2ilbi+iOApC0n4871eqbs2dgSwTryBVKNDoV756g5ilEVfIJDWm67kJ+hnVKJjk03IvNTyhbEyHvGupohE3fjaLPCWnVhmQMNb2KSQz9fdGRiNjJlFgJ/OIZtHLxf+8borhtZ8JlaTIFZt/FKaSYEzy+8lAaM5QTiyhTAublbAR1ZShbalsS/AWT14mrYua59a8+8tq/aaoowTHcAJn4MEV1OEOGtAEBjE8wyu8Oei8OO/Ox3x0xSl2juAPnM8febeQtQ==</latexit><latexit sha1_base64="dsVFnUausZg3LCaphbbulDThMeU=">AAAB8nicbVDLSsNAFL3xWeur6tLNYBHERUlE0GXRjcsK9gFtLJPppB06mYSZG6GEfoYbF4q49Wvc+TdO2iy09cDA4Zx7mXNPkEhh0HW/nZXVtfWNzdJWeXtnd2+/cnDYMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2Mb3O//cS1EbF6wEnC/YgOlQgFo2ilbi+iOApC0n4871eqbs2dgSwTryBVKNDoV756g5ilEVfIJDWm67kJ+hnVKJjk03IvNTyhbEyHvGupohE3fjaLPCWnVhmQMNb2KSQz9fdGRiNjJlFgJ/OIZtHLxf+8borhtZ8JlaTIFZt/FKaSYEzy+8lAaM5QTiyhTAublbAR1ZShbalsS/AWT14mrYua59a8+8tq/aaoowTHcAJn4MEV1OEOGtAEBjE8wyu8Oei8OO/Ox3x0xSl2juAPnM8febeQtQ==</latexit><latexit sha1_base64="dsVFnUausZg3LCaphbbulDThMeU=">AAAB8nicbVDLSsNAFL3xWeur6tLNYBHERUlE0GXRjcsK9gFtLJPppB06mYSZG6GEfoYbF4q49Wvc+TdO2iy09cDA4Zx7mXNPkEhh0HW/nZXVtfWNzdJWeXtnd2+/cnDYMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2Mb3O//cS1EbF6wEnC/YgOlQgFo2ilbi+iOApC0n4871eqbs2dgSwTryBVKNDoV756g5ilEVfIJDWm67kJ+hnVKJjk03IvNTyhbEyHvGupohE3fjaLPCWnVhmQMNb2KSQz9fdGRiNjJlFgJ/OIZtHLxf+8borhtZ8JlaTIFZt/FKaSYEzy+8lAaM5QTiyhTAublbAR1ZShbalsS/AWT14mrYua59a8+8tq/aaoowTHcAJn4MEV1OEOGtAEBjE8wyu8Oei8OO/Ox3x0xSl2juAPnM8febeQtQ==</latexit>

d2
<latexit sha1_base64="M3fMICEIr744ZYUy2Um/W3Z16sU=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fj04rGi/YA2lM1m0i7dbMLuRiihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIphi2WiER1A6pRcIktw43AbqqQxoHATjC+nfmdJ1SaJ/LRTFL0YzqUPOKMGis9hIP6oFJ1a+4cZJV4BalCgeag8tUPE5bFKA0TVOue56bGz6kynAmclvuZxpSyMR1iz1JJY9R+Pj91Ss6tEpIoUbakIXP190ROY60ncWA7Y2pGetmbif95vcxE137OZZoZlGyxKMoEMQmZ/U1CrpAZMbGEMsXtrYSNqKLM2HTKNgRv+eVV0q7XPLfm3V9WGzdFHCU4hTO4AA+uoAF30IQWMBjCM7zCmyOcF+fd+Vi0rjnFzAn8gfP5A+6tjY0=</latexit><latexit sha1_base64="M3fMICEIr744ZYUy2Um/W3Z16sU=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fj04rGi/YA2lM1m0i7dbMLuRiihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIphi2WiER1A6pRcIktw43AbqqQxoHATjC+nfmdJ1SaJ/LRTFL0YzqUPOKMGis9hIP6oFJ1a+4cZJV4BalCgeag8tUPE5bFKA0TVOue56bGz6kynAmclvuZxpSyMR1iz1JJY9R+Pj91Ss6tEpIoUbakIXP190ROY60ncWA7Y2pGetmbif95vcxE137OZZoZlGyxKMoEMQmZ/U1CrpAZMbGEMsXtrYSNqKLM2HTKNgRv+eVV0q7XPLfm3V9WGzdFHCU4hTO4AA+uoAF30IQWMBjCM7zCmyOcF+fd+Vi0rjnFzAn8gfP5A+6tjY0=</latexit><latexit sha1_base64="M3fMICEIr744ZYUy2Um/W3Z16sU=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fj04rGi/YA2lM1m0i7dbMLuRiihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIphi2WiER1A6pRcIktw43AbqqQxoHATjC+nfmdJ1SaJ/LRTFL0YzqUPOKMGis9hIP6oFJ1a+4cZJV4BalCgeag8tUPE5bFKA0TVOue56bGz6kynAmclvuZxpSyMR1iz1JJY9R+Pj91Ss6tEpIoUbakIXP190ROY60ncWA7Y2pGetmbif95vcxE137OZZoZlGyxKMoEMQmZ/U1CrpAZMbGEMsXtrYSNqKLM2HTKNgRv+eVV0q7XPLfm3V9WGzdFHCU4hTO4AA+uoAF30IQWMBjCM7zCmyOcF+fd+Vi0rjnFzAn8gfP5A+6tjY0=</latexit><latexit sha1_base64="M3fMICEIr744ZYUy2Um/W3Z16sU=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fj04rGi/YA2lM1m0i7dbMLuRiihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIphi2WiER1A6pRcIktw43AbqqQxoHATjC+nfmdJ1SaJ/LRTFL0YzqUPOKMGis9hIP6oFJ1a+4cZJV4BalCgeag8tUPE5bFKA0TVOue56bGz6kynAmclvuZxpSyMR1iz1JJY9R+Pj91Ss6tEpIoUbakIXP190ROY60ncWA7Y2pGetmbif95vcxE137OZZoZlGyxKMoEMQmZ/U1CrpAZMbGEMsXtrYSNqKLM2HTKNgRv+eVV0q7XPLfm3V9WGzdFHCU4hTO4AA+uoAF30IQWMBjCM7zCmyOcF+fd+Vi0rjnFzAn8gfP5A+6tjY0=</latexit>

d1
<latexit sha1_base64="Drhj6lE2qenVqrsOzi9XNVF17JE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK9gPaUDabTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuBtRwKRRvoUDJu6nmNA4k7wTj25nfeeLaiEQ94iTlfkyHSkSCUbTSQzjwBtWaW3fnIKvEK0gNCjQH1a9+mLAs5gqZpMb0PDdFP6caBZN8WulnhqeUjemQ9yxVNObGz+enTsmZVUISJdqWQjJXf0/kNDZmEge2M6Y4MsveTPzP62UYXfu5UGmGXLHFoiiTBBMy+5uEQnOGcmIJZVrYWwkbUU0Z2nQqNgRv+eVV0r6oe27du7+sNW6KOMpwAqdwDh5cQQPuoAktYDCEZ3iFN0c6L86787FoLTnFzDH8gfP5A+0pjYw=</latexit><latexit sha1_base64="Drhj6lE2qenVqrsOzi9XNVF17JE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK9gPaUDabTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuBtRwKRRvoUDJu6nmNA4k7wTj25nfeeLaiEQ94iTlfkyHSkSCUbTSQzjwBtWaW3fnIKvEK0gNCjQH1a9+mLAs5gqZpMb0PDdFP6caBZN8WulnhqeUjemQ9yxVNObGz+enTsmZVUISJdqWQjJXf0/kNDZmEge2M6Y4MsveTPzP62UYXfu5UGmGXLHFoiiTBBMy+5uEQnOGcmIJZVrYWwkbUU0Z2nQqNgRv+eVV0r6oe27du7+sNW6KOMpwAqdwDh5cQQPuoAktYDCEZ3iFN0c6L86787FoLTnFzDH8gfP5A+0pjYw=</latexit><latexit sha1_base64="Drhj6lE2qenVqrsOzi9XNVF17JE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK9gPaUDabTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuBtRwKRRvoUDJu6nmNA4k7wTj25nfeeLaiEQ94iTlfkyHSkSCUbTSQzjwBtWaW3fnIKvEK0gNCjQH1a9+mLAs5gqZpMb0PDdFP6caBZN8WulnhqeUjemQ9yxVNObGz+enTsmZVUISJdqWQjJXf0/kNDZmEge2M6Y4MsveTPzP62UYXfu5UGmGXLHFoiiTBBMy+5uEQnOGcmIJZVrYWwkbUU0Z2nQqNgRv+eVV0r6oe27du7+sNW6KOMpwAqdwDh5cQQPuoAktYDCEZ3iFN0c6L86787FoLTnFzDH8gfP5A+0pjYw=</latexit><latexit sha1_base64="Drhj6lE2qenVqrsOzi9XNVF17JE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK9gPaUDabTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuBtRwKRRvoUDJu6nmNA4k7wTj25nfeeLaiEQ94iTlfkyHSkSCUbTSQzjwBtWaW3fnIKvEK0gNCjQH1a9+mLAs5gqZpMb0PDdFP6caBZN8WulnhqeUjemQ9yxVNObGz+enTsmZVUISJdqWQjJXf0/kNDZmEge2M6Y4MsveTPzP62UYXfu5UGmGXLHFoiiTBBMy+5uEQnOGcmIJZVrYWwkbUU0Z2nQqNgRv+eVV0r6oe27du7+sNW6KOMpwAqdwDh5cQQPuoAktYDCEZ3iFN0c6L86787FoLTnFzDH8gfP5A+0pjYw=</latexit>

A(·)
<latexit sha1_base64="13Mjl3XDJRqbUopFTDpwfSXmPt8=">AAAB+nicbVDLSsNAFJ34rPWV6tLNYBHqpiQi6LLqxmUF+4AmlMlk0g6dTMLMjVJqP8WNC0Xc+iXu/BsnbRbaemDgcM693DMnSAXX4Djf1srq2vrGZmmrvL2zu7dvVw7aOskUZS2aiER1A6KZ4JK1gINg3VQxEgeCdYLRTe53HpjSPJH3ME6ZH5OB5BGnBIzUtyteTGBIicBXNY+GCZz27apTd2bAy8QtSBUVaPbtLy9MaBYzCVQQrXuuk4I/IQo4FWxa9jLNUkJHZMB6hkoSM+1PZtGn+MQoIY4SZZ4EPFN/b0xIrPU4DsxkHlQvern4n9fLILr0J1ymGTBJ54eiTGBIcN4DDrliFMTYEEIVN1kxHRJFKJi2yqYEd/HLy6R9Vnedunt3Xm1cF3WU0BE6RjXkogvUQLeoiVqIokf0jF7Rm/VkvVjv1sd8dMUqdg7RH1ifPyaBk0M=</latexit><latexit sha1_base64="13Mjl3XDJRqbUopFTDpwfSXmPt8=">AAAB+nicbVDLSsNAFJ34rPWV6tLNYBHqpiQi6LLqxmUF+4AmlMlk0g6dTMLMjVJqP8WNC0Xc+iXu/BsnbRbaemDgcM693DMnSAXX4Djf1srq2vrGZmmrvL2zu7dvVw7aOskUZS2aiER1A6KZ4JK1gINg3VQxEgeCdYLRTe53HpjSPJH3ME6ZH5OB5BGnBIzUtyteTGBIicBXNY+GCZz27apTd2bAy8QtSBUVaPbtLy9MaBYzCVQQrXuuk4I/IQo4FWxa9jLNUkJHZMB6hkoSM+1PZtGn+MQoIY4SZZ4EPFN/b0xIrPU4DsxkHlQvern4n9fLILr0J1ymGTBJ54eiTGBIcN4DDrliFMTYEEIVN1kxHRJFKJi2yqYEd/HLy6R9Vnedunt3Xm1cF3WU0BE6RjXkogvUQLeoiVqIokf0jF7Rm/VkvVjv1sd8dMUqdg7RH1ifPyaBk0M=</latexit><latexit sha1_base64="13Mjl3XDJRqbUopFTDpwfSXmPt8=">AAAB+nicbVDLSsNAFJ34rPWV6tLNYBHqpiQi6LLqxmUF+4AmlMlk0g6dTMLMjVJqP8WNC0Xc+iXu/BsnbRbaemDgcM693DMnSAXX4Djf1srq2vrGZmmrvL2zu7dvVw7aOskUZS2aiER1A6KZ4JK1gINg3VQxEgeCdYLRTe53HpjSPJH3ME6ZH5OB5BGnBIzUtyteTGBIicBXNY+GCZz27apTd2bAy8QtSBUVaPbtLy9MaBYzCVQQrXuuk4I/IQo4FWxa9jLNUkJHZMB6hkoSM+1PZtGn+MQoIY4SZZ4EPFN/b0xIrPU4DsxkHlQvern4n9fLILr0J1ymGTBJ54eiTGBIcN4DDrliFMTYEEIVN1kxHRJFKJi2yqYEd/HLy6R9Vnedunt3Xm1cF3WU0BE6RjXkogvUQLeoiVqIokf0jF7Rm/VkvVjv1sd8dMUqdg7RH1ifPyaBk0M=</latexit><latexit sha1_base64="13Mjl3XDJRqbUopFTDpwfSXmPt8=">AAAB+nicbVDLSsNAFJ34rPWV6tLNYBHqpiQi6LLqxmUF+4AmlMlk0g6dTMLMjVJqP8WNC0Xc+iXu/BsnbRbaemDgcM693DMnSAXX4Djf1srq2vrGZmmrvL2zu7dvVw7aOskUZS2aiER1A6KZ4JK1gINg3VQxEgeCdYLRTe53HpjSPJH3ME6ZH5OB5BGnBIzUtyteTGBIicBXNY+GCZz27apTd2bAy8QtSBUVaPbtLy9MaBYzCVQQrXuuk4I/IQo4FWxa9jLNUkJHZMB6hkoSM+1PZtGn+MQoIY4SZZ4EPFN/b0xIrPU4DsxkHlQvern4n9fLILr0J1ymGTBJ54eiTGBIcN4DDrliFMTYEEIVN1kxHRJFKJi2yqYEd/HLy6R9Vnedunt3Xm1cF3WU0BE6RjXkogvUQLeoiVqIokf0jF7Rm/VkvVjv1sd8dMUqdg7RH1ifPyaBk0M=</latexit>
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<latexit sha1_base64="hiEKFS2zmPbFwiyVdoGV8cwYIkQ="></latexit><latexit sha1_base64="hiEKFS2zmPbFwiyVdoGV8cwYIkQ="></latexit><latexit sha1_base64="hiEKFS2zmPbFwiyVdoGV8cwYIkQ="></latexit><latexit sha1_base64="hiEKFS2zmPbFwiyVdoGV8cwYIkQ="></latexit>
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X
<latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit>

X
<latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit>

X
<latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit>

X
<latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit>

X
<latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit>
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<latexit sha1_base64="jk9m1AoqnXGNCJHTtJDbX4Hy6CY=">AAAB+XicbVDLSgMxFL1TX7W+Rl26CRbBVZkRQZdFNy4r2Id0asmkmTY0kwxJplCG/okbF4q49U/c+Tdm2llo64HA4Zx7uScnTDjTxvO+ndLa+sbmVnm7srO7t3/gHh61tEwVoU0iuVSdEGvKmaBNwwynnURRHIectsPxbe63J1RpJsWDmSa0F+OhYBEj2Fip77pBjM0ojNDjUxYYmcz6btWreXOgVeIXpAoFGn33KxhIksZUGMKx1l3fS0wvw8owwumsEqSaJpiM8ZB2LRU4prqXzZPP0JlVBiiSyj5h0Fz9vZHhWOtpHNrJPKde9nLxP6+bmui6lzGRpIYKsjgUpRwZifIa0IApSgyfWoKJYjYrIiOsMDG2rIotwV/+8ippXdR8r+bfX1brN0UdZTiBUzgHH66gDnfQgCYQmMAzvMKbkzkvzrvzsRgtOcXOMfyB8/kDi/yTlw==</latexit><latexit sha1_base64="jk9m1AoqnXGNCJHTtJDbX4Hy6CY=">AAAB+XicbVDLSgMxFL1TX7W+Rl26CRbBVZkRQZdFNy4r2Id0asmkmTY0kwxJplCG/okbF4q49U/c+Tdm2llo64HA4Zx7uScnTDjTxvO+ndLa+sbmVnm7srO7t3/gHh61tEwVoU0iuVSdEGvKmaBNwwynnURRHIectsPxbe63J1RpJsWDmSa0F+OhYBEj2Fip77pBjM0ojNDjUxYYmcz6btWreXOgVeIXpAoFGn33KxhIksZUGMKx1l3fS0wvw8owwumsEqSaJpiM8ZB2LRU4prqXzZPP0JlVBiiSyj5h0Fz9vZHhWOtpHNrJPKde9nLxP6+bmui6lzGRpIYKsjgUpRwZifIa0IApSgyfWoKJYjYrIiOsMDG2rIotwV/+8ippXdR8r+bfX1brN0UdZTiBUzgHH66gDnfQgCYQmMAzvMKbkzkvzrvzsRgtOcXOMfyB8/kDi/yTlw==</latexit><latexit sha1_base64="jk9m1AoqnXGNCJHTtJDbX4Hy6CY=">AAAB+XicbVDLSgMxFL1TX7W+Rl26CRbBVZkRQZdFNy4r2Id0asmkmTY0kwxJplCG/okbF4q49U/c+Tdm2llo64HA4Zx7uScnTDjTxvO+ndLa+sbmVnm7srO7t3/gHh61tEwVoU0iuVSdEGvKmaBNwwynnURRHIectsPxbe63J1RpJsWDmSa0F+OhYBEj2Fip77pBjM0ojNDjUxYYmcz6btWreXOgVeIXpAoFGn33KxhIksZUGMKx1l3fS0wvw8owwumsEqSaJpiM8ZB2LRU4prqXzZPP0JlVBiiSyj5h0Fz9vZHhWOtpHNrJPKde9nLxP6+bmui6lzGRpIYKsjgUpRwZifIa0IApSgyfWoKJYjYrIiOsMDG2rIotwV/+8ippXdR8r+bfX1brN0UdZTiBUzgHH66gDnfQgCYQmMAzvMKbkzkvzrvzsRgtOcXOMfyB8/kDi/yTlw==</latexit><latexit sha1_base64="jk9m1AoqnXGNCJHTtJDbX4Hy6CY=">AAAB+XicbVDLSgMxFL1TX7W+Rl26CRbBVZkRQZdFNy4r2Id0asmkmTY0kwxJplCG/okbF4q49U/c+Tdm2llo64HA4Zx7uScnTDjTxvO+ndLa+sbmVnm7srO7t3/gHh61tEwVoU0iuVSdEGvKmaBNwwynnURRHIectsPxbe63J1RpJsWDmSa0F+OhYBEj2Fip77pBjM0ojNDjUxYYmcz6btWreXOgVeIXpAoFGn33KxhIksZUGMKx1l3fS0wvw8owwumsEqSaJpiM8ZB2LRU4prqXzZPP0JlVBiiSyj5h0Fz9vZHhWOtpHNrJPKde9nLxP6+bmui6lzGRpIYKsjgUpRwZifIa0IApSgyfWoKJYjYrIiOsMDG2rIotwV/+8ippXdR8r+bfX1brN0UdZTiBUzgHH66gDnfQgCYQmMAzvMKbkzkvzrvzsRgtOcXOMfyB8/kDi/yTlw==</latexit>

X<latexit sha1_base64="tvYW7ya05yp7CJdF9u/3OpabOpg=">AAAB8HicbVDLSgMxFL2pr1pfVZdugkVwVWZE0GXRjcsK9iHtUDJppg1NMkOSEcrQr3DjQhG3fo47/8ZMOwttPRA4nHMvOfeEieDGet43Kq2tb2xulbcrO7t7+wfVw6O2iVNNWYvGItbdkBgmuGIty61g3UQzIkPBOuHkNvc7T0wbHqsHO01YIMlI8YhTYp302JfEjsMIdwfVmlf35sCrxC9IDQo0B9Wv/jCmqWTKUkGM6fleYoOMaMupYLNKPzUsIXRCRqznqCKSmSCbB57hM6cMcRRr95TFc/X3RkakMVMZusk8oFn2cvE/r5fa6DrIuEpSyxRdfBSlAtsY59fjIdeMWjF1hFDNXVZMx0QTal1HFVeCv3zyKmlf1H2v7t9f1ho3RR1lOIFTOAcfrqABd9CEFlCQ8Ayv8IY0ekHv6GMxWkLFzjH8Afr8AVw6kBo=</latexit><latexit sha1_base64="tvYW7ya05yp7CJdF9u/3OpabOpg=">AAAB8HicbVDLSgMxFL2pr1pfVZdugkVwVWZE0GXRjcsK9iHtUDJppg1NMkOSEcrQr3DjQhG3fo47/8ZMOwttPRA4nHMvOfeEieDGet43Kq2tb2xulbcrO7t7+wfVw6O2iVNNWYvGItbdkBgmuGIty61g3UQzIkPBOuHkNvc7T0wbHqsHO01YIMlI8YhTYp302JfEjsMIdwfVmlf35sCrxC9IDQo0B9Wv/jCmqWTKUkGM6fleYoOMaMupYLNKPzUsIXRCRqznqCKSmSCbB57hM6cMcRRr95TFc/X3RkakMVMZusk8oFn2cvE/r5fa6DrIuEpSyxRdfBSlAtsY59fjIdeMWjF1hFDNXVZMx0QTal1HFVeCv3zyKmlf1H2v7t9f1ho3RR1lOIFTOAcfrqABd9CEFlCQ8Ayv8IY0ekHv6GMxWkLFzjH8Afr8AVw6kBo=</latexit><latexit sha1_base64="tvYW7ya05yp7CJdF9u/3OpabOpg=">AAAB8HicbVDLSgMxFL2pr1pfVZdugkVwVWZE0GXRjcsK9iHtUDJppg1NMkOSEcrQr3DjQhG3fo47/8ZMOwttPRA4nHMvOfeEieDGet43Kq2tb2xulbcrO7t7+wfVw6O2iVNNWYvGItbdkBgmuGIty61g3UQzIkPBOuHkNvc7T0wbHqsHO01YIMlI8YhTYp302JfEjsMIdwfVmlf35sCrxC9IDQo0B9Wv/jCmqWTKUkGM6fleYoOMaMupYLNKPzUsIXRCRqznqCKSmSCbB57hM6cMcRRr95TFc/X3RkakMVMZusk8oFn2cvE/r5fa6DrIuEpSyxRdfBSlAtsY59fjIdeMWjF1hFDNXVZMx0QTal1HFVeCv3zyKmlf1H2v7t9f1ho3RR1lOIFTOAcfrqABd9CEFlCQ8Ayv8IY0ekHv6GMxWkLFzjH8Afr8AVw6kBo=</latexit><latexit sha1_base64="tvYW7ya05yp7CJdF9u/3OpabOpg=">AAAB8HicbVDLSgMxFL2pr1pfVZdugkVwVWZE0GXRjcsK9iHtUDJppg1NMkOSEcrQr3DjQhG3fo47/8ZMOwttPRA4nHMvOfeEieDGet43Kq2tb2xulbcrO7t7+wfVw6O2iVNNWYvGItbdkBgmuGIty61g3UQzIkPBOuHkNvc7T0wbHqsHO01YIMlI8YhTYp302JfEjsMIdwfVmlf35sCrxC9IDQo0B9Wv/jCmqWTKUkGM6fleYoOMaMupYLNKPzUsIXRCRqznqCKSmSCbB57hM6cMcRRr95TFc/X3RkakMVMZusk8oFn2cvE/r5fa6DrIuEpSyxRdfBSlAtsY59fjIdeMWjF1hFDNXVZMx0QTal1HFVeCv3zyKmlf1H2v7t9f1ho3RR1lOIFTOAcfrqABd9CEFlCQ8Ayv8IY0ekHv6GMxWkLFzjH8Afr8AVw6kBo=</latexit>

W⇤
<latexit sha1_base64="dsVFnUausZg3LCaphbbulDThMeU=">AAAB8nicbVDLSsNAFL3xWeur6tLNYBHERUlE0GXRjcsK9gFtLJPppB06mYSZG6GEfoYbF4q49Wvc+TdO2iy09cDA4Zx7mXNPkEhh0HW/nZXVtfWNzdJWeXtnd2+/cnDYMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2Mb3O//cS1EbF6wEnC/YgOlQgFo2ilbi+iOApC0n4871eqbs2dgSwTryBVKNDoV756g5ilEVfIJDWm67kJ+hnVKJjk03IvNTyhbEyHvGupohE3fjaLPCWnVhmQMNb2KSQz9fdGRiNjJlFgJ/OIZtHLxf+8borhtZ8JlaTIFZt/FKaSYEzy+8lAaM5QTiyhTAublbAR1ZShbalsS/AWT14mrYua59a8+8tq/aaoowTHcAJn4MEV1OEOGtAEBjE8wyu8Oei8OO/Ox3x0xSl2juAPnM8febeQtQ==</latexit><latexit sha1_base64="dsVFnUausZg3LCaphbbulDThMeU=">AAAB8nicbVDLSsNAFL3xWeur6tLNYBHERUlE0GXRjcsK9gFtLJPppB06mYSZG6GEfoYbF4q49Wvc+TdO2iy09cDA4Zx7mXNPkEhh0HW/nZXVtfWNzdJWeXtnd2+/cnDYMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2Mb3O//cS1EbF6wEnC/YgOlQgFo2ilbi+iOApC0n4871eqbs2dgSwTryBVKNDoV756g5ilEVfIJDWm67kJ+hnVKJjk03IvNTyhbEyHvGupohE3fjaLPCWnVhmQMNb2KSQz9fdGRiNjJlFgJ/OIZtHLxf+8borhtZ8JlaTIFZt/FKaSYEzy+8lAaM5QTiyhTAublbAR1ZShbalsS/AWT14mrYua59a8+8tq/aaoowTHcAJn4MEV1OEOGtAEBjE8wyu8Oei8OO/Ox3x0xSl2juAPnM8febeQtQ==</latexit><latexit sha1_base64="dsVFnUausZg3LCaphbbulDThMeU=">AAAB8nicbVDLSsNAFL3xWeur6tLNYBHERUlE0GXRjcsK9gFtLJPppB06mYSZG6GEfoYbF4q49Wvc+TdO2iy09cDA4Zx7mXNPkEhh0HW/nZXVtfWNzdJWeXtnd2+/cnDYMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2Mb3O//cS1EbF6wEnC/YgOlQgFo2ilbi+iOApC0n4871eqbs2dgSwTryBVKNDoV756g5ilEVfIJDWm67kJ+hnVKJjk03IvNTyhbEyHvGupohE3fjaLPCWnVhmQMNb2KSQz9fdGRiNjJlFgJ/OIZtHLxf+8borhtZ8JlaTIFZt/FKaSYEzy+8lAaM5QTiyhTAublbAR1ZShbalsS/AWT14mrYua59a8+8tq/aaoowTHcAJn4MEV1OEOGtAEBjE8wyu8Oei8OO/Ox3x0xSl2juAPnM8febeQtQ==</latexit><latexit sha1_base64="dsVFnUausZg3LCaphbbulDThMeU=">AAAB8nicbVDLSsNAFL3xWeur6tLNYBHERUlE0GXRjcsK9gFtLJPppB06mYSZG6GEfoYbF4q49Wvc+TdO2iy09cDA4Zx7mXNPkEhh0HW/nZXVtfWNzdJWeXtnd2+/cnDYMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2Mb3O//cS1EbF6wEnC/YgOlQgFo2ilbi+iOApC0n4871eqbs2dgSwTryBVKNDoV756g5ilEVfIJDWm67kJ+hnVKJjk03IvNTyhbEyHvGupohE3fjaLPCWnVhmQMNb2KSQz9fdGRiNjJlFgJ/OIZtHLxf+8borhtZ8JlaTIFZt/FKaSYEzy+8lAaM5QTiyhTAublbAR1ZShbalsS/AWT14mrYua59a8+8tq/aaoowTHcAJn4MEV1OEOGtAEBjE8wyu8Oei8OO/Ox3x0xSl2juAPnM8febeQtQ==</latexit>

M⇤
<latexit sha1_base64="a9yos+eAhPMJhP/OLJ4lqM01wXs=">AAAB8nicbVDLSgMxFM3UV62vqks3wSKIizIjgi6LbtwIFewDpmPJpJk2NJMMyR2hDP0MNy4UcevXuPNvzLSz0NYDgcM595JzT5gIbsB1v53Syura+kZ5s7K1vbO7V90/aBuVaspaVAmluyExTHDJWsBBsG6iGYlDwTrh+Cb3O09MG67kA0wSFsRkKHnEKQEr+b2YwCiM8N3jWb9ac+vuDHiZeAWpoQLNfvWrN1A0jZkEKogxvucmEGREA6eCTSu91LCE0DEZMt9SSWJmgmwWeYpPrDLAkdL2ScAz9fdGRmJjJnFoJ/OIZtHLxf88P4XoKsi4TFJgks4/ilKBQeH8fjzgmlEQE0sI1dxmxXRENKFgW6rYErzFk5dJ+7zuuXXv/qLWuC7qKKMjdIxOkYcuUQPdoiZqIYoUekav6M0B58V5dz7moyWn2DlEf+B8/gBqe5Cr</latexit><latexit sha1_base64="a9yos+eAhPMJhP/OLJ4lqM01wXs=">AAAB8nicbVDLSgMxFM3UV62vqks3wSKIizIjgi6LbtwIFewDpmPJpJk2NJMMyR2hDP0MNy4UcevXuPNvzLSz0NYDgcM595JzT5gIbsB1v53Syura+kZ5s7K1vbO7V90/aBuVaspaVAmluyExTHDJWsBBsG6iGYlDwTrh+Cb3O09MG67kA0wSFsRkKHnEKQEr+b2YwCiM8N3jWb9ac+vuDHiZeAWpoQLNfvWrN1A0jZkEKogxvucmEGREA6eCTSu91LCE0DEZMt9SSWJmgmwWeYpPrDLAkdL2ScAz9fdGRmJjJnFoJ/OIZtHLxf88P4XoKsi4TFJgks4/ilKBQeH8fjzgmlEQE0sI1dxmxXRENKFgW6rYErzFk5dJ+7zuuXXv/qLWuC7qKKMjdIxOkYcuUQPdoiZqIYoUekav6M0B58V5dz7moyWn2DlEf+B8/gBqe5Cr</latexit><latexit sha1_base64="a9yos+eAhPMJhP/OLJ4lqM01wXs=">AAAB8nicbVDLSgMxFM3UV62vqks3wSKIizIjgi6LbtwIFewDpmPJpJk2NJMMyR2hDP0MNy4UcevXuPNvzLSz0NYDgcM595JzT5gIbsB1v53Syura+kZ5s7K1vbO7V90/aBuVaspaVAmluyExTHDJWsBBsG6iGYlDwTrh+Cb3O09MG67kA0wSFsRkKHnEKQEr+b2YwCiM8N3jWb9ac+vuDHiZeAWpoQLNfvWrN1A0jZkEKogxvucmEGREA6eCTSu91LCE0DEZMt9SSWJmgmwWeYpPrDLAkdL2ScAz9fdGRmJjJnFoJ/OIZtHLxf88P4XoKsi4TFJgks4/ilKBQeH8fjzgmlEQE0sI1dxmxXRENKFgW6rYErzFk5dJ+7zuuXXv/qLWuC7qKKMjdIxOkYcuUQPdoiZqIYoUekav6M0B58V5dz7moyWn2DlEf+B8/gBqe5Cr</latexit><latexit sha1_base64="a9yos+eAhPMJhP/OLJ4lqM01wXs=">AAAB8nicbVDLSgMxFM3UV62vqks3wSKIizIjgi6LbtwIFewDpmPJpJk2NJMMyR2hDP0MNy4UcevXuPNvzLSz0NYDgcM595JzT5gIbsB1v53Syura+kZ5s7K1vbO7V90/aBuVaspaVAmluyExTHDJWsBBsG6iGYlDwTrh+Cb3O09MG67kA0wSFsRkKHnEKQEr+b2YwCiM8N3jWb9ac+vuDHiZeAWpoQLNfvWrN1A0jZkEKogxvucmEGREA6eCTSu91LCE0DEZMt9SSWJmgmwWeYpPrDLAkdL2ScAz9fdGRmJjJnFoJ/OIZtHLxf88P4XoKsi4TFJgks4/ilKBQeH8fjzgmlEQE0sI1dxmxXRENKFgW6rYErzFk5dJ+7zuuXXv/qLWuC7qKKMjdIxOkYcuUQPdoiZqIYoUekav6M0B58V5dz7moyWn2DlEf+B8/gBqe5Cr</latexit>

X
<latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit>

X
<latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit>

=<latexit sha1_base64="DmNMk2YXYyTv+zN0rWXYwO/YuLg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpv57SdUmsfywUwS9CM6lDzkjBorNW765Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2m0eRxFO4BTOwYMrqME91KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AIzNjME=</latexit><latexit sha1_base64="DmNMk2YXYyTv+zN0rWXYwO/YuLg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpv57SdUmsfywUwS9CM6lDzkjBorNW765Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2m0eRxFO4BTOwYMrqME91KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AIzNjME=</latexit><latexit sha1_base64="DmNMk2YXYyTv+zN0rWXYwO/YuLg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpv57SdUmsfywUwS9CM6lDzkjBorNW765Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2m0eRxFO4BTOwYMrqME91KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AIzNjME=</latexit><latexit sha1_base64="DmNMk2YXYyTv+zN0rWXYwO/YuLg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpv57SdUmsfywUwS9CM6lDzkjBorNW765Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2m0eRxFO4BTOwYMrqME91KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AIzNjME=</latexit>

d1
<latexit sha1_base64="Drhj6lE2qenVqrsOzi9XNVF17JE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK9gPaUDabTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuBtRwKRRvoUDJu6nmNA4k7wTj25nfeeLaiEQ94iTlfkyHSkSCUbTSQzjwBtWaW3fnIKvEK0gNCjQH1a9+mLAs5gqZpMb0PDdFP6caBZN8WulnhqeUjemQ9yxVNObGz+enTsmZVUISJdqWQjJXf0/kNDZmEge2M6Y4MsveTPzP62UYXfu5UGmGXLHFoiiTBBMy+5uEQnOGcmIJZVrYWwkbUU0Z2nQqNgRv+eVV0r6oe27du7+sNW6KOMpwAqdwDh5cQQPuoAktYDCEZ3iFN0c6L86787FoLTnFzDH8gfP5A+0pjYw=</latexit><latexit sha1_base64="Drhj6lE2qenVqrsOzi9XNVF17JE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK9gPaUDabTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuBtRwKRRvoUDJu6nmNA4k7wTj25nfeeLaiEQ94iTlfkyHSkSCUbTSQzjwBtWaW3fnIKvEK0gNCjQH1a9+mLAs5gqZpMb0PDdFP6caBZN8WulnhqeUjemQ9yxVNObGz+enTsmZVUISJdqWQjJXf0/kNDZmEge2M6Y4MsveTPzP62UYXfu5UGmGXLHFoiiTBBMy+5uEQnOGcmIJZVrYWwkbUU0Z2nQqNgRv+eVV0r6oe27du7+sNW6KOMpwAqdwDh5cQQPuoAktYDCEZ3iFN0c6L86787FoLTnFzDH8gfP5A+0pjYw=</latexit><latexit sha1_base64="Drhj6lE2qenVqrsOzi9XNVF17JE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK9gPaUDabTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuBtRwKRRvoUDJu6nmNA4k7wTj25nfeeLaiEQ94iTlfkyHSkSCUbTSQzjwBtWaW3fnIKvEK0gNCjQH1a9+mLAs5gqZpMb0PDdFP6caBZN8WulnhqeUjemQ9yxVNObGz+enTsmZVUISJdqWQjJXf0/kNDZmEge2M6Y4MsveTPzP62UYXfu5UGmGXLHFoiiTBBMy+5uEQnOGcmIJZVrYWwkbUU0Z2nQqNgRv+eVV0r6oe27du7+sNW6KOMpwAqdwDh5cQQPuoAktYDCEZ3iFN0c6L86787FoLTnFzDH8gfP5A+0pjYw=</latexit><latexit sha1_base64="Drhj6lE2qenVqrsOzi9XNVF17JE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK9gPaUDabTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuBtRwKRRvoUDJu6nmNA4k7wTj25nfeeLaiEQ94iTlfkyHSkSCUbTSQzjwBtWaW3fnIKvEK0gNCjQH1a9+mLAs5gqZpMb0PDdFP6caBZN8WulnhqeUjemQ9yxVNObGz+enTsmZVUISJdqWQjJXf0/kNDZmEge2M6Y4MsveTPzP62UYXfu5UGmGXLHFoiiTBBMy+5uEQnOGcmIJZVrYWwkbUU0Z2nQqNgRv+eVV0r6oe27du7+sNW6KOMpwAqdwDh5cQQPuoAktYDCEZ3iFN0c6L86787FoLTnFzDH8gfP5A+0pjYw=</latexit>

d2
<latexit sha1_base64="M3fMICEIr744ZYUy2Um/W3Z16sU=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fj04rGi/YA2lM1m0i7dbMLuRiihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIphi2WiER1A6pRcIktw43AbqqQxoHATjC+nfmdJ1SaJ/LRTFL0YzqUPOKMGis9hIP6oFJ1a+4cZJV4BalCgeag8tUPE5bFKA0TVOue56bGz6kynAmclvuZxpSyMR1iz1JJY9R+Pj91Ss6tEpIoUbakIXP190ROY60ncWA7Y2pGetmbif95vcxE137OZZoZlGyxKMoEMQmZ/U1CrpAZMbGEMsXtrYSNqKLM2HTKNgRv+eVV0q7XPLfm3V9WGzdFHCU4hTO4AA+uoAF30IQWMBjCM7zCmyOcF+fd+Vi0rjnFzAn8gfP5A+6tjY0=</latexit><latexit sha1_base64="M3fMICEIr744ZYUy2Um/W3Z16sU=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fj04rGi/YA2lM1m0i7dbMLuRiihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIphi2WiER1A6pRcIktw43AbqqQxoHATjC+nfmdJ1SaJ/LRTFL0YzqUPOKMGis9hIP6oFJ1a+4cZJV4BalCgeag8tUPE5bFKA0TVOue56bGz6kynAmclvuZxpSyMR1iz1JJY9R+Pj91Ss6tEpIoUbakIXP190ROY60ncWA7Y2pGetmbif95vcxE137OZZoZlGyxKMoEMQmZ/U1CrpAZMbGEMsXtrYSNqKLM2HTKNgRv+eVV0q7XPLfm3V9WGzdFHCU4hTO4AA+uoAF30IQWMBjCM7zCmyOcF+fd+Vi0rjnFzAn8gfP5A+6tjY0=</latexit><latexit sha1_base64="M3fMICEIr744ZYUy2Um/W3Z16sU=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fj04rGi/YA2lM1m0i7dbMLuRiihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIphi2WiER1A6pRcIktw43AbqqQxoHATjC+nfmdJ1SaJ/LRTFL0YzqUPOKMGis9hIP6oFJ1a+4cZJV4BalCgeag8tUPE5bFKA0TVOue56bGz6kynAmclvuZxpSyMR1iz1JJY9R+Pj91Ss6tEpIoUbakIXP190ROY60ncWA7Y2pGetmbif95vcxE137OZZoZlGyxKMoEMQmZ/U1CrpAZMbGEMsXtrYSNqKLM2HTKNgRv+eVV0q7XPLfm3V9WGzdFHCU4hTO4AA+uoAF30IQWMBjCM7zCmyOcF+fd+Vi0rjnFzAn8gfP5A+6tjY0=</latexit><latexit sha1_base64="M3fMICEIr744ZYUy2Um/W3Z16sU=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fj04rGi/YA2lM1m0i7dbMLuRiihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIphi2WiER1A6pRcIktw43AbqqQxoHATjC+nfmdJ1SaJ/LRTFL0YzqUPOKMGis9hIP6oFJ1a+4cZJV4BalCgeag8tUPE5bFKA0TVOue56bGz6kynAmclvuZxpSyMR1iz1JJY9R+Pj91Ss6tEpIoUbakIXP190ROY60ncWA7Y2pGetmbif95vcxE137OZZoZlGyxKMoEMQmZ/U1CrpAZMbGEMsXtrYSNqKLM2HTKNgRv+eVV0q7XPLfm3V9WGzdFHCU4hTO4AA+uoAF30IQWMBjCM7zCmyOcF+fd+Vi0rjnFzAn8gfP5A+6tjY0=</latexit>

n1
<latexit sha1_base64="TbOVm4a1bj7EWv2q2BG16ZUEIEA=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis9yL7fd6tezZuDrBK/IFUo0Oi7X71BwrIYpWGCat31vdQEOVWGM4HTSi/TmFI2pkPsWippjDrI56dOyZlVBiRKlC1pyFz9PZHTWOtJHNrOmJqRXvZm4n9eNzPRdZBzmWYGJVssijJBTEJmf5MBV8iMmFhCmeL2VsJGVFFmbDoVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AfxljZY=</latexit><latexit sha1_base64="TbOVm4a1bj7EWv2q2BG16ZUEIEA=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis9yL7fd6tezZuDrBK/IFUo0Oi7X71BwrIYpWGCat31vdQEOVWGM4HTSi/TmFI2pkPsWippjDrI56dOyZlVBiRKlC1pyFz9PZHTWOtJHNrOmJqRXvZm4n9eNzPRdZBzmWYGJVssijJBTEJmf5MBV8iMmFhCmeL2VsJGVFFmbDoVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AfxljZY=</latexit><latexit sha1_base64="TbOVm4a1bj7EWv2q2BG16ZUEIEA=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis9yL7fd6tezZuDrBK/IFUo0Oi7X71BwrIYpWGCat31vdQEOVWGM4HTSi/TmFI2pkPsWippjDrI56dOyZlVBiRKlC1pyFz9PZHTWOtJHNrOmJqRXvZm4n9eNzPRdZBzmWYGJVssijJBTEJmf5MBV8iMmFhCmeL2VsJGVFFmbDoVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AfxljZY=</latexit><latexit sha1_base64="TbOVm4a1bj7EWv2q2BG16ZUEIEA=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis9yL7fd6tezZuDrBK/IFUo0Oi7X71BwrIYpWGCat31vdQEOVWGM4HTSi/TmFI2pkPsWippjDrI56dOyZlVBiRKlC1pyFz9PZHTWOtJHNrOmJqRXvZm4n9eNzPRdZBzmWYGJVssijJBTEJmf5MBV8iMmFhCmeL2VsJGVFFmbDoVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AfxljZY=</latexit>
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• Rewrite the IMC objective function
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2

<latexit sha1_base64="Wx4bjMn7mOG1R1DpNkTXMydc30E="></latexit><latexit sha1_base64="Wx4bjMn7mOG1R1DpNkTXMydc30E="></latexit><latexit sha1_base64="Wx4bjMn7mOG1R1DpNkTXMydc30E="></latexit><latexit sha1_base64="Wx4bjMn7mOG1R1DpNkTXMydc30E="></latexit>

• Matrix sensing problem
operator A:
randomly select
(row,col) of (X,Y)

A
<latexit sha1_base64="PbOEPO3Lq2g2RJJxwl06Gsfiq/M=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeqF48VbC22oWy2m3bpZhN2X4QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrHuBNRwKRRvoUDJO4nmNAokfwjGN7n/8MS1EbG6x0nC/YgOlQgFo2ilx15EccSoJFf9as2tuzOQZeIVpAYFmv3qV28QszTiCpmkxnQ9N0E/oxoFk3xa6aWGJ5SN6ZB3LVU04sbPZomn5MQqAxLG2j6FZKb+3shoZMwkCuxkntAsern4n9dNMbz0M6GSFLli84/CVBKMSX4+GQjNGcqJJZRpYbMSNqKaMrQlVWwJ3uLJy6R9Vvfcund3XmtcF3WU4QiO4RQ8uIAG3EITWsBAwTO8wptjnBfn3fmYj5acYucQ/sD5/AH/jZB1</latexit><latexit sha1_base64="PbOEPO3Lq2g2RJJxwl06Gsfiq/M=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeqF48VbC22oWy2m3bpZhN2X4QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrHuBNRwKRRvoUDJO4nmNAokfwjGN7n/8MS1EbG6x0nC/YgOlQgFo2ilx15EccSoJFf9as2tuzOQZeIVpAYFmv3qV28QszTiCpmkxnQ9N0E/oxoFk3xa6aWGJ5SN6ZB3LVU04sbPZomn5MQqAxLG2j6FZKb+3shoZMwkCuxkntAsern4n9dNMbz0M6GSFLli84/CVBKMSX4+GQjNGcqJJZRpYbMSNqKaMrQlVWwJ3uLJy6R9Vvfcund3XmtcF3WU4QiO4RQ8uIAG3EITWsBAwTO8wptjnBfn3fmYj5acYucQ/sD5/AH/jZB1</latexit><latexit sha1_base64="PbOEPO3Lq2g2RJJxwl06Gsfiq/M=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeqF48VbC22oWy2m3bpZhN2X4QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrHuBNRwKRRvoUDJO4nmNAokfwjGN7n/8MS1EbG6x0nC/YgOlQgFo2ilx15EccSoJFf9as2tuzOQZeIVpAYFmv3qV28QszTiCpmkxnQ9N0E/oxoFk3xa6aWGJ5SN6ZB3LVU04sbPZomn5MQqAxLG2j6FZKb+3shoZMwkCuxkntAsern4n9dNMbz0M6GSFLli84/CVBKMSX4+GQjNGcqJJZRpYbMSNqKaMrQlVWwJ3uLJy6R9Vvfcund3XmtcF3WU4QiO4RQ8uIAG3EITWsBAwTO8wptjnBfn3fmYj5acYucQ/sD5/AH/jZB1</latexit><latexit sha1_base64="PbOEPO3Lq2g2RJJxwl06Gsfiq/M=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeqF48VbC22oWy2m3bpZhN2X4QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrHuBNRwKRRvoUDJO4nmNAokfwjGN7n/8MS1EbG6x0nC/YgOlQgFo2ilx15EccSoJFf9as2tuzOQZeIVpAYFmv3qV28QszTiCpmkxnQ9N0E/oxoFk3xa6aWGJ5SN6ZB3LVU04sbPZomn5MQqAxLG2j6FZKb+3shoZMwkCuxkntAsern4n9dNMbz0M6GSFLli84/CVBKMSX4+GQjNGcqJJZRpYbMSNqKaMrQlVWwJ3uLJy6R9Vvfcund3XmtcF3WU4QiO4RQ8uIAG3EITWsBAwTO8wptjnBfn3fmYj5acYucQ/sD5/AH/jZB1</latexit>
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W⇤
<latexit sha1_base64="dsVFnUausZg3LCaphbbulDThMeU=">AAAB8nicbVDLSsNAFL3xWeur6tLNYBHERUlE0GXRjcsK9gFtLJPppB06mYSZG6GEfoYbF4q49Wvc+TdO2iy09cDA4Zx7mXNPkEhh0HW/nZXVtfWNzdJWeXtnd2+/cnDYMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2Mb3O//cS1EbF6wEnC/YgOlQgFo2ilbi+iOApC0n4871eqbs2dgSwTryBVKNDoV756g5ilEVfIJDWm67kJ+hnVKJjk03IvNTyhbEyHvGupohE3fjaLPCWnVhmQMNb2KSQz9fdGRiNjJlFgJ/OIZtHLxf+8borhtZ8JlaTIFZt/FKaSYEzy+8lAaM5QTiyhTAublbAR1ZShbalsS/AWT14mrYua59a8+8tq/aaoowTHcAJn4MEV1OEOGtAEBjE8wyu8Oei8OO/Ox3x0xSl2juAPnM8febeQtQ==</latexit><latexit sha1_base64="dsVFnUausZg3LCaphbbulDThMeU=">AAAB8nicbVDLSsNAFL3xWeur6tLNYBHERUlE0GXRjcsK9gFtLJPppB06mYSZG6GEfoYbF4q49Wvc+TdO2iy09cDA4Zx7mXNPkEhh0HW/nZXVtfWNzdJWeXtnd2+/cnDYMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2Mb3O//cS1EbF6wEnC/YgOlQgFo2ilbi+iOApC0n4871eqbs2dgSwTryBVKNDoV756g5ilEVfIJDWm67kJ+hnVKJjk03IvNTyhbEyHvGupohE3fjaLPCWnVhmQMNb2KSQz9fdGRiNjJlFgJ/OIZtHLxf+8borhtZ8JlaTIFZt/FKaSYEzy+8lAaM5QTiyhTAublbAR1ZShbalsS/AWT14mrYua59a8+8tq/aaoowTHcAJn4MEV1OEOGtAEBjE8wyu8Oei8OO/Ox3x0xSl2juAPnM8febeQtQ==</latexit><latexit sha1_base64="dsVFnUausZg3LCaphbbulDThMeU=">AAAB8nicbVDLSsNAFL3xWeur6tLNYBHERUlE0GXRjcsK9gFtLJPppB06mYSZG6GEfoYbF4q49Wvc+TdO2iy09cDA4Zx7mXNPkEhh0HW/nZXVtfWNzdJWeXtnd2+/cnDYMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2Mb3O//cS1EbF6wEnC/YgOlQgFo2ilbi+iOApC0n4871eqbs2dgSwTryBVKNDoV756g5ilEVfIJDWm67kJ+hnVKJjk03IvNTyhbEyHvGupohE3fjaLPCWnVhmQMNb2KSQz9fdGRiNjJlFgJ/OIZtHLxf+8borhtZ8JlaTIFZt/FKaSYEzy+8lAaM5QTiyhTAublbAR1ZShbalsS/AWT14mrYua59a8+8tq/aaoowTHcAJn4MEV1OEOGtAEBjE8wyu8Oei8OO/Ox3x0xSl2juAPnM8febeQtQ==</latexit><latexit sha1_base64="dsVFnUausZg3LCaphbbulDThMeU=">AAAB8nicbVDLSsNAFL3xWeur6tLNYBHERUlE0GXRjcsK9gFtLJPppB06mYSZG6GEfoYbF4q49Wvc+TdO2iy09cDA4Zx7mXNPkEhh0HW/nZXVtfWNzdJWeXtnd2+/cnDYMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2Mb3O//cS1EbF6wEnC/YgOlQgFo2ilbi+iOApC0n4871eqbs2dgSwTryBVKNDoV756g5ilEVfIJDWm67kJ+hnVKJjk03IvNTyhbEyHvGupohE3fjaLPCWnVhmQMNb2KSQz9fdGRiNjJlFgJ/OIZtHLxf+8borhtZ8JlaTIFZt/FKaSYEzy+8lAaM5QTiyhTAublbAR1ZShbalsS/AWT14mrYua59a8+8tq/aaoowTHcAJn4MEV1OEOGtAEBjE8wyu8Oei8OO/Ox3x0xSl2juAPnM8febeQtQ==</latexit>

d2
<latexit sha1_base64="M3fMICEIr744ZYUy2Um/W3Z16sU=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fj04rGi/YA2lM1m0i7dbMLuRiihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIphi2WiER1A6pRcIktw43AbqqQxoHATjC+nfmdJ1SaJ/LRTFL0YzqUPOKMGis9hIP6oFJ1a+4cZJV4BalCgeag8tUPE5bFKA0TVOue56bGz6kynAmclvuZxpSyMR1iz1JJY9R+Pj91Ss6tEpIoUbakIXP190ROY60ncWA7Y2pGetmbif95vcxE137OZZoZlGyxKMoEMQmZ/U1CrpAZMbGEMsXtrYSNqKLM2HTKNgRv+eVV0q7XPLfm3V9WGzdFHCU4hTO4AA+uoAF30IQWMBjCM7zCmyOcF+fd+Vi0rjnFzAn8gfP5A+6tjY0=</latexit><latexit sha1_base64="M3fMICEIr744ZYUy2Um/W3Z16sU=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fj04rGi/YA2lM1m0i7dbMLuRiihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIphi2WiER1A6pRcIktw43AbqqQxoHATjC+nfmdJ1SaJ/LRTFL0YzqUPOKMGis9hIP6oFJ1a+4cZJV4BalCgeag8tUPE5bFKA0TVOue56bGz6kynAmclvuZxpSyMR1iz1JJY9R+Pj91Ss6tEpIoUbakIXP190ROY60ncWA7Y2pGetmbif95vcxE137OZZoZlGyxKMoEMQmZ/U1CrpAZMbGEMsXtrYSNqKLM2HTKNgRv+eVV0q7XPLfm3V9WGzdFHCU4hTO4AA+uoAF30IQWMBjCM7zCmyOcF+fd+Vi0rjnFzAn8gfP5A+6tjY0=</latexit><latexit sha1_base64="M3fMICEIr744ZYUy2Um/W3Z16sU=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fj04rGi/YA2lM1m0i7dbMLuRiihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIphi2WiER1A6pRcIktw43AbqqQxoHATjC+nfmdJ1SaJ/LRTFL0YzqUPOKMGis9hIP6oFJ1a+4cZJV4BalCgeag8tUPE5bFKA0TVOue56bGz6kynAmclvuZxpSyMR1iz1JJY9R+Pj91Ss6tEpIoUbakIXP190ROY60ncWA7Y2pGetmbif95vcxE137OZZoZlGyxKMoEMQmZ/U1CrpAZMbGEMsXtrYSNqKLM2HTKNgRv+eVV0q7XPLfm3V9WGzdFHCU4hTO4AA+uoAF30IQWMBjCM7zCmyOcF+fd+Vi0rjnFzAn8gfP5A+6tjY0=</latexit><latexit sha1_base64="M3fMICEIr744ZYUy2Um/W3Z16sU=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fj04rGi/YA2lM1m0i7dbMLuRiihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIphi2WiER1A6pRcIktw43AbqqQxoHATjC+nfmdJ1SaJ/LRTFL0YzqUPOKMGis9hIP6oFJ1a+4cZJV4BalCgeag8tUPE5bFKA0TVOue56bGz6kynAmclvuZxpSyMR1iz1JJY9R+Pj91Ss6tEpIoUbakIXP190ROY60ncWA7Y2pGetmbif95vcxE137OZZoZlGyxKMoEMQmZ/U1CrpAZMbGEMsXtrYSNqKLM2HTKNgRv+eVV0q7XPLfm3V9WGzdFHCU4hTO4AA+uoAF30IQWMBjCM7zCmyOcF+fd+Vi0rjnFzAn8gfP5A+6tjY0=</latexit>

d1
<latexit sha1_base64="Drhj6lE2qenVqrsOzi9XNVF17JE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK9gPaUDabTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuBtRwKRRvoUDJu6nmNA4k7wTj25nfeeLaiEQ94iTlfkyHSkSCUbTSQzjwBtWaW3fnIKvEK0gNCjQH1a9+mLAs5gqZpMb0PDdFP6caBZN8WulnhqeUjemQ9yxVNObGz+enTsmZVUISJdqWQjJXf0/kNDZmEge2M6Y4MsveTPzP62UYXfu5UGmGXLHFoiiTBBMy+5uEQnOGcmIJZVrYWwkbUU0Z2nQqNgRv+eVV0r6oe27du7+sNW6KOMpwAqdwDh5cQQPuoAktYDCEZ3iFN0c6L86787FoLTnFzDH8gfP5A+0pjYw=</latexit><latexit sha1_base64="Drhj6lE2qenVqrsOzi9XNVF17JE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK9gPaUDabTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuBtRwKRRvoUDJu6nmNA4k7wTj25nfeeLaiEQ94iTlfkyHSkSCUbTSQzjwBtWaW3fnIKvEK0gNCjQH1a9+mLAs5gqZpMb0PDdFP6caBZN8WulnhqeUjemQ9yxVNObGz+enTsmZVUISJdqWQjJXf0/kNDZmEge2M6Y4MsveTPzP62UYXfu5UGmGXLHFoiiTBBMy+5uEQnOGcmIJZVrYWwkbUU0Z2nQqNgRv+eVV0r6oe27du7+sNW6KOMpwAqdwDh5cQQPuoAktYDCEZ3iFN0c6L86787FoLTnFzDH8gfP5A+0pjYw=</latexit><latexit sha1_base64="Drhj6lE2qenVqrsOzi9XNVF17JE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK9gPaUDabTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuBtRwKRRvoUDJu6nmNA4k7wTj25nfeeLaiEQ94iTlfkyHSkSCUbTSQzjwBtWaW3fnIKvEK0gNCjQH1a9+mLAs5gqZpMb0PDdFP6caBZN8WulnhqeUjemQ9yxVNObGz+enTsmZVUISJdqWQjJXf0/kNDZmEge2M6Y4MsveTPzP62UYXfu5UGmGXLHFoiiTBBMy+5uEQnOGcmIJZVrYWwkbUU0Z2nQqNgRv+eVV0r6oe27du7+sNW6KOMpwAqdwDh5cQQPuoAktYDCEZ3iFN0c6L86787FoLTnFzDH8gfP5A+0pjYw=</latexit><latexit sha1_base64="Drhj6lE2qenVqrsOzi9XNVF17JE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK9gPaUDabTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuBtRwKRRvoUDJu6nmNA4k7wTj25nfeeLaiEQ94iTlfkyHSkSCUbTSQzjwBtWaW3fnIKvEK0gNCjQH1a9+mLAs5gqZpMb0PDdFP6caBZN8WulnhqeUjemQ9yxVNObGz+enTsmZVUISJdqWQjJXf0/kNDZmEge2M6Y4MsveTPzP62UYXfu5UGmGXLHFoiiTBBMy+5uEQnOGcmIJZVrYWwkbUU0Z2nQqNgRv+eVV0r6oe27du7+sNW6KOMpwAqdwDh5cQQPuoAktYDCEZ3iFN0c6L86787FoLTnFzDH8gfP5A+0pjYw=</latexit>

A(·)
<latexit sha1_base64="13Mjl3XDJRqbUopFTDpwfSXmPt8=">AAAB+nicbVDLSsNAFJ34rPWV6tLNYBHqpiQi6LLqxmUF+4AmlMlk0g6dTMLMjVJqP8WNC0Xc+iXu/BsnbRbaemDgcM693DMnSAXX4Djf1srq2vrGZmmrvL2zu7dvVw7aOskUZS2aiER1A6KZ4JK1gINg3VQxEgeCdYLRTe53HpjSPJH3ME6ZH5OB5BGnBIzUtyteTGBIicBXNY+GCZz27apTd2bAy8QtSBUVaPbtLy9MaBYzCVQQrXuuk4I/IQo4FWxa9jLNUkJHZMB6hkoSM+1PZtGn+MQoIY4SZZ4EPFN/b0xIrPU4DsxkHlQvern4n9fLILr0J1ymGTBJ54eiTGBIcN4DDrliFMTYEEIVN1kxHRJFKJi2yqYEd/HLy6R9Vnedunt3Xm1cF3WU0BE6RjXkogvUQLeoiVqIokf0jF7Rm/VkvVjv1sd8dMUqdg7RH1ifPyaBk0M=</latexit><latexit sha1_base64="13Mjl3XDJRqbUopFTDpwfSXmPt8=">AAAB+nicbVDLSsNAFJ34rPWV6tLNYBHqpiQi6LLqxmUF+4AmlMlk0g6dTMLMjVJqP8WNC0Xc+iXu/BsnbRbaemDgcM693DMnSAXX4Djf1srq2vrGZmmrvL2zu7dvVw7aOskUZS2aiER1A6KZ4JK1gINg3VQxEgeCdYLRTe53HpjSPJH3ME6ZH5OB5BGnBIzUtyteTGBIicBXNY+GCZz27apTd2bAy8QtSBUVaPbtLy9MaBYzCVQQrXuuk4I/IQo4FWxa9jLNUkJHZMB6hkoSM+1PZtGn+MQoIY4SZZ4EPFN/b0xIrPU4DsxkHlQvern4n9fLILr0J1ymGTBJ54eiTGBIcN4DDrliFMTYEEIVN1kxHRJFKJi2yqYEd/HLy6R9Vnedunt3Xm1cF3WU0BE6RjXkogvUQLeoiVqIokf0jF7Rm/VkvVjv1sd8dMUqdg7RH1ifPyaBk0M=</latexit><latexit sha1_base64="13Mjl3XDJRqbUopFTDpwfSXmPt8=">AAAB+nicbVDLSsNAFJ34rPWV6tLNYBHqpiQi6LLqxmUF+4AmlMlk0g6dTMLMjVJqP8WNC0Xc+iXu/BsnbRbaemDgcM693DMnSAXX4Djf1srq2vrGZmmrvL2zu7dvVw7aOskUZS2aiER1A6KZ4JK1gINg3VQxEgeCdYLRTe53HpjSPJH3ME6ZH5OB5BGnBIzUtyteTGBIicBXNY+GCZz27apTd2bAy8QtSBUVaPbtLy9MaBYzCVQQrXuuk4I/IQo4FWxa9jLNUkJHZMB6hkoSM+1PZtGn+MQoIY4SZZ4EPFN/b0xIrPU4DsxkHlQvern4n9fLILr0J1ymGTBJ54eiTGBIcN4DDrliFMTYEEIVN1kxHRJFKJi2yqYEd/HLy6R9Vnedunt3Xm1cF3WU0BE6RjXkogvUQLeoiVqIokf0jF7Rm/VkvVjv1sd8dMUqdg7RH1ifPyaBk0M=</latexit><latexit sha1_base64="13Mjl3XDJRqbUopFTDpwfSXmPt8=">AAAB+nicbVDLSsNAFJ34rPWV6tLNYBHqpiQi6LLqxmUF+4AmlMlk0g6dTMLMjVJqP8WNC0Xc+iXu/BsnbRbaemDgcM693DMnSAXX4Djf1srq2vrGZmmrvL2zu7dvVw7aOskUZS2aiER1A6KZ4JK1gINg3VQxEgeCdYLRTe53HpjSPJH3ME6ZH5OB5BGnBIzUtyteTGBIicBXNY+GCZz27apTd2bAy8QtSBUVaPbtLy9MaBYzCVQQrXuuk4I/IQo4FWxa9jLNUkJHZMB6hkoSM+1PZtGn+MQoIY4SZZ4EPFN/b0xIrPU4DsxkHlQvern4n9fLILr0J1ymGTBJ54eiTGBIcN4DDrliFMTYEEIVN1kxHRJFKJi2yqYEd/HLy6R9Vnedunt3Xm1cF3WU0BE6RjXkogvUQLeoiVqIokf0jF7Rm/VkvVjv1sd8dMUqdg7RH1ifPyaBk0M=</latexit>
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<latexit sha1_base64="hiEKFS2zmPbFwiyVdoGV8cwYIkQ="></latexit><latexit sha1_base64="hiEKFS2zmPbFwiyVdoGV8cwYIkQ="></latexit><latexit sha1_base64="hiEKFS2zmPbFwiyVdoGV8cwYIkQ="></latexit><latexit sha1_base64="hiEKFS2zmPbFwiyVdoGV8cwYIkQ="></latexit>
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X
<latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit>

X
<latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit>

X
<latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit>

X
<latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit>

X
<latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit>
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Y>
<latexit sha1_base64="jk9m1AoqnXGNCJHTtJDbX4Hy6CY=">AAAB+XicbVDLSgMxFL1TX7W+Rl26CRbBVZkRQZdFNy4r2Id0asmkmTY0kwxJplCG/okbF4q49U/c+Tdm2llo64HA4Zx7uScnTDjTxvO+ndLa+sbmVnm7srO7t3/gHh61tEwVoU0iuVSdEGvKmaBNwwynnURRHIectsPxbe63J1RpJsWDmSa0F+OhYBEj2Fip77pBjM0ojNDjUxYYmcz6btWreXOgVeIXpAoFGn33KxhIksZUGMKx1l3fS0wvw8owwumsEqSaJpiM8ZB2LRU4prqXzZPP0JlVBiiSyj5h0Fz9vZHhWOtpHNrJPKde9nLxP6+bmui6lzGRpIYKsjgUpRwZifIa0IApSgyfWoKJYjYrIiOsMDG2rIotwV/+8ippXdR8r+bfX1brN0UdZTiBUzgHH66gDnfQgCYQmMAzvMKbkzkvzrvzsRgtOcXOMfyB8/kDi/yTlw==</latexit><latexit sha1_base64="jk9m1AoqnXGNCJHTtJDbX4Hy6CY=">AAAB+XicbVDLSgMxFL1TX7W+Rl26CRbBVZkRQZdFNy4r2Id0asmkmTY0kwxJplCG/okbF4q49U/c+Tdm2llo64HA4Zx7uScnTDjTxvO+ndLa+sbmVnm7srO7t3/gHh61tEwVoU0iuVSdEGvKmaBNwwynnURRHIectsPxbe63J1RpJsWDmSa0F+OhYBEj2Fip77pBjM0ojNDjUxYYmcz6btWreXOgVeIXpAoFGn33KxhIksZUGMKx1l3fS0wvw8owwumsEqSaJpiM8ZB2LRU4prqXzZPP0JlVBiiSyj5h0Fz9vZHhWOtpHNrJPKde9nLxP6+bmui6lzGRpIYKsjgUpRwZifIa0IApSgyfWoKJYjYrIiOsMDG2rIotwV/+8ippXdR8r+bfX1brN0UdZTiBUzgHH66gDnfQgCYQmMAzvMKbkzkvzrvzsRgtOcXOMfyB8/kDi/yTlw==</latexit><latexit sha1_base64="jk9m1AoqnXGNCJHTtJDbX4Hy6CY=">AAAB+XicbVDLSgMxFL1TX7W+Rl26CRbBVZkRQZdFNy4r2Id0asmkmTY0kwxJplCG/okbF4q49U/c+Tdm2llo64HA4Zx7uScnTDjTxvO+ndLa+sbmVnm7srO7t3/gHh61tEwVoU0iuVSdEGvKmaBNwwynnURRHIectsPxbe63J1RpJsWDmSa0F+OhYBEj2Fip77pBjM0ojNDjUxYYmcz6btWreXOgVeIXpAoFGn33KxhIksZUGMKx1l3fS0wvw8owwumsEqSaJpiM8ZB2LRU4prqXzZPP0JlVBiiSyj5h0Fz9vZHhWOtpHNrJPKde9nLxP6+bmui6lzGRpIYKsjgUpRwZifIa0IApSgyfWoKJYjYrIiOsMDG2rIotwV/+8ippXdR8r+bfX1brN0UdZTiBUzgHH66gDnfQgCYQmMAzvMKbkzkvzrvzsRgtOcXOMfyB8/kDi/yTlw==</latexit><latexit sha1_base64="jk9m1AoqnXGNCJHTtJDbX4Hy6CY=">AAAB+XicbVDLSgMxFL1TX7W+Rl26CRbBVZkRQZdFNy4r2Id0asmkmTY0kwxJplCG/okbF4q49U/c+Tdm2llo64HA4Zx7uScnTDjTxvO+ndLa+sbmVnm7srO7t3/gHh61tEwVoU0iuVSdEGvKmaBNwwynnURRHIectsPxbe63J1RpJsWDmSa0F+OhYBEj2Fip77pBjM0ojNDjUxYYmcz6btWreXOgVeIXpAoFGn33KxhIksZUGMKx1l3fS0wvw8owwumsEqSaJpiM8ZB2LRU4prqXzZPP0JlVBiiSyj5h0Fz9vZHhWOtpHNrJPKde9nLxP6+bmui6lzGRpIYKsjgUpRwZifIa0IApSgyfWoKJYjYrIiOsMDG2rIotwV/+8ippXdR8r+bfX1brN0UdZTiBUzgHH66gDnfQgCYQmMAzvMKbkzkvzrvzsRgtOcXOMfyB8/kDi/yTlw==</latexit>

X<latexit sha1_base64="tvYW7ya05yp7CJdF9u/3OpabOpg=">AAAB8HicbVDLSgMxFL2pr1pfVZdugkVwVWZE0GXRjcsK9iHtUDJppg1NMkOSEcrQr3DjQhG3fo47/8ZMOwttPRA4nHMvOfeEieDGet43Kq2tb2xulbcrO7t7+wfVw6O2iVNNWYvGItbdkBgmuGIty61g3UQzIkPBOuHkNvc7T0wbHqsHO01YIMlI8YhTYp302JfEjsMIdwfVmlf35sCrxC9IDQo0B9Wv/jCmqWTKUkGM6fleYoOMaMupYLNKPzUsIXRCRqznqCKSmSCbB57hM6cMcRRr95TFc/X3RkakMVMZusk8oFn2cvE/r5fa6DrIuEpSyxRdfBSlAtsY59fjIdeMWjF1hFDNXVZMx0QTal1HFVeCv3zyKmlf1H2v7t9f1ho3RR1lOIFTOAcfrqABd9CEFlCQ8Ayv8IY0ekHv6GMxWkLFzjH8Afr8AVw6kBo=</latexit><latexit sha1_base64="tvYW7ya05yp7CJdF9u/3OpabOpg=">AAAB8HicbVDLSgMxFL2pr1pfVZdugkVwVWZE0GXRjcsK9iHtUDJppg1NMkOSEcrQr3DjQhG3fo47/8ZMOwttPRA4nHMvOfeEieDGet43Kq2tb2xulbcrO7t7+wfVw6O2iVNNWYvGItbdkBgmuGIty61g3UQzIkPBOuHkNvc7T0wbHqsHO01YIMlI8YhTYp302JfEjsMIdwfVmlf35sCrxC9IDQo0B9Wv/jCmqWTKUkGM6fleYoOMaMupYLNKPzUsIXRCRqznqCKSmSCbB57hM6cMcRRr95TFc/X3RkakMVMZusk8oFn2cvE/r5fa6DrIuEpSyxRdfBSlAtsY59fjIdeMWjF1hFDNXVZMx0QTal1HFVeCv3zyKmlf1H2v7t9f1ho3RR1lOIFTOAcfrqABd9CEFlCQ8Ayv8IY0ekHv6GMxWkLFzjH8Afr8AVw6kBo=</latexit><latexit sha1_base64="tvYW7ya05yp7CJdF9u/3OpabOpg=">AAAB8HicbVDLSgMxFL2pr1pfVZdugkVwVWZE0GXRjcsK9iHtUDJppg1NMkOSEcrQr3DjQhG3fo47/8ZMOwttPRA4nHMvOfeEieDGet43Kq2tb2xulbcrO7t7+wfVw6O2iVNNWYvGItbdkBgmuGIty61g3UQzIkPBOuHkNvc7T0wbHqsHO01YIMlI8YhTYp302JfEjsMIdwfVmlf35sCrxC9IDQo0B9Wv/jCmqWTKUkGM6fleYoOMaMupYLNKPzUsIXRCRqznqCKSmSCbB57hM6cMcRRr95TFc/X3RkakMVMZusk8oFn2cvE/r5fa6DrIuEpSyxRdfBSlAtsY59fjIdeMWjF1hFDNXVZMx0QTal1HFVeCv3zyKmlf1H2v7t9f1ho3RR1lOIFTOAcfrqABd9CEFlCQ8Ayv8IY0ekHv6GMxWkLFzjH8Afr8AVw6kBo=</latexit><latexit sha1_base64="tvYW7ya05yp7CJdF9u/3OpabOpg=">AAAB8HicbVDLSgMxFL2pr1pfVZdugkVwVWZE0GXRjcsK9iHtUDJppg1NMkOSEcrQr3DjQhG3fo47/8ZMOwttPRA4nHMvOfeEieDGet43Kq2tb2xulbcrO7t7+wfVw6O2iVNNWYvGItbdkBgmuGIty61g3UQzIkPBOuHkNvc7T0wbHqsHO01YIMlI8YhTYp302JfEjsMIdwfVmlf35sCrxC9IDQo0B9Wv/jCmqWTKUkGM6fleYoOMaMupYLNKPzUsIXRCRqznqCKSmSCbB57hM6cMcRRr95TFc/X3RkakMVMZusk8oFn2cvE/r5fa6DrIuEpSyxRdfBSlAtsY59fjIdeMWjF1hFDNXVZMx0QTal1HFVeCv3zyKmlf1H2v7t9f1ho3RR1lOIFTOAcfrqABd9CEFlCQ8Ayv8IY0ekHv6GMxWkLFzjH8Afr8AVw6kBo=</latexit>

W⇤
<latexit sha1_base64="dsVFnUausZg3LCaphbbulDThMeU=">AAAB8nicbVDLSsNAFL3xWeur6tLNYBHERUlE0GXRjcsK9gFtLJPppB06mYSZG6GEfoYbF4q49Wvc+TdO2iy09cDA4Zx7mXNPkEhh0HW/nZXVtfWNzdJWeXtnd2+/cnDYMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2Mb3O//cS1EbF6wEnC/YgOlQgFo2ilbi+iOApC0n4871eqbs2dgSwTryBVKNDoV756g5ilEVfIJDWm67kJ+hnVKJjk03IvNTyhbEyHvGupohE3fjaLPCWnVhmQMNb2KSQz9fdGRiNjJlFgJ/OIZtHLxf+8borhtZ8JlaTIFZt/FKaSYEzy+8lAaM5QTiyhTAublbAR1ZShbalsS/AWT14mrYua59a8+8tq/aaoowTHcAJn4MEV1OEOGtAEBjE8wyu8Oei8OO/Ox3x0xSl2juAPnM8febeQtQ==</latexit><latexit sha1_base64="dsVFnUausZg3LCaphbbulDThMeU=">AAAB8nicbVDLSsNAFL3xWeur6tLNYBHERUlE0GXRjcsK9gFtLJPppB06mYSZG6GEfoYbF4q49Wvc+TdO2iy09cDA4Zx7mXNPkEhh0HW/nZXVtfWNzdJWeXtnd2+/cnDYMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2Mb3O//cS1EbF6wEnC/YgOlQgFo2ilbi+iOApC0n4871eqbs2dgSwTryBVKNDoV756g5ilEVfIJDWm67kJ+hnVKJjk03IvNTyhbEyHvGupohE3fjaLPCWnVhmQMNb2KSQz9fdGRiNjJlFgJ/OIZtHLxf+8borhtZ8JlaTIFZt/FKaSYEzy+8lAaM5QTiyhTAublbAR1ZShbalsS/AWT14mrYua59a8+8tq/aaoowTHcAJn4MEV1OEOGtAEBjE8wyu8Oei8OO/Ox3x0xSl2juAPnM8febeQtQ==</latexit><latexit sha1_base64="dsVFnUausZg3LCaphbbulDThMeU=">AAAB8nicbVDLSsNAFL3xWeur6tLNYBHERUlE0GXRjcsK9gFtLJPppB06mYSZG6GEfoYbF4q49Wvc+TdO2iy09cDA4Zx7mXNPkEhh0HW/nZXVtfWNzdJWeXtnd2+/cnDYMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2Mb3O//cS1EbF6wEnC/YgOlQgFo2ilbi+iOApC0n4871eqbs2dgSwTryBVKNDoV756g5ilEVfIJDWm67kJ+hnVKJjk03IvNTyhbEyHvGupohE3fjaLPCWnVhmQMNb2KSQz9fdGRiNjJlFgJ/OIZtHLxf+8borhtZ8JlaTIFZt/FKaSYEzy+8lAaM5QTiyhTAublbAR1ZShbalsS/AWT14mrYua59a8+8tq/aaoowTHcAJn4MEV1OEOGtAEBjE8wyu8Oei8OO/Ox3x0xSl2juAPnM8febeQtQ==</latexit><latexit sha1_base64="dsVFnUausZg3LCaphbbulDThMeU=">AAAB8nicbVDLSsNAFL3xWeur6tLNYBHERUlE0GXRjcsK9gFtLJPppB06mYSZG6GEfoYbF4q49Wvc+TdO2iy09cDA4Zx7mXNPkEhh0HW/nZXVtfWNzdJWeXtnd2+/cnDYMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2Mb3O//cS1EbF6wEnC/YgOlQgFo2ilbi+iOApC0n4871eqbs2dgSwTryBVKNDoV756g5ilEVfIJDWm67kJ+hnVKJjk03IvNTyhbEyHvGupohE3fjaLPCWnVhmQMNb2KSQz9fdGRiNjJlFgJ/OIZtHLxf+8borhtZ8JlaTIFZt/FKaSYEzy+8lAaM5QTiyhTAublbAR1ZShbalsS/AWT14mrYua59a8+8tq/aaoowTHcAJn4MEV1OEOGtAEBjE8wyu8Oei8OO/Ox3x0xSl2juAPnM8febeQtQ==</latexit>

M⇤
<latexit sha1_base64="a9yos+eAhPMJhP/OLJ4lqM01wXs=">AAAB8nicbVDLSgMxFM3UV62vqks3wSKIizIjgi6LbtwIFewDpmPJpJk2NJMMyR2hDP0MNy4UcevXuPNvzLSz0NYDgcM595JzT5gIbsB1v53Syura+kZ5s7K1vbO7V90/aBuVaspaVAmluyExTHDJWsBBsG6iGYlDwTrh+Cb3O09MG67kA0wSFsRkKHnEKQEr+b2YwCiM8N3jWb9ac+vuDHiZeAWpoQLNfvWrN1A0jZkEKogxvucmEGREA6eCTSu91LCE0DEZMt9SSWJmgmwWeYpPrDLAkdL2ScAz9fdGRmJjJnFoJ/OIZtHLxf88P4XoKsi4TFJgks4/ilKBQeH8fjzgmlEQE0sI1dxmxXRENKFgW6rYErzFk5dJ+7zuuXXv/qLWuC7qKKMjdIxOkYcuUQPdoiZqIYoUekav6M0B58V5dz7moyWn2DlEf+B8/gBqe5Cr</latexit><latexit sha1_base64="a9yos+eAhPMJhP/OLJ4lqM01wXs=">AAAB8nicbVDLSgMxFM3UV62vqks3wSKIizIjgi6LbtwIFewDpmPJpJk2NJMMyR2hDP0MNy4UcevXuPNvzLSz0NYDgcM595JzT5gIbsB1v53Syura+kZ5s7K1vbO7V90/aBuVaspaVAmluyExTHDJWsBBsG6iGYlDwTrh+Cb3O09MG67kA0wSFsRkKHnEKQEr+b2YwCiM8N3jWb9ac+vuDHiZeAWpoQLNfvWrN1A0jZkEKogxvucmEGREA6eCTSu91LCE0DEZMt9SSWJmgmwWeYpPrDLAkdL2ScAz9fdGRmJjJnFoJ/OIZtHLxf88P4XoKsi4TFJgks4/ilKBQeH8fjzgmlEQE0sI1dxmxXRENKFgW6rYErzFk5dJ+7zuuXXv/qLWuC7qKKMjdIxOkYcuUQPdoiZqIYoUekav6M0B58V5dz7moyWn2DlEf+B8/gBqe5Cr</latexit><latexit sha1_base64="a9yos+eAhPMJhP/OLJ4lqM01wXs=">AAAB8nicbVDLSgMxFM3UV62vqks3wSKIizIjgi6LbtwIFewDpmPJpJk2NJMMyR2hDP0MNy4UcevXuPNvzLSz0NYDgcM595JzT5gIbsB1v53Syura+kZ5s7K1vbO7V90/aBuVaspaVAmluyExTHDJWsBBsG6iGYlDwTrh+Cb3O09MG67kA0wSFsRkKHnEKQEr+b2YwCiM8N3jWb9ac+vuDHiZeAWpoQLNfvWrN1A0jZkEKogxvucmEGREA6eCTSu91LCE0DEZMt9SSWJmgmwWeYpPrDLAkdL2ScAz9fdGRmJjJnFoJ/OIZtHLxf88P4XoKsi4TFJgks4/ilKBQeH8fjzgmlEQE0sI1dxmxXRENKFgW6rYErzFk5dJ+7zuuXXv/qLWuC7qKKMjdIxOkYcuUQPdoiZqIYoUekav6M0B58V5dz7moyWn2DlEf+B8/gBqe5Cr</latexit><latexit sha1_base64="a9yos+eAhPMJhP/OLJ4lqM01wXs=">AAAB8nicbVDLSgMxFM3UV62vqks3wSKIizIjgi6LbtwIFewDpmPJpJk2NJMMyR2hDP0MNy4UcevXuPNvzLSz0NYDgcM595JzT5gIbsB1v53Syura+kZ5s7K1vbO7V90/aBuVaspaVAmluyExTHDJWsBBsG6iGYlDwTrh+Cb3O09MG67kA0wSFsRkKHnEKQEr+b2YwCiM8N3jWb9ac+vuDHiZeAWpoQLNfvWrN1A0jZkEKogxvucmEGREA6eCTSu91LCE0DEZMt9SSWJmgmwWeYpPrDLAkdL2ScAz9fdGRmJjJnFoJ/OIZtHLxf88P4XoKsi4TFJgks4/ilKBQeH8fjzgmlEQE0sI1dxmxXRENKFgW6rYErzFk5dJ+7zuuXXv/qLWuC7qKKMjdIxOkYcuUQPdoiZqIYoUekav6M0B58V5dz7moyWn2DlEf+B8/gBqe5Cr</latexit>

X
<latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit>

X
<latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit><latexit sha1_base64="dtYRus5Dutkc4HxxKm4KHJZWQeU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgpccK9gPbUDbbSbtkdxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHKmjed9O6WNza3tnfJuZW//4PCoenzS0UmmKLZpwhPVC4lGziS2DTMce6lCIkKO3TC+m/vdJ1SaJfLBTFMMBBlLFjFKjJUeB3SCNBZExcNqzat7C7jrxC9IDQq0htWvwSihmUBpKCda930vNUFOlGGU46wyyDSmhMZkjH1LJRGog3xx8cy9sMrIjRJlSxp3of6eyInQeipC2ymImehVby7+5/UzE90GOZNpZlDS5aIo465J3Pn77ogppIZPLSFUMXurSydEEWpsSBUbgr/68jrpXNV9r+7fX9cazSKOMpzBOVyCDzfQgCa0oA0UJDzDK7w52nlx3p2PZWvJKWZO4Q+czx+oEJDp</latexit>

=<latexit sha1_base64="DmNMk2YXYyTv+zN0rWXYwO/YuLg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpv57SdUmsfywUwS9CM6lDzkjBorNW765Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2m0eRxFO4BTOwYMrqME91KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AIzNjME=</latexit><latexit sha1_base64="DmNMk2YXYyTv+zN0rWXYwO/YuLg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpv57SdUmsfywUwS9CM6lDzkjBorNW765Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2m0eRxFO4BTOwYMrqME91KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AIzNjME=</latexit><latexit sha1_base64="DmNMk2YXYyTv+zN0rWXYwO/YuLg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpv57SdUmsfywUwS9CM6lDzkjBorNW765Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2m0eRxFO4BTOwYMrqME91KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AIzNjME=</latexit><latexit sha1_base64="DmNMk2YXYyTv+zN0rWXYwO/YuLg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpv57SdUmsfywUwS9CM6lDzkjBorNW765Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2m0eRxFO4BTOwYMrqME91KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AIzNjME=</latexit>

d1
<latexit sha1_base64="Drhj6lE2qenVqrsOzi9XNVF17JE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK9gPaUDabTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuBtRwKRRvoUDJu6nmNA4k7wTj25nfeeLaiEQ94iTlfkyHSkSCUbTSQzjwBtWaW3fnIKvEK0gNCjQH1a9+mLAs5gqZpMb0PDdFP6caBZN8WulnhqeUjemQ9yxVNObGz+enTsmZVUISJdqWQjJXf0/kNDZmEge2M6Y4MsveTPzP62UYXfu5UGmGXLHFoiiTBBMy+5uEQnOGcmIJZVrYWwkbUU0Z2nQqNgRv+eVV0r6oe27du7+sNW6KOMpwAqdwDh5cQQPuoAktYDCEZ3iFN0c6L86787FoLTnFzDH8gfP5A+0pjYw=</latexit><latexit sha1_base64="Drhj6lE2qenVqrsOzi9XNVF17JE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK9gPaUDabTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuBtRwKRRvoUDJu6nmNA4k7wTj25nfeeLaiEQ94iTlfkyHSkSCUbTSQzjwBtWaW3fnIKvEK0gNCjQH1a9+mLAs5gqZpMb0PDdFP6caBZN8WulnhqeUjemQ9yxVNObGz+enTsmZVUISJdqWQjJXf0/kNDZmEge2M6Y4MsveTPzP62UYXfu5UGmGXLHFoiiTBBMy+5uEQnOGcmIJZVrYWwkbUU0Z2nQqNgRv+eVV0r6oe27du7+sNW6KOMpwAqdwDh5cQQPuoAktYDCEZ3iFN0c6L86787FoLTnFzDH8gfP5A+0pjYw=</latexit><latexit sha1_base64="Drhj6lE2qenVqrsOzi9XNVF17JE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK9gPaUDabTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuBtRwKRRvoUDJu6nmNA4k7wTj25nfeeLaiEQ94iTlfkyHSkSCUbTSQzjwBtWaW3fnIKvEK0gNCjQH1a9+mLAs5gqZpMb0PDdFP6caBZN8WulnhqeUjemQ9yxVNObGz+enTsmZVUISJdqWQjJXf0/kNDZmEge2M6Y4MsveTPzP62UYXfu5UGmGXLHFoiiTBBMy+5uEQnOGcmIJZVrYWwkbUU0Z2nQqNgRv+eVV0r6oe27du7+sNW6KOMpwAqdwDh5cQQPuoAktYDCEZ3iFN0c6L86787FoLTnFzDH8gfP5A+0pjYw=</latexit><latexit sha1_base64="Drhj6lE2qenVqrsOzi9XNVF17JE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK9gPaUDabTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuBtRwKRRvoUDJu6nmNA4k7wTj25nfeeLaiEQ94iTlfkyHSkSCUbTSQzjwBtWaW3fnIKvEK0gNCjQH1a9+mLAs5gqZpMb0PDdFP6caBZN8WulnhqeUjemQ9yxVNObGz+enTsmZVUISJdqWQjJXf0/kNDZmEge2M6Y4MsveTPzP62UYXfu5UGmGXLHFoiiTBBMy+5uEQnOGcmIJZVrYWwkbUU0Z2nQqNgRv+eVV0r6oe27du7+sNW6KOMpwAqdwDh5cQQPuoAktYDCEZ3iFN0c6L86787FoLTnFzDH8gfP5A+0pjYw=</latexit>

d2
<latexit sha1_base64="M3fMICEIr744ZYUy2Um/W3Z16sU=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fj04rGi/YA2lM1m0i7dbMLuRiihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIphi2WiER1A6pRcIktw43AbqqQxoHATjC+nfmdJ1SaJ/LRTFL0YzqUPOKMGis9hIP6oFJ1a+4cZJV4BalCgeag8tUPE5bFKA0TVOue56bGz6kynAmclvuZxpSyMR1iz1JJY9R+Pj91Ss6tEpIoUbakIXP190ROY60ncWA7Y2pGetmbif95vcxE137OZZoZlGyxKMoEMQmZ/U1CrpAZMbGEMsXtrYSNqKLM2HTKNgRv+eVV0q7XPLfm3V9WGzdFHCU4hTO4AA+uoAF30IQWMBjCM7zCmyOcF+fd+Vi0rjnFzAn8gfP5A+6tjY0=</latexit><latexit sha1_base64="M3fMICEIr744ZYUy2Um/W3Z16sU=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fj04rGi/YA2lM1m0i7dbMLuRiihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIphi2WiER1A6pRcIktw43AbqqQxoHATjC+nfmdJ1SaJ/LRTFL0YzqUPOKMGis9hIP6oFJ1a+4cZJV4BalCgeag8tUPE5bFKA0TVOue56bGz6kynAmclvuZxpSyMR1iz1JJY9R+Pj91Ss6tEpIoUbakIXP190ROY60ncWA7Y2pGetmbif95vcxE137OZZoZlGyxKMoEMQmZ/U1CrpAZMbGEMsXtrYSNqKLM2HTKNgRv+eVV0q7XPLfm3V9WGzdFHCU4hTO4AA+uoAF30IQWMBjCM7zCmyOcF+fd+Vi0rjnFzAn8gfP5A+6tjY0=</latexit><latexit sha1_base64="M3fMICEIr744ZYUy2Um/W3Z16sU=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fj04rGi/YA2lM1m0i7dbMLuRiihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIphi2WiER1A6pRcIktw43AbqqQxoHATjC+nfmdJ1SaJ/LRTFL0YzqUPOKMGis9hIP6oFJ1a+4cZJV4BalCgeag8tUPE5bFKA0TVOue56bGz6kynAmclvuZxpSyMR1iz1JJY9R+Pj91Ss6tEpIoUbakIXP190ROY60ncWA7Y2pGetmbif95vcxE137OZZoZlGyxKMoEMQmZ/U1CrpAZMbGEMsXtrYSNqKLM2HTKNgRv+eVV0q7XPLfm3V9WGzdFHCU4hTO4AA+uoAF30IQWMBjCM7zCmyOcF+fd+Vi0rjnFzAn8gfP5A+6tjY0=</latexit><latexit sha1_base64="M3fMICEIr744ZYUy2Um/W3Z16sU=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fj04rGi/YA2lM1m0i7dbMLuRiihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIphi2WiER1A6pRcIktw43AbqqQxoHATjC+nfmdJ1SaJ/LRTFL0YzqUPOKMGis9hIP6oFJ1a+4cZJV4BalCgeag8tUPE5bFKA0TVOue56bGz6kynAmclvuZxpSyMR1iz1JJY9R+Pj91Ss6tEpIoUbakIXP190ROY60ncWA7Y2pGetmbif95vcxE137OZZoZlGyxKMoEMQmZ/U1CrpAZMbGEMsXtrYSNqKLM2HTKNgRv+eVV0q7XPLfm3V9WGzdFHCU4hTO4AA+uoAF30IQWMBjCM7zCmyOcF+fd+Vi0rjnFzAn8gfP5A+6tjY0=</latexit>

n1
<latexit sha1_base64="TbOVm4a1bj7EWv2q2BG16ZUEIEA=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis9yL7fd6tezZuDrBK/IFUo0Oi7X71BwrIYpWGCat31vdQEOVWGM4HTSi/TmFI2pkPsWippjDrI56dOyZlVBiRKlC1pyFz9PZHTWOtJHNrOmJqRXvZm4n9eNzPRdZBzmWYGJVssijJBTEJmf5MBV8iMmFhCmeL2VsJGVFFmbDoVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AfxljZY=</latexit><latexit sha1_base64="TbOVm4a1bj7EWv2q2BG16ZUEIEA=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis9yL7fd6tezZuDrBK/IFUo0Oi7X71BwrIYpWGCat31vdQEOVWGM4HTSi/TmFI2pkPsWippjDrI56dOyZlVBiRKlC1pyFz9PZHTWOtJHNrOmJqRXvZm4n9eNzPRdZBzmWYGJVssijJBTEJmf5MBV8iMmFhCmeL2VsJGVFFmbDoVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AfxljZY=</latexit><latexit sha1_base64="TbOVm4a1bj7EWv2q2BG16ZUEIEA=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis9yL7fd6tezZuDrBK/IFUo0Oi7X71BwrIYpWGCat31vdQEOVWGM4HTSi/TmFI2pkPsWippjDrI56dOyZlVBiRKlC1pyFz9PZHTWOtJHNrOmJqRXvZm4n9eNzPRdZBzmWYGJVssijJBTEJmf5MBV8iMmFhCmeL2VsJGVFFmbDoVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AfxljZY=</latexit><latexit sha1_base64="TbOVm4a1bj7EWv2q2BG16ZUEIEA=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis9yL7fd6tezZuDrBK/IFUo0Oi7X71BwrIYpWGCat31vdQEOVWGM4HTSi/TmFI2pkPsWippjDrI56dOyZlVBiRKlC1pyFz9PZHTWOtJHNrOmJqRXvZm4n9eNzPRdZBzmWYGJVssijJBTEJmf5MBV8iMmFhCmeL2VsJGVFFmbDoVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AfxljZY=</latexit>

M∗
ij = xTj W∗yj =
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xiy

T
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• Rewrite the IMC objective function
��M⇤

⌦ � [XWYT ]⌦
��2
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X
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��M⇤
ij � hxiy

T
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��2 =
��A(W⇤) � A(W)

��2

2

<latexit sha1_base64="Wx4bjMn7mOG1R1DpNkTXMydc30E="></latexit><latexit sha1_base64="Wx4bjMn7mOG1R1DpNkTXMydc30E="></latexit><latexit sha1_base64="Wx4bjMn7mOG1R1DpNkTXMydc30E="></latexit><latexit sha1_base64="Wx4bjMn7mOG1R1DpNkTXMydc30E="></latexit>

• Matrix sensing problem
operator A:
randomly select
(row,col) of (X,Y)

A
<latexit sha1_base64="PbOEPO3Lq2g2RJJxwl06Gsfiq/M=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeqF48VbC22oWy2m3bpZhN2X4QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrHuBNRwKRRvoUDJO4nmNAokfwjGN7n/8MS1EbG6x0nC/YgOlQgFo2ilx15EccSoJFf9as2tuzOQZeIVpAYFmv3qV28QszTiCpmkxnQ9N0E/oxoFk3xa6aWGJ5SN6ZB3LVU04sbPZomn5MQqAxLG2j6FZKb+3shoZMwkCuxkntAsern4n9dNMbz0M6GSFLli84/CVBKMSX4+GQjNGcqJJZRpYbMSNqKaMrQlVWwJ3uLJy6R9Vvfcund3XmtcF3WU4QiO4RQ8uIAG3EITWsBAwTO8wptjnBfn3fmYj5acYucQ/sD5/AH/jZB1</latexit><latexit sha1_base64="PbOEPO3Lq2g2RJJxwl06Gsfiq/M=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeqF48VbC22oWy2m3bpZhN2X4QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrHuBNRwKRRvoUDJO4nmNAokfwjGN7n/8MS1EbG6x0nC/YgOlQgFo2ilx15EccSoJFf9as2tuzOQZeIVpAYFmv3qV28QszTiCpmkxnQ9N0E/oxoFk3xa6aWGJ5SN6ZB3LVU04sbPZomn5MQqAxLG2j6FZKb+3shoZMwkCuxkntAsern4n9dNMbz0M6GSFLli84/CVBKMSX4+GQjNGcqJJZRpYbMSNqKaMrQlVWwJ3uLJy6R9Vvfcund3XmtcF3WU4QiO4RQ8uIAG3EITWsBAwTO8wptjnBfn3fmYj5acYucQ/sD5/AH/jZB1</latexit><latexit sha1_base64="PbOEPO3Lq2g2RJJxwl06Gsfiq/M=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeqF48VbC22oWy2m3bpZhN2X4QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrHuBNRwKRRvoUDJO4nmNAokfwjGN7n/8MS1EbG6x0nC/YgOlQgFo2ilx15EccSoJFf9as2tuzOQZeIVpAYFmv3qV28QszTiCpmkxnQ9N0E/oxoFk3xa6aWGJ5SN6ZB3LVU04sbPZomn5MQqAxLG2j6FZKb+3shoZMwkCuxkntAsern4n9dNMbz0M6GSFLli84/CVBKMSX4+GQjNGcqJJZRpYbMSNqKaMrQlVWwJ3uLJy6R9Vvfcund3XmtcF3WU4QiO4RQ8uIAG3EITWsBAwTO8wptjnBfn3fmYj5acYucQ/sD5/AH/jZB1</latexit><latexit sha1_base64="PbOEPO3Lq2g2RJJxwl06Gsfiq/M=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeqF48VbC22oWy2m3bpZhN2X4QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrHuBNRwKRRvoUDJO4nmNAokfwjGN7n/8MS1EbG6x0nC/YgOlQgFo2ilx15EccSoJFf9as2tuzOQZeIVpAYFmv3qV28QszTiCpmkxnQ9N0E/oxoFk3xa6aWGJ5SN6ZB3LVU04sbPZomn5MQqAxLG2j6FZKb+3shoZMwkCuxkntAsern4n9dNMbz0M6GSFLli84/CVBKMSX4+GQjNGcqJJZRpYbMSNqKaMrQlVWwJ3uLJy6R9Vvfcund3XmtcF3WU4QiO4RQ8uIAG3EITWsBAwTO8wptjnBfn3fmYj5acYucQ/sD5/AH/jZB1</latexit>
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, ·i

3
777775

W⇤
<latexit sha1_base64="dsVFnUausZg3LCaphbbulDThMeU=">AAAB8nicbVDLSsNAFL3xWeur6tLNYBHERUlE0GXRjcsK9gFtLJPppB06mYSZG6GEfoYbF4q49Wvc+TdO2iy09cDA4Zx7mXNPkEhh0HW/nZXVtfWNzdJWeXtnd2+/cnDYMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2Mb3O//cS1EbF6wEnC/YgOlQgFo2ilbi+iOApC0n4871eqbs2dgSwTryBVKNDoV756g5ilEVfIJDWm67kJ+hnVKJjk03IvNTyhbEyHvGupohE3fjaLPCWnVhmQMNb2KSQz9fdGRiNjJlFgJ/OIZtHLxf+8borhtZ8JlaTIFZt/FKaSYEzy+8lAaM5QTiyhTAublbAR1ZShbalsS/AWT14mrYua59a8+8tq/aaoowTHcAJn4MEV1OEOGtAEBjE8wyu8Oei8OO/Ox3x0xSl2juAPnM8febeQtQ==</latexit><latexit sha1_base64="dsVFnUausZg3LCaphbbulDThMeU=">AAAB8nicbVDLSsNAFL3xWeur6tLNYBHERUlE0GXRjcsK9gFtLJPppB06mYSZG6GEfoYbF4q49Wvc+TdO2iy09cDA4Zx7mXNPkEhh0HW/nZXVtfWNzdJWeXtnd2+/cnDYMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2Mb3O//cS1EbF6wEnC/YgOlQgFo2ilbi+iOApC0n4871eqbs2dgSwTryBVKNDoV756g5ilEVfIJDWm67kJ+hnVKJjk03IvNTyhbEyHvGupohE3fjaLPCWnVhmQMNb2KSQz9fdGRiNjJlFgJ/OIZtHLxf+8borhtZ8JlaTIFZt/FKaSYEzy+8lAaM5QTiyhTAublbAR1ZShbalsS/AWT14mrYua59a8+8tq/aaoowTHcAJn4MEV1OEOGtAEBjE8wyu8Oei8OO/Ox3x0xSl2juAPnM8febeQtQ==</latexit><latexit sha1_base64="dsVFnUausZg3LCaphbbulDThMeU=">AAAB8nicbVDLSsNAFL3xWeur6tLNYBHERUlE0GXRjcsK9gFtLJPppB06mYSZG6GEfoYbF4q49Wvc+TdO2iy09cDA4Zx7mXNPkEhh0HW/nZXVtfWNzdJWeXtnd2+/cnDYMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2Mb3O//cS1EbF6wEnC/YgOlQgFo2ilbi+iOApC0n4871eqbs2dgSwTryBVKNDoV756g5ilEVfIJDWm67kJ+hnVKJjk03IvNTyhbEyHvGupohE3fjaLPCWnVhmQMNb2KSQz9fdGRiNjJlFgJ/OIZtHLxf+8borhtZ8JlaTIFZt/FKaSYEzy+8lAaM5QTiyhTAublbAR1ZShbalsS/AWT14mrYua59a8+8tq/aaoowTHcAJn4MEV1OEOGtAEBjE8wyu8Oei8OO/Ox3x0xSl2juAPnM8febeQtQ==</latexit><latexit sha1_base64="dsVFnUausZg3LCaphbbulDThMeU=">AAAB8nicbVDLSsNAFL3xWeur6tLNYBHERUlE0GXRjcsK9gFtLJPppB06mYSZG6GEfoYbF4q49Wvc+TdO2iy09cDA4Zx7mXNPkEhh0HW/nZXVtfWNzdJWeXtnd2+/cnDYMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2Mb3O//cS1EbF6wEnC/YgOlQgFo2ilbi+iOApC0n4871eqbs2dgSwTryBVKNDoV756g5ilEVfIJDWm67kJ+hnVKJjk03IvNTyhbEyHvGupohE3fjaLPCWnVhmQMNb2KSQz9fdGRiNjJlFgJ/OIZtHLxf+8borhtZ8JlaTIFZt/FKaSYEzy+8lAaM5QTiyhTAublbAR1ZShbalsS/AWT14mrYua59a8+8tq/aaoowTHcAJn4MEV1OEOGtAEBjE8wyu8Oei8OO/Ox3x0xSl2juAPnM8febeQtQ==</latexit>

d2
<latexit sha1_base64="M3fMICEIr744ZYUy2Um/W3Z16sU=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fj04rGi/YA2lM1m0i7dbMLuRiihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIphi2WiER1A6pRcIktw43AbqqQxoHATjC+nfmdJ1SaJ/LRTFL0YzqUPOKMGis9hIP6oFJ1a+4cZJV4BalCgeag8tUPE5bFKA0TVOue56bGz6kynAmclvuZxpSyMR1iz1JJY9R+Pj91Ss6tEpIoUbakIXP190ROY60ncWA7Y2pGetmbif95vcxE137OZZoZlGyxKMoEMQmZ/U1CrpAZMbGEMsXtrYSNqKLM2HTKNgRv+eVV0q7XPLfm3V9WGzdFHCU4hTO4AA+uoAF30IQWMBjCM7zCmyOcF+fd+Vi0rjnFzAn8gfP5A+6tjY0=</latexit><latexit sha1_base64="M3fMICEIr744ZYUy2Um/W3Z16sU=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fj04rGi/YA2lM1m0i7dbMLuRiihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIphi2WiER1A6pRcIktw43AbqqQxoHATjC+nfmdJ1SaJ/LRTFL0YzqUPOKMGis9hIP6oFJ1a+4cZJV4BalCgeag8tUPE5bFKA0TVOue56bGz6kynAmclvuZxpSyMR1iz1JJY9R+Pj91Ss6tEpIoUbakIXP190ROY60ncWA7Y2pGetmbif95vcxE137OZZoZlGyxKMoEMQmZ/U1CrpAZMbGEMsXtrYSNqKLM2HTKNgRv+eVV0q7XPLfm3V9WGzdFHCU4hTO4AA+uoAF30IQWMBjCM7zCmyOcF+fd+Vi0rjnFzAn8gfP5A+6tjY0=</latexit><latexit sha1_base64="M3fMICEIr744ZYUy2Um/W3Z16sU=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fj04rGi/YA2lM1m0i7dbMLuRiihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIphi2WiER1A6pRcIktw43AbqqQxoHATjC+nfmdJ1SaJ/LRTFL0YzqUPOKMGis9hIP6oFJ1a+4cZJV4BalCgeag8tUPE5bFKA0TVOue56bGz6kynAmclvuZxpSyMR1iz1JJY9R+Pj91Ss6tEpIoUbakIXP190ROY60ncWA7Y2pGetmbif95vcxE137OZZoZlGyxKMoEMQmZ/U1CrpAZMbGEMsXtrYSNqKLM2HTKNgRv+eVV0q7XPLfm3V9WGzdFHCU4hTO4AA+uoAF30IQWMBjCM7zCmyOcF+fd+Vi0rjnFzAn8gfP5A+6tjY0=</latexit><latexit sha1_base64="M3fMICEIr744ZYUy2Um/W3Z16sU=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fj04rGi/YA2lM1m0i7dbMLuRiihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIphi2WiER1A6pRcIktw43AbqqQxoHATjC+nfmdJ1SaJ/LRTFL0YzqUPOKMGis9hIP6oFJ1a+4cZJV4BalCgeag8tUPE5bFKA0TVOue56bGz6kynAmclvuZxpSyMR1iz1JJY9R+Pj91Ss6tEpIoUbakIXP190ROY60ncWA7Y2pGetmbif95vcxE137OZZoZlGyxKMoEMQmZ/U1CrpAZMbGEMsXtrYSNqKLM2HTKNgRv+eVV0q7XPLfm3V9WGzdFHCU4hTO4AA+uoAF30IQWMBjCM7zCmyOcF+fd+Vi0rjnFzAn8gfP5A+6tjY0=</latexit>

d1
<latexit sha1_base64="Drhj6lE2qenVqrsOzi9XNVF17JE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK9gPaUDabTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuBtRwKRRvoUDJu6nmNA4k7wTj25nfeeLaiEQ94iTlfkyHSkSCUbTSQzjwBtWaW3fnIKvEK0gNCjQH1a9+mLAs5gqZpMb0PDdFP6caBZN8WulnhqeUjemQ9yxVNObGz+enTsmZVUISJdqWQjJXf0/kNDZmEge2M6Y4MsveTPzP62UYXfu5UGmGXLHFoiiTBBMy+5uEQnOGcmIJZVrYWwkbUU0Z2nQqNgRv+eVV0r6oe27du7+sNW6KOMpwAqdwDh5cQQPuoAktYDCEZ3iFN0c6L86787FoLTnFzDH8gfP5A+0pjYw=</latexit><latexit sha1_base64="Drhj6lE2qenVqrsOzi9XNVF17JE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK9gPaUDabTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuBtRwKRRvoUDJu6nmNA4k7wTj25nfeeLaiEQ94iTlfkyHSkSCUbTSQzjwBtWaW3fnIKvEK0gNCjQH1a9+mLAs5gqZpMb0PDdFP6caBZN8WulnhqeUjemQ9yxVNObGz+enTsmZVUISJdqWQjJXf0/kNDZmEge2M6Y4MsveTPzP62UYXfu5UGmGXLHFoiiTBBMy+5uEQnOGcmIJZVrYWwkbUU0Z2nQqNgRv+eVV0r6oe27du7+sNW6KOMpwAqdwDh5cQQPuoAktYDCEZ3iFN0c6L86787FoLTnFzDH8gfP5A+0pjYw=</latexit><latexit sha1_base64="Drhj6lE2qenVqrsOzi9XNVF17JE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK9gPaUDabTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuBtRwKRRvoUDJu6nmNA4k7wTj25nfeeLaiEQ94iTlfkyHSkSCUbTSQzjwBtWaW3fnIKvEK0gNCjQH1a9+mLAs5gqZpMb0PDdFP6caBZN8WulnhqeUjemQ9yxVNObGz+enTsmZVUISJdqWQjJXf0/kNDZmEge2M6Y4MsveTPzP62UYXfu5UGmGXLHFoiiTBBMy+5uEQnOGcmIJZVrYWwkbUU0Z2nQqNgRv+eVV0r6oe27du7+sNW6KOMpwAqdwDh5cQQPuoAktYDCEZ3iFN0c6L86787FoLTnFzDH8gfP5A+0pjYw=</latexit><latexit sha1_base64="Drhj6lE2qenVqrsOzi9XNVF17JE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK9gPaUDabTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuBtRwKRRvoUDJu6nmNA4k7wTj25nfeeLaiEQ94iTlfkyHSkSCUbTSQzjwBtWaW3fnIKvEK0gNCjQH1a9+mLAs5gqZpMb0PDdFP6caBZN8WulnhqeUjemQ9yxVNObGz+enTsmZVUISJdqWQjJXf0/kNDZmEge2M6Y4MsveTPzP62UYXfu5UGmGXLHFoiiTBBMy+5uEQnOGcmIJZVrYWwkbUU0Z2nQqNgRv+eVV0r6oe27du7+sNW6KOMpwAqdwDh5cQQPuoAktYDCEZ3iFN0c6L86787FoLTnFzDH8gfP5A+0pjYw=</latexit>

A(·)
<latexit sha1_base64="13Mjl3XDJRqbUopFTDpwfSXmPt8=">AAAB+nicbVDLSsNAFJ34rPWV6tLNYBHqpiQi6LLqxmUF+4AmlMlk0g6dTMLMjVJqP8WNC0Xc+iXu/BsnbRbaemDgcM693DMnSAXX4Djf1srq2vrGZmmrvL2zu7dvVw7aOskUZS2aiER1A6KZ4JK1gINg3VQxEgeCdYLRTe53HpjSPJH3ME6ZH5OB5BGnBIzUtyteTGBIicBXNY+GCZz27apTd2bAy8QtSBUVaPbtLy9MaBYzCVQQrXuuk4I/IQo4FWxa9jLNUkJHZMB6hkoSM+1PZtGn+MQoIY4SZZ4EPFN/b0xIrPU4DsxkHlQvern4n9fLILr0J1ymGTBJ54eiTGBIcN4DDrliFMTYEEIVN1kxHRJFKJi2yqYEd/HLy6R9Vnedunt3Xm1cF3WU0BE6RjXkogvUQLeoiVqIokf0jF7Rm/VkvVjv1sd8dMUqdg7RH1ifPyaBk0M=</latexit><latexit sha1_base64="13Mjl3XDJRqbUopFTDpwfSXmPt8=">AAAB+nicbVDLSsNAFJ34rPWV6tLNYBHqpiQi6LLqxmUF+4AmlMlk0g6dTMLMjVJqP8WNC0Xc+iXu/BsnbRbaemDgcM693DMnSAXX4Djf1srq2vrGZmmrvL2zu7dvVw7aOskUZS2aiER1A6KZ4JK1gINg3VQxEgeCdYLRTe53HpjSPJH3ME6ZH5OB5BGnBIzUtyteTGBIicBXNY+GCZz27apTd2bAy8QtSBUVaPbtLy9MaBYzCVQQrXuuk4I/IQo4FWxa9jLNUkJHZMB6hkoSM+1PZtGn+MQoIY4SZZ4EPFN/b0xIrPU4DsxkHlQvern4n9fLILr0J1ymGTBJ54eiTGBIcN4DDrliFMTYEEIVN1kxHRJFKJi2yqYEd/HLy6R9Vnedunt3Xm1cF3WU0BE6RjXkogvUQLeoiVqIokf0jF7Rm/VkvVjv1sd8dMUqdg7RH1ifPyaBk0M=</latexit><latexit sha1_base64="13Mjl3XDJRqbUopFTDpwfSXmPt8=">AAAB+nicbVDLSsNAFJ34rPWV6tLNYBHqpiQi6LLqxmUF+4AmlMlk0g6dTMLMjVJqP8WNC0Xc+iXu/BsnbRbaemDgcM693DMnSAXX4Djf1srq2vrGZmmrvL2zu7dvVw7aOskUZS2aiER1A6KZ4JK1gINg3VQxEgeCdYLRTe53HpjSPJH3ME6ZH5OB5BGnBIzUtyteTGBIicBXNY+GCZz27apTd2bAy8QtSBUVaPbtLy9MaBYzCVQQrXuuk4I/IQo4FWxa9jLNUkJHZMB6hkoSM+1PZtGn+MQoIY4SZZ4EPFN/b0xIrPU4DsxkHlQvern4n9fLILr0J1ymGTBJ54eiTGBIcN4DDrliFMTYEEIVN1kxHRJFKJi2yqYEd/HLy6R9Vnedunt3Xm1cF3WU0BE6RjXkogvUQLeoiVqIokf0jF7Rm/VkvVjv1sd8dMUqdg7RH1ifPyaBk0M=</latexit><latexit sha1_base64="13Mjl3XDJRqbUopFTDpwfSXmPt8=">AAAB+nicbVDLSsNAFJ34rPWV6tLNYBHqpiQi6LLqxmUF+4AmlMlk0g6dTMLMjVJqP8WNC0Xc+iXu/BsnbRbaemDgcM693DMnSAXX4Djf1srq2vrGZmmrvL2zu7dvVw7aOskUZS2aiER1A6KZ4JK1gINg3VQxEgeCdYLRTe53HpjSPJH3ME6ZH5OB5BGnBIzUtyteTGBIicBXNY+GCZz27apTd2bAy8QtSBUVaPbtLy9MaBYzCVQQrXuuk4I/IQo4FWxa9jLNUkJHZMB6hkoSM+1PZtGn+MQoIY4SZZ4EPFN/b0xIrPU4DsxkHlQvern4n9fLILr0J1ymGTBJ54eiTGBIcN4DDrliFMTYEEIVN1kxHRJFKJi2yqYEd/HLy6R9Vnedunt3Xm1cF3WU0BE6RjXkogvUQLeoiVqIokf0jF7Rm/VkvVjv1sd8dMUqdg7RH1ifPyaBk0M=</latexit>
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Convex vs Nonconvex Formulation

Convex Formulation:

min
W∈Rd1×d2

‖A(W∗)−A(W)‖22 + λ ‖W‖∗

Nonconvex Formulation:

min
U∈Rd1×r,V∈Rd2×r

∥∥A(U∗[V∗]T )−A(UVT )
∥∥2

2
+R(U,V)

Convex

• Sample complexity (exact):
O(rd log d log n)

7 Not scalable (SVD, SDP, ...)

3 Theoretically understood
(convex program)

Nonconvex

• Sample complexity (inexact):
O(r3d log dmax{r, log n} log(1

ε ))

3 Computationally efficient

→ Not as well understood
Our Goal: understand better

Rutgers University Ghassemi et al.
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Why Care about Nonconvex Optimization Theory?

• Success of local search algorithm (e.g. AM, SGD, ...) in matrix
factorization, deep learning, etc.

• Better understanding of behavior around stationary points
• SGD (and other stochastic variants) escape strict saddle points

[Ge et al. ’15, Jin et al. ’17]
• SGD escapes sharp local minima [Kleinberg et al., 2018]

• Better understanding of optimization landscape

We study the optimization landscape of the IMC problem

Rutgers University Ghassemi et al.
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Geometric Properties of Nonconvex IMC Objective

“Nice” properties of the IMC objective function make recovery using
local algorithms possible:

• Escapable saddles: there is a descent direction at saddle points

Strict Saddle Point* Non-Strict Saddle*

*Credit: Wikimedia Commons

• No poor local minimum: all its local minima are globally optimum
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Proof Strategy

We employ the framework by Ge et al. [2017] for nonconvex matrix
recovery

• First we describe the strategy for symmetric matrices

M∗ = U∗[U∗]T

• Show that around stationary points, the “difference” ∆ between
the current point and its nearest true solution (invariant to
rotation) is a descent direction
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Only direction: toward the minimum Local minima = true solutions 

�!
<latexit sha1_base64="3/1i5i2CQ15DNvrwDu9getiZtJA=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoigh6LXjxWsB/QhrLZbtKlm92wO1Fq6C/x4kERr/4Ub/4bt20O2vpg4PHeDDPzwlRwA5737ZTW1jc2t8rblZ3dvf2qe3DYNirTlLWoEkp3Q2KY4JK1gINg3VQzkoSCdcLxzczvPDBtuJL3MElZkJBY8ohTAlYauNW+UDLWPB4B0Vo9DtyaV/fmwKvEL0gNFWgO3K/+UNEsYRKoIMb0fC+FICcaOBVsWulnhqWEjknMepZKkjAT5PPDp/jUKkMcKW1LAp6rvydykhgzSULbmRAYmWVvJv7n9TKIroKcyzQDJuliUZQJDArPUsBDrhkFMbGEUM3trZiOiCYUbFYVG4K//PIqaZ/Xfa/u313UGtdFHGV0jE7QGfLRJWqgW9RELURRhp7RK3pznpwX5935WLSWnGLmCP2B8/kDcjiTlg==</latexit><latexit sha1_base64="3/1i5i2CQ15DNvrwDu9getiZtJA=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoigh6LXjxWsB/QhrLZbtKlm92wO1Fq6C/x4kERr/4Ub/4bt20O2vpg4PHeDDPzwlRwA5737ZTW1jc2t8rblZ3dvf2qe3DYNirTlLWoEkp3Q2KY4JK1gINg3VQzkoSCdcLxzczvPDBtuJL3MElZkJBY8ohTAlYauNW+UDLWPB4B0Vo9DtyaV/fmwKvEL0gNFWgO3K/+UNEsYRKoIMb0fC+FICcaOBVsWulnhqWEjknMepZKkjAT5PPDp/jUKkMcKW1LAp6rvydykhgzSULbmRAYmWVvJv7n9TKIroKcyzQDJuliUZQJDArPUsBDrhkFMbGEUM3trZiOiCYUbFYVG4K//PIqaZ/Xfa/u313UGtdFHGV0jE7QGfLRJWqgW9RELURRhp7RK3pznpwX5935WLSWnGLmCP2B8/kDcjiTlg==</latexit><latexit sha1_base64="3/1i5i2CQ15DNvrwDu9getiZtJA=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoigh6LXjxWsB/QhrLZbtKlm92wO1Fq6C/x4kERr/4Ub/4bt20O2vpg4PHeDDPzwlRwA5737ZTW1jc2t8rblZ3dvf2qe3DYNirTlLWoEkp3Q2KY4JK1gINg3VQzkoSCdcLxzczvPDBtuJL3MElZkJBY8ohTAlYauNW+UDLWPB4B0Vo9DtyaV/fmwKvEL0gNFWgO3K/+UNEsYRKoIMb0fC+FICcaOBVsWulnhqWEjknMepZKkjAT5PPDp/jUKkMcKW1LAp6rvydykhgzSULbmRAYmWVvJv7n9TKIroKcyzQDJuliUZQJDArPUsBDrhkFMbGEUM3trZiOiCYUbFYVG4K//PIqaZ/Xfa/u313UGtdFHGV0jE7QGfLRJWqgW9RELURRhp7RK3pznpwX5935WLSWnGLmCP2B8/kDcjiTlg==</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="1fSSaQaXgkiI4mg1T76dIElkmdI=">AAAB7XicbZBLSwMxFIXv1Fet1Y5u3QSL4KrMuNGl4MZlBfuAtpRMmpmGZpIhuaPUob/EjQtF/Dvu/Demj4W2Hgh8nJNwb06USWExCL690tb2zu5eeb9yUD08qvnH1bbVuWG8xbTUphtRy6VQvIUCJe9mhtM0krwTTW7neeeRGyu0esBpxgcpTZSIBaPorKFf60utEiOSMVJj9NPQrweNYCGyCeEK6rBSc+h/9Uea5SlXyCS1thcGGQ4KalAwyWeVfm55RtmEJrznUNGU20GxWHxGzp0zIrE27igkC/f3i4Km1k7TyN1MKY7tejY3/8t6OcbXg0KoLEeu2HJQnEuCmsxbICNhOEM5dUCZEW5XwsbUUIauq4orIVz/8ia0Lxth0AjvAyjDKZzBBYRwBTdwB01oAYMcXuAN3r1n79X7WNZV8la9ncAfeZ8/F9SSMw==</latexit><latexit sha1_base64="1fSSaQaXgkiI4mg1T76dIElkmdI=">AAAB7XicbZBLSwMxFIXv1Fet1Y5u3QSL4KrMuNGl4MZlBfuAtpRMmpmGZpIhuaPUob/EjQtF/Dvu/Demj4W2Hgh8nJNwb06USWExCL690tb2zu5eeb9yUD08qvnH1bbVuWG8xbTUphtRy6VQvIUCJe9mhtM0krwTTW7neeeRGyu0esBpxgcpTZSIBaPorKFf60utEiOSMVJj9NPQrweNYCGyCeEK6rBSc+h/9Uea5SlXyCS1thcGGQ4KalAwyWeVfm55RtmEJrznUNGU20GxWHxGzp0zIrE27igkC/f3i4Km1k7TyN1MKY7tejY3/8t6OcbXg0KoLEeu2HJQnEuCmsxbICNhOEM5dUCZEW5XwsbUUIauq4orIVz/8ia0Lxth0AjvAyjDKZzBBYRwBTdwB01oAYMcXuAN3r1n79X7WNZV8la9ncAfeZ8/F9SSMw==</latexit><latexit sha1_base64="HdM1YiUCjML8lgZJ8j97OaT4SJg=">AAAB+HicbVBNS8NAEJ34WetHox69BIvgqSRe9Fj04rGC/YA2lM12ky7d7IbdiVJLf4kXD4p49ad489+4bXPQ1gcDj/dmmJkXZYIb9P1vZ219Y3Nru7RT3t3bP6i4h0cto3JNWZMqoXQnIoYJLlkTOQrWyTQjaSRYOxrdzPz2A9OGK3mP44yFKUkkjzklaKW+W+kJJRPNkyESrdVj3636NX8Ob5UEBalCgUbf/eoNFM1TJpEKYkw38DMMJ0Qjp4JNy73csIzQEUlY11JJUmbCyfzwqXdmlYEXK21LojdXf09MSGrMOI1sZ0pwaJa9mfif180xvgonXGY5MkkXi+JceKi8WQregGtGUYwtIVRze6tHh0QTijarsg0hWH55lbQuaoFfC+78av26iKMEJ3AK5xDAJdThFhrQBAo5PMMrvDlPzovz7nwsWtecYuYY/sD5/AFw+JOS</latexit><latexit sha1_base64="3/1i5i2CQ15DNvrwDu9getiZtJA=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoigh6LXjxWsB/QhrLZbtKlm92wO1Fq6C/x4kERr/4Ub/4bt20O2vpg4PHeDDPzwlRwA5737ZTW1jc2t8rblZ3dvf2qe3DYNirTlLWoEkp3Q2KY4JK1gINg3VQzkoSCdcLxzczvPDBtuJL3MElZkJBY8ohTAlYauNW+UDLWPB4B0Vo9DtyaV/fmwKvEL0gNFWgO3K/+UNEsYRKoIMb0fC+FICcaOBVsWulnhqWEjknMepZKkjAT5PPDp/jUKkMcKW1LAp6rvydykhgzSULbmRAYmWVvJv7n9TKIroKcyzQDJuliUZQJDArPUsBDrhkFMbGEUM3trZiOiCYUbFYVG4K//PIqaZ/Xfa/u313UGtdFHGV0jE7QGfLRJWqgW9RELURRhp7RK3pznpwX5935WLSWnGLmCP2B8/kDcjiTlg==</latexit><latexit sha1_base64="3/1i5i2CQ15DNvrwDu9getiZtJA=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoigh6LXjxWsB/QhrLZbtKlm92wO1Fq6C/x4kERr/4Ub/4bt20O2vpg4PHeDDPzwlRwA5737ZTW1jc2t8rblZ3dvf2qe3DYNirTlLWoEkp3Q2KY4JK1gINg3VQzkoSCdcLxzczvPDBtuJL3MElZkJBY8ohTAlYauNW+UDLWPB4B0Vo9DtyaV/fmwKvEL0gNFWgO3K/+UNEsYRKoIMb0fC+FICcaOBVsWulnhqWEjknMepZKkjAT5PPDp/jUKkMcKW1LAp6rvydykhgzSULbmRAYmWVvJv7n9TKIroKcyzQDJuliUZQJDArPUsBDrhkFMbGEUM3trZiOiCYUbFYVG4K//PIqaZ/Xfa/u313UGtdFHGV0jE7QGfLRJWqgW9RELURRhp7RK3pznpwX5935WLSWnGLmCP2B8/kDcjiTlg==</latexit><latexit sha1_base64="3/1i5i2CQ15DNvrwDu9getiZtJA=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoigh6LXjxWsB/QhrLZbtKlm92wO1Fq6C/x4kERr/4Ub/4bt20O2vpg4PHeDDPzwlRwA5737ZTW1jc2t8rblZ3dvf2qe3DYNirTlLWoEkp3Q2KY4JK1gINg3VQzkoSCdcLxzczvPDBtuJL3MElZkJBY8ohTAlYauNW+UDLWPB4B0Vo9DtyaV/fmwKvEL0gNFWgO3K/+UNEsYRKoIMb0fC+FICcaOBVsWulnhqWEjknMepZKkjAT5PPDp/jUKkMcKW1LAp6rvydykhgzSULbmRAYmWVvJv7n9TKIroKcyzQDJuliUZQJDArPUsBDrhkFMbGEUM3trZiOiCYUbFYVG4K//PIqaZ/Xfa/u313UGtdFHGV0jE7QGfLRJWqgW9RELURRhp7RK3pznpwX5935WLSWnGLmCP2B8/kDcjiTlg==</latexit><latexit sha1_base64="3/1i5i2CQ15DNvrwDu9getiZtJA=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoigh6LXjxWsB/QhrLZbtKlm92wO1Fq6C/x4kERr/4Ub/4bt20O2vpg4PHeDDPzwlRwA5737ZTW1jc2t8rblZ3dvf2qe3DYNirTlLWoEkp3Q2KY4JK1gINg3VQzkoSCdcLxzczvPDBtuJL3MElZkJBY8ohTAlYauNW+UDLWPB4B0Vo9DtyaV/fmwKvEL0gNFWgO3K/+UNEsYRKoIMb0fC+FICcaOBVsWulnhqWEjknMepZKkjAT5PPDp/jUKkMcKW1LAp6rvydykhgzSULbmRAYmWVvJv7n9TKIroKcyzQDJuliUZQJDArPUsBDrhkFMbGEUM3trZiOiCYUbFYVG4K//PIqaZ/Xfa/u313UGtdFHGV0jE7QGfLRJWqgW9RELURRhp7RK3pznpwX5935WLSWnGLmCP2B8/kDcjiTlg==</latexit><latexit sha1_base64="3/1i5i2CQ15DNvrwDu9getiZtJA=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoigh6LXjxWsB/QhrLZbtKlm92wO1Fq6C/x4kERr/4Ub/4bt20O2vpg4PHeDDPzwlRwA5737ZTW1jc2t8rblZ3dvf2qe3DYNirTlLWoEkp3Q2KY4JK1gINg3VQzkoSCdcLxzczvPDBtuJL3MElZkJBY8ohTAlYauNW+UDLWPB4B0Vo9DtyaV/fmwKvEL0gNFWgO3K/+UNEsYRKoIMb0fC+FICcaOBVsWulnhqWEjknMepZKkjAT5PPDp/jUKkMcKW1LAp6rvydykhgzSULbmRAYmWVvJv7n9TKIroKcyzQDJuliUZQJDArPUsBDrhkFMbGEUM3trZiOiCYUbFYVG4K//PIqaZ/Xfa/u313UGtdFHGV0jE7QGfLRJWqgW9RELURRhp7RK3pznpwX5935WLSWnGLmCP2B8/kDcjiTlg==</latexit><latexit sha1_base64="3/1i5i2CQ15DNvrwDu9getiZtJA=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoigh6LXjxWsB/QhrLZbtKlm92wO1Fq6C/x4kERr/4Ub/4bt20O2vpg4PHeDDPzwlRwA5737ZTW1jc2t8rblZ3dvf2qe3DYNirTlLWoEkp3Q2KY4JK1gINg3VQzkoSCdcLxzczvPDBtuJL3MElZkJBY8ohTAlYauNW+UDLWPB4B0Vo9DtyaV/fmwKvEL0gNFWgO3K/+UNEsYRKoIMb0fC+FICcaOBVsWulnhqWEjknMepZKkjAT5PPDp/jUKkMcKW1LAp6rvydykhgzSULbmRAYmWVvJv7n9TKIroKcyzQDJuliUZQJDArPUsBDrhkFMbGEUM3trZiOiCYUbFYVG4K//PIqaZ/Xfa/u313UGtdFHGV0jE7QGfLRJWqgW9RELURRhp7RK3pznpwX5935WLSWnGLmCP2B8/kDcjiTlg==</latexit>

There is a descent direction Saddle points have to be strict 

• Later: the strategy for general case M∗ = U∗[V∗]T

Rutgers University Ghassemi et al.
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Proof Strategy

We employ the framework by Ge et al. [2017] for nonconvex matrix
recovery

• First we describe the strategy for symmetric matrices

M∗ = U∗[U∗]T

• Show that around stationary points, the “difference” ∆ between
the current point and its nearest true solution (invariant to
rotation) is a descent direction

�!
<latexit sha1_base64="3/1i5i2CQ15DNvrwDu9getiZtJA=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoigh6LXjxWsB/QhrLZbtKlm92wO1Fq6C/x4kERr/4Ub/4bt20O2vpg4PHeDDPzwlRwA5737ZTW1jc2t8rblZ3dvf2qe3DYNirTlLWoEkp3Q2KY4JK1gINg3VQzkoSCdcLxzczvPDBtuJL3MElZkJBY8ohTAlYauNW+UDLWPB4B0Vo9DtyaV/fmwKvEL0gNFWgO3K/+UNEsYRKoIMb0fC+FICcaOBVsWulnhqWEjknMepZKkjAT5PPDp/jUKkMcKW1LAp6rvydykhgzSULbmRAYmWVvJv7n9TKIroKcyzQDJuliUZQJDArPUsBDrhkFMbGEUM3trZiOiCYUbFYVG4K//PIqaZ/Xfa/u313UGtdFHGV0jE7QGfLRJWqgW9RELURRhp7RK3pznpwX5935WLSWnGLmCP2B8/kDcjiTlg==</latexit><latexit sha1_base64="3/1i5i2CQ15DNvrwDu9getiZtJA=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoigh6LXjxWsB/QhrLZbtKlm92wO1Fq6C/x4kERr/4Ub/4bt20O2vpg4PHeDDPzwlRwA5737ZTW1jc2t8rblZ3dvf2qe3DYNirTlLWoEkp3Q2KY4JK1gINg3VQzkoSCdcLxzczvPDBtuJL3MElZkJBY8ohTAlYauNW+UDLWPB4B0Vo9DtyaV/fmwKvEL0gNFWgO3K/+UNEsYRKoIMb0fC+FICcaOBVsWulnhqWEjknMepZKkjAT5PPDp/jUKkMcKW1LAp6rvydykhgzSULbmRAYmWVvJv7n9TKIroKcyzQDJuliUZQJDArPUsBDrhkFMbGEUM3trZiOiCYUbFYVG4K//PIqaZ/Xfa/u313UGtdFHGV0jE7QGfLRJWqgW9RELURRhp7RK3pznpwX5935WLSWnGLmCP2B8/kDcjiTlg==</latexit><latexit sha1_base64="3/1i5i2CQ15DNvrwDu9getiZtJA=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoigh6LXjxWsB/QhrLZbtKlm92wO1Fq6C/x4kERr/4Ub/4bt20O2vpg4PHeDDPzwlRwA5737ZTW1jc2t8rblZ3dvf2qe3DYNirTlLWoEkp3Q2KY4JK1gINg3VQzkoSCdcLxzczvPDBtuJL3MElZkJBY8ohTAlYauNW+UDLWPB4B0Vo9DtyaV/fmwKvEL0gNFWgO3K/+UNEsYRKoIMb0fC+FICcaOBVsWulnhqWEjknMepZKkjAT5PPDp/jUKkMcKW1LAp6rvydykhgzSULbmRAYmWVvJv7n9TKIroKcyzQDJuliUZQJDArPUsBDrhkFMbGEUM3trZiOiCYUbFYVG4K//PIqaZ/Xfa/u313UGtdFHGV0jE7QGfLRJWqgW9RELURRhp7RK3pznpwX5935WLSWnGLmCP2B8/kDcjiTlg==</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="1fSSaQaXgkiI4mg1T76dIElkmdI=">AAAB7XicbZBLSwMxFIXv1Fet1Y5u3QSL4KrMuNGl4MZlBfuAtpRMmpmGZpIhuaPUob/EjQtF/Dvu/Demj4W2Hgh8nJNwb06USWExCL690tb2zu5eeb9yUD08qvnH1bbVuWG8xbTUphtRy6VQvIUCJe9mhtM0krwTTW7neeeRGyu0esBpxgcpTZSIBaPorKFf60utEiOSMVJj9NPQrweNYCGyCeEK6rBSc+h/9Uea5SlXyCS1thcGGQ4KalAwyWeVfm55RtmEJrznUNGU20GxWHxGzp0zIrE27igkC/f3i4Km1k7TyN1MKY7tejY3/8t6OcbXg0KoLEeu2HJQnEuCmsxbICNhOEM5dUCZEW5XwsbUUIauq4orIVz/8ia0Lxth0AjvAyjDKZzBBYRwBTdwB01oAYMcXuAN3r1n79X7WNZV8la9ncAfeZ8/F9SSMw==</latexit><latexit sha1_base64="1fSSaQaXgkiI4mg1T76dIElkmdI=">AAAB7XicbZBLSwMxFIXv1Fet1Y5u3QSL4KrMuNGl4MZlBfuAtpRMmpmGZpIhuaPUob/EjQtF/Dvu/Demj4W2Hgh8nJNwb06USWExCL690tb2zu5eeb9yUD08qvnH1bbVuWG8xbTUphtRy6VQvIUCJe9mhtM0krwTTW7neeeRGyu0esBpxgcpTZSIBaPorKFf60utEiOSMVJj9NPQrweNYCGyCeEK6rBSc+h/9Uea5SlXyCS1thcGGQ4KalAwyWeVfm55RtmEJrznUNGU20GxWHxGzp0zIrE27igkC/f3i4Km1k7TyN1MKY7tejY3/8t6OcbXg0KoLEeu2HJQnEuCmsxbICNhOEM5dUCZEW5XwsbUUIauq4orIVz/8ia0Lxth0AjvAyjDKZzBBYRwBTdwB01oAYMcXuAN3r1n79X7WNZV8la9ncAfeZ8/F9SSMw==</latexit><latexit sha1_base64="HdM1YiUCjML8lgZJ8j97OaT4SJg=">AAAB+HicbVBNS8NAEJ34WetHox69BIvgqSRe9Fj04rGC/YA2lM12ky7d7IbdiVJLf4kXD4p49ad489+4bXPQ1gcDj/dmmJkXZYIb9P1vZ219Y3Nru7RT3t3bP6i4h0cto3JNWZMqoXQnIoYJLlkTOQrWyTQjaSRYOxrdzPz2A9OGK3mP44yFKUkkjzklaKW+W+kJJRPNkyESrdVj3636NX8Ob5UEBalCgUbf/eoNFM1TJpEKYkw38DMMJ0Qjp4JNy73csIzQEUlY11JJUmbCyfzwqXdmlYEXK21LojdXf09MSGrMOI1sZ0pwaJa9mfif180xvgonXGY5MkkXi+JceKi8WQregGtGUYwtIVRze6tHh0QTijarsg0hWH55lbQuaoFfC+78av26iKMEJ3AK5xDAJdThFhrQBAo5PMMrvDlPzovz7nwsWtecYuYY/sD5/AFw+JOS</latexit><latexit sha1_base64="3/1i5i2CQ15DNvrwDu9getiZtJA=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoigh6LXjxWsB/QhrLZbtKlm92wO1Fq6C/x4kERr/4Ub/4bt20O2vpg4PHeDDPzwlRwA5737ZTW1jc2t8rblZ3dvf2qe3DYNirTlLWoEkp3Q2KY4JK1gINg3VQzkoSCdcLxzczvPDBtuJL3MElZkJBY8ohTAlYauNW+UDLWPB4B0Vo9DtyaV/fmwKvEL0gNFWgO3K/+UNEsYRKoIMb0fC+FICcaOBVsWulnhqWEjknMepZKkjAT5PPDp/jUKkMcKW1LAp6rvydykhgzSULbmRAYmWVvJv7n9TKIroKcyzQDJuliUZQJDArPUsBDrhkFMbGEUM3trZiOiCYUbFYVG4K//PIqaZ/Xfa/u313UGtdFHGV0jE7QGfLRJWqgW9RELURRhp7RK3pznpwX5935WLSWnGLmCP2B8/kDcjiTlg==</latexit><latexit sha1_base64="3/1i5i2CQ15DNvrwDu9getiZtJA=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoigh6LXjxWsB/QhrLZbtKlm92wO1Fq6C/x4kERr/4Ub/4bt20O2vpg4PHeDDPzwlRwA5737ZTW1jc2t8rblZ3dvf2qe3DYNirTlLWoEkp3Q2KY4JK1gINg3VQzkoSCdcLxzczvPDBtuJL3MElZkJBY8ohTAlYauNW+UDLWPB4B0Vo9DtyaV/fmwKvEL0gNFWgO3K/+UNEsYRKoIMb0fC+FICcaOBVsWulnhqWEjknMepZKkjAT5PPDp/jUKkMcKW1LAp6rvydykhgzSULbmRAYmWVvJv7n9TKIroKcyzQDJuliUZQJDArPUsBDrhkFMbGEUM3trZiOiCYUbFYVG4K//PIqaZ/Xfa/u313UGtdFHGV0jE7QGfLRJWqgW9RELURRhp7RK3pznpwX5935WLSWnGLmCP2B8/kDcjiTlg==</latexit><latexit sha1_base64="3/1i5i2CQ15DNvrwDu9getiZtJA=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoigh6LXjxWsB/QhrLZbtKlm92wO1Fq6C/x4kERr/4Ub/4bt20O2vpg4PHeDDPzwlRwA5737ZTW1jc2t8rblZ3dvf2qe3DYNirTlLWoEkp3Q2KY4JK1gINg3VQzkoSCdcLxzczvPDBtuJL3MElZkJBY8ohTAlYauNW+UDLWPB4B0Vo9DtyaV/fmwKvEL0gNFWgO3K/+UNEsYRKoIMb0fC+FICcaOBVsWulnhqWEjknMepZKkjAT5PPDp/jUKkMcKW1LAp6rvydykhgzSULbmRAYmWVvJv7n9TKIroKcyzQDJuliUZQJDArPUsBDrhkFMbGEUM3trZiOiCYUbFYVG4K//PIqaZ/Xfa/u313UGtdFHGV0jE7QGfLRJWqgW9RELURRhp7RK3pznpwX5935WLSWnGLmCP2B8/kDcjiTlg==</latexit><latexit sha1_base64="3/1i5i2CQ15DNvrwDu9getiZtJA=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoigh6LXjxWsB/QhrLZbtKlm92wO1Fq6C/x4kERr/4Ub/4bt20O2vpg4PHeDDPzwlRwA5737ZTW1jc2t8rblZ3dvf2qe3DYNirTlLWoEkp3Q2KY4JK1gINg3VQzkoSCdcLxzczvPDBtuJL3MElZkJBY8ohTAlYauNW+UDLWPB4B0Vo9DtyaV/fmwKvEL0gNFWgO3K/+UNEsYRKoIMb0fC+FICcaOBVsWulnhqWEjknMepZKkjAT5PPDp/jUKkMcKW1LAp6rvydykhgzSULbmRAYmWVvJv7n9TKIroKcyzQDJuliUZQJDArPUsBDrhkFMbGEUM3trZiOiCYUbFYVG4K//PIqaZ/Xfa/u313UGtdFHGV0jE7QGfLRJWqgW9RELURRhp7RK3pznpwX5935WLSWnGLmCP2B8/kDcjiTlg==</latexit><latexit sha1_base64="3/1i5i2CQ15DNvrwDu9getiZtJA=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoigh6LXjxWsB/QhrLZbtKlm92wO1Fq6C/x4kERr/4Ub/4bt20O2vpg4PHeDDPzwlRwA5737ZTW1jc2t8rblZ3dvf2qe3DYNirTlLWoEkp3Q2KY4JK1gINg3VQzkoSCdcLxzczvPDBtuJL3MElZkJBY8ohTAlYauNW+UDLWPB4B0Vo9DtyaV/fmwKvEL0gNFWgO3K/+UNEsYRKoIMb0fC+FICcaOBVsWulnhqWEjknMepZKkjAT5PPDp/jUKkMcKW1LAp6rvydykhgzSULbmRAYmWVvJv7n9TKIroKcyzQDJuliUZQJDArPUsBDrhkFMbGEUM3trZiOiCYUbFYVG4K//PIqaZ/Xfa/u313UGtdFHGV0jE7QGfLRJWqgW9RELURRhp7RK3pznpwX5935WLSWnGLmCP2B8/kDcjiTlg==</latexit><latexit sha1_base64="3/1i5i2CQ15DNvrwDu9getiZtJA=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoigh6LXjxWsB/QhrLZbtKlm92wO1Fq6C/x4kERr/4Ub/4bt20O2vpg4PHeDDPzwlRwA5737ZTW1jc2t8rblZ3dvf2qe3DYNirTlLWoEkp3Q2KY4JK1gINg3VQzkoSCdcLxzczvPDBtuJL3MElZkJBY8ohTAlYauNW+UDLWPB4B0Vo9DtyaV/fmwKvEL0gNFWgO3K/+UNEsYRKoIMb0fC+FICcaOBVsWulnhqWEjknMepZKkjAT5PPDp/jUKkMcKW1LAp6rvydykhgzSULbmRAYmWVvJv7n9TKIroKcyzQDJuliUZQJDArPUsBDrhkFMbGEUM3trZiOiCYUbFYVG4K//PIqaZ/Xfa/u313UGtdFHGV0jE7QGfLRJWqgW9RELURRhp7RK3pznpwX5935WLSWnGLmCP2B8/kDcjiTlg==</latexit>

Only direction: toward the minimum Local minima = true solutions 

�!
<latexit sha1_base64="3/1i5i2CQ15DNvrwDu9getiZtJA=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoigh6LXjxWsB/QhrLZbtKlm92wO1Fq6C/x4kERr/4Ub/4bt20O2vpg4PHeDDPzwlRwA5737ZTW1jc2t8rblZ3dvf2qe3DYNirTlLWoEkp3Q2KY4JK1gINg3VQzkoSCdcLxzczvPDBtuJL3MElZkJBY8ohTAlYauNW+UDLWPB4B0Vo9DtyaV/fmwKvEL0gNFWgO3K/+UNEsYRKoIMb0fC+FICcaOBVsWulnhqWEjknMepZKkjAT5PPDp/jUKkMcKW1LAp6rvydykhgzSULbmRAYmWVvJv7n9TKIroKcyzQDJuliUZQJDArPUsBDrhkFMbGEUM3trZiOiCYUbFYVG4K//PIqaZ/Xfa/u313UGtdFHGV0jE7QGfLRJWqgW9RELURRhp7RK3pznpwX5935WLSWnGLmCP2B8/kDcjiTlg==</latexit><latexit sha1_base64="3/1i5i2CQ15DNvrwDu9getiZtJA=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoigh6LXjxWsB/QhrLZbtKlm92wO1Fq6C/x4kERr/4Ub/4bt20O2vpg4PHeDDPzwlRwA5737ZTW1jc2t8rblZ3dvf2qe3DYNirTlLWoEkp3Q2KY4JK1gINg3VQzkoSCdcLxzczvPDBtuJL3MElZkJBY8ohTAlYauNW+UDLWPB4B0Vo9DtyaV/fmwKvEL0gNFWgO3K/+UNEsYRKoIMb0fC+FICcaOBVsWulnhqWEjknMepZKkjAT5PPDp/jUKkMcKW1LAp6rvydykhgzSULbmRAYmWVvJv7n9TKIroKcyzQDJuliUZQJDArPUsBDrhkFMbGEUM3trZiOiCYUbFYVG4K//PIqaZ/Xfa/u313UGtdFHGV0jE7QGfLRJWqgW9RELURRhp7RK3pznpwX5935WLSWnGLmCP2B8/kDcjiTlg==</latexit><latexit sha1_base64="3/1i5i2CQ15DNvrwDu9getiZtJA=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoigh6LXjxWsB/QhrLZbtKlm92wO1Fq6C/x4kERr/4Ub/4bt20O2vpg4PHeDDPzwlRwA5737ZTW1jc2t8rblZ3dvf2qe3DYNirTlLWoEkp3Q2KY4JK1gINg3VQzkoSCdcLxzczvPDBtuJL3MElZkJBY8ohTAlYauNW+UDLWPB4B0Vo9DtyaV/fmwKvEL0gNFWgO3K/+UNEsYRKoIMb0fC+FICcaOBVsWulnhqWEjknMepZKkjAT5PPDp/jUKkMcKW1LAp6rvydykhgzSULbmRAYmWVvJv7n9TKIroKcyzQDJuliUZQJDArPUsBDrhkFMbGEUM3trZiOiCYUbFYVG4K//PIqaZ/Xfa/u313UGtdFHGV0jE7QGfLRJWqgW9RELURRhp7RK3pznpwX5935WLSWnGLmCP2B8/kDcjiTlg==</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="1fSSaQaXgkiI4mg1T76dIElkmdI=">AAAB7XicbZBLSwMxFIXv1Fet1Y5u3QSL4KrMuNGl4MZlBfuAtpRMmpmGZpIhuaPUob/EjQtF/Dvu/Demj4W2Hgh8nJNwb06USWExCL690tb2zu5eeb9yUD08qvnH1bbVuWG8xbTUphtRy6VQvIUCJe9mhtM0krwTTW7neeeRGyu0esBpxgcpTZSIBaPorKFf60utEiOSMVJj9NPQrweNYCGyCeEK6rBSc+h/9Uea5SlXyCS1thcGGQ4KalAwyWeVfm55RtmEJrznUNGU20GxWHxGzp0zIrE27igkC/f3i4Km1k7TyN1MKY7tejY3/8t6OcbXg0KoLEeu2HJQnEuCmsxbICNhOEM5dUCZEW5XwsbUUIauq4orIVz/8ia0Lxth0AjvAyjDKZzBBYRwBTdwB01oAYMcXuAN3r1n79X7WNZV8la9ncAfeZ8/F9SSMw==</latexit><latexit sha1_base64="1fSSaQaXgkiI4mg1T76dIElkmdI=">AAAB7XicbZBLSwMxFIXv1Fet1Y5u3QSL4KrMuNGl4MZlBfuAtpRMmpmGZpIhuaPUob/EjQtF/Dvu/Demj4W2Hgh8nJNwb06USWExCL690tb2zu5eeb9yUD08qvnH1bbVuWG8xbTUphtRy6VQvIUCJe9mhtM0krwTTW7neeeRGyu0esBpxgcpTZSIBaPorKFf60utEiOSMVJj9NPQrweNYCGyCeEK6rBSc+h/9Uea5SlXyCS1thcGGQ4KalAwyWeVfm55RtmEJrznUNGU20GxWHxGzp0zIrE27igkC/f3i4Km1k7TyN1MKY7tejY3/8t6OcbXg0KoLEeu2HJQnEuCmsxbICNhOEM5dUCZEW5XwsbUUIauq4orIVz/8ia0Lxth0AjvAyjDKZzBBYRwBTdwB01oAYMcXuAN3r1n79X7WNZV8la9ncAfeZ8/F9SSMw==</latexit><latexit sha1_base64="HdM1YiUCjML8lgZJ8j97OaT4SJg=">AAAB+HicbVBNS8NAEJ34WetHox69BIvgqSRe9Fj04rGC/YA2lM12ky7d7IbdiVJLf4kXD4p49ad489+4bXPQ1gcDj/dmmJkXZYIb9P1vZ219Y3Nru7RT3t3bP6i4h0cto3JNWZMqoXQnIoYJLlkTOQrWyTQjaSRYOxrdzPz2A9OGK3mP44yFKUkkjzklaKW+W+kJJRPNkyESrdVj3636NX8Ob5UEBalCgUbf/eoNFM1TJpEKYkw38DMMJ0Qjp4JNy73csIzQEUlY11JJUmbCyfzwqXdmlYEXK21LojdXf09MSGrMOI1sZ0pwaJa9mfif180xvgonXGY5MkkXi+JceKi8WQregGtGUYwtIVRze6tHh0QTijarsg0hWH55lbQuaoFfC+78av26iKMEJ3AK5xDAJdThFhrQBAo5PMMrvDlPzovz7nwsWtecYuYY/sD5/AFw+JOS</latexit><latexit sha1_base64="3/1i5i2CQ15DNvrwDu9getiZtJA=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoigh6LXjxWsB/QhrLZbtKlm92wO1Fq6C/x4kERr/4Ub/4bt20O2vpg4PHeDDPzwlRwA5737ZTW1jc2t8rblZ3dvf2qe3DYNirTlLWoEkp3Q2KY4JK1gINg3VQzkoSCdcLxzczvPDBtuJL3MElZkJBY8ohTAlYauNW+UDLWPB4B0Vo9DtyaV/fmwKvEL0gNFWgO3K/+UNEsYRKoIMb0fC+FICcaOBVsWulnhqWEjknMepZKkjAT5PPDp/jUKkMcKW1LAp6rvydykhgzSULbmRAYmWVvJv7n9TKIroKcyzQDJuliUZQJDArPUsBDrhkFMbGEUM3trZiOiCYUbFYVG4K//PIqaZ/Xfa/u313UGtdFHGV0jE7QGfLRJWqgW9RELURRhp7RK3pznpwX5935WLSWnGLmCP2B8/kDcjiTlg==</latexit><latexit sha1_base64="3/1i5i2CQ15DNvrwDu9getiZtJA=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoigh6LXjxWsB/QhrLZbtKlm92wO1Fq6C/x4kERr/4Ub/4bt20O2vpg4PHeDDPzwlRwA5737ZTW1jc2t8rblZ3dvf2qe3DYNirTlLWoEkp3Q2KY4JK1gINg3VQzkoSCdcLxzczvPDBtuJL3MElZkJBY8ohTAlYauNW+UDLWPB4B0Vo9DtyaV/fmwKvEL0gNFWgO3K/+UNEsYRKoIMb0fC+FICcaOBVsWulnhqWEjknMepZKkjAT5PPDp/jUKkMcKW1LAp6rvydykhgzSULbmRAYmWVvJv7n9TKIroKcyzQDJuliUZQJDArPUsBDrhkFMbGEUM3trZiOiCYUbFYVG4K//PIqaZ/Xfa/u313UGtdFHGV0jE7QGfLRJWqgW9RELURRhp7RK3pznpwX5935WLSWnGLmCP2B8/kDcjiTlg==</latexit><latexit sha1_base64="3/1i5i2CQ15DNvrwDu9getiZtJA=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoigh6LXjxWsB/QhrLZbtKlm92wO1Fq6C/x4kERr/4Ub/4bt20O2vpg4PHeDDPzwlRwA5737ZTW1jc2t8rblZ3dvf2qe3DYNirTlLWoEkp3Q2KY4JK1gINg3VQzkoSCdcLxzczvPDBtuJL3MElZkJBY8ohTAlYauNW+UDLWPB4B0Vo9DtyaV/fmwKvEL0gNFWgO3K/+UNEsYRKoIMb0fC+FICcaOBVsWulnhqWEjknMepZKkjAT5PPDp/jUKkMcKW1LAp6rvydykhgzSULbmRAYmWVvJv7n9TKIroKcyzQDJuliUZQJDArPUsBDrhkFMbGEUM3trZiOiCYUbFYVG4K//PIqaZ/Xfa/u313UGtdFHGV0jE7QGfLRJWqgW9RELURRhp7RK3pznpwX5935WLSWnGLmCP2B8/kDcjiTlg==</latexit><latexit sha1_base64="3/1i5i2CQ15DNvrwDu9getiZtJA=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoigh6LXjxWsB/QhrLZbtKlm92wO1Fq6C/x4kERr/4Ub/4bt20O2vpg4PHeDDPzwlRwA5737ZTW1jc2t8rblZ3dvf2qe3DYNirTlLWoEkp3Q2KY4JK1gINg3VQzkoSCdcLxzczvPDBtuJL3MElZkJBY8ohTAlYauNW+UDLWPB4B0Vo9DtyaV/fmwKvEL0gNFWgO3K/+UNEsYRKoIMb0fC+FICcaOBVsWulnhqWEjknMepZKkjAT5PPDp/jUKkMcKW1LAp6rvydykhgzSULbmRAYmWVvJv7n9TKIroKcyzQDJuliUZQJDArPUsBDrhkFMbGEUM3trZiOiCYUbFYVG4K//PIqaZ/Xfa/u313UGtdFHGV0jE7QGfLRJWqgW9RELURRhp7RK3pznpwX5935WLSWnGLmCP2B8/kDcjiTlg==</latexit><latexit sha1_base64="3/1i5i2CQ15DNvrwDu9getiZtJA=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoigh6LXjxWsB/QhrLZbtKlm92wO1Fq6C/x4kERr/4Ub/4bt20O2vpg4PHeDDPzwlRwA5737ZTW1jc2t8rblZ3dvf2qe3DYNirTlLWoEkp3Q2KY4JK1gINg3VQzkoSCdcLxzczvPDBtuJL3MElZkJBY8ohTAlYauNW+UDLWPB4B0Vo9DtyaV/fmwKvEL0gNFWgO3K/+UNEsYRKoIMb0fC+FICcaOBVsWulnhqWEjknMepZKkjAT5PPDp/jUKkMcKW1LAp6rvydykhgzSULbmRAYmWVvJv7n9TKIroKcyzQDJuliUZQJDArPUsBDrhkFMbGEUM3trZiOiCYUbFYVG4K//PIqaZ/Xfa/u313UGtdFHGV0jE7QGfLRJWqgW9RELURRhp7RK3pznpwX5935WLSWnGLmCP2B8/kDcjiTlg==</latexit><latexit sha1_base64="3/1i5i2CQ15DNvrwDu9getiZtJA=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoigh6LXjxWsB/QhrLZbtKlm92wO1Fq6C/x4kERr/4Ub/4bt20O2vpg4PHeDDPzwlRwA5737ZTW1jc2t8rblZ3dvf2qe3DYNirTlLWoEkp3Q2KY4JK1gINg3VQzkoSCdcLxzczvPDBtuJL3MElZkJBY8ohTAlYauNW+UDLWPB4B0Vo9DtyaV/fmwKvEL0gNFWgO3K/+UNEsYRKoIMb0fC+FICcaOBVsWulnhqWEjknMepZKkjAT5PPDp/jUKkMcKW1LAp6rvydykhgzSULbmRAYmWVvJv7n9TKIroKcyzQDJuliUZQJDArPUsBDrhkFMbGEUM3trZiOiCYUbFYVG4K//PIqaZ/Xfa/u313UGtdFHGV0jE7QGfLRJWqgW9RELURRhp7RK3pznpwX5935WLSWnGLmCP2B8/kDcjiTlg==</latexit>

There is a descent direction Saddle points have to be strict 

• Later: the strategy for general case M∗ = U∗[V∗]T

Rutgers University Ghassemi et al.
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Proof Strategy

We employ the framework by Ge et al. [2017] for nonconvex matrix
recovery

• First we describe the strategy for symmetric matrices

M∗ = U∗[U∗]T

• Show that around stationary points, the “difference” ∆ between
the current point and its nearest true solution (invariant to
rotation) is a descent direction

�!
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Only direction: toward the minimum Local minima = true solutions 
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There is a descent direction Saddle points have to be strict 

• Later: the strategy for general case M∗ = U∗[V∗]T

Rutgers University Ghassemi et al.
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Proof Strategy

We employ the framework by Ge et al. [2017] for nonconvex matrix
recovery

• First we describe the strategy for symmetric matrices

M∗ = U∗[U∗]T

• Show that around stationary points, the “difference” ∆ between
the current point and its nearest true solution (invariant to
rotation) is a descent direction

�!
<latexit sha1_base64="3/1i5i2CQ15DNvrwDu9getiZtJA=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoigh6LXjxWsB/QhrLZbtKlm92wO1Fq6C/x4kERr/4Ub/4bt20O2vpg4PHeDDPzwlRwA5737ZTW1jc2t8rblZ3dvf2qe3DYNirTlLWoEkp3Q2KY4JK1gINg3VQzkoSCdcLxzczvPDBtuJL3MElZkJBY8ohTAlYauNW+UDLWPB4B0Vo9DtyaV/fmwKvEL0gNFWgO3K/+UNEsYRKoIMb0fC+FICcaOBVsWulnhqWEjknMepZKkjAT5PPDp/jUKkMcKW1LAp6rvydykhgzSULbmRAYmWVvJv7n9TKIroKcyzQDJuliUZQJDArPUsBDrhkFMbGEUM3trZiOiCYUbFYVG4K//PIqaZ/Xfa/u313UGtdFHGV0jE7QGfLRJWqgW9RELURRhp7RK3pznpwX5935WLSWnGLmCP2B8/kDcjiTlg==</latexit><latexit sha1_base64="3/1i5i2CQ15DNvrwDu9getiZtJA=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoigh6LXjxWsB/QhrLZbtKlm92wO1Fq6C/x4kERr/4Ub/4bt20O2vpg4PHeDDPzwlRwA5737ZTW1jc2t8rblZ3dvf2qe3DYNirTlLWoEkp3Q2KY4JK1gINg3VQzkoSCdcLxzczvPDBtuJL3MElZkJBY8ohTAlYauNW+UDLWPB4B0Vo9DtyaV/fmwKvEL0gNFWgO3K/+UNEsYRKoIMb0fC+FICcaOBVsWulnhqWEjknMepZKkjAT5PPDp/jUKkMcKW1LAp6rvydykhgzSULbmRAYmWVvJv7n9TKIroKcyzQDJuliUZQJDArPUsBDrhkFMbGEUM3trZiOiCYUbFYVG4K//PIqaZ/Xfa/u313UGtdFHGV0jE7QGfLRJWqgW9RELURRhp7RK3pznpwX5935WLSWnGLmCP2B8/kDcjiTlg==</latexit><latexit sha1_base64="3/1i5i2CQ15DNvrwDu9getiZtJA=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoigh6LXjxWsB/QhrLZbtKlm92wO1Fq6C/x4kERr/4Ub/4bt20O2vpg4PHeDDPzwlRwA5737ZTW1jc2t8rblZ3dvf2qe3DYNirTlLWoEkp3Q2KY4JK1gINg3VQzkoSCdcLxzczvPDBtuJL3MElZkJBY8ohTAlYauNW+UDLWPB4B0Vo9DtyaV/fmwKvEL0gNFWgO3K/+UNEsYRKoIMb0fC+FICcaOBVsWulnhqWEjknMepZKkjAT5PPDp/jUKkMcKW1LAp6rvydykhgzSULbmRAYmWVvJv7n9TKIroKcyzQDJuliUZQJDArPUsBDrhkFMbGEUM3trZiOiCYUbFYVG4K//PIqaZ/Xfa/u313UGtdFHGV0jE7QGfLRJWqgW9RELURRhp7RK3pznpwX5935WLSWnGLmCP2B8/kDcjiTlg==</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="1fSSaQaXgkiI4mg1T76dIElkmdI=">AAAB7XicbZBLSwMxFIXv1Fet1Y5u3QSL4KrMuNGl4MZlBfuAtpRMmpmGZpIhuaPUob/EjQtF/Dvu/Demj4W2Hgh8nJNwb06USWExCL690tb2zu5eeb9yUD08qvnH1bbVuWG8xbTUphtRy6VQvIUCJe9mhtM0krwTTW7neeeRGyu0esBpxgcpTZSIBaPorKFf60utEiOSMVJj9NPQrweNYCGyCeEK6rBSc+h/9Uea5SlXyCS1thcGGQ4KalAwyWeVfm55RtmEJrznUNGU20GxWHxGzp0zIrE27igkC/f3i4Km1k7TyN1MKY7tejY3/8t6OcbXg0KoLEeu2HJQnEuCmsxbICNhOEM5dUCZEW5XwsbUUIauq4orIVz/8ia0Lxth0AjvAyjDKZzBBYRwBTdwB01oAYMcXuAN3r1n79X7WNZV8la9ncAfeZ8/F9SSMw==</latexit><latexit sha1_base64="1fSSaQaXgkiI4mg1T76dIElkmdI=">AAAB7XicbZBLSwMxFIXv1Fet1Y5u3QSL4KrMuNGl4MZlBfuAtpRMmpmGZpIhuaPUob/EjQtF/Dvu/Demj4W2Hgh8nJNwb06USWExCL690tb2zu5eeb9yUD08qvnH1bbVuWG8xbTUphtRy6VQvIUCJe9mhtM0krwTTW7neeeRGyu0esBpxgcpTZSIBaPorKFf60utEiOSMVJj9NPQrweNYCGyCeEK6rBSc+h/9Uea5SlXyCS1thcGGQ4KalAwyWeVfm55RtmEJrznUNGU20GxWHxGzp0zIrE27igkC/f3i4Km1k7TyN1MKY7tejY3/8t6OcbXg0KoLEeu2HJQnEuCmsxbICNhOEM5dUCZEW5XwsbUUIauq4orIVz/8ia0Lxth0AjvAyjDKZzBBYRwBTdwB01oAYMcXuAN3r1n79X7WNZV8la9ncAfeZ8/F9SSMw==</latexit><latexit sha1_base64="HdM1YiUCjML8lgZJ8j97OaT4SJg=">AAAB+HicbVBNS8NAEJ34WetHox69BIvgqSRe9Fj04rGC/YA2lM12ky7d7IbdiVJLf4kXD4p49ad489+4bXPQ1gcDj/dmmJkXZYIb9P1vZ219Y3Nru7RT3t3bP6i4h0cto3JNWZMqoXQnIoYJLlkTOQrWyTQjaSRYOxrdzPz2A9OGK3mP44yFKUkkjzklaKW+W+kJJRPNkyESrdVj3636NX8Ob5UEBalCgUbf/eoNFM1TJpEKYkw38DMMJ0Qjp4JNy73csIzQEUlY11JJUmbCyfzwqXdmlYEXK21LojdXf09MSGrMOI1sZ0pwaJa9mfif180xvgonXGY5MkkXi+JceKi8WQregGtGUYwtIVRze6tHh0QTijarsg0hWH55lbQuaoFfC+78av26iKMEJ3AK5xDAJdThFhrQBAo5PMMrvDlPzovz7nwsWtecYuYY/sD5/AFw+JOS</latexit><latexit sha1_base64="3/1i5i2CQ15DNvrwDu9getiZtJA=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoigh6LXjxWsB/QhrLZbtKlm92wO1Fq6C/x4kERr/4Ub/4bt20O2vpg4PHeDDPzwlRwA5737ZTW1jc2t8rblZ3dvf2qe3DYNirTlLWoEkp3Q2KY4JK1gINg3VQzkoSCdcLxzczvPDBtuJL3MElZkJBY8ohTAlYauNW+UDLWPB4B0Vo9DtyaV/fmwKvEL0gNFWgO3K/+UNEsYRKoIMb0fC+FICcaOBVsWulnhqWEjknMepZKkjAT5PPDp/jUKkMcKW1LAp6rvydykhgzSULbmRAYmWVvJv7n9TKIroKcyzQDJuliUZQJDArPUsBDrhkFMbGEUM3trZiOiCYUbFYVG4K//PIqaZ/Xfa/u313UGtdFHGV0jE7QGfLRJWqgW9RELURRhp7RK3pznpwX5935WLSWnGLmCP2B8/kDcjiTlg==</latexit><latexit sha1_base64="3/1i5i2CQ15DNvrwDu9getiZtJA=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoigh6LXjxWsB/QhrLZbtKlm92wO1Fq6C/x4kERr/4Ub/4bt20O2vpg4PHeDDPzwlRwA5737ZTW1jc2t8rblZ3dvf2qe3DYNirTlLWoEkp3Q2KY4JK1gINg3VQzkoSCdcLxzczvPDBtuJL3MElZkJBY8ohTAlYauNW+UDLWPB4B0Vo9DtyaV/fmwKvEL0gNFWgO3K/+UNEsYRKoIMb0fC+FICcaOBVsWulnhqWEjknMepZKkjAT5PPDp/jUKkMcKW1LAp6rvydykhgzSULbmRAYmWVvJv7n9TKIroKcyzQDJuliUZQJDArPUsBDrhkFMbGEUM3trZiOiCYUbFYVG4K//PIqaZ/Xfa/u313UGtdFHGV0jE7QGfLRJWqgW9RELURRhp7RK3pznpwX5935WLSWnGLmCP2B8/kDcjiTlg==</latexit><latexit sha1_base64="3/1i5i2CQ15DNvrwDu9getiZtJA=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoigh6LXjxWsB/QhrLZbtKlm92wO1Fq6C/x4kERr/4Ub/4bt20O2vpg4PHeDDPzwlRwA5737ZTW1jc2t8rblZ3dvf2qe3DYNirTlLWoEkp3Q2KY4JK1gINg3VQzkoSCdcLxzczvPDBtuJL3MElZkJBY8ohTAlYauNW+UDLWPB4B0Vo9DtyaV/fmwKvEL0gNFWgO3K/+UNEsYRKoIMb0fC+FICcaOBVsWulnhqWEjknMepZKkjAT5PPDp/jUKkMcKW1LAp6rvydykhgzSULbmRAYmWVvJv7n9TKIroKcyzQDJuliUZQJDArPUsBDrhkFMbGEUM3trZiOiCYUbFYVG4K//PIqaZ/Xfa/u313UGtdFHGV0jE7QGfLRJWqgW9RELURRhp7RK3pznpwX5935WLSWnGLmCP2B8/kDcjiTlg==</latexit><latexit sha1_base64="3/1i5i2CQ15DNvrwDu9getiZtJA=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoigh6LXjxWsB/QhrLZbtKlm92wO1Fq6C/x4kERr/4Ub/4bt20O2vpg4PHeDDPzwlRwA5737ZTW1jc2t8rblZ3dvf2qe3DYNirTlLWoEkp3Q2KY4JK1gINg3VQzkoSCdcLxzczvPDBtuJL3MElZkJBY8ohTAlYauNW+UDLWPB4B0Vo9DtyaV/fmwKvEL0gNFWgO3K/+UNEsYRKoIMb0fC+FICcaOBVsWulnhqWEjknMepZKkjAT5PPDp/jUKkMcKW1LAp6rvydykhgzSULbmRAYmWVvJv7n9TKIroKcyzQDJuliUZQJDArPUsBDrhkFMbGEUM3trZiOiCYUbFYVG4K//PIqaZ/Xfa/u313UGtdFHGV0jE7QGfLRJWqgW9RELURRhp7RK3pznpwX5935WLSWnGLmCP2B8/kDcjiTlg==</latexit><latexit sha1_base64="3/1i5i2CQ15DNvrwDu9getiZtJA=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoigh6LXjxWsB/QhrLZbtKlm92wO1Fq6C/x4kERr/4Ub/4bt20O2vpg4PHeDDPzwlRwA5737ZTW1jc2t8rblZ3dvf2qe3DYNirTlLWoEkp3Q2KY4JK1gINg3VQzkoSCdcLxzczvPDBtuJL3MElZkJBY8ohTAlYauNW+UDLWPB4B0Vo9DtyaV/fmwKvEL0gNFWgO3K/+UNEsYRKoIMb0fC+FICcaOBVsWulnhqWEjknMepZKkjAT5PPDp/jUKkMcKW1LAp6rvydykhgzSULbmRAYmWVvJv7n9TKIroKcyzQDJuliUZQJDArPUsBDrhkFMbGEUM3trZiOiCYUbFYVG4K//PIqaZ/Xfa/u313UGtdFHGV0jE7QGfLRJWqgW9RELURRhp7RK3pznpwX5935WLSWnGLmCP2B8/kDcjiTlg==</latexit><latexit sha1_base64="3/1i5i2CQ15DNvrwDu9getiZtJA=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoigh6LXjxWsB/QhrLZbtKlm92wO1Fq6C/x4kERr/4Ub/4bt20O2vpg4PHeDDPzwlRwA5737ZTW1jc2t8rblZ3dvf2qe3DYNirTlLWoEkp3Q2KY4JK1gINg3VQzkoSCdcLxzczvPDBtuJL3MElZkJBY8ohTAlYauNW+UDLWPB4B0Vo9DtyaV/fmwKvEL0gNFWgO3K/+UNEsYRKoIMb0fC+FICcaOBVsWulnhqWEjknMepZKkjAT5PPDp/jUKkMcKW1LAp6rvydykhgzSULbmRAYmWVvJv7n9TKIroKcyzQDJuliUZQJDArPUsBDrhkFMbGEUM3trZiOiCYUbFYVG4K//PIqaZ/Xfa/u313UGtdFHGV0jE7QGfLRJWqgW9RELURRhp7RK3pznpwX5935WLSWnGLmCP2B8/kDcjiTlg==</latexit>

Only direction: toward the minimum Local minima = true solutions 

�!
<latexit sha1_base64="3/1i5i2CQ15DNvrwDu9getiZtJA=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoigh6LXjxWsB/QhrLZbtKlm92wO1Fq6C/x4kERr/4Ub/4bt20O2vpg4PHeDDPzwlRwA5737ZTW1jc2t8rblZ3dvf2qe3DYNirTlLWoEkp3Q2KY4JK1gINg3VQzkoSCdcLxzczvPDBtuJL3MElZkJBY8ohTAlYauNW+UDLWPB4B0Vo9DtyaV/fmwKvEL0gNFWgO3K/+UNEsYRKoIMb0fC+FICcaOBVsWulnhqWEjknMepZKkjAT5PPDp/jUKkMcKW1LAp6rvydykhgzSULbmRAYmWVvJv7n9TKIroKcyzQDJuliUZQJDArPUsBDrhkFMbGEUM3trZiOiCYUbFYVG4K//PIqaZ/Xfa/u313UGtdFHGV0jE7QGfLRJWqgW9RELURRhp7RK3pznpwX5935WLSWnGLmCP2B8/kDcjiTlg==</latexit><latexit sha1_base64="3/1i5i2CQ15DNvrwDu9getiZtJA=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoigh6LXjxWsB/QhrLZbtKlm92wO1Fq6C/x4kERr/4Ub/4bt20O2vpg4PHeDDPzwlRwA5737ZTW1jc2t8rblZ3dvf2qe3DYNirTlLWoEkp3Q2KY4JK1gINg3VQzkoSCdcLxzczvPDBtuJL3MElZkJBY8ohTAlYauNW+UDLWPB4B0Vo9DtyaV/fmwKvEL0gNFWgO3K/+UNEsYRKoIMb0fC+FICcaOBVsWulnhqWEjknMepZKkjAT5PPDp/jUKkMcKW1LAp6rvydykhgzSULbmRAYmWVvJv7n9TKIroKcyzQDJuliUZQJDArPUsBDrhkFMbGEUM3trZiOiCYUbFYVG4K//PIqaZ/Xfa/u313UGtdFHGV0jE7QGfLRJWqgW9RELURRhp7RK3pznpwX5935WLSWnGLmCP2B8/kDcjiTlg==</latexit><latexit sha1_base64="3/1i5i2CQ15DNvrwDu9getiZtJA=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoigh6LXjxWsB/QhrLZbtKlm92wO1Fq6C/x4kERr/4Ub/4bt20O2vpg4PHeDDPzwlRwA5737ZTW1jc2t8rblZ3dvf2qe3DYNirTlLWoEkp3Q2KY4JK1gINg3VQzkoSCdcLxzczvPDBtuJL3MElZkJBY8ohTAlYauNW+UDLWPB4B0Vo9DtyaV/fmwKvEL0gNFWgO3K/+UNEsYRKoIMb0fC+FICcaOBVsWulnhqWEjknMepZKkjAT5PPDp/jUKkMcKW1LAp6rvydykhgzSULbmRAYmWVvJv7n9TKIroKcyzQDJuliUZQJDArPUsBDrhkFMbGEUM3trZiOiCYUbFYVG4K//PIqaZ/Xfa/u313UGtdFHGV0jE7QGfLRJWqgW9RELURRhp7RK3pznpwX5935WLSWnGLmCP2B8/kDcjiTlg==</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="1fSSaQaXgkiI4mg1T76dIElkmdI=">AAAB7XicbZBLSwMxFIXv1Fet1Y5u3QSL4KrMuNGl4MZlBfuAtpRMmpmGZpIhuaPUob/EjQtF/Dvu/Demj4W2Hgh8nJNwb06USWExCL690tb2zu5eeb9yUD08qvnH1bbVuWG8xbTUphtRy6VQvIUCJe9mhtM0krwTTW7neeeRGyu0esBpxgcpTZSIBaPorKFf60utEiOSMVJj9NPQrweNYCGyCeEK6rBSc+h/9Uea5SlXyCS1thcGGQ4KalAwyWeVfm55RtmEJrznUNGU20GxWHxGzp0zIrE27igkC/f3i4Km1k7TyN1MKY7tejY3/8t6OcbXg0KoLEeu2HJQnEuCmsxbICNhOEM5dUCZEW5XwsbUUIauq4orIVz/8ia0Lxth0AjvAyjDKZzBBYRwBTdwB01oAYMcXuAN3r1n79X7WNZV8la9ncAfeZ8/F9SSMw==</latexit><latexit sha1_base64="1fSSaQaXgkiI4mg1T76dIElkmdI=">AAAB7XicbZBLSwMxFIXv1Fet1Y5u3QSL4KrMuNGl4MZlBfuAtpRMmpmGZpIhuaPUob/EjQtF/Dvu/Demj4W2Hgh8nJNwb06USWExCL690tb2zu5eeb9yUD08qvnH1bbVuWG8xbTUphtRy6VQvIUCJe9mhtM0krwTTW7neeeRGyu0esBpxgcpTZSIBaPorKFf60utEiOSMVJj9NPQrweNYCGyCeEK6rBSc+h/9Uea5SlXyCS1thcGGQ4KalAwyWeVfm55RtmEJrznUNGU20GxWHxGzp0zIrE27igkC/f3i4Km1k7TyN1MKY7tejY3/8t6OcbXg0KoLEeu2HJQnEuCmsxbICNhOEM5dUCZEW5XwsbUUIauq4orIVz/8ia0Lxth0AjvAyjDKZzBBYRwBTdwB01oAYMcXuAN3r1n79X7WNZV8la9ncAfeZ8/F9SSMw==</latexit><latexit sha1_base64="HdM1YiUCjML8lgZJ8j97OaT4SJg=">AAAB+HicbVBNS8NAEJ34WetHox69BIvgqSRe9Fj04rGC/YA2lM12ky7d7IbdiVJLf4kXD4p49ad489+4bXPQ1gcDj/dmmJkXZYIb9P1vZ219Y3Nru7RT3t3bP6i4h0cto3JNWZMqoXQnIoYJLlkTOQrWyTQjaSRYOxrdzPz2A9OGK3mP44yFKUkkjzklaKW+W+kJJRPNkyESrdVj3636NX8Ob5UEBalCgUbf/eoNFM1TJpEKYkw38DMMJ0Qjp4JNy73csIzQEUlY11JJUmbCyfzwqXdmlYEXK21LojdXf09MSGrMOI1sZ0pwaJa9mfif180xvgonXGY5MkkXi+JceKi8WQregGtGUYwtIVRze6tHh0QTijarsg0hWH55lbQuaoFfC+78av26iKMEJ3AK5xDAJdThFhrQBAo5PMMrvDlPzovz7nwsWtecYuYY/sD5/AFw+JOS</latexit><latexit sha1_base64="3/1i5i2CQ15DNvrwDu9getiZtJA=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoigh6LXjxWsB/QhrLZbtKlm92wO1Fq6C/x4kERr/4Ub/4bt20O2vpg4PHeDDPzwlRwA5737ZTW1jc2t8rblZ3dvf2qe3DYNirTlLWoEkp3Q2KY4JK1gINg3VQzkoSCdcLxzczvPDBtuJL3MElZkJBY8ohTAlYauNW+UDLWPB4B0Vo9DtyaV/fmwKvEL0gNFWgO3K/+UNEsYRKoIMb0fC+FICcaOBVsWulnhqWEjknMepZKkjAT5PPDp/jUKkMcKW1LAp6rvydykhgzSULbmRAYmWVvJv7n9TKIroKcyzQDJuliUZQJDArPUsBDrhkFMbGEUM3trZiOiCYUbFYVG4K//PIqaZ/Xfa/u313UGtdFHGV0jE7QGfLRJWqgW9RELURRhp7RK3pznpwX5935WLSWnGLmCP2B8/kDcjiTlg==</latexit><latexit sha1_base64="3/1i5i2CQ15DNvrwDu9getiZtJA=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoigh6LXjxWsB/QhrLZbtKlm92wO1Fq6C/x4kERr/4Ub/4bt20O2vpg4PHeDDPzwlRwA5737ZTW1jc2t8rblZ3dvf2qe3DYNirTlLWoEkp3Q2KY4JK1gINg3VQzkoSCdcLxzczvPDBtuJL3MElZkJBY8ohTAlYauNW+UDLWPB4B0Vo9DtyaV/fmwKvEL0gNFWgO3K/+UNEsYRKoIMb0fC+FICcaOBVsWulnhqWEjknMepZKkjAT5PPDp/jUKkMcKW1LAp6rvydykhgzSULbmRAYmWVvJv7n9TKIroKcyzQDJuliUZQJDArPUsBDrhkFMbGEUM3trZiOiCYUbFYVG4K//PIqaZ/Xfa/u313UGtdFHGV0jE7QGfLRJWqgW9RELURRhp7RK3pznpwX5935WLSWnGLmCP2B8/kDcjiTlg==</latexit><latexit sha1_base64="3/1i5i2CQ15DNvrwDu9getiZtJA=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoigh6LXjxWsB/QhrLZbtKlm92wO1Fq6C/x4kERr/4Ub/4bt20O2vpg4PHeDDPzwlRwA5737ZTW1jc2t8rblZ3dvf2qe3DYNirTlLWoEkp3Q2KY4JK1gINg3VQzkoSCdcLxzczvPDBtuJL3MElZkJBY8ohTAlYauNW+UDLWPB4B0Vo9DtyaV/fmwKvEL0gNFWgO3K/+UNEsYRKoIMb0fC+FICcaOBVsWulnhqWEjknMepZKkjAT5PPDp/jUKkMcKW1LAp6rvydykhgzSULbmRAYmWVvJv7n9TKIroKcyzQDJuliUZQJDArPUsBDrhkFMbGEUM3trZiOiCYUbFYVG4K//PIqaZ/Xfa/u313UGtdFHGV0jE7QGfLRJWqgW9RELURRhp7RK3pznpwX5935WLSWnGLmCP2B8/kDcjiTlg==</latexit><latexit sha1_base64="3/1i5i2CQ15DNvrwDu9getiZtJA=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoigh6LXjxWsB/QhrLZbtKlm92wO1Fq6C/x4kERr/4Ub/4bt20O2vpg4PHeDDPzwlRwA5737ZTW1jc2t8rblZ3dvf2qe3DYNirTlLWoEkp3Q2KY4JK1gINg3VQzkoSCdcLxzczvPDBtuJL3MElZkJBY8ohTAlYauNW+UDLWPB4B0Vo9DtyaV/fmwKvEL0gNFWgO3K/+UNEsYRKoIMb0fC+FICcaOBVsWulnhqWEjknMepZKkjAT5PPDp/jUKkMcKW1LAp6rvydykhgzSULbmRAYmWVvJv7n9TKIroKcyzQDJuliUZQJDArPUsBDrhkFMbGEUM3trZiOiCYUbFYVG4K//PIqaZ/Xfa/u313UGtdFHGV0jE7QGfLRJWqgW9RELURRhp7RK3pznpwX5935WLSWnGLmCP2B8/kDcjiTlg==</latexit><latexit sha1_base64="3/1i5i2CQ15DNvrwDu9getiZtJA=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoigh6LXjxWsB/QhrLZbtKlm92wO1Fq6C/x4kERr/4Ub/4bt20O2vpg4PHeDDPzwlRwA5737ZTW1jc2t8rblZ3dvf2qe3DYNirTlLWoEkp3Q2KY4JK1gINg3VQzkoSCdcLxzczvPDBtuJL3MElZkJBY8ohTAlYauNW+UDLWPB4B0Vo9DtyaV/fmwKvEL0gNFWgO3K/+UNEsYRKoIMb0fC+FICcaOBVsWulnhqWEjknMepZKkjAT5PPDp/jUKkMcKW1LAp6rvydykhgzSULbmRAYmWVvJv7n9TKIroKcyzQDJuliUZQJDArPUsBDrhkFMbGEUM3trZiOiCYUbFYVG4K//PIqaZ/Xfa/u313UGtdFHGV0jE7QGfLRJWqgW9RELURRhp7RK3pznpwX5935WLSWnGLmCP2B8/kDcjiTlg==</latexit><latexit sha1_base64="3/1i5i2CQ15DNvrwDu9getiZtJA=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoigh6LXjxWsB/QhrLZbtKlm92wO1Fq6C/x4kERr/4Ub/4bt20O2vpg4PHeDDPzwlRwA5737ZTW1jc2t8rblZ3dvf2qe3DYNirTlLWoEkp3Q2KY4JK1gINg3VQzkoSCdcLxzczvPDBtuJL3MElZkJBY8ohTAlYauNW+UDLWPB4B0Vo9DtyaV/fmwKvEL0gNFWgO3K/+UNEsYRKoIMb0fC+FICcaOBVsWulnhqWEjknMepZKkjAT5PPDp/jUKkMcKW1LAp6rvydykhgzSULbmRAYmWVvJv7n9TKIroKcyzQDJuliUZQJDArPUsBDrhkFMbGEUM3trZiOiCYUbFYVG4K//PIqaZ/Xfa/u313UGtdFHGV0jE7QGfLRJWqgW9RELURRhp7RK3pznpwX5935WLSWnGLmCP2B8/kDcjiTlg==</latexit>

There is a descent direction Saddle points have to be strict 

• Later: the strategy for general case M∗ = U∗[V∗]T

Rutgers University Ghassemi et al.
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Proof Strategy

We employ the framework by Ge et al. [2017] for nonconvex matrix
recovery

• First we describe the strategy for symmetric matrices

M∗ = U∗[U∗]T

• Show that around stationary points, the “difference” ∆ between
the current point and its nearest true solution (invariant to
rotation) is a descent direction

�!
<latexit sha1_base64="3/1i5i2CQ15DNvrwDu9getiZtJA=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoigh6LXjxWsB/QhrLZbtKlm92wO1Fq6C/x4kERr/4Ub/4bt20O2vpg4PHeDDPzwlRwA5737ZTW1jc2t8rblZ3dvf2qe3DYNirTlLWoEkp3Q2KY4JK1gINg3VQzkoSCdcLxzczvPDBtuJL3MElZkJBY8ohTAlYauNW+UDLWPB4B0Vo9DtyaV/fmwKvEL0gNFWgO3K/+UNEsYRKoIMb0fC+FICcaOBVsWulnhqWEjknMepZKkjAT5PPDp/jUKkMcKW1LAp6rvydykhgzSULbmRAYmWVvJv7n9TKIroKcyzQDJuliUZQJDArPUsBDrhkFMbGEUM3trZiOiCYUbFYVG4K//PIqaZ/Xfa/u313UGtdFHGV0jE7QGfLRJWqgW9RELURRhp7RK3pznpwX5935WLSWnGLmCP2B8/kDcjiTlg==</latexit><latexit sha1_base64="3/1i5i2CQ15DNvrwDu9getiZtJA=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoigh6LXjxWsB/QhrLZbtKlm92wO1Fq6C/x4kERr/4Ub/4bt20O2vpg4PHeDDPzwlRwA5737ZTW1jc2t8rblZ3dvf2qe3DYNirTlLWoEkp3Q2KY4JK1gINg3VQzkoSCdcLxzczvPDBtuJL3MElZkJBY8ohTAlYauNW+UDLWPB4B0Vo9DtyaV/fmwKvEL0gNFWgO3K/+UNEsYRKoIMb0fC+FICcaOBVsWulnhqWEjknMepZKkjAT5PPDp/jUKkMcKW1LAp6rvydykhgzSULbmRAYmWVvJv7n9TKIroKcyzQDJuliUZQJDArPUsBDrhkFMbGEUM3trZiOiCYUbFYVG4K//PIqaZ/Xfa/u313UGtdFHGV0jE7QGfLRJWqgW9RELURRhp7RK3pznpwX5935WLSWnGLmCP2B8/kDcjiTlg==</latexit><latexit sha1_base64="3/1i5i2CQ15DNvrwDu9getiZtJA=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoigh6LXjxWsB/QhrLZbtKlm92wO1Fq6C/x4kERr/4Ub/4bt20O2vpg4PHeDDPzwlRwA5737ZTW1jc2t8rblZ3dvf2qe3DYNirTlLWoEkp3Q2KY4JK1gINg3VQzkoSCdcLxzczvPDBtuJL3MElZkJBY8ohTAlYauNW+UDLWPB4B0Vo9DtyaV/fmwKvEL0gNFWgO3K/+UNEsYRKoIMb0fC+FICcaOBVsWulnhqWEjknMepZKkjAT5PPDp/jUKkMcKW1LAp6rvydykhgzSULbmRAYmWVvJv7n9TKIroKcyzQDJuliUZQJDArPUsBDrhkFMbGEUM3trZiOiCYUbFYVG4K//PIqaZ/Xfa/u313UGtdFHGV0jE7QGfLRJWqgW9RELURRhp7RK3pznpwX5935WLSWnGLmCP2B8/kDcjiTlg==</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="1fSSaQaXgkiI4mg1T76dIElkmdI=">AAAB7XicbZBLSwMxFIXv1Fet1Y5u3QSL4KrMuNGl4MZlBfuAtpRMmpmGZpIhuaPUob/EjQtF/Dvu/Demj4W2Hgh8nJNwb06USWExCL690tb2zu5eeb9yUD08qvnH1bbVuWG8xbTUphtRy6VQvIUCJe9mhtM0krwTTW7neeeRGyu0esBpxgcpTZSIBaPorKFf60utEiOSMVJj9NPQrweNYCGyCeEK6rBSc+h/9Uea5SlXyCS1thcGGQ4KalAwyWeVfm55RtmEJrznUNGU20GxWHxGzp0zIrE27igkC/f3i4Km1k7TyN1MKY7tejY3/8t6OcbXg0KoLEeu2HJQnEuCmsxbICNhOEM5dUCZEW5XwsbUUIauq4orIVz/8ia0Lxth0AjvAyjDKZzBBYRwBTdwB01oAYMcXuAN3r1n79X7WNZV8la9ncAfeZ8/F9SSMw==</latexit><latexit sha1_base64="1fSSaQaXgkiI4mg1T76dIElkmdI=">AAAB7XicbZBLSwMxFIXv1Fet1Y5u3QSL4KrMuNGl4MZlBfuAtpRMmpmGZpIhuaPUob/EjQtF/Dvu/Demj4W2Hgh8nJNwb06USWExCL690tb2zu5eeb9yUD08qvnH1bbVuWG8xbTUphtRy6VQvIUCJe9mhtM0krwTTW7neeeRGyu0esBpxgcpTZSIBaPorKFf60utEiOSMVJj9NPQrweNYCGyCeEK6rBSc+h/9Uea5SlXyCS1thcGGQ4KalAwyWeVfm55RtmEJrznUNGU20GxWHxGzp0zIrE27igkC/f3i4Km1k7TyN1MKY7tejY3/8t6OcbXg0KoLEeu2HJQnEuCmsxbICNhOEM5dUCZEW5XwsbUUIauq4orIVz/8ia0Lxth0AjvAyjDKZzBBYRwBTdwB01oAYMcXuAN3r1n79X7WNZV8la9ncAfeZ8/F9SSMw==</latexit><latexit sha1_base64="HdM1YiUCjML8lgZJ8j97OaT4SJg=">AAAB+HicbVBNS8NAEJ34WetHox69BIvgqSRe9Fj04rGC/YA2lM12ky7d7IbdiVJLf4kXD4p49ad489+4bXPQ1gcDj/dmmJkXZYIb9P1vZ219Y3Nru7RT3t3bP6i4h0cto3JNWZMqoXQnIoYJLlkTOQrWyTQjaSRYOxrdzPz2A9OGK3mP44yFKUkkjzklaKW+W+kJJRPNkyESrdVj3636NX8Ob5UEBalCgUbf/eoNFM1TJpEKYkw38DMMJ0Qjp4JNy73csIzQEUlY11JJUmbCyfzwqXdmlYEXK21LojdXf09MSGrMOI1sZ0pwaJa9mfif180xvgonXGY5MkkXi+JceKi8WQregGtGUYwtIVRze6tHh0QTijarsg0hWH55lbQuaoFfC+78av26iKMEJ3AK5xDAJdThFhrQBAo5PMMrvDlPzovz7nwsWtecYuYY/sD5/AFw+JOS</latexit><latexit sha1_base64="3/1i5i2CQ15DNvrwDu9getiZtJA=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoigh6LXjxWsB/QhrLZbtKlm92wO1Fq6C/x4kERr/4Ub/4bt20O2vpg4PHeDDPzwlRwA5737ZTW1jc2t8rblZ3dvf2qe3DYNirTlLWoEkp3Q2KY4JK1gINg3VQzkoSCdcLxzczvPDBtuJL3MElZkJBY8ohTAlYauNW+UDLWPB4B0Vo9DtyaV/fmwKvEL0gNFWgO3K/+UNEsYRKoIMb0fC+FICcaOBVsWulnhqWEjknMepZKkjAT5PPDp/jUKkMcKW1LAp6rvydykhgzSULbmRAYmWVvJv7n9TKIroKcyzQDJuliUZQJDArPUsBDrhkFMbGEUM3trZiOiCYUbFYVG4K//PIqaZ/Xfa/u313UGtdFHGV0jE7QGfLRJWqgW9RELURRhp7RK3pznpwX5935WLSWnGLmCP2B8/kDcjiTlg==</latexit><latexit sha1_base64="3/1i5i2CQ15DNvrwDu9getiZtJA=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoigh6LXjxWsB/QhrLZbtKlm92wO1Fq6C/x4kERr/4Ub/4bt20O2vpg4PHeDDPzwlRwA5737ZTW1jc2t8rblZ3dvf2qe3DYNirTlLWoEkp3Q2KY4JK1gINg3VQzkoSCdcLxzczvPDBtuJL3MElZkJBY8ohTAlYauNW+UDLWPB4B0Vo9DtyaV/fmwKvEL0gNFWgO3K/+UNEsYRKoIMb0fC+FICcaOBVsWulnhqWEjknMepZKkjAT5PPDp/jUKkMcKW1LAp6rvydykhgzSULbmRAYmWVvJv7n9TKIroKcyzQDJuliUZQJDArPUsBDrhkFMbGEUM3trZiOiCYUbFYVG4K//PIqaZ/Xfa/u313UGtdFHGV0jE7QGfLRJWqgW9RELURRhp7RK3pznpwX5935WLSWnGLmCP2B8/kDcjiTlg==</latexit><latexit sha1_base64="3/1i5i2CQ15DNvrwDu9getiZtJA=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoigh6LXjxWsB/QhrLZbtKlm92wO1Fq6C/x4kERr/4Ub/4bt20O2vpg4PHeDDPzwlRwA5737ZTW1jc2t8rblZ3dvf2qe3DYNirTlLWoEkp3Q2KY4JK1gINg3VQzkoSCdcLxzczvPDBtuJL3MElZkJBY8ohTAlYauNW+UDLWPB4B0Vo9DtyaV/fmwKvEL0gNFWgO3K/+UNEsYRKoIMb0fC+FICcaOBVsWulnhqWEjknMepZKkjAT5PPDp/jUKkMcKW1LAp6rvydykhgzSULbmRAYmWVvJv7n9TKIroKcyzQDJuliUZQJDArPUsBDrhkFMbGEUM3trZiOiCYUbFYVG4K//PIqaZ/Xfa/u313UGtdFHGV0jE7QGfLRJWqgW9RELURRhp7RK3pznpwX5935WLSWnGLmCP2B8/kDcjiTlg==</latexit><latexit sha1_base64="3/1i5i2CQ15DNvrwDu9getiZtJA=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoigh6LXjxWsB/QhrLZbtKlm92wO1Fq6C/x4kERr/4Ub/4bt20O2vpg4PHeDDPzwlRwA5737ZTW1jc2t8rblZ3dvf2qe3DYNirTlLWoEkp3Q2KY4JK1gINg3VQzkoSCdcLxzczvPDBtuJL3MElZkJBY8ohTAlYauNW+UDLWPB4B0Vo9DtyaV/fmwKvEL0gNFWgO3K/+UNEsYRKoIMb0fC+FICcaOBVsWulnhqWEjknMepZKkjAT5PPDp/jUKkMcKW1LAp6rvydykhgzSULbmRAYmWVvJv7n9TKIroKcyzQDJuliUZQJDArPUsBDrhkFMbGEUM3trZiOiCYUbFYVG4K//PIqaZ/Xfa/u313UGtdFHGV0jE7QGfLRJWqgW9RELURRhp7RK3pznpwX5935WLSWnGLmCP2B8/kDcjiTlg==</latexit><latexit sha1_base64="3/1i5i2CQ15DNvrwDu9getiZtJA=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoigh6LXjxWsB/QhrLZbtKlm92wO1Fq6C/x4kERr/4Ub/4bt20O2vpg4PHeDDPzwlRwA5737ZTW1jc2t8rblZ3dvf2qe3DYNirTlLWoEkp3Q2KY4JK1gINg3VQzkoSCdcLxzczvPDBtuJL3MElZkJBY8ohTAlYauNW+UDLWPB4B0Vo9DtyaV/fmwKvEL0gNFWgO3K/+UNEsYRKoIMb0fC+FICcaOBVsWulnhqWEjknMepZKkjAT5PPDp/jUKkMcKW1LAp6rvydykhgzSULbmRAYmWVvJv7n9TKIroKcyzQDJuliUZQJDArPUsBDrhkFMbGEUM3trZiOiCYUbFYVG4K//PIqaZ/Xfa/u313UGtdFHGV0jE7QGfLRJWqgW9RELURRhp7RK3pznpwX5935WLSWnGLmCP2B8/kDcjiTlg==</latexit><latexit sha1_base64="3/1i5i2CQ15DNvrwDu9getiZtJA=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoigh6LXjxWsB/QhrLZbtKlm92wO1Fq6C/x4kERr/4Ub/4bt20O2vpg4PHeDDPzwlRwA5737ZTW1jc2t8rblZ3dvf2qe3DYNirTlLWoEkp3Q2KY4JK1gINg3VQzkoSCdcLxzczvPDBtuJL3MElZkJBY8ohTAlYauNW+UDLWPB4B0Vo9DtyaV/fmwKvEL0gNFWgO3K/+UNEsYRKoIMb0fC+FICcaOBVsWulnhqWEjknMepZKkjAT5PPDp/jUKkMcKW1LAp6rvydykhgzSULbmRAYmWVvJv7n9TKIroKcyzQDJuliUZQJDArPUsBDrhkFMbGEUM3trZiOiCYUbFYVG4K//PIqaZ/Xfa/u313UGtdFHGV0jE7QGfLRJWqgW9RELURRhp7RK3pznpwX5935WLSWnGLmCP2B8/kDcjiTlg==</latexit>

Only direction: toward the minimum Local minima = true solutions 

�!
<latexit sha1_base64="3/1i5i2CQ15DNvrwDu9getiZtJA=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoigh6LXjxWsB/QhrLZbtKlm92wO1Fq6C/x4kERr/4Ub/4bt20O2vpg4PHeDDPzwlRwA5737ZTW1jc2t8rblZ3dvf2qe3DYNirTlLWoEkp3Q2KY4JK1gINg3VQzkoSCdcLxzczvPDBtuJL3MElZkJBY8ohTAlYauNW+UDLWPB4B0Vo9DtyaV/fmwKvEL0gNFWgO3K/+UNEsYRKoIMb0fC+FICcaOBVsWulnhqWEjknMepZKkjAT5PPDp/jUKkMcKW1LAp6rvydykhgzSULbmRAYmWVvJv7n9TKIroKcyzQDJuliUZQJDArPUsBDrhkFMbGEUM3trZiOiCYUbFYVG4K//PIqaZ/Xfa/u313UGtdFHGV0jE7QGfLRJWqgW9RELURRhp7RK3pznpwX5935WLSWnGLmCP2B8/kDcjiTlg==</latexit><latexit sha1_base64="3/1i5i2CQ15DNvrwDu9getiZtJA=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoigh6LXjxWsB/QhrLZbtKlm92wO1Fq6C/x4kERr/4Ub/4bt20O2vpg4PHeDDPzwlRwA5737ZTW1jc2t8rblZ3dvf2qe3DYNirTlLWoEkp3Q2KY4JK1gINg3VQzkoSCdcLxzczvPDBtuJL3MElZkJBY8ohTAlYauNW+UDLWPB4B0Vo9DtyaV/fmwKvEL0gNFWgO3K/+UNEsYRKoIMb0fC+FICcaOBVsWulnhqWEjknMepZKkjAT5PPDp/jUKkMcKW1LAp6rvydykhgzSULbmRAYmWVvJv7n9TKIroKcyzQDJuliUZQJDArPUsBDrhkFMbGEUM3trZiOiCYUbFYVG4K//PIqaZ/Xfa/u313UGtdFHGV0jE7QGfLRJWqgW9RELURRhp7RK3pznpwX5935WLSWnGLmCP2B8/kDcjiTlg==</latexit><latexit sha1_base64="3/1i5i2CQ15DNvrwDu9getiZtJA=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoigh6LXjxWsB/QhrLZbtKlm92wO1Fq6C/x4kERr/4Ub/4bt20O2vpg4PHeDDPzwlRwA5737ZTW1jc2t8rblZ3dvf2qe3DYNirTlLWoEkp3Q2KY4JK1gINg3VQzkoSCdcLxzczvPDBtuJL3MElZkJBY8ohTAlYauNW+UDLWPB4B0Vo9DtyaV/fmwKvEL0gNFWgO3K/+UNEsYRKoIMb0fC+FICcaOBVsWulnhqWEjknMepZKkjAT5PPDp/jUKkMcKW1LAp6rvydykhgzSULbmRAYmWVvJv7n9TKIroKcyzQDJuliUZQJDArPUsBDrhkFMbGEUM3trZiOiCYUbFYVG4K//PIqaZ/Xfa/u313UGtdFHGV0jE7QGfLRJWqgW9RELURRhp7RK3pznpwX5935WLSWnGLmCP2B8/kDcjiTlg==</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="1fSSaQaXgkiI4mg1T76dIElkmdI=">AAAB7XicbZBLSwMxFIXv1Fet1Y5u3QSL4KrMuNGl4MZlBfuAtpRMmpmGZpIhuaPUob/EjQtF/Dvu/Demj4W2Hgh8nJNwb06USWExCL690tb2zu5eeb9yUD08qvnH1bbVuWG8xbTUphtRy6VQvIUCJe9mhtM0krwTTW7neeeRGyu0esBpxgcpTZSIBaPorKFf60utEiOSMVJj9NPQrweNYCGyCeEK6rBSc+h/9Uea5SlXyCS1thcGGQ4KalAwyWeVfm55RtmEJrznUNGU20GxWHxGzp0zIrE27igkC/f3i4Km1k7TyN1MKY7tejY3/8t6OcbXg0KoLEeu2HJQnEuCmsxbICNhOEM5dUCZEW5XwsbUUIauq4orIVz/8ia0Lxth0AjvAyjDKZzBBYRwBTdwB01oAYMcXuAN3r1n79X7WNZV8la9ncAfeZ8/F9SSMw==</latexit><latexit sha1_base64="1fSSaQaXgkiI4mg1T76dIElkmdI=">AAAB7XicbZBLSwMxFIXv1Fet1Y5u3QSL4KrMuNGl4MZlBfuAtpRMmpmGZpIhuaPUob/EjQtF/Dvu/Demj4W2Hgh8nJNwb06USWExCL690tb2zu5eeb9yUD08qvnH1bbVuWG8xbTUphtRy6VQvIUCJe9mhtM0krwTTW7neeeRGyu0esBpxgcpTZSIBaPorKFf60utEiOSMVJj9NPQrweNYCGyCeEK6rBSc+h/9Uea5SlXyCS1thcGGQ4KalAwyWeVfm55RtmEJrznUNGU20GxWHxGzp0zIrE27igkC/f3i4Km1k7TyN1MKY7tejY3/8t6OcbXg0KoLEeu2HJQnEuCmsxbICNhOEM5dUCZEW5XwsbUUIauq4orIVz/8ia0Lxth0AjvAyjDKZzBBYRwBTdwB01oAYMcXuAN3r1n79X7WNZV8la9ncAfeZ8/F9SSMw==</latexit><latexit sha1_base64="HdM1YiUCjML8lgZJ8j97OaT4SJg=">AAAB+HicbVBNS8NAEJ34WetHox69BIvgqSRe9Fj04rGC/YA2lM12ky7d7IbdiVJLf4kXD4p49ad489+4bXPQ1gcDj/dmmJkXZYIb9P1vZ219Y3Nru7RT3t3bP6i4h0cto3JNWZMqoXQnIoYJLlkTOQrWyTQjaSRYOxrdzPz2A9OGK3mP44yFKUkkjzklaKW+W+kJJRPNkyESrdVj3636NX8Ob5UEBalCgUbf/eoNFM1TJpEKYkw38DMMJ0Qjp4JNy73csIzQEUlY11JJUmbCyfzwqXdmlYEXK21LojdXf09MSGrMOI1sZ0pwaJa9mfif180xvgonXGY5MkkXi+JceKi8WQregGtGUYwtIVRze6tHh0QTijarsg0hWH55lbQuaoFfC+78av26iKMEJ3AK5xDAJdThFhrQBAo5PMMrvDlPzovz7nwsWtecYuYY/sD5/AFw+JOS</latexit><latexit sha1_base64="3/1i5i2CQ15DNvrwDu9getiZtJA=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoigh6LXjxWsB/QhrLZbtKlm92wO1Fq6C/x4kERr/4Ub/4bt20O2vpg4PHeDDPzwlRwA5737ZTW1jc2t8rblZ3dvf2qe3DYNirTlLWoEkp3Q2KY4JK1gINg3VQzkoSCdcLxzczvPDBtuJL3MElZkJBY8ohTAlYauNW+UDLWPB4B0Vo9DtyaV/fmwKvEL0gNFWgO3K/+UNEsYRKoIMb0fC+FICcaOBVsWulnhqWEjknMepZKkjAT5PPDp/jUKkMcKW1LAp6rvydykhgzSULbmRAYmWVvJv7n9TKIroKcyzQDJuliUZQJDArPUsBDrhkFMbGEUM3trZiOiCYUbFYVG4K//PIqaZ/Xfa/u313UGtdFHGV0jE7QGfLRJWqgW9RELURRhp7RK3pznpwX5935WLSWnGLmCP2B8/kDcjiTlg==</latexit><latexit sha1_base64="3/1i5i2CQ15DNvrwDu9getiZtJA=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoigh6LXjxWsB/QhrLZbtKlm92wO1Fq6C/x4kERr/4Ub/4bt20O2vpg4PHeDDPzwlRwA5737ZTW1jc2t8rblZ3dvf2qe3DYNirTlLWoEkp3Q2KY4JK1gINg3VQzkoSCdcLxzczvPDBtuJL3MElZkJBY8ohTAlYauNW+UDLWPB4B0Vo9DtyaV/fmwKvEL0gNFWgO3K/+UNEsYRKoIMb0fC+FICcaOBVsWulnhqWEjknMepZKkjAT5PPDp/jUKkMcKW1LAp6rvydykhgzSULbmRAYmWVvJv7n9TKIroKcyzQDJuliUZQJDArPUsBDrhkFMbGEUM3trZiOiCYUbFYVG4K//PIqaZ/Xfa/u313UGtdFHGV0jE7QGfLRJWqgW9RELURRhp7RK3pznpwX5935WLSWnGLmCP2B8/kDcjiTlg==</latexit><latexit sha1_base64="3/1i5i2CQ15DNvrwDu9getiZtJA=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoigh6LXjxWsB/QhrLZbtKlm92wO1Fq6C/x4kERr/4Ub/4bt20O2vpg4PHeDDPzwlRwA5737ZTW1jc2t8rblZ3dvf2qe3DYNirTlLWoEkp3Q2KY4JK1gINg3VQzkoSCdcLxzczvPDBtuJL3MElZkJBY8ohTAlYauNW+UDLWPB4B0Vo9DtyaV/fmwKvEL0gNFWgO3K/+UNEsYRKoIMb0fC+FICcaOBVsWulnhqWEjknMepZKkjAT5PPDp/jUKkMcKW1LAp6rvydykhgzSULbmRAYmWVvJv7n9TKIroKcyzQDJuliUZQJDArPUsBDrhkFMbGEUM3trZiOiCYUbFYVG4K//PIqaZ/Xfa/u313UGtdFHGV0jE7QGfLRJWqgW9RELURRhp7RK3pznpwX5935WLSWnGLmCP2B8/kDcjiTlg==</latexit><latexit sha1_base64="3/1i5i2CQ15DNvrwDu9getiZtJA=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoigh6LXjxWsB/QhrLZbtKlm92wO1Fq6C/x4kERr/4Ub/4bt20O2vpg4PHeDDPzwlRwA5737ZTW1jc2t8rblZ3dvf2qe3DYNirTlLWoEkp3Q2KY4JK1gINg3VQzkoSCdcLxzczvPDBtuJL3MElZkJBY8ohTAlYauNW+UDLWPB4B0Vo9DtyaV/fmwKvEL0gNFWgO3K/+UNEsYRKoIMb0fC+FICcaOBVsWulnhqWEjknMepZKkjAT5PPDp/jUKkMcKW1LAp6rvydykhgzSULbmRAYmWVvJv7n9TKIroKcyzQDJuliUZQJDArPUsBDrhkFMbGEUM3trZiOiCYUbFYVG4K//PIqaZ/Xfa/u313UGtdFHGV0jE7QGfLRJWqgW9RELURRhp7RK3pznpwX5935WLSWnGLmCP2B8/kDcjiTlg==</latexit><latexit sha1_base64="3/1i5i2CQ15DNvrwDu9getiZtJA=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoigh6LXjxWsB/QhrLZbtKlm92wO1Fq6C/x4kERr/4Ub/4bt20O2vpg4PHeDDPzwlRwA5737ZTW1jc2t8rblZ3dvf2qe3DYNirTlLWoEkp3Q2KY4JK1gINg3VQzkoSCdcLxzczvPDBtuJL3MElZkJBY8ohTAlYauNW+UDLWPB4B0Vo9DtyaV/fmwKvEL0gNFWgO3K/+UNEsYRKoIMb0fC+FICcaOBVsWulnhqWEjknMepZKkjAT5PPDp/jUKkMcKW1LAp6rvydykhgzSULbmRAYmWVvJv7n9TKIroKcyzQDJuliUZQJDArPUsBDrhkFMbGEUM3trZiOiCYUbFYVG4K//PIqaZ/Xfa/u313UGtdFHGV0jE7QGfLRJWqgW9RELURRhp7RK3pznpwX5935WLSWnGLmCP2B8/kDcjiTlg==</latexit><latexit sha1_base64="3/1i5i2CQ15DNvrwDu9getiZtJA=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoigh6LXjxWsB/QhrLZbtKlm92wO1Fq6C/x4kERr/4Ub/4bt20O2vpg4PHeDDPzwlRwA5737ZTW1jc2t8rblZ3dvf2qe3DYNirTlLWoEkp3Q2KY4JK1gINg3VQzkoSCdcLxzczvPDBtuJL3MElZkJBY8ohTAlYauNW+UDLWPB4B0Vo9DtyaV/fmwKvEL0gNFWgO3K/+UNEsYRKoIMb0fC+FICcaOBVsWulnhqWEjknMepZKkjAT5PPDp/jUKkMcKW1LAp6rvydykhgzSULbmRAYmWVvJv7n9TKIroKcyzQDJuliUZQJDArPUsBDrhkFMbGEUM3trZiOiCYUbFYVG4K//PIqaZ/Xfa/u313UGtdFHGV0jE7QGfLRJWqgW9RELURRhp7RK3pznpwX5935WLSWnGLmCP2B8/kDcjiTlg==</latexit>

There is a descent direction Saddle points have to be strict 

• Later: the strategy for general case M∗ = U∗[V∗]T
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A Descent Direction Around Stationary Points

• ∇f(U) ≈ 0 around stationary points, so δT∇2f(U)δ becomes
dominant in Taylor series expansion

• ∆ = U−U∗ is a descent direction around a stationary point iff
for d = vec(∆), we have dT∇2f(U)d < 0

• We use RIP property of operator A in the objective function

f(U) = kA(U⇤[U⇤]T � UUT )k2
<latexit sha1_base64="E7sRxrNN5zVcLgrgrkw8Ti1ZPD8=">AAACN3icbVDLSgMxFM3UV62vqks3wSK0gmWmCLoRqm5cSYW+oDMtmTTThmYeJBmhTPtXbvwNd7pxoYhb/8DMtGhtPRA495x7yb3HDhgVUteftdTS8srqWno9s7G5tb2T3d2rCz/kmNSwz3zetJEgjHqkJqlkpBlwglybkYY9uI79xj3hgvpeVQ4DYrmo51GHYiSV1MneOnnTRbJvO7BWuDBHSYERg5e/evu4NcOtdvXkp/zVqwVz1C51sjm9qCeAi8SYkhyYotLJPpldH4cu8SRmSIiWoQfSihCXFDMyzpihIAHCA9QjLUU95BJhRcndY3iklC50fK6eJ2Gizk5EyBVi6NqqM95TzHux+J/XCqVzbkXUC0JJPDz5yAkZlD6MQ4RdygmWbKgIwpyqXSHuI46wVFFnVAjG/MmLpF4qGnrRuDvNla+mcaTBATgEeWCAM1AGN6ACagCDB/AC3sC79qi9ah/a56Q1pU1n9sEfaF/ffxmqew==</latexit><latexit sha1_base64="E7sRxrNN5zVcLgrgrkw8Ti1ZPD8=">AAACN3icbVDLSgMxFM3UV62vqks3wSK0gmWmCLoRqm5cSYW+oDMtmTTThmYeJBmhTPtXbvwNd7pxoYhb/8DMtGhtPRA495x7yb3HDhgVUteftdTS8srqWno9s7G5tb2T3d2rCz/kmNSwz3zetJEgjHqkJqlkpBlwglybkYY9uI79xj3hgvpeVQ4DYrmo51GHYiSV1MneOnnTRbJvO7BWuDBHSYERg5e/evu4NcOtdvXkp/zVqwVz1C51sjm9qCeAi8SYkhyYotLJPpldH4cu8SRmSIiWoQfSihCXFDMyzpihIAHCA9QjLUU95BJhRcndY3iklC50fK6eJ2Gizk5EyBVi6NqqM95TzHux+J/XCqVzbkXUC0JJPDz5yAkZlD6MQ4RdygmWbKgIwpyqXSHuI46wVFFnVAjG/MmLpF4qGnrRuDvNla+mcaTBATgEeWCAM1AGN6ACagCDB/AC3sC79qi9ah/a56Q1pU1n9sEfaF/ffxmqew==</latexit><latexit sha1_base64="E7sRxrNN5zVcLgrgrkw8Ti1ZPD8=">AAACN3icbVDLSgMxFM3UV62vqks3wSK0gmWmCLoRqm5cSYW+oDMtmTTThmYeJBmhTPtXbvwNd7pxoYhb/8DMtGhtPRA495x7yb3HDhgVUteftdTS8srqWno9s7G5tb2T3d2rCz/kmNSwz3zetJEgjHqkJqlkpBlwglybkYY9uI79xj3hgvpeVQ4DYrmo51GHYiSV1MneOnnTRbJvO7BWuDBHSYERg5e/evu4NcOtdvXkp/zVqwVz1C51sjm9qCeAi8SYkhyYotLJPpldH4cu8SRmSIiWoQfSihCXFDMyzpihIAHCA9QjLUU95BJhRcndY3iklC50fK6eJ2Gizk5EyBVi6NqqM95TzHux+J/XCqVzbkXUC0JJPDz5yAkZlD6MQ4RdygmWbKgIwpyqXSHuI46wVFFnVAjG/MmLpF4qGnrRuDvNla+mcaTBATgEeWCAM1AGN6ACagCDB/AC3sC79qi9ah/a56Q1pU1n9sEfaF/ffxmqew==</latexit><latexit sha1_base64="E7sRxrNN5zVcLgrgrkw8Ti1ZPD8=">AAACN3icbVDLSgMxFM3UV62vqks3wSK0gmWmCLoRqm5cSYW+oDMtmTTThmYeJBmhTPtXbvwNd7pxoYhb/8DMtGhtPRA495x7yb3HDhgVUteftdTS8srqWno9s7G5tb2T3d2rCz/kmNSwz3zetJEgjHqkJqlkpBlwglybkYY9uI79xj3hgvpeVQ4DYrmo51GHYiSV1MneOnnTRbJvO7BWuDBHSYERg5e/evu4NcOtdvXkp/zVqwVz1C51sjm9qCeAi8SYkhyYotLJPpldH4cu8SRmSIiWoQfSihCXFDMyzpihIAHCA9QjLUU95BJhRcndY3iklC50fK6eJ2Gizk5EyBVi6NqqM95TzHux+J/XCqVzbkXUC0JJPDz5yAkZlD6MQ4RdygmWbKgIwpyqXSHuI46wVFFnVAjG/MmLpF4qGnrRuDvNla+mcaTBATgEeWCAM1AGN6ACagCDB/AC3sC79qi9ah/a56Q1pU1n9sEfaF/ffxmqew==</latexit>

At most rank-2r
<latexit sha1_base64="bVlE+2qH1HNKYzIMLBUBxyd7Zr8=">AAAB6XicdVBNSwMxEJ2tX7V+VT16CRbBU0mK2PZW9OKxirWFdinZNNuGZrNLkhVK6T/w4kERr/4jb/4bs20FFX0w8Hhvhpl5QSKFsRh/eLmV1bX1jfxmYWt7Z3evuH9wZ+JUM95isYx1J6CGS6F4yworeSfRnEaB5O1gfJn57XuujYjVrZ0k3I/oUIlQMGqddFPR/WIJlzHGhBCUEVI9x47U67UKqSGSWQ4lWKLZL773BjFLI64sk9SYLsGJ9adUW8EknxV6qeEJZWM65F1HFY248afzS2foxCkDFMbalbJorn6fmNLImEkUuM6I2pH57WXiX143tWHNnwqVpJYrtlgUphLZGGVvo4HQnFk5cYQyLdytiI2opsy6cAouhK9P0f/krlImuEyuz0qNi2UceTiCYzgFAlVowBU0oQUMQniAJ3j2xt6j9+K9Llpz3nLmEH7Ae/sEmwSNaA==</latexit><latexit sha1_base64="bVlE+2qH1HNKYzIMLBUBxyd7Zr8=">AAAB6XicdVBNSwMxEJ2tX7V+VT16CRbBU0mK2PZW9OKxirWFdinZNNuGZrNLkhVK6T/w4kERr/4jb/4bs20FFX0w8Hhvhpl5QSKFsRh/eLmV1bX1jfxmYWt7Z3evuH9wZ+JUM95isYx1J6CGS6F4yworeSfRnEaB5O1gfJn57XuujYjVrZ0k3I/oUIlQMGqddFPR/WIJlzHGhBCUEVI9x47U67UKqSGSWQ4lWKLZL773BjFLI64sk9SYLsGJ9adUW8EknxV6qeEJZWM65F1HFY248afzS2foxCkDFMbalbJorn6fmNLImEkUuM6I2pH57WXiX143tWHNnwqVpJYrtlgUphLZGGVvo4HQnFk5cYQyLdytiI2opsy6cAouhK9P0f/krlImuEyuz0qNi2UceTiCYzgFAlVowBU0oQUMQniAJ3j2xt6j9+K9Llpz3nLmEH7Ae/sEmwSNaA==</latexit><latexit sha1_base64="bVlE+2qH1HNKYzIMLBUBxyd7Zr8=">AAAB6XicdVBNSwMxEJ2tX7V+VT16CRbBU0mK2PZW9OKxirWFdinZNNuGZrNLkhVK6T/w4kERr/4jb/4bs20FFX0w8Hhvhpl5QSKFsRh/eLmV1bX1jfxmYWt7Z3evuH9wZ+JUM95isYx1J6CGS6F4yworeSfRnEaB5O1gfJn57XuujYjVrZ0k3I/oUIlQMGqddFPR/WIJlzHGhBCUEVI9x47U67UKqSGSWQ4lWKLZL773BjFLI64sk9SYLsGJ9adUW8EknxV6qeEJZWM65F1HFY248afzS2foxCkDFMbalbJorn6fmNLImEkUuM6I2pH57WXiX143tWHNnwqVpJYrtlgUphLZGGVvo4HQnFk5cYQyLdytiI2opsy6cAouhK9P0f/krlImuEyuz0qNi2UceTiCYzgFAlVowBU0oQUMQniAJ3j2xt6j9+K9Llpz3nLmEH7Ae/sEmwSNaA==</latexit><latexit sha1_base64="bVlE+2qH1HNKYzIMLBUBxyd7Zr8=">AAAB6XicdVBNSwMxEJ2tX7V+VT16CRbBU0mK2PZW9OKxirWFdinZNNuGZrNLkhVK6T/w4kERr/4jb/4bs20FFX0w8Hhvhpl5QSKFsRh/eLmV1bX1jfxmYWt7Z3evuH9wZ+JUM95isYx1J6CGS6F4yworeSfRnEaB5O1gfJn57XuujYjVrZ0k3I/oUIlQMGqddFPR/WIJlzHGhBCUEVI9x47U67UKqSGSWQ4lWKLZL773BjFLI64sk9SYLsGJ9adUW8EknxV6qeEJZWM65F1HFY248afzS2foxCkDFMbalbJorn6fmNLImEkUuM6I2pH57WXiX143tWHNnwqVpJYrtlgUphLZGGVvo4HQnFk5cYQyLdytiI2opsy6cAouhK9P0f/krlImuEyuz0qNi2UceTiCYzgFAlVowBU0oQUMQniAJ3j2xt6j9+K9Llpz3nLmEH7Ae/sEmwSNaA==</latexit>

A is (2r, �2r)-RIP
�Tr2f(B)� < 0

around stationary points, unless
� = B � B⇤ = 0 (= recovery)� = vec(�)
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A Descent Direction Around Stationary Points

• ∇f(U) ≈ 0 around stationary points, so δT∇2f(U)δ becomes
dominant in Taylor series expansion

• ∆ = U−U∗ is a descent direction around a stationary point iff
for d = vec(∆), we have dT∇2f(U)d < 0

• We use RIP property of operator A in the objective function

f(U) = kA(U⇤[U⇤]T � UUT )k2
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A is (2r, �2r)-RIP
�Tr2f(B)� < 0

around stationary points, unless
� = B � B⇤ = 0 (= recovery)� = vec(�)
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A Descent Direction Around Stationary Points

• ∇f(U) ≈ 0 around stationary points, so δT∇2f(U)δ becomes
dominant in Taylor series expansion

• ∆ = U−U∗ is a descent direction around a stationary point iff
for d = vec(∆), we have dT∇2f(U)d < 0

• We use RIP property of operator A in the objective function

f(U) = kA(U⇤[U⇤]T � UUT )k2
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�Tr2f(B)� < 0

around stationary points, unless
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Operator A satisfies RIP

A is (2r, �2r)-RIP
�Tr2f(B)� < 0

around stationary points, unless
� = B � B⇤ = 0 (= recovery)� = vec(�)

Theorem (Operator A is (2r, δ2r)-RIP)

If m = O
(
µ2drmax{r2, log2 n} log(36

√
2/δ)/δ2

)
, then there exists

h > 0 such that with probability at least 1− 2e−hm, the linear
operator A is (2r, 2δ)-RIP.

Proof steps:

1 given a rank-2r matrix,
∥∥A

(
W

)∥∥2

2
≈

∥∥W
∥∥2

F
w.h.p.

2 for all rank-2r matrices,
∥∥A

(
W

)∥∥2

2
≈

∥∥W
∥∥2

F
w.h.p.
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Operator A satisfies RIP: Step 1

Lemma

If the number of measurements m = O
(
4µ2r̄2 log(2/ρ)

)
for a

constant ρ > 0, then for a given matrix W of rank 2r, with probability
at least 1− ρ, for some positive constants C and c, we have

(1− δ2r)
∥∥W

∥∥2

F
≤

∥∥A
(
W

)∥∥2

2
≤ (1 + δ2r)

∥∥W
∥∥2

F

Proof Idea:

• Employ Bernstein Inequality to show concentration of
∥∥A

(
W

)∥∥2

around its mean
∥∥W

∥∥2

F
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Operator A satisfies RIP: Step 2

We want to show concentration of
∥∥A

(
W

)∥∥2

2
around

∥∥W
∥∥2

F
for all

W ∈ Rd×d : rank(W) ≤ 2r.

• Define Sd2r = {W̄ ∈ Rd×d : rank(W̄) ≤ 2r,
∥∥W̄

∥∥
F

= 1} and its

ε-net S̄d2r
• Step 1: for a given W̄ ∈ S̄d2r

P
(∣∣∣
∥∥A(W̄)

∥∥2

2
− 1

∣∣∣ > δ2r

)
≤ ρ

• Union bound:

P
(

max
W̄∈S̄d2r

∣∣∣
∥∥A(W̄)

∥∥2

2
− 1

∣∣∣ > δ2r

)
≤ |S̄d2r|ρ

• Some algebra and setting W̄ = W
‖W‖2F

conclude the proof.
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Proof Strategy for Asymmetric Matrices

• Symmetric matrices:

A is (2r, �2r)-RIP �!
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� is a descent direction
around stationary points of f(B)

f(B) is strict saddle
! has no poor local minima

�!
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• What about general asymmetric case?

�!
<latexit sha1_base64="3/1i5i2CQ15DNvrwDu9getiZtJA=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoigh6LXjxWsB/QhrLZbtKlm92wO1Fq6C/x4kERr/4Ub/4bt20O2vpg4PHeDDPzwlRwA5737ZTW1jc2t8rblZ3dvf2qe3DYNirTlLWoEkp3Q2KY4JK1gINg3VQzkoSCdcLxzczvPDBtuJL3MElZkJBY8ohTAlYauNW+UDLWPB4B0Vo9DtyaV/fmwKvEL0gNFWgO3K/+UNEsYRKoIMb0fC+FICcaOBVsWulnhqWEjknMepZKkjAT5PPDp/jUKkMcKW1LAp6rvydykhgzSULbmRAYmWVvJv7n9TKIroKcyzQDJuliUZQJDArPUsBDrhkFMbGEUM3trZiOiCYUbFYVG4K//PIqaZ/Xfa/u313UGtdFHGV0jE7QGfLRJWqgW9RELURRhp7RK3pznpwX5935WLSWnGLmCP2B8/kDcjiTlg==</latexit><latexit sha1_base64="3/1i5i2CQ15DNvrwDu9getiZtJA=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoigh6LXjxWsB/QhrLZbtKlm92wO1Fq6C/x4kERr/4Ub/4bt20O2vpg4PHeDDPzwlRwA5737ZTW1jc2t8rblZ3dvf2qe3DYNirTlLWoEkp3Q2KY4JK1gINg3VQzkoSCdcLxzczvPDBtuJL3MElZkJBY8ohTAlYauNW+UDLWPB4B0Vo9DtyaV/fmwKvEL0gNFWgO3K/+UNEsYRKoIMb0fC+FICcaOBVsWulnhqWEjknMepZKkjAT5PPDp/jUKkMcKW1LAp6rvydykhgzSULbmRAYmWVvJv7n9TKIroKcyzQDJuliUZQJDArPUsBDrhkFMbGEUM3trZiOiCYUbFYVG4K//PIqaZ/Xfa/u313UGtdFHGV0jE7QGfLRJWqgW9RELURRhp7RK3pznpwX5935WLSWnGLmCP2B8/kDcjiTlg==</latexit><latexit sha1_base64="3/1i5i2CQ15DNvrwDu9getiZtJA=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoigh6LXjxWsB/QhrLZbtKlm92wO1Fq6C/x4kERr/4Ub/4bt20O2vpg4PHeDDPzwlRwA5737ZTW1jc2t8rblZ3dvf2qe3DYNirTlLWoEkp3Q2KY4JK1gINg3VQzkoSCdcLxzczvPDBtuJL3MElZkJBY8ohTAlYauNW+UDLWPB4B0Vo9DtyaV/fmwKvEL0gNFWgO3K/+UNEsYRKoIMb0fC+FICcaOBVsWulnhqWEjknMepZKkjAT5PPDp/jUKkMcKW1LAp6rvydykhgzSULbmRAYmWVvJv7n9TKIroKcyzQDJuliUZQJDArPUsBDrhkFMbGEUM3trZiOiCYUbFYVG4K//PIqaZ/Xfa/u313UGtdFHGV0jE7QGfLRJWqgW9RELURRhp7RK3pznpwX5935WLSWnGLmCP2B8/kDcjiTlg==</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="1fSSaQaXgkiI4mg1T76dIElkmdI=">AAAB7XicbZBLSwMxFIXv1Fet1Y5u3QSL4KrMuNGl4MZlBfuAtpRMmpmGZpIhuaPUob/EjQtF/Dvu/Demj4W2Hgh8nJNwb06USWExCL690tb2zu5eeb9yUD08qvnH1bbVuWG8xbTUphtRy6VQvIUCJe9mhtM0krwTTW7neeeRGyu0esBpxgcpTZSIBaPorKFf60utEiOSMVJj9NPQrweNYCGyCeEK6rBSc+h/9Uea5SlXyCS1thcGGQ4KalAwyWeVfm55RtmEJrznUNGU20GxWHxGzp0zIrE27igkC/f3i4Km1k7TyN1MKY7tejY3/8t6OcbXg0KoLEeu2HJQnEuCmsxbICNhOEM5dUCZEW5XwsbUUIauq4orIVz/8ia0Lxth0AjvAyjDKZzBBYRwBTdwB01oAYMcXuAN3r1n79X7WNZV8la9ncAfeZ8/F9SSMw==</latexit><latexit sha1_base64="1fSSaQaXgkiI4mg1T76dIElkmdI=">AAAB7XicbZBLSwMxFIXv1Fet1Y5u3QSL4KrMuNGl4MZlBfuAtpRMmpmGZpIhuaPUob/EjQtF/Dvu/Demj4W2Hgh8nJNwb06USWExCL690tb2zu5eeb9yUD08qvnH1bbVuWG8xbTUphtRy6VQvIUCJe9mhtM0krwTTW7neeeRGyu0esBpxgcpTZSIBaPorKFf60utEiOSMVJj9NPQrweNYCGyCeEK6rBSc+h/9Uea5SlXyCS1thcGGQ4KalAwyWeVfm55RtmEJrznUNGU20GxWHxGzp0zIrE27igkC/f3i4Km1k7TyN1MKY7tejY3/8t6OcbXg0KoLEeu2HJQnEuCmsxbICNhOEM5dUCZEW5XwsbUUIauq4orIVz/8ia0Lxth0AjvAyjDKZzBBYRwBTdwB01oAYMcXuAN3r1n79X7WNZV8la9ncAfeZ8/F9SSMw==</latexit><latexit sha1_base64="HdM1YiUCjML8lgZJ8j97OaT4SJg=">AAAB+HicbVBNS8NAEJ34WetHox69BIvgqSRe9Fj04rGC/YA2lM12ky7d7IbdiVJLf4kXD4p49ad489+4bXPQ1gcDj/dmmJkXZYIb9P1vZ219Y3Nru7RT3t3bP6i4h0cto3JNWZMqoXQnIoYJLlkTOQrWyTQjaSRYOxrdzPz2A9OGK3mP44yFKUkkjzklaKW+W+kJJRPNkyESrdVj3636NX8Ob5UEBalCgUbf/eoNFM1TJpEKYkw38DMMJ0Qjp4JNy73csIzQEUlY11JJUmbCyfzwqXdmlYEXK21LojdXf09MSGrMOI1sZ0pwaJa9mfif180xvgonXGY5MkkXi+JceKi8WQregGtGUYwtIVRze6tHh0QTijarsg0hWH55lbQuaoFfC+78av26iKMEJ3AK5xDAJdThFhrQBAo5PMMrvDlPzovz7nwsWtecYuYY/sD5/AFw+JOS</latexit><latexit sha1_base64="3/1i5i2CQ15DNvrwDu9getiZtJA=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoigh6LXjxWsB/QhrLZbtKlm92wO1Fq6C/x4kERr/4Ub/4bt20O2vpg4PHeDDPzwlRwA5737ZTW1jc2t8rblZ3dvf2qe3DYNirTlLWoEkp3Q2KY4JK1gINg3VQzkoSCdcLxzczvPDBtuJL3MElZkJBY8ohTAlYauNW+UDLWPB4B0Vo9DtyaV/fmwKvEL0gNFWgO3K/+UNEsYRKoIMb0fC+FICcaOBVsWulnhqWEjknMepZKkjAT5PPDp/jUKkMcKW1LAp6rvydykhgzSULbmRAYmWVvJv7n9TKIroKcyzQDJuliUZQJDArPUsBDrhkFMbGEUM3trZiOiCYUbFYVG4K//PIqaZ/Xfa/u313UGtdFHGV0jE7QGfLRJWqgW9RELURRhp7RK3pznpwX5935WLSWnGLmCP2B8/kDcjiTlg==</latexit><latexit sha1_base64="3/1i5i2CQ15DNvrwDu9getiZtJA=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoigh6LXjxWsB/QhrLZbtKlm92wO1Fq6C/x4kERr/4Ub/4bt20O2vpg4PHeDDPzwlRwA5737ZTW1jc2t8rblZ3dvf2qe3DYNirTlLWoEkp3Q2KY4JK1gINg3VQzkoSCdcLxzczvPDBtuJL3MElZkJBY8ohTAlYauNW+UDLWPB4B0Vo9DtyaV/fmwKvEL0gNFWgO3K/+UNEsYRKoIMb0fC+FICcaOBVsWulnhqWEjknMepZKkjAT5PPDp/jUKkMcKW1LAp6rvydykhgzSULbmRAYmWVvJv7n9TKIroKcyzQDJuliUZQJDArPUsBDrhkFMbGEUM3trZiOiCYUbFYVG4K//PIqaZ/Xfa/u313UGtdFHGV0jE7QGfLRJWqgW9RELURRhp7RK3pznpwX5935WLSWnGLmCP2B8/kDcjiTlg==</latexit><latexit sha1_base64="3/1i5i2CQ15DNvrwDu9getiZtJA=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoigh6LXjxWsB/QhrLZbtKlm92wO1Fq6C/x4kERr/4Ub/4bt20O2vpg4PHeDDPzwlRwA5737ZTW1jc2t8rblZ3dvf2qe3DYNirTlLWoEkp3Q2KY4JK1gINg3VQzkoSCdcLxzczvPDBtuJL3MElZkJBY8ohTAlYauNW+UDLWPB4B0Vo9DtyaV/fmwKvEL0gNFWgO3K/+UNEsYRKoIMb0fC+FICcaOBVsWulnhqWEjknMepZKkjAT5PPDp/jUKkMcKW1LAp6rvydykhgzSULbmRAYmWVvJv7n9TKIroKcyzQDJuliUZQJDArPUsBDrhkFMbGEUM3trZiOiCYUbFYVG4K//PIqaZ/Xfa/u313UGtdFHGV0jE7QGfLRJWqgW9RELURRhp7RK3pznpwX5935WLSWnGLmCP2B8/kDcjiTlg==</latexit><latexit sha1_base64="3/1i5i2CQ15DNvrwDu9getiZtJA=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoigh6LXjxWsB/QhrLZbtKlm92wO1Fq6C/x4kERr/4Ub/4bt20O2vpg4PHeDDPzwlRwA5737ZTW1jc2t8rblZ3dvf2qe3DYNirTlLWoEkp3Q2KY4JK1gINg3VQzkoSCdcLxzczvPDBtuJL3MElZkJBY8ohTAlYauNW+UDLWPB4B0Vo9DtyaV/fmwKvEL0gNFWgO3K/+UNEsYRKoIMb0fC+FICcaOBVsWulnhqWEjknMepZKkjAT5PPDp/jUKkMcKW1LAp6rvydykhgzSULbmRAYmWVvJv7n9TKIroKcyzQDJuliUZQJDArPUsBDrhkFMbGEUM3trZiOiCYUbFYVG4K//PIqaZ/Xfa/u313UGtdFHGV0jE7QGfLRJWqgW9RELURRhp7RK3pznpwX5935WLSWnGLmCP2B8/kDcjiTlg==</latexit><latexit sha1_base64="3/1i5i2CQ15DNvrwDu9getiZtJA=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoigh6LXjxWsB/QhrLZbtKlm92wO1Fq6C/x4kERr/4Ub/4bt20O2vpg4PHeDDPzwlRwA5737ZTW1jc2t8rblZ3dvf2qe3DYNirTlLWoEkp3Q2KY4JK1gINg3VQzkoSCdcLxzczvPDBtuJL3MElZkJBY8ohTAlYauNW+UDLWPB4B0Vo9DtyaV/fmwKvEL0gNFWgO3K/+UNEsYRKoIMb0fC+FICcaOBVsWulnhqWEjknMepZKkjAT5PPDp/jUKkMcKW1LAp6rvydykhgzSULbmRAYmWVvJv7n9TKIroKcyzQDJuliUZQJDArPUsBDrhkFMbGEUM3trZiOiCYUbFYVG4K//PIqaZ/Xfa/u313UGtdFHGV0jE7QGfLRJWqgW9RELURRhp7RK3pznpwX5935WLSWnGLmCP2B8/kDcjiTlg==</latexit><latexit sha1_base64="3/1i5i2CQ15DNvrwDu9getiZtJA=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoigh6LXjxWsB/QhrLZbtKlm92wO1Fq6C/x4kERr/4Ub/4bt20O2vpg4PHeDDPzwlRwA5737ZTW1jc2t8rblZ3dvf2qe3DYNirTlLWoEkp3Q2KY4JK1gINg3VQzkoSCdcLxzczvPDBtuJL3MElZkJBY8ohTAlYauNW+UDLWPB4B0Vo9DtyaV/fmwKvEL0gNFWgO3K/+UNEsYRKoIMb0fC+FICcaOBVsWulnhqWEjknMepZKkjAT5PPDp/jUKkMcKW1LAp6rvydykhgzSULbmRAYmWVvJv7n9TKIroKcyzQDJuliUZQJDArPUsBDrhkFMbGEUM3trZiOiCYUbFYVG4K//PIqaZ/Xfa/u313UGtdFHGV0jE7QGfLRJWqgW9RELURRhp7RK3pznpwX5935WLSWnGLmCP2B8/kDcjiTlg==</latexit>

�!
<latexit sha1_base64="3/1i5i2CQ15DNvrwDu9getiZtJA=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoigh6LXjxWsB/QhrLZbtKlm92wO1Fq6C/x4kERr/4Ub/4bt20O2vpg4PHeDDPzwlRwA5737ZTW1jc2t8rblZ3dvf2qe3DYNirTlLWoEkp3Q2KY4JK1gINg3VQzkoSCdcLxzczvPDBtuJL3MElZkJBY8ohTAlYauNW+UDLWPB4B0Vo9DtyaV/fmwKvEL0gNFWgO3K/+UNEsYRKoIMb0fC+FICcaOBVsWulnhqWEjknMepZKkjAT5PPDp/jUKkMcKW1LAp6rvydykhgzSULbmRAYmWVvJv7n9TKIroKcyzQDJuliUZQJDArPUsBDrhkFMbGEUM3trZiOiCYUbFYVG4K//PIqaZ/Xfa/u313UGtdFHGV0jE7QGfLRJWqgW9RELURRhp7RK3pznpwX5935WLSWnGLmCP2B8/kDcjiTlg==</latexit><latexit sha1_base64="3/1i5i2CQ15DNvrwDu9getiZtJA=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoigh6LXjxWsB/QhrLZbtKlm92wO1Fq6C/x4kERr/4Ub/4bt20O2vpg4PHeDDPzwlRwA5737ZTW1jc2t8rblZ3dvf2qe3DYNirTlLWoEkp3Q2KY4JK1gINg3VQzkoSCdcLxzczvPDBtuJL3MElZkJBY8ohTAlYauNW+UDLWPB4B0Vo9DtyaV/fmwKvEL0gNFWgO3K/+UNEsYRKoIMb0fC+FICcaOBVsWulnhqWEjknMepZKkjAT5PPDp/jUKkMcKW1LAp6rvydykhgzSULbmRAYmWVvJv7n9TKIroKcyzQDJuliUZQJDArPUsBDrhkFMbGEUM3trZiOiCYUbFYVG4K//PIqaZ/Xfa/u313UGtdFHGV0jE7QGfLRJWqgW9RELURRhp7RK3pznpwX5935WLSWnGLmCP2B8/kDcjiTlg==</latexit><latexit sha1_base64="3/1i5i2CQ15DNvrwDu9getiZtJA=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoigh6LXjxWsB/QhrLZbtKlm92wO1Fq6C/x4kERr/4Ub/4bt20O2vpg4PHeDDPzwlRwA5737ZTW1jc2t8rblZ3dvf2qe3DYNirTlLWoEkp3Q2KY4JK1gINg3VQzkoSCdcLxzczvPDBtuJL3MElZkJBY8ohTAlYauNW+UDLWPB4B0Vo9DtyaV/fmwKvEL0gNFWgO3K/+UNEsYRKoIMb0fC+FICcaOBVsWulnhqWEjknMepZKkjAT5PPDp/jUKkMcKW1LAp6rvydykhgzSULbmRAYmWVvJv7n9TKIroKcyzQDJuliUZQJDArPUsBDrhkFMbGEUM3trZiOiCYUbFYVG4K//PIqaZ/Xfa/u313UGtdFHGV0jE7QGfLRJWqgW9RELURRhp7RK3pznpwX5935WLSWnGLmCP2B8/kDcjiTlg==</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="1fSSaQaXgkiI4mg1T76dIElkmdI=">AAAB7XicbZBLSwMxFIXv1Fet1Y5u3QSL4KrMuNGl4MZlBfuAtpRMmpmGZpIhuaPUob/EjQtF/Dvu/Demj4W2Hgh8nJNwb06USWExCL690tb2zu5eeb9yUD08qvnH1bbVuWG8xbTUphtRy6VQvIUCJe9mhtM0krwTTW7neeeRGyu0esBpxgcpTZSIBaPorKFf60utEiOSMVJj9NPQrweNYCGyCeEK6rBSc+h/9Uea5SlXyCS1thcGGQ4KalAwyWeVfm55RtmEJrznUNGU20GxWHxGzp0zIrE27igkC/f3i4Km1k7TyN1MKY7tejY3/8t6OcbXg0KoLEeu2HJQnEuCmsxbICNhOEM5dUCZEW5XwsbUUIauq4orIVz/8ia0Lxth0AjvAyjDKZzBBYRwBTdwB01oAYMcXuAN3r1n79X7WNZV8la9ncAfeZ8/F9SSMw==</latexit><latexit sha1_base64="1fSSaQaXgkiI4mg1T76dIElkmdI=">AAAB7XicbZBLSwMxFIXv1Fet1Y5u3QSL4KrMuNGl4MZlBfuAtpRMmpmGZpIhuaPUob/EjQtF/Dvu/Demj4W2Hgh8nJNwb06USWExCL690tb2zu5eeb9yUD08qvnH1bbVuWG8xbTUphtRy6VQvIUCJe9mhtM0krwTTW7neeeRGyu0esBpxgcpTZSIBaPorKFf60utEiOSMVJj9NPQrweNYCGyCeEK6rBSc+h/9Uea5SlXyCS1thcGGQ4KalAwyWeVfm55RtmEJrznUNGU20GxWHxGzp0zIrE27igkC/f3i4Km1k7TyN1MKY7tejY3/8t6OcbXg0KoLEeu2HJQnEuCmsxbICNhOEM5dUCZEW5XwsbUUIauq4orIVz/8ia0Lxth0AjvAyjDKZzBBYRwBTdwB01oAYMcXuAN3r1n79X7WNZV8la9ncAfeZ8/F9SSMw==</latexit><latexit sha1_base64="HdM1YiUCjML8lgZJ8j97OaT4SJg=">AAAB+HicbVBNS8NAEJ34WetHox69BIvgqSRe9Fj04rGC/YA2lM12ky7d7IbdiVJLf4kXD4p49ad489+4bXPQ1gcDj/dmmJkXZYIb9P1vZ219Y3Nru7RT3t3bP6i4h0cto3JNWZMqoXQnIoYJLlkTOQrWyTQjaSRYOxrdzPz2A9OGK3mP44yFKUkkjzklaKW+W+kJJRPNkyESrdVj3636NX8Ob5UEBalCgUbf/eoNFM1TJpEKYkw38DMMJ0Qjp4JNy73csIzQEUlY11JJUmbCyfzwqXdmlYEXK21LojdXf09MSGrMOI1sZ0pwaJa9mfif180xvgonXGY5MkkXi+JceKi8WQregGtGUYwtIVRze6tHh0QTijarsg0hWH55lbQuaoFfC+78av26iKMEJ3AK5xDAJdThFhrQBAo5PMMrvDlPzovz7nwsWtecYuYY/sD5/AFw+JOS</latexit><latexit sha1_base64="3/1i5i2CQ15DNvrwDu9getiZtJA=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoigh6LXjxWsB/QhrLZbtKlm92wO1Fq6C/x4kERr/4Ub/4bt20O2vpg4PHeDDPzwlRwA5737ZTW1jc2t8rblZ3dvf2qe3DYNirTlLWoEkp3Q2KY4JK1gINg3VQzkoSCdcLxzczvPDBtuJL3MElZkJBY8ohTAlYauNW+UDLWPB4B0Vo9DtyaV/fmwKvEL0gNFWgO3K/+UNEsYRKoIMb0fC+FICcaOBVsWulnhqWEjknMepZKkjAT5PPDp/jUKkMcKW1LAp6rvydykhgzSULbmRAYmWVvJv7n9TKIroKcyzQDJuliUZQJDArPUsBDrhkFMbGEUM3trZiOiCYUbFYVG4K//PIqaZ/Xfa/u313UGtdFHGV0jE7QGfLRJWqgW9RELURRhp7RK3pznpwX5935WLSWnGLmCP2B8/kDcjiTlg==</latexit><latexit sha1_base64="3/1i5i2CQ15DNvrwDu9getiZtJA=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoigh6LXjxWsB/QhrLZbtKlm92wO1Fq6C/x4kERr/4Ub/4bt20O2vpg4PHeDDPzwlRwA5737ZTW1jc2t8rblZ3dvf2qe3DYNirTlLWoEkp3Q2KY4JK1gINg3VQzkoSCdcLxzczvPDBtuJL3MElZkJBY8ohTAlYauNW+UDLWPB4B0Vo9DtyaV/fmwKvEL0gNFWgO3K/+UNEsYRKoIMb0fC+FICcaOBVsWulnhqWEjknMepZKkjAT5PPDp/jUKkMcKW1LAp6rvydykhgzSULbmRAYmWVvJv7n9TKIroKcyzQDJuliUZQJDArPUsBDrhkFMbGEUM3trZiOiCYUbFYVG4K//PIqaZ/Xfa/u313UGtdFHGV0jE7QGfLRJWqgW9RELURRhp7RK3pznpwX5935WLSWnGLmCP2B8/kDcjiTlg==</latexit><latexit sha1_base64="3/1i5i2CQ15DNvrwDu9getiZtJA=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoigh6LXjxWsB/QhrLZbtKlm92wO1Fq6C/x4kERr/4Ub/4bt20O2vpg4PHeDDPzwlRwA5737ZTW1jc2t8rblZ3dvf2qe3DYNirTlLWoEkp3Q2KY4JK1gINg3VQzkoSCdcLxzczvPDBtuJL3MElZkJBY8ohTAlYauNW+UDLWPB4B0Vo9DtyaV/fmwKvEL0gNFWgO3K/+UNEsYRKoIMb0fC+FICcaOBVsWulnhqWEjknMepZKkjAT5PPDp/jUKkMcKW1LAp6rvydykhgzSULbmRAYmWVvJv7n9TKIroKcyzQDJuliUZQJDArPUsBDrhkFMbGEUM3trZiOiCYUbFYVG4K//PIqaZ/Xfa/u313UGtdFHGV0jE7QGfLRJWqgW9RELURRhp7RK3pznpwX5935WLSWnGLmCP2B8/kDcjiTlg==</latexit><latexit sha1_base64="3/1i5i2CQ15DNvrwDu9getiZtJA=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoigh6LXjxWsB/QhrLZbtKlm92wO1Fq6C/x4kERr/4Ub/4bt20O2vpg4PHeDDPzwlRwA5737ZTW1jc2t8rblZ3dvf2qe3DYNirTlLWoEkp3Q2KY4JK1gINg3VQzkoSCdcLxzczvPDBtuJL3MElZkJBY8ohTAlYauNW+UDLWPB4B0Vo9DtyaV/fmwKvEL0gNFWgO3K/+UNEsYRKoIMb0fC+FICcaOBVsWulnhqWEjknMepZKkjAT5PPDp/jUKkMcKW1LAp6rvydykhgzSULbmRAYmWVvJv7n9TKIroKcyzQDJuliUZQJDArPUsBDrhkFMbGEUM3trZiOiCYUbFYVG4K//PIqaZ/Xfa/u313UGtdFHGV0jE7QGfLRJWqgW9RELURRhp7RK3pznpwX5935WLSWnGLmCP2B8/kDcjiTlg==</latexit><latexit sha1_base64="3/1i5i2CQ15DNvrwDu9getiZtJA=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoigh6LXjxWsB/QhrLZbtKlm92wO1Fq6C/x4kERr/4Ub/4bt20O2vpg4PHeDDPzwlRwA5737ZTW1jc2t8rblZ3dvf2qe3DYNirTlLWoEkp3Q2KY4JK1gINg3VQzkoSCdcLxzczvPDBtuJL3MElZkJBY8ohTAlYauNW+UDLWPB4B0Vo9DtyaV/fmwKvEL0gNFWgO3K/+UNEsYRKoIMb0fC+FICcaOBVsWulnhqWEjknMepZKkjAT5PPDp/jUKkMcKW1LAp6rvydykhgzSULbmRAYmWVvJv7n9TKIroKcyzQDJuliUZQJDArPUsBDrhkFMbGEUM3trZiOiCYUbFYVG4K//PIqaZ/Xfa/u313UGtdFHGV0jE7QGfLRJWqgW9RELURRhp7RK3pznpwX5935WLSWnGLmCP2B8/kDcjiTlg==</latexit><latexit sha1_base64="3/1i5i2CQ15DNvrwDu9getiZtJA=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoigh6LXjxWsB/QhrLZbtKlm92wO1Fq6C/x4kERr/4Ub/4bt20O2vpg4PHeDDPzwlRwA5737ZTW1jc2t8rblZ3dvf2qe3DYNirTlLWoEkp3Q2KY4JK1gINg3VQzkoSCdcLxzczvPDBtuJL3MElZkJBY8ohTAlYauNW+UDLWPB4B0Vo9DtyaV/fmwKvEL0gNFWgO3K/+UNEsYRKoIMb0fC+FICcaOBVsWulnhqWEjknMepZKkjAT5PPDp/jUKkMcKW1LAp6rvydykhgzSULbmRAYmWVvJv7n9TKIroKcyzQDJuliUZQJDArPUsBDrhkFMbGEUM3trZiOiCYUbFYVG4K//PIqaZ/Xfa/u313UGtdFHGV0jE7QGfLRJWqgW9RELURRhp7RK3pznpwX5935WLSWnGLmCP2B8/kDcjiTlg==</latexit>f(U,V)

<latexit sha1_base64="O90fYMxWzL2oRuIkv44mRp2vbh4=">AAACB3icbVDLSsNAFL2pr1pfUZeCDBalgpREBF0W3bisYNpCE8pkOmmHTh6dmQgldOfGX3HjQhG3/oI7/8ZpG0GrBwYO59zLnHv8hDOpLOvTKCwsLi2vFFdLa+sbm1vm9k5Dxqkg1CExj0XLx5JyFlFHMcVpKxEUhz6nTX9wNfGbd1RIFke3apRQL8S9iAWMYKWljrl/5A6HKe6ioOKGWPX9ADkn36xx3DHLVtWaAv0ldk7KkKPeMT/cbkzSkEaKcCxl27YS5WVYKEY4HZfcVNIEkwHu0bamEQ6p9LLpHWN0qBWdJBb6RQpN1Z8bGQ6lHIW+npwklPPeRPzPa6cquPAyFiWpohGZfRSkHKkYTUpBXSYoUXykCSaC6ayI9LHAROnqSroEe/7kv6RxWrWtqn1zVq5d5nUUYQ8OoAI2nEMNrqEODhC4h0d4hhfjwXgyXo232WjByHd24ReM9y/XOJf/</latexit><latexit sha1_base64="O90fYMxWzL2oRuIkv44mRp2vbh4=">AAACB3icbVDLSsNAFL2pr1pfUZeCDBalgpREBF0W3bisYNpCE8pkOmmHTh6dmQgldOfGX3HjQhG3/oI7/8ZpG0GrBwYO59zLnHv8hDOpLOvTKCwsLi2vFFdLa+sbm1vm9k5Dxqkg1CExj0XLx5JyFlFHMcVpKxEUhz6nTX9wNfGbd1RIFke3apRQL8S9iAWMYKWljrl/5A6HKe6ioOKGWPX9ADkn36xx3DHLVtWaAv0ldk7KkKPeMT/cbkzSkEaKcCxl27YS5WVYKEY4HZfcVNIEkwHu0bamEQ6p9LLpHWN0qBWdJBb6RQpN1Z8bGQ6lHIW+npwklPPeRPzPa6cquPAyFiWpohGZfRSkHKkYTUpBXSYoUXykCSaC6ayI9LHAROnqSroEe/7kv6RxWrWtqn1zVq5d5nUUYQ8OoAI2nEMNrqEODhC4h0d4hhfjwXgyXo232WjByHd24ReM9y/XOJf/</latexit><latexit sha1_base64="O90fYMxWzL2oRuIkv44mRp2vbh4=">AAACB3icbVDLSsNAFL2pr1pfUZeCDBalgpREBF0W3bisYNpCE8pkOmmHTh6dmQgldOfGX3HjQhG3/oI7/8ZpG0GrBwYO59zLnHv8hDOpLOvTKCwsLi2vFFdLa+sbm1vm9k5Dxqkg1CExj0XLx5JyFlFHMcVpKxEUhz6nTX9wNfGbd1RIFke3apRQL8S9iAWMYKWljrl/5A6HKe6ioOKGWPX9ADkn36xx3DHLVtWaAv0ldk7KkKPeMT/cbkzSkEaKcCxl27YS5WVYKEY4HZfcVNIEkwHu0bamEQ6p9LLpHWN0qBWdJBb6RQpN1Z8bGQ6lHIW+npwklPPeRPzPa6cquPAyFiWpohGZfRSkHKkYTUpBXSYoUXykCSaC6ayI9LHAROnqSroEe/7kv6RxWrWtqn1zVq5d5nUUYQ8OoAI2nEMNrqEODhC4h0d4hhfjwXgyXo232WjByHd24ReM9y/XOJf/</latexit><latexit sha1_base64="O90fYMxWzL2oRuIkv44mRp2vbh4=">AAACB3icbVDLSsNAFL2pr1pfUZeCDBalgpREBF0W3bisYNpCE8pkOmmHTh6dmQgldOfGX3HjQhG3/oI7/8ZpG0GrBwYO59zLnHv8hDOpLOvTKCwsLi2vFFdLa+sbm1vm9k5Dxqkg1CExj0XLx5JyFlFHMcVpKxEUhz6nTX9wNfGbd1RIFke3apRQL8S9iAWMYKWljrl/5A6HKe6ioOKGWPX9ADkn36xx3DHLVtWaAv0ldk7KkKPeMT/cbkzSkEaKcCxl27YS5WVYKEY4HZfcVNIEkwHu0bamEQ6p9LLpHWN0qBWdJBb6RQpN1Z8bGQ6lHIW+npwklPPeRPzPa6cquPAyFiWpohGZfRSkHKkYTUpBXSYoUXykCSaC6ayI9LHAROnqSroEe/7kv6RxWrWtqn1zVq5d5nUUYQ8OoAI2nEMNrqEODhC4h0d4hhfjwXgyXo232WjByHd24ReM9y/XOJf/</latexit>

transform into
symmetric problem

apply solution for
symmetric problem
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Proof Strategy for Asymmetric Matrices

• Symmetric matrices:

A is (2r, �2r)-RIP �!
<latexit sha1_base64="3/1i5i2CQ15DNvrwDu9getiZtJA=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoigh6LXjxWsB/QhrLZbtKlm92wO1Fq6C/x4kERr/4Ub/4bt20O2vpg4PHeDDPzwlRwA5737ZTW1jc2t8rblZ3dvf2qe3DYNirTlLWoEkp3Q2KY4JK1gINg3VQzkoSCdcLxzczvPDBtuJL3MElZkJBY8ohTAlYauNW+UDLWPB4B0Vo9DtyaV/fmwKvEL0gNFWgO3K/+UNEsYRKoIMb0fC+FICcaOBVsWulnhqWEjknMepZKkjAT5PPDp/jUKkMcKW1LAp6rvydykhgzSULbmRAYmWVvJv7n9TKIroKcyzQDJuliUZQJDArPUsBDrhkFMbGEUM3trZiOiCYUbFYVG4K//PIqaZ/Xfa/u313UGtdFHGV0jE7QGfLRJWqgW9RELURRhp7RK3pznpwX5935WLSWnGLmCP2B8/kDcjiTlg==</latexit><latexit sha1_base64="3/1i5i2CQ15DNvrwDu9getiZtJA=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoigh6LXjxWsB/QhrLZbtKlm92wO1Fq6C/x4kERr/4Ub/4bt20O2vpg4PHeDDPzwlRwA5737ZTW1jc2t8rblZ3dvf2qe3DYNirTlLWoEkp3Q2KY4JK1gINg3VQzkoSCdcLxzczvPDBtuJL3MElZkJBY8ohTAlYauNW+UDLWPB4B0Vo9DtyaV/fmwKvEL0gNFWgO3K/+UNEsYRKoIMb0fC+FICcaOBVsWulnhqWEjknMepZKkjAT5PPDp/jUKkMcKW1LAp6rvydykhgzSULbmRAYmWVvJv7n9TKIroKcyzQDJuliUZQJDArPUsBDrhkFMbGEUM3trZiOiCYUbFYVG4K//PIqaZ/Xfa/u313UGtdFHGV0jE7QGfLRJWqgW9RELURRhp7RK3pznpwX5935WLSWnGLmCP2B8/kDcjiTlg==</latexit><latexit sha1_base64="3/1i5i2CQ15DNvrwDu9getiZtJA=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoigh6LXjxWsB/QhrLZbtKlm92wO1Fq6C/x4kERr/4Ub/4bt20O2vpg4PHeDDPzwlRwA5737ZTW1jc2t8rblZ3dvf2qe3DYNirTlLWoEkp3Q2KY4JK1gINg3VQzkoSCdcLxzczvPDBtuJL3MElZkJBY8ohTAlYauNW+UDLWPB4B0Vo9DtyaV/fmwKvEL0gNFWgO3K/+UNEsYRKoIMb0fC+FICcaOBVsWulnhqWEjknMepZKkjAT5PPDp/jUKkMcKW1LAp6rvydykhgzSULbmRAYmWVvJv7n9TKIroKcyzQDJuliUZQJDArPUsBDrhkFMbGEUM3trZiOiCYUbFYVG4K//PIqaZ/Xfa/u313UGtdFHGV0jE7QGfLRJWqgW9RELURRhp7RK3pznpwX5935WLSWnGLmCP2B8/kDcjiTlg==</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="1fSSaQaXgkiI4mg1T76dIElkmdI=">AAAB7XicbZBLSwMxFIXv1Fet1Y5u3QSL4KrMuNGl4MZlBfuAtpRMmpmGZpIhuaPUob/EjQtF/Dvu/Demj4W2Hgh8nJNwb06USWExCL690tb2zu5eeb9yUD08qvnH1bbVuWG8xbTUphtRy6VQvIUCJe9mhtM0krwTTW7neeeRGyu0esBpxgcpTZSIBaPorKFf60utEiOSMVJj9NPQrweNYCGyCeEK6rBSc+h/9Uea5SlXyCS1thcGGQ4KalAwyWeVfm55RtmEJrznUNGU20GxWHxGzp0zIrE27igkC/f3i4Km1k7TyN1MKY7tejY3/8t6OcbXg0KoLEeu2HJQnEuCmsxbICNhOEM5dUCZEW5XwsbUUIauq4orIVz/8ia0Lxth0AjvAyjDKZzBBYRwBTdwB01oAYMcXuAN3r1n79X7WNZV8la9ncAfeZ8/F9SSMw==</latexit><latexit sha1_base64="1fSSaQaXgkiI4mg1T76dIElkmdI=">AAAB7XicbZBLSwMxFIXv1Fet1Y5u3QSL4KrMuNGl4MZlBfuAtpRMmpmGZpIhuaPUob/EjQtF/Dvu/Demj4W2Hgh8nJNwb06USWExCL690tb2zu5eeb9yUD08qvnH1bbVuWG8xbTUphtRy6VQvIUCJe9mhtM0krwTTW7neeeRGyu0esBpxgcpTZSIBaPorKFf60utEiOSMVJj9NPQrweNYCGyCeEK6rBSc+h/9Uea5SlXyCS1thcGGQ4KalAwyWeVfm55RtmEJrznUNGU20GxWHxGzp0zIrE27igkC/f3i4Km1k7TyN1MKY7tejY3/8t6OcbXg0KoLEeu2HJQnEuCmsxbICNhOEM5dUCZEW5XwsbUUIauq4orIVz/8ia0Lxth0AjvAyjDKZzBBYRwBTdwB01oAYMcXuAN3r1n79X7WNZV8la9ncAfeZ8/F9SSMw==</latexit><latexit sha1_base64="HdM1YiUCjML8lgZJ8j97OaT4SJg=">AAAB+HicbVBNS8NAEJ34WetHox69BIvgqSRe9Fj04rGC/YA2lM12ky7d7IbdiVJLf4kXD4p49ad489+4bXPQ1gcDj/dmmJkXZYIb9P1vZ219Y3Nru7RT3t3bP6i4h0cto3JNWZMqoXQnIoYJLlkTOQrWyTQjaSRYOxrdzPz2A9OGK3mP44yFKUkkjzklaKW+W+kJJRPNkyESrdVj3636NX8Ob5UEBalCgUbf/eoNFM1TJpEKYkw38DMMJ0Qjp4JNy73csIzQEUlY11JJUmbCyfzwqXdmlYEXK21LojdXf09MSGrMOI1sZ0pwaJa9mfif180xvgonXGY5MkkXi+JceKi8WQregGtGUYwtIVRze6tHh0QTijarsg0hWH55lbQuaoFfC+78av26iKMEJ3AK5xDAJdThFhrQBAo5PMMrvDlPzovz7nwsWtecYuYY/sD5/AFw+JOS</latexit><latexit sha1_base64="3/1i5i2CQ15DNvrwDu9getiZtJA=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoigh6LXjxWsB/QhrLZbtKlm92wO1Fq6C/x4kERr/4Ub/4bt20O2vpg4PHeDDPzwlRwA5737ZTW1jc2t8rblZ3dvf2qe3DYNirTlLWoEkp3Q2KY4JK1gINg3VQzkoSCdcLxzczvPDBtuJL3MElZkJBY8ohTAlYauNW+UDLWPB4B0Vo9DtyaV/fmwKvEL0gNFWgO3K/+UNEsYRKoIMb0fC+FICcaOBVsWulnhqWEjknMepZKkjAT5PPDp/jUKkMcKW1LAp6rvydykhgzSULbmRAYmWVvJv7n9TKIroKcyzQDJuliUZQJDArPUsBDrhkFMbGEUM3trZiOiCYUbFYVG4K//PIqaZ/Xfa/u313UGtdFHGV0jE7QGfLRJWqgW9RELURRhp7RK3pznpwX5935WLSWnGLmCP2B8/kDcjiTlg==</latexit><latexit sha1_base64="3/1i5i2CQ15DNvrwDu9getiZtJA=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoigh6LXjxWsB/QhrLZbtKlm92wO1Fq6C/x4kERr/4Ub/4bt20O2vpg4PHeDDPzwlRwA5737ZTW1jc2t8rblZ3dvf2qe3DYNirTlLWoEkp3Q2KY4JK1gINg3VQzkoSCdcLxzczvPDBtuJL3MElZkJBY8ohTAlYauNW+UDLWPB4B0Vo9DtyaV/fmwKvEL0gNFWgO3K/+UNEsYRKoIMb0fC+FICcaOBVsWulnhqWEjknMepZKkjAT5PPDp/jUKkMcKW1LAp6rvydykhgzSULbmRAYmWVvJv7n9TKIroKcyzQDJuliUZQJDArPUsBDrhkFMbGEUM3trZiOiCYUbFYVG4K//PIqaZ/Xfa/u313UGtdFHGV0jE7QGfLRJWqgW9RELURRhp7RK3pznpwX5935WLSWnGLmCP2B8/kDcjiTlg==</latexit><latexit sha1_base64="3/1i5i2CQ15DNvrwDu9getiZtJA=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoigh6LXjxWsB/QhrLZbtKlm92wO1Fq6C/x4kERr/4Ub/4bt20O2vpg4PHeDDPzwlRwA5737ZTW1jc2t8rblZ3dvf2qe3DYNirTlLWoEkp3Q2KY4JK1gINg3VQzkoSCdcLxzczvPDBtuJL3MElZkJBY8ohTAlYauNW+UDLWPB4B0Vo9DtyaV/fmwKvEL0gNFWgO3K/+UNEsYRKoIMb0fC+FICcaOBVsWulnhqWEjknMepZKkjAT5PPDp/jUKkMcKW1LAp6rvydykhgzSULbmRAYmWVvJv7n9TKIroKcyzQDJuliUZQJDArPUsBDrhkFMbGEUM3trZiOiCYUbFYVG4K//PIqaZ/Xfa/u313UGtdFHGV0jE7QGfLRJWqgW9RELURRhp7RK3pznpwX5935WLSWnGLmCP2B8/kDcjiTlg==</latexit><latexit sha1_base64="3/1i5i2CQ15DNvrwDu9getiZtJA=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoigh6LXjxWsB/QhrLZbtKlm92wO1Fq6C/x4kERr/4Ub/4bt20O2vpg4PHeDDPzwlRwA5737ZTW1jc2t8rblZ3dvf2qe3DYNirTlLWoEkp3Q2KY4JK1gINg3VQzkoSCdcLxzczvPDBtuJL3MElZkJBY8ohTAlYauNW+UDLWPB4B0Vo9DtyaV/fmwKvEL0gNFWgO3K/+UNEsYRKoIMb0fC+FICcaOBVsWulnhqWEjknMepZKkjAT5PPDp/jUKkMcKW1LAp6rvydykhgzSULbmRAYmWVvJv7n9TKIroKcyzQDJuliUZQJDArPUsBDrhkFMbGEUM3trZiOiCYUbFYVG4K//PIqaZ/Xfa/u313UGtdFHGV0jE7QGfLRJWqgW9RELURRhp7RK3pznpwX5935WLSWnGLmCP2B8/kDcjiTlg==</latexit><latexit sha1_base64="3/1i5i2CQ15DNvrwDu9getiZtJA=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoigh6LXjxWsB/QhrLZbtKlm92wO1Fq6C/x4kERr/4Ub/4bt20O2vpg4PHeDDPzwlRwA5737ZTW1jc2t8rblZ3dvf2qe3DYNirTlLWoEkp3Q2KY4JK1gINg3VQzkoSCdcLxzczvPDBtuJL3MElZkJBY8ohTAlYauNW+UDLWPB4B0Vo9DtyaV/fmwKvEL0gNFWgO3K/+UNEsYRKoIMb0fC+FICcaOBVsWulnhqWEjknMepZKkjAT5PPDp/jUKkMcKW1LAp6rvydykhgzSULbmRAYmWVvJv7n9TKIroKcyzQDJuliUZQJDArPUsBDrhkFMbGEUM3trZiOiCYUbFYVG4K//PIqaZ/Xfa/u313UGtdFHGV0jE7QGfLRJWqgW9RELURRhp7RK3pznpwX5935WLSWnGLmCP2B8/kDcjiTlg==</latexit><latexit sha1_base64="3/1i5i2CQ15DNvrwDu9getiZtJA=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoigh6LXjxWsB/QhrLZbtKlm92wO1Fq6C/x4kERr/4Ub/4bt20O2vpg4PHeDDPzwlRwA5737ZTW1jc2t8rblZ3dvf2qe3DYNirTlLWoEkp3Q2KY4JK1gINg3VQzkoSCdcLxzczvPDBtuJL3MElZkJBY8ohTAlYauNW+UDLWPB4B0Vo9DtyaV/fmwKvEL0gNFWgO3K/+UNEsYRKoIMb0fC+FICcaOBVsWulnhqWEjknMepZKkjAT5PPDp/jUKkMcKW1LAp6rvydykhgzSULbmRAYmWVvJv7n9TKIroKcyzQDJuliUZQJDArPUsBDrhkFMbGEUM3trZiOiCYUbFYVG4K//PIqaZ/Xfa/u313UGtdFHGV0jE7QGfLRJWqgW9RELURRhp7RK3pznpwX5935WLSWnGLmCP2B8/kDcjiTlg==</latexit>

� is a descent direction
around stationary points of f(B)

f(B) is strict saddle
! has no poor local minima

�!
<latexit sha1_base64="3/1i5i2CQ15DNvrwDu9getiZtJA=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoigh6LXjxWsB/QhrLZbtKlm92wO1Fq6C/x4kERr/4Ub/4bt20O2vpg4PHeDDPzwlRwA5737ZTW1jc2t8rblZ3dvf2qe3DYNirTlLWoEkp3Q2KY4JK1gINg3VQzkoSCdcLxzczvPDBtuJL3MElZkJBY8ohTAlYauNW+UDLWPB4B0Vo9DtyaV/fmwKvEL0gNFWgO3K/+UNEsYRKoIMb0fC+FICcaOBVsWulnhqWEjknMepZKkjAT5PPDp/jUKkMcKW1LAp6rvydykhgzSULbmRAYmWVvJv7n9TKIroKcyzQDJuliUZQJDArPUsBDrhkFMbGEUM3trZiOiCYUbFYVG4K//PIqaZ/Xfa/u313UGtdFHGV0jE7QGfLRJWqgW9RELURRhp7RK3pznpwX5935WLSWnGLmCP2B8/kDcjiTlg==</latexit><latexit sha1_base64="3/1i5i2CQ15DNvrwDu9getiZtJA=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoigh6LXjxWsB/QhrLZbtKlm92wO1Fq6C/x4kERr/4Ub/4bt20O2vpg4PHeDDPzwlRwA5737ZTW1jc2t8rblZ3dvf2qe3DYNirTlLWoEkp3Q2KY4JK1gINg3VQzkoSCdcLxzczvPDBtuJL3MElZkJBY8ohTAlYauNW+UDLWPB4B0Vo9DtyaV/fmwKvEL0gNFWgO3K/+UNEsYRKoIMb0fC+FICcaOBVsWulnhqWEjknMepZKkjAT5PPDp/jUKkMcKW1LAp6rvydykhgzSULbmRAYmWVvJv7n9TKIroKcyzQDJuliUZQJDArPUsBDrhkFMbGEUM3trZiOiCYUbFYVG4K//PIqaZ/Xfa/u313UGtdFHGV0jE7QGfLRJWqgW9RELURRhp7RK3pznpwX5935WLSWnGLmCP2B8/kDcjiTlg==</latexit><latexit sha1_base64="3/1i5i2CQ15DNvrwDu9getiZtJA=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoigh6LXjxWsB/QhrLZbtKlm92wO1Fq6C/x4kERr/4Ub/4bt20O2vpg4PHeDDPzwlRwA5737ZTW1jc2t8rblZ3dvf2qe3DYNirTlLWoEkp3Q2KY4JK1gINg3VQzkoSCdcLxzczvPDBtuJL3MElZkJBY8ohTAlYauNW+UDLWPB4B0Vo9DtyaV/fmwKvEL0gNFWgO3K/+UNEsYRKoIMb0fC+FICcaOBVsWulnhqWEjknMepZKkjAT5PPDp/jUKkMcKW1LAp6rvydykhgzSULbmRAYmWVvJv7n9TKIroKcyzQDJuliUZQJDArPUsBDrhkFMbGEUM3trZiOiCYUbFYVG4K//PIqaZ/Xfa/u313UGtdFHGV0jE7QGfLRJWqgW9RELURRhp7RK3pznpwX5935WLSWnGLmCP2B8/kDcjiTlg==</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="1fSSaQaXgkiI4mg1T76dIElkmdI=">AAAB7XicbZBLSwMxFIXv1Fet1Y5u3QSL4KrMuNGl4MZlBfuAtpRMmpmGZpIhuaPUob/EjQtF/Dvu/Demj4W2Hgh8nJNwb06USWExCL690tb2zu5eeb9yUD08qvnH1bbVuWG8xbTUphtRy6VQvIUCJe9mhtM0krwTTW7neeeRGyu0esBpxgcpTZSIBaPorKFf60utEiOSMVJj9NPQrweNYCGyCeEK6rBSc+h/9Uea5SlXyCS1thcGGQ4KalAwyWeVfm55RtmEJrznUNGU20GxWHxGzp0zIrE27igkC/f3i4Km1k7TyN1MKY7tejY3/8t6OcbXg0KoLEeu2HJQnEuCmsxbICNhOEM5dUCZEW5XwsbUUIauq4orIVz/8ia0Lxth0AjvAyjDKZzBBYRwBTdwB01oAYMcXuAN3r1n79X7WNZV8la9ncAfeZ8/F9SSMw==</latexit><latexit sha1_base64="1fSSaQaXgkiI4mg1T76dIElkmdI=">AAAB7XicbZBLSwMxFIXv1Fet1Y5u3QSL4KrMuNGl4MZlBfuAtpRMmpmGZpIhuaPUob/EjQtF/Dvu/Demj4W2Hgh8nJNwb06USWExCL690tb2zu5eeb9yUD08qvnH1bbVuWG8xbTUphtRy6VQvIUCJe9mhtM0krwTTW7neeeRGyu0esBpxgcpTZSIBaPorKFf60utEiOSMVJj9NPQrweNYCGyCeEK6rBSc+h/9Uea5SlXyCS1thcGGQ4KalAwyWeVfm55RtmEJrznUNGU20GxWHxGzp0zIrE27igkC/f3i4Km1k7TyN1MKY7tejY3/8t6OcbXg0KoLEeu2HJQnEuCmsxbICNhOEM5dUCZEW5XwsbUUIauq4orIVz/8ia0Lxth0AjvAyjDKZzBBYRwBTdwB01oAYMcXuAN3r1n79X7WNZV8la9ncAfeZ8/F9SSMw==</latexit><latexit sha1_base64="HdM1YiUCjML8lgZJ8j97OaT4SJg=">AAAB+HicbVBNS8NAEJ34WetHox69BIvgqSRe9Fj04rGC/YA2lM12ky7d7IbdiVJLf4kXD4p49ad489+4bXPQ1gcDj/dmmJkXZYIb9P1vZ219Y3Nru7RT3t3bP6i4h0cto3JNWZMqoXQnIoYJLlkTOQrWyTQjaSRYOxrdzPz2A9OGK3mP44yFKUkkjzklaKW+W+kJJRPNkyESrdVj3636NX8Ob5UEBalCgUbf/eoNFM1TJpEKYkw38DMMJ0Qjp4JNy73csIzQEUlY11JJUmbCyfzwqXdmlYEXK21LojdXf09MSGrMOI1sZ0pwaJa9mfif180xvgonXGY5MkkXi+JceKi8WQregGtGUYwtIVRze6tHh0QTijarsg0hWH55lbQuaoFfC+78av26iKMEJ3AK5xDAJdThFhrQBAo5PMMrvDlPzovz7nwsWtecYuYY/sD5/AFw+JOS</latexit><latexit sha1_base64="3/1i5i2CQ15DNvrwDu9getiZtJA=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoigh6LXjxWsB/QhrLZbtKlm92wO1Fq6C/x4kERr/4Ub/4bt20O2vpg4PHeDDPzwlRwA5737ZTW1jc2t8rblZ3dvf2qe3DYNirTlLWoEkp3Q2KY4JK1gINg3VQzkoSCdcLxzczvPDBtuJL3MElZkJBY8ohTAlYauNW+UDLWPB4B0Vo9DtyaV/fmwKvEL0gNFWgO3K/+UNEsYRKoIMb0fC+FICcaOBVsWulnhqWEjknMepZKkjAT5PPDp/jUKkMcKW1LAp6rvydykhgzSULbmRAYmWVvJv7n9TKIroKcyzQDJuliUZQJDArPUsBDrhkFMbGEUM3trZiOiCYUbFYVG4K//PIqaZ/Xfa/u313UGtdFHGV0jE7QGfLRJWqgW9RELURRhp7RK3pznpwX5935WLSWnGLmCP2B8/kDcjiTlg==</latexit><latexit sha1_base64="3/1i5i2CQ15DNvrwDu9getiZtJA=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoigh6LXjxWsB/QhrLZbtKlm92wO1Fq6C/x4kERr/4Ub/4bt20O2vpg4PHeDDPzwlRwA5737ZTW1jc2t8rblZ3dvf2qe3DYNirTlLWoEkp3Q2KY4JK1gINg3VQzkoSCdcLxzczvPDBtuJL3MElZkJBY8ohTAlYauNW+UDLWPB4B0Vo9DtyaV/fmwKvEL0gNFWgO3K/+UNEsYRKoIMb0fC+FICcaOBVsWulnhqWEjknMepZKkjAT5PPDp/jUKkMcKW1LAp6rvydykhgzSULbmRAYmWVvJv7n9TKIroKcyzQDJuliUZQJDArPUsBDrhkFMbGEUM3trZiOiCYUbFYVG4K//PIqaZ/Xfa/u313UGtdFHGV0jE7QGfLRJWqgW9RELURRhp7RK3pznpwX5935WLSWnGLmCP2B8/kDcjiTlg==</latexit><latexit sha1_base64="3/1i5i2CQ15DNvrwDu9getiZtJA=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoigh6LXjxWsB/QhrLZbtKlm92wO1Fq6C/x4kERr/4Ub/4bt20O2vpg4PHeDDPzwlRwA5737ZTW1jc2t8rblZ3dvf2qe3DYNirTlLWoEkp3Q2KY4JK1gINg3VQzkoSCdcLxzczvPDBtuJL3MElZkJBY8ohTAlYauNW+UDLWPB4B0Vo9DtyaV/fmwKvEL0gNFWgO3K/+UNEsYRKoIMb0fC+FICcaOBVsWulnhqWEjknMepZKkjAT5PPDp/jUKkMcKW1LAp6rvydykhgzSULbmRAYmWVvJv7n9TKIroKcyzQDJuliUZQJDArPUsBDrhkFMbGEUM3trZiOiCYUbFYVG4K//PIqaZ/Xfa/u313UGtdFHGV0jE7QGfLRJWqgW9RELURRhp7RK3pznpwX5935WLSWnGLmCP2B8/kDcjiTlg==</latexit><latexit sha1_base64="3/1i5i2CQ15DNvrwDu9getiZtJA=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoigh6LXjxWsB/QhrLZbtKlm92wO1Fq6C/x4kERr/4Ub/4bt20O2vpg4PHeDDPzwlRwA5737ZTW1jc2t8rblZ3dvf2qe3DYNirTlLWoEkp3Q2KY4JK1gINg3VQzkoSCdcLxzczvPDBtuJL3MElZkJBY8ohTAlYauNW+UDLWPB4B0Vo9DtyaV/fmwKvEL0gNFWgO3K/+UNEsYRKoIMb0fC+FICcaOBVsWulnhqWEjknMepZKkjAT5PPDp/jUKkMcKW1LAp6rvydykhgzSULbmRAYmWVvJv7n9TKIroKcyzQDJuliUZQJDArPUsBDrhkFMbGEUM3trZiOiCYUbFYVG4K//PIqaZ/Xfa/u313UGtdFHGV0jE7QGfLRJWqgW9RELURRhp7RK3pznpwX5935WLSWnGLmCP2B8/kDcjiTlg==</latexit><latexit sha1_base64="3/1i5i2CQ15DNvrwDu9getiZtJA=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoigh6LXjxWsB/QhrLZbtKlm92wO1Fq6C/x4kERr/4Ub/4bt20O2vpg4PHeDDPzwlRwA5737ZTW1jc2t8rblZ3dvf2qe3DYNirTlLWoEkp3Q2KY4JK1gINg3VQzkoSCdcLxzczvPDBtuJL3MElZkJBY8ohTAlYauNW+UDLWPB4B0Vo9DtyaV/fmwKvEL0gNFWgO3K/+UNEsYRKoIMb0fC+FICcaOBVsWulnhqWEjknMepZKkjAT5PPDp/jUKkMcKW1LAp6rvydykhgzSULbmRAYmWVvJv7n9TKIroKcyzQDJuliUZQJDArPUsBDrhkFMbGEUM3trZiOiCYUbFYVG4K//PIqaZ/Xfa/u313UGtdFHGV0jE7QGfLRJWqgW9RELURRhp7RK3pznpwX5935WLSWnGLmCP2B8/kDcjiTlg==</latexit><latexit sha1_base64="3/1i5i2CQ15DNvrwDu9getiZtJA=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoigh6LXjxWsB/QhrLZbtKlm92wO1Fq6C/x4kERr/4Ub/4bt20O2vpg4PHeDDPzwlRwA5737ZTW1jc2t8rblZ3dvf2qe3DYNirTlLWoEkp3Q2KY4JK1gINg3VQzkoSCdcLxzczvPDBtuJL3MElZkJBY8ohTAlYauNW+UDLWPB4B0Vo9DtyaV/fmwKvEL0gNFWgO3K/+UNEsYRKoIMb0fC+FICcaOBVsWulnhqWEjknMepZKkjAT5PPDp/jUKkMcKW1LAp6rvydykhgzSULbmRAYmWVvJv7n9TKIroKcyzQDJuliUZQJDArPUsBDrhkFMbGEUM3trZiOiCYUbFYVG4K//PIqaZ/Xfa/u313UGtdFHGV0jE7QGfLRJWqgW9RELURRhp7RK3pznpwX5935WLSWnGLmCP2B8/kDcjiTlg==</latexit>

• What about general asymmetric case?

�!
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<latexit sha1_base64="O90fYMxWzL2oRuIkv44mRp2vbh4=">AAACB3icbVDLSsNAFL2pr1pfUZeCDBalgpREBF0W3bisYNpCE8pkOmmHTh6dmQgldOfGX3HjQhG3/oI7/8ZpG0GrBwYO59zLnHv8hDOpLOvTKCwsLi2vFFdLa+sbm1vm9k5Dxqkg1CExj0XLx5JyFlFHMcVpKxEUhz6nTX9wNfGbd1RIFke3apRQL8S9iAWMYKWljrl/5A6HKe6ioOKGWPX9ADkn36xx3DHLVtWaAv0ldk7KkKPeMT/cbkzSkEaKcCxl27YS5WVYKEY4HZfcVNIEkwHu0bamEQ6p9LLpHWN0qBWdJBb6RQpN1Z8bGQ6lHIW+npwklPPeRPzPa6cquPAyFiWpohGZfRSkHKkYTUpBXSYoUXykCSaC6ayI9LHAROnqSroEe/7kv6RxWrWtqn1zVq5d5nUUYQ8OoAI2nEMNrqEODhC4h0d4hhfjwXgyXo232WjByHd24ReM9y/XOJf/</latexit><latexit sha1_base64="O90fYMxWzL2oRuIkv44mRp2vbh4=">AAACB3icbVDLSsNAFL2pr1pfUZeCDBalgpREBF0W3bisYNpCE8pkOmmHTh6dmQgldOfGX3HjQhG3/oI7/8ZpG0GrBwYO59zLnHv8hDOpLOvTKCwsLi2vFFdLa+sbm1vm9k5Dxqkg1CExj0XLx5JyFlFHMcVpKxEUhz6nTX9wNfGbd1RIFke3apRQL8S9iAWMYKWljrl/5A6HKe6ioOKGWPX9ADkn36xx3DHLVtWaAv0ldk7KkKPeMT/cbkzSkEaKcCxl27YS5WVYKEY4HZfcVNIEkwHu0bamEQ6p9LLpHWN0qBWdJBb6RQpN1Z8bGQ6lHIW+npwklPPeRPzPa6cquPAyFiWpohGZfRSkHKkYTUpBXSYoUXykCSaC6ayI9LHAROnqSroEe/7kv6RxWrWtqn1zVq5d5nUUYQ8OoAI2nEMNrqEODhC4h0d4hhfjwXgyXo232WjByHd24ReM9y/XOJf/</latexit><latexit sha1_base64="O90fYMxWzL2oRuIkv44mRp2vbh4=">AAACB3icbVDLSsNAFL2pr1pfUZeCDBalgpREBF0W3bisYNpCE8pkOmmHTh6dmQgldOfGX3HjQhG3/oI7/8ZpG0GrBwYO59zLnHv8hDOpLOvTKCwsLi2vFFdLa+sbm1vm9k5Dxqkg1CExj0XLx5JyFlFHMcVpKxEUhz6nTX9wNfGbd1RIFke3apRQL8S9iAWMYKWljrl/5A6HKe6ioOKGWPX9ADkn36xx3DHLVtWaAv0ldk7KkKPeMT/cbkzSkEaKcCxl27YS5WVYKEY4HZfcVNIEkwHu0bamEQ6p9LLpHWN0qBWdJBb6RQpN1Z8bGQ6lHIW+npwklPPeRPzPa6cquPAyFiWpohGZfRSkHKkYTUpBXSYoUXykCSaC6ayI9LHAROnqSroEe/7kv6RxWrWtqn1zVq5d5nUUYQ8OoAI2nEMNrqEODhC4h0d4hhfjwXgyXo232WjByHd24ReM9y/XOJf/</latexit><latexit sha1_base64="O90fYMxWzL2oRuIkv44mRp2vbh4=">AAACB3icbVDLSsNAFL2pr1pfUZeCDBalgpREBF0W3bisYNpCE8pkOmmHTh6dmQgldOfGX3HjQhG3/oI7/8ZpG0GrBwYO59zLnHv8hDOpLOvTKCwsLi2vFFdLa+sbm1vm9k5Dxqkg1CExj0XLx5JyFlFHMcVpKxEUhz6nTX9wNfGbd1RIFke3apRQL8S9iAWMYKWljrl/5A6HKe6ioOKGWPX9ADkn36xx3DHLVtWaAv0ldk7KkKPeMT/cbkzSkEaKcCxl27YS5WVYKEY4HZfcVNIEkwHu0bamEQ6p9LLpHWN0qBWdJBb6RQpN1Z8bGQ6lHIW+npwklPPeRPzPa6cquPAyFiWpohGZfRSkHKkYTUpBXSYoUXykCSaC6ayI9LHAROnqSroEe/7kv6RxWrWtqn1zVq5d5nUUYQ8OoAI2nEMNrqEODhC4h0d4hhfjwXgyXo232WjByHd24ReM9y/XOJf/</latexit>

transform into
symmetric problem

apply solution for
symmetric problem
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Reformulation into a Symmetric Problem

• The asymmetric objective function

f(U,V) =
∥∥A(U∗[V∗]T −UVT )

∥∥2
+R(U,V)

• Construct the symmetric matrix N

U>
<latexit sha1_base64="K3G/ESkqNLwQeKktDTiM7zGXtqY=">AAAB+XicbVBNSwMxFHzrZ61fqx69BIvgqeyKoMeiF48V3LbQrSWbZtvQbLIk2UJZ+k+8eFDEq//Em//GbLsHbR0IDDPv8SYTpZxp43nfztr6xubWdmWnuru3f3DoHh23tMwUoQGRXKpOhDXlTNDAMMNpJ1UUJxGn7Wh8V/jtCVWaSfFopintJXgoWMwINlbqu26YYDOKYhQ85aGR6azv1ry6NwdaJX5JalCi2Xe/woEkWUKFIRxr3fW91PRyrAwjnM6qYaZpiskYD2nXUoETqnv5PPkMnVtlgGKp7BMGzdXfGzlOtJ4mkZ0scuplrxD/87qZiW96ORNpZqggi0NxxpGRqKgBDZiixPCpJZgoZrMiMsIKE2PLqtoS/OUvr5LWZd336v7DVa1xW9ZRgVM4gwvw4RoacA9NCIDABJ7hFd6c3Hlx3p2PxeiaU+6cwB84nz+F0JOT</latexit><latexit sha1_base64="K3G/ESkqNLwQeKktDTiM7zGXtqY=">AAAB+XicbVBNSwMxFHzrZ61fqx69BIvgqeyKoMeiF48V3LbQrSWbZtvQbLIk2UJZ+k+8eFDEq//Em//GbLsHbR0IDDPv8SYTpZxp43nfztr6xubWdmWnuru3f3DoHh23tMwUoQGRXKpOhDXlTNDAMMNpJ1UUJxGn7Wh8V/jtCVWaSfFopintJXgoWMwINlbqu26YYDOKYhQ85aGR6azv1ry6NwdaJX5JalCi2Xe/woEkWUKFIRxr3fW91PRyrAwjnM6qYaZpiskYD2nXUoETqnv5PPkMnVtlgGKp7BMGzdXfGzlOtJ4mkZ0scuplrxD/87qZiW96ORNpZqggi0NxxpGRqKgBDZiixPCpJZgoZrMiMsIKE2PLqtoS/OUvr5LWZd336v7DVa1xW9ZRgVM4gwvw4RoacA9NCIDABJ7hFd6c3Hlx3p2PxeiaU+6cwB84nz+F0JOT</latexit><latexit sha1_base64="K3G/ESkqNLwQeKktDTiM7zGXtqY=">AAAB+XicbVBNSwMxFHzrZ61fqx69BIvgqeyKoMeiF48V3LbQrSWbZtvQbLIk2UJZ+k+8eFDEq//Em//GbLsHbR0IDDPv8SYTpZxp43nfztr6xubWdmWnuru3f3DoHh23tMwUoQGRXKpOhDXlTNDAMMNpJ1UUJxGn7Wh8V/jtCVWaSfFopintJXgoWMwINlbqu26YYDOKYhQ85aGR6azv1ry6NwdaJX5JalCi2Xe/woEkWUKFIRxr3fW91PRyrAwjnM6qYaZpiskYD2nXUoETqnv5PPkMnVtlgGKp7BMGzdXfGzlOtJ4mkZ0scuplrxD/87qZiW96ORNpZqggi0NxxpGRqKgBDZiixPCpJZgoZrMiMsIKE2PLqtoS/OUvr5LWZd336v7DVa1xW9ZRgVM4gwvw4RoacA9NCIDABJ7hFd6c3Hlx3p2PxeiaU+6cwB84nz+F0JOT</latexit><latexit sha1_base64="K3G/ESkqNLwQeKktDTiM7zGXtqY=">AAAB+XicbVBNSwMxFHzrZ61fqx69BIvgqeyKoMeiF48V3LbQrSWbZtvQbLIk2UJZ+k+8eFDEq//Em//GbLsHbR0IDDPv8SYTpZxp43nfztr6xubWdmWnuru3f3DoHh23tMwUoQGRXKpOhDXlTNDAMMNpJ1UUJxGn7Wh8V/jtCVWaSfFopintJXgoWMwINlbqu26YYDOKYhQ85aGR6azv1ry6NwdaJX5JalCi2Xe/woEkWUKFIRxr3fW91PRyrAwjnM6qYaZpiskYD2nXUoETqnv5PPkMnVtlgGKp7BMGzdXfGzlOtJ4mkZ0scuplrxD/87qZiW96ORNpZqggi0NxxpGRqKgBDZiixPCpJZgoZrMiMsIKE2PLqtoS/OUvr5LWZd336v7DVa1xW9ZRgVM4gwvw4RoacA9NCIDABJ7hFd6c3Hlx3p2PxeiaU+6cwB84nz+F0JOT</latexit>

V>
<latexit sha1_base64="DOiGOkmxP4svy88blhZhpeD5OL8=">AAAB+XicbVDLSgMxFL3js9bXqEs3wSK4KjMi6LLoxmUF+4DOWDJppg3NJEOSKZShf+LGhSJu/RN3/o2ZdhbaeiBwOOde7smJUs608bxvZ219Y3Nru7JT3d3bPzh0j47bWmaK0BaRXKpuhDXlTNCWYYbTbqooTiJOO9H4rvA7E6o0k+LRTFMaJngoWMwINlbqu26QYDOKYtR+ygMj01nfrXl1bw60SvyS1KBEs+9+BQNJsoQKQzjWuud7qQlzrAwjnM6qQaZpiskYD2nPUoETqsN8nnyGzq0yQLFU9gmD5urvjRwnWk+TyE4WOfWyV4j/eb3MxDdhzkSaGSrI4lCccWQkKmpAA6YoMXxqCSaK2ayIjLDCxNiyqrYEf/nLq6R9Wfe9uv9wVWvclnVU4BTO4AJ8uIYG3EMTWkBgAs/wCm9O7rw4787HYnTNKXdO4A+czx+HW5OU</latexit><latexit sha1_base64="DOiGOkmxP4svy88blhZhpeD5OL8=">AAAB+XicbVDLSgMxFL3js9bXqEs3wSK4KjMi6LLoxmUF+4DOWDJppg3NJEOSKZShf+LGhSJu/RN3/o2ZdhbaeiBwOOde7smJUs608bxvZ219Y3Nru7JT3d3bPzh0j47bWmaK0BaRXKpuhDXlTNCWYYbTbqooTiJOO9H4rvA7E6o0k+LRTFMaJngoWMwINlbqu26QYDOKYtR+ygMj01nfrXl1bw60SvyS1KBEs+9+BQNJsoQKQzjWuud7qQlzrAwjnM6qQaZpiskYD2nPUoETqsN8nnyGzq0yQLFU9gmD5urvjRwnWk+TyE4WOfWyV4j/eb3MxDdhzkSaGSrI4lCccWQkKmpAA6YoMXxqCSaK2ayIjLDCxNiyqrYEf/nLq6R9Wfe9uv9wVWvclnVU4BTO4AJ8uIYG3EMTWkBgAs/wCm9O7rw4787HYnTNKXdO4A+czx+HW5OU</latexit><latexit sha1_base64="DOiGOkmxP4svy88blhZhpeD5OL8=">AAAB+XicbVDLSgMxFL3js9bXqEs3wSK4KjMi6LLoxmUF+4DOWDJppg3NJEOSKZShf+LGhSJu/RN3/o2ZdhbaeiBwOOde7smJUs608bxvZ219Y3Nru7JT3d3bPzh0j47bWmaK0BaRXKpuhDXlTNCWYYbTbqooTiJOO9H4rvA7E6o0k+LRTFMaJngoWMwINlbqu26QYDOKYtR+ygMj01nfrXl1bw60SvyS1KBEs+9+BQNJsoQKQzjWuud7qQlzrAwjnM6qQaZpiskYD2nPUoETqsN8nnyGzq0yQLFU9gmD5urvjRwnWk+TyE4WOfWyV4j/eb3MxDdhzkSaGSrI4lCccWQkKmpAA6YoMXxqCSaK2ayIjLDCxNiyqrYEf/nLq6R9Wfe9uv9wVWvclnVU4BTO4AJ8uIYG3EMTWkBgAs/wCm9O7rw4787HYnTNKXdO4A+czx+HW5OU</latexit><latexit sha1_base64="DOiGOkmxP4svy88blhZhpeD5OL8=">AAAB+XicbVDLSgMxFL3js9bXqEs3wSK4KjMi6LLoxmUF+4DOWDJppg3NJEOSKZShf+LGhSJu/RN3/o2ZdhbaeiBwOOde7smJUs608bxvZ219Y3Nru7JT3d3bPzh0j47bWmaK0BaRXKpuhDXlTNCWYYbTbqooTiJOO9H4rvA7E6o0k+LRTFMaJngoWMwINlbqu26QYDOKYtR+ygMj01nfrXl1bw60SvyS1KBEs+9+BQNJsoQKQzjWuud7qQlzrAwjnM6qQaZpiskYD2nPUoETqsN8nnyGzq0yQLFU9gmD5urvjRwnWk+TyE4WOfWyV4j/eb3MxDdhzkSaGSrI4lCccWQkKmpAA6YoMXxqCSaK2ayIjLDCxNiyqrYEf/nLq6R9Wfe9uv9wVWvclnVU4BTO4AJ8uIYG3EMTWkBgAs/wCm9O7rw4787HYnTNKXdO4A+czx+HW5OU</latexit>

V>
<latexit sha1_base64="DOiGOkmxP4svy88blhZhpeD5OL8=">AAAB+XicbVDLSgMxFL3js9bXqEs3wSK4KjMi6LLoxmUF+4DOWDJppg3NJEOSKZShf+LGhSJu/RN3/o2ZdhbaeiBwOOde7smJUs608bxvZ219Y3Nru7JT3d3bPzh0j47bWmaK0BaRXKpuhDXlTNCWYYbTbqooTiJOO9H4rvA7E6o0k+LRTFMaJngoWMwINlbqu26QYDOKYtR+ygMj01nfrXl1bw60SvyS1KBEs+9+BQNJsoQKQzjWuud7qQlzrAwjnM6qQaZpiskYD2nPUoETqsN8nnyGzq0yQLFU9gmD5urvjRwnWk+TyE4WOfWyV4j/eb3MxDdhzkSaGSrI4lCccWQkKmpAA6YoMXxqCSaK2ayIjLDCxNiyqrYEf/nLq6R9Wfe9uv9wVWvclnVU4BTO4AJ8uIYG3EMTWkBgAs/wCm9O7rw4787HYnTNKXdO4A+czx+HW5OU</latexit><latexit sha1_base64="DOiGOkmxP4svy88blhZhpeD5OL8=">AAAB+XicbVDLSgMxFL3js9bXqEs3wSK4KjMi6LLoxmUF+4DOWDJppg3NJEOSKZShf+LGhSJu/RN3/o2ZdhbaeiBwOOde7smJUs608bxvZ219Y3Nru7JT3d3bPzh0j47bWmaK0BaRXKpuhDXlTNCWYYbTbqooTiJOO9H4rvA7E6o0k+LRTFMaJngoWMwINlbqu26QYDOKYtR+ygMj01nfrXl1bw60SvyS1KBEs+9+BQNJsoQKQzjWuud7qQlzrAwjnM6qQaZpiskYD2nPUoETqsN8nnyGzq0yQLFU9gmD5urvjRwnWk+TyE4WOfWyV4j/eb3MxDdhzkSaGSrI4lCccWQkKmpAA6YoMXxqCSaK2ayIjLDCxNiyqrYEf/nLq6R9Wfe9uv9wVWvclnVU4BTO4AJ8uIYG3EMTWkBgAs/wCm9O7rw4787HYnTNKXdO4A+czx+HW5OU</latexit><latexit sha1_base64="DOiGOkmxP4svy88blhZhpeD5OL8=">AAAB+XicbVDLSgMxFL3js9bXqEs3wSK4KjMi6LLoxmUF+4DOWDJppg3NJEOSKZShf+LGhSJu/RN3/o2ZdhbaeiBwOOde7smJUs608bxvZ219Y3Nru7JT3d3bPzh0j47bWmaK0BaRXKpuhDXlTNCWYYbTbqooTiJOO9H4rvA7E6o0k+LRTFMaJngoWMwINlbqu26QYDOKYtR+ygMj01nfrXl1bw60SvyS1KBEs+9+BQNJsoQKQzjWuud7qQlzrAwjnM6qQaZpiskYD2nPUoETqsN8nnyGzq0yQLFU9gmD5urvjRwnWk+TyE4WOfWyV4j/eb3MxDdhzkSaGSrI4lCccWQkKmpAA6YoMXxqCSaK2ayIjLDCxNiyqrYEf/nLq6R9Wfe9uv9wVWvclnVU4BTO4AJ8uIYG3EMTWkBgAs/wCm9O7rw4787HYnTNKXdO4A+czx+HW5OU</latexit><latexit sha1_base64="DOiGOkmxP4svy88blhZhpeD5OL8=">AAAB+XicbVDLSgMxFL3js9bXqEs3wSK4KjMi6LLoxmUF+4DOWDJppg3NJEOSKZShf+LGhSJu/RN3/o2ZdhbaeiBwOOde7smJUs608bxvZ219Y3Nru7JT3d3bPzh0j47bWmaK0BaRXKpuhDXlTNCWYYbTbqooTiJOO9H4rvA7E6o0k+LRTFMaJngoWMwINlbqu26QYDOKYtR+ygMj01nfrXl1bw60SvyS1KBEs+9+BQNJsoQKQzjWuud7qQlzrAwjnM6qQaZpiskYD2nPUoETqsN8nnyGzq0yQLFU9gmD5urvjRwnWk+TyE4WOfWyV4j/eb3MxDdhzkSaGSrI4lCccWQkKmpAA6YoMXxqCSaK2ayIjLDCxNiyqrYEf/nLq6R9Wfe9uv9wVWvclnVU4BTO4AJ8uIYG3EMTWkBgAs/wCm9O7rw4787HYnTNKXdO4A+czx+HW5OU</latexit>

V<latexit sha1_base64="AhCj3xF3uZljNyyK0KjtWmOo9ZE=">AAAB8HicbVDLSgMxFL2pr1pfVZdugkVwVWZE0GXRjcsK9iHtUDJppg1NMkOSEcrQr3DjQhG3fo47/8ZMOwttPRA4nHMvOfeEieDGet43Kq2tb2xulbcrO7t7+wfVw6O2iVNNWYvGItbdkBgmuGIty61g3UQzIkPBOuHkNvc7T0wbHqsHO01YIMlI8YhTYp302JfEjsMItwfVmlf35sCrxC9IDQo0B9Wv/jCmqWTKUkGM6fleYoOMaMupYLNKPzUsIXRCRqznqCKSmSCbB57hM6cMcRRr95TFc/X3RkakMVMZusk8oFn2cvE/r5fa6DrIuEpSyxRdfBSlAtsY59fjIdeMWjF1hFDNXVZMx0QTal1HFVeCv3zyKmlf1H2v7t9f1ho3RR1lOIFTOAcfrqABd9CEFlCQ8Ayv8IY0ekHv6GMxWkLFzjH8Afr8AVkykBg=</latexit><latexit sha1_base64="AhCj3xF3uZljNyyK0KjtWmOo9ZE=">AAAB8HicbVDLSgMxFL2pr1pfVZdugkVwVWZE0GXRjcsK9iHtUDJppg1NMkOSEcrQr3DjQhG3fo47/8ZMOwttPRA4nHMvOfeEieDGet43Kq2tb2xulbcrO7t7+wfVw6O2iVNNWYvGItbdkBgmuGIty61g3UQzIkPBOuHkNvc7T0wbHqsHO01YIMlI8YhTYp302JfEjsMItwfVmlf35sCrxC9IDQo0B9Wv/jCmqWTKUkGM6fleYoOMaMupYLNKPzUsIXRCRqznqCKSmSCbB57hM6cMcRRr95TFc/X3RkakMVMZusk8oFn2cvE/r5fa6DrIuEpSyxRdfBSlAtsY59fjIdeMWjF1hFDNXVZMx0QTal1HFVeCv3zyKmlf1H2v7t9f1ho3RR1lOIFTOAcfrqABd9CEFlCQ8Ayv8IY0ekHv6GMxWkLFzjH8Afr8AVkykBg=</latexit><latexit sha1_base64="AhCj3xF3uZljNyyK0KjtWmOo9ZE=">AAAB8HicbVDLSgMxFL2pr1pfVZdugkVwVWZE0GXRjcsK9iHtUDJppg1NMkOSEcrQr3DjQhG3fo47/8ZMOwttPRA4nHMvOfeEieDGet43Kq2tb2xulbcrO7t7+wfVw6O2iVNNWYvGItbdkBgmuGIty61g3UQzIkPBOuHkNvc7T0wbHqsHO01YIMlI8YhTYp302JfEjsMItwfVmlf35sCrxC9IDQo0B9Wv/jCmqWTKUkGM6fleYoOMaMupYLNKPzUsIXRCRqznqCKSmSCbB57hM6cMcRRr95TFc/X3RkakMVMZusk8oFn2cvE/r5fa6DrIuEpSyxRdfBSlAtsY59fjIdeMWjF1hFDNXVZMx0QTal1HFVeCv3zyKmlf1H2v7t9f1ho3RR1lOIFTOAcfrqABd9CEFlCQ8Ayv8IY0ekHv6GMxWkLFzjH8Afr8AVkykBg=</latexit><latexit sha1_base64="AhCj3xF3uZljNyyK0KjtWmOo9ZE=">AAAB8HicbVDLSgMxFL2pr1pfVZdugkVwVWZE0GXRjcsK9iHtUDJppg1NMkOSEcrQr3DjQhG3fo47/8ZMOwttPRA4nHMvOfeEieDGet43Kq2tb2xulbcrO7t7+wfVw6O2iVNNWYvGItbdkBgmuGIty61g3UQzIkPBOuHkNvc7T0wbHqsHO01YIMlI8YhTYp302JfEjsMItwfVmlf35sCrxC9IDQo0B9Wv/jCmqWTKUkGM6fleYoOMaMupYLNKPzUsIXRCRqznqCKSmSCbB57hM6cMcRRr95TFc/X3RkakMVMZusk8oFn2cvE/r5fa6DrIuEpSyxRdfBSlAtsY59fjIdeMWjF1hFDNXVZMx0QTal1HFVeCv3zyKmlf1H2v7t9f1ho3RR1lOIFTOAcfrqABd9CEFlCQ8Ayv8IY0ekHv6GMxWkLFzjH8Afr8AVkykBg=</latexit>

U
<latexit sha1_base64="4p76CnESuLUShzYtBAJxVyINBBU=">AAAB8HicbVBNSwMxFHxbv2r9WvXoJVgET2VXBD0WvXis4LaVdinZNNuGJtklyQpl6a/w4kERr/4cb/4bs+0etHUgMMy8R+ZNlHKmjed9O5W19Y3Nrep2bWd3b//APTxq6yRThAYk4YnqRlhTziQNDDOcdlNFsYg47UST28LvPFGlWSIfzDSlocAjyWJGsLHSY19gM45iFAzcutfw5kCrxC9JHUq0Bu5Xf5iQTFBpCMda93wvNWGOlWGE01mtn2maYjLBI9qzVGJBdZjPA8/QmVWGKE6UfdKgufp7I8dC66mI7GQRUC97hfif18tMfB3mTKaZoZIsPoozjkyCiuvRkClKDJ9agoliNisiY6wwMbajmi3BXz55lbQvGr7X8O8v682bso4qnMApnIMPV9CEO2hBAAQEPMMrvDnKeXHenY/FaMUpd47hD5zPH1eukBc=</latexit><latexit sha1_base64="4p76CnESuLUShzYtBAJxVyINBBU=">AAAB8HicbVBNSwMxFHxbv2r9WvXoJVgET2VXBD0WvXis4LaVdinZNNuGJtklyQpl6a/w4kERr/4cb/4bs+0etHUgMMy8R+ZNlHKmjed9O5W19Y3Nrep2bWd3b//APTxq6yRThAYk4YnqRlhTziQNDDOcdlNFsYg47UST28LvPFGlWSIfzDSlocAjyWJGsLHSY19gM45iFAzcutfw5kCrxC9JHUq0Bu5Xf5iQTFBpCMda93wvNWGOlWGE01mtn2maYjLBI9qzVGJBdZjPA8/QmVWGKE6UfdKgufp7I8dC66mI7GQRUC97hfif18tMfB3mTKaZoZIsPoozjkyCiuvRkClKDJ9agoliNisiY6wwMbajmi3BXz55lbQvGr7X8O8v682bso4qnMApnIMPV9CEO2hBAAQEPMMrvDnKeXHenY/FaMUpd47hD5zPH1eukBc=</latexit><latexit sha1_base64="4p76CnESuLUShzYtBAJxVyINBBU=">AAAB8HicbVBNSwMxFHxbv2r9WvXoJVgET2VXBD0WvXis4LaVdinZNNuGJtklyQpl6a/w4kERr/4cb/4bs+0etHUgMMy8R+ZNlHKmjed9O5W19Y3Nrep2bWd3b//APTxq6yRThAYk4YnqRlhTziQNDDOcdlNFsYg47UST28LvPFGlWSIfzDSlocAjyWJGsLHSY19gM45iFAzcutfw5kCrxC9JHUq0Bu5Xf5iQTFBpCMda93wvNWGOlWGE01mtn2maYjLBI9qzVGJBdZjPA8/QmVWGKE6UfdKgufp7I8dC66mI7GQRUC97hfif18tMfB3mTKaZoZIsPoozjkyCiuvRkClKDJ9agoliNisiY6wwMbajmi3BXz55lbQvGr7X8O8v682bso4qnMApnIMPV9CEO2hBAAQEPMMrvDnKeXHenY/FaMUpd47hD5zPH1eukBc=</latexit><latexit sha1_base64="4p76CnESuLUShzYtBAJxVyINBBU=">AAAB8HicbVBNSwMxFHxbv2r9WvXoJVgET2VXBD0WvXis4LaVdinZNNuGJtklyQpl6a/w4kERr/4cb/4bs+0etHUgMMy8R+ZNlHKmjed9O5W19Y3Nrep2bWd3b//APTxq6yRThAYk4YnqRlhTziQNDDOcdlNFsYg47UST28LvPFGlWSIfzDSlocAjyWJGsLHSY19gM45iFAzcutfw5kCrxC9JHUq0Bu5Xf5iQTFBpCMda93wvNWGOlWGE01mtn2maYjLBI9qzVGJBdZjPA8/QmVWGKE6UfdKgufp7I8dC66mI7GQRUC97hfif18tMfB3mTKaZoZIsPoozjkyCiuvRkClKDJ9agoliNisiY6wwMbajmi3BXz55lbQvGr7X8O8v682bso4qnMApnIMPV9CEO2hBAAQEPMMrvDnKeXHenY/FaMUpd47hD5zPH1eukBc=</latexit>

U
<latexit sha1_base64="4p76CnESuLUShzYtBAJxVyINBBU=">AAAB8HicbVBNSwMxFHxbv2r9WvXoJVgET2VXBD0WvXis4LaVdinZNNuGJtklyQpl6a/w4kERr/4cb/4bs+0etHUgMMy8R+ZNlHKmjed9O5W19Y3Nrep2bWd3b//APTxq6yRThAYk4YnqRlhTziQNDDOcdlNFsYg47UST28LvPFGlWSIfzDSlocAjyWJGsLHSY19gM45iFAzcutfw5kCrxC9JHUq0Bu5Xf5iQTFBpCMda93wvNWGOlWGE01mtn2maYjLBI9qzVGJBdZjPA8/QmVWGKE6UfdKgufp7I8dC66mI7GQRUC97hfif18tMfB3mTKaZoZIsPoozjkyCiuvRkClKDJ9agoliNisiY6wwMbajmi3BXz55lbQvGr7X8O8v682bso4qnMApnIMPV9CEO2hBAAQEPMMrvDnKeXHenY/FaMUpd47hD5zPH1eukBc=</latexit><latexit sha1_base64="4p76CnESuLUShzYtBAJxVyINBBU=">AAAB8HicbVBNSwMxFHxbv2r9WvXoJVgET2VXBD0WvXis4LaVdinZNNuGJtklyQpl6a/w4kERr/4cb/4bs+0etHUgMMy8R+ZNlHKmjed9O5W19Y3Nrep2bWd3b//APTxq6yRThAYk4YnqRlhTziQNDDOcdlNFsYg47UST28LvPFGlWSIfzDSlocAjyWJGsLHSY19gM45iFAzcutfw5kCrxC9JHUq0Bu5Xf5iQTFBpCMda93wvNWGOlWGE01mtn2maYjLBI9qzVGJBdZjPA8/QmVWGKE6UfdKgufp7I8dC66mI7GQRUC97hfif18tMfB3mTKaZoZIsPoozjkyCiuvRkClKDJ9agoliNisiY6wwMbajmi3BXz55lbQvGr7X8O8v682bso4qnMApnIMPV9CEO2hBAAQEPMMrvDnKeXHenY/FaMUpd47hD5zPH1eukBc=</latexit><latexit sha1_base64="4p76CnESuLUShzYtBAJxVyINBBU=">AAAB8HicbVBNSwMxFHxbv2r9WvXoJVgET2VXBD0WvXis4LaVdinZNNuGJtklyQpl6a/w4kERr/4cb/4bs+0etHUgMMy8R+ZNlHKmjed9O5W19Y3Nrep2bWd3b//APTxq6yRThAYk4YnqRlhTziQNDDOcdlNFsYg47UST28LvPFGlWSIfzDSlocAjyWJGsLHSY19gM45iFAzcutfw5kCrxC9JHUq0Bu5Xf5iQTFBpCMda93wvNWGOlWGE01mtn2maYjLBI9qzVGJBdZjPA8/QmVWGKE6UfdKgufp7I8dC66mI7GQRUC97hfif18tMfB3mTKaZoZIsPoozjkyCiuvRkClKDJ9agoliNisiY6wwMbajmi3BXz55lbQvGr7X8O8v682bso4qnMApnIMPV9CEO2hBAAQEPMMrvDnKeXHenY/FaMUpd47hD5zPH1eukBc=</latexit><latexit sha1_base64="4p76CnESuLUShzYtBAJxVyINBBU=">AAAB8HicbVBNSwMxFHxbv2r9WvXoJVgET2VXBD0WvXis4LaVdinZNNuGJtklyQpl6a/w4kERr/4cb/4bs+0etHUgMMy8R+ZNlHKmjed9O5W19Y3Nrep2bWd3b//APTxq6yRThAYk4YnqRlhTziQNDDOcdlNFsYg47UST28LvPFGlWSIfzDSlocAjyWJGsLHSY19gM45iFAzcutfw5kCrxC9JHUq0Bu5Xf5iQTFBpCMda93wvNWGOlWGE01mtn2maYjLBI9qzVGJBdZjPA8/QmVWGKE6UfdKgufp7I8dC66mI7GQRUC97hfif18tMfB3mTKaZoZIsPoozjkyCiuvRkClKDJ9agoliNisiY6wwMbajmi3BXz55lbQvGr7X8O8v682bso4qnMApnIMPV9CEO2hBAAQEPMMrvDnKeXHenY/FaMUpd47hD5zPH1eukBc=</latexit>M =<latexit sha1_base64="5yn69C/0ALfzkYkzrcrUPX9Ne8Y=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoBuh6MaNUME+sC0lk95pQzOZIckIZehfuHGhiFv/xp1/Y6adhbYeCBzOuZece/xYcG1c99sprKyurW8UN0tb2zu7e+X9g6aOEsWwwSIRqbZPNQousWG4EdiOFdLQF9jyxzeZ33pCpXkkH8wkxl5Ih5IHnFFjpcduSM3ID8jdVb9ccavuDGSZeDmpQI56v/zVHUQsCVEaJqjWHc+NTS+lynAmcFrqJhpjysZ0iB1LJQ1R99JZ4ik5scqABJGyTxoyU39vpDTUehL6djJLqBe9TPzP6yQmuOylXMaJQcnmHwWJICYi2flkwBUyIyaWUKa4zUrYiCrKjC2pZEvwFk9eJs2zqudWvfvzSu06r6MIR3AMp+DBBdTgFurQAAYSnuEV3hztvDjvzsd8tODkO4fwB87nD9AxkFY=</latexit><latexit sha1_base64="5yn69C/0ALfzkYkzrcrUPX9Ne8Y=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoBuh6MaNUME+sC0lk95pQzOZIckIZehfuHGhiFv/xp1/Y6adhbYeCBzOuZece/xYcG1c99sprKyurW8UN0tb2zu7e+X9g6aOEsWwwSIRqbZPNQousWG4EdiOFdLQF9jyxzeZ33pCpXkkH8wkxl5Ih5IHnFFjpcduSM3ID8jdVb9ccavuDGSZeDmpQI56v/zVHUQsCVEaJqjWHc+NTS+lynAmcFrqJhpjysZ0iB1LJQ1R99JZ4ik5scqABJGyTxoyU39vpDTUehL6djJLqBe9TPzP6yQmuOylXMaJQcnmHwWJICYi2flkwBUyIyaWUKa4zUrYiCrKjC2pZEvwFk9eJs2zqudWvfvzSu06r6MIR3AMp+DBBdTgFurQAAYSnuEV3hztvDjvzsd8tODkO4fwB87nD9AxkFY=</latexit><latexit sha1_base64="5yn69C/0ALfzkYkzrcrUPX9Ne8Y=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoBuh6MaNUME+sC0lk95pQzOZIckIZehfuHGhiFv/xp1/Y6adhbYeCBzOuZece/xYcG1c99sprKyurW8UN0tb2zu7e+X9g6aOEsWwwSIRqbZPNQousWG4EdiOFdLQF9jyxzeZ33pCpXkkH8wkxl5Ih5IHnFFjpcduSM3ID8jdVb9ccavuDGSZeDmpQI56v/zVHUQsCVEaJqjWHc+NTS+lynAmcFrqJhpjysZ0iB1LJQ1R99JZ4ik5scqABJGyTxoyU39vpDTUehL6djJLqBe9TPzP6yQmuOylXMaJQcnmHwWJICYi2flkwBUyIyaWUKa4zUrYiCrKjC2pZEvwFk9eJs2zqudWvfvzSu06r6MIR3AMp+DBBdTgFurQAAYSnuEV3hztvDjvzsd8tODkO4fwB87nD9AxkFY=</latexit><latexit sha1_base64="5yn69C/0ALfzkYkzrcrUPX9Ne8Y=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoBuh6MaNUME+sC0lk95pQzOZIckIZehfuHGhiFv/xp1/Y6adhbYeCBzOuZece/xYcG1c99sprKyurW8UN0tb2zu7e+X9g6aOEsWwwSIRqbZPNQousWG4EdiOFdLQF9jyxzeZ33pCpXkkH8wkxl5Ih5IHnFFjpcduSM3ID8jdVb9ccavuDGSZeDmpQI56v/zVHUQsCVEaJqjWHc+NTS+lynAmcFrqJhpjysZ0iB1LJQ1R99JZ4ik5scqABJGyTxoyU39vpDTUehL6djJLqBe9TPzP6yQmuOylXMaJQcnmHwWJICYi2flkwBUyIyaWUKa4zUrYiCrKjC2pZEvwFk9eJs2zqudWvfvzSu06r6MIR3AMp+DBBdTgFurQAAYSnuEV3hztvDjvzsd8tODkO4fwB87nD9AxkFY=</latexit> N =<latexit sha1_base64="BSW3PzSt9u8Rl43b9bhkV+rz9MY=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoBuh6MaVVLAPbEvJpHfa0ExmSDJCGfoXblwo4ta/ceffmGlnoa0HAodz7iXnHj8WXBvX/XYKK6tr6xvFzdLW9s7uXnn/oKmjRDFssEhEqu1TjYJLbBhuBLZjhTT0Bbb88U3mt55QaR7JBzOJsRfSoeQBZ9RY6bEbUjPyA3J31S9X3Ko7A1kmXk4qkKPeL391BxFLQpSGCap1x3Nj00upMpwJnJa6icaYsjEdYsdSSUPUvXSWeEpOrDIgQaTsk4bM1N8bKQ21noS+ncwS6kUvE//zOokJLnspl3FiULL5R0EiiIlIdj4ZcIXMiIkllClusxI2oooyY0sq2RK8xZOXSfOs6rlV7/68UrvO6yjCERzDKXhwATW4hTo0gIGEZ3iFN0c7L8678zEfLTj5ziH8gfP5A9G2kFc=</latexit><latexit sha1_base64="BSW3PzSt9u8Rl43b9bhkV+rz9MY=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoBuh6MaVVLAPbEvJpHfa0ExmSDJCGfoXblwo4ta/ceffmGlnoa0HAodz7iXnHj8WXBvX/XYKK6tr6xvFzdLW9s7uXnn/oKmjRDFssEhEqu1TjYJLbBhuBLZjhTT0Bbb88U3mt55QaR7JBzOJsRfSoeQBZ9RY6bEbUjPyA3J31S9X3Ko7A1kmXk4qkKPeL391BxFLQpSGCap1x3Nj00upMpwJnJa6icaYsjEdYsdSSUPUvXSWeEpOrDIgQaTsk4bM1N8bKQ21noS+ncwS6kUvE//zOokJLnspl3FiULL5R0EiiIlIdj4ZcIXMiIkllClusxI2oooyY0sq2RK8xZOXSfOs6rlV7/68UrvO6yjCERzDKXhwATW4hTo0gIGEZ3iFN0c7L8678zEfLTj5ziH8gfP5A9G2kFc=</latexit><latexit sha1_base64="BSW3PzSt9u8Rl43b9bhkV+rz9MY=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoBuh6MaVVLAPbEvJpHfa0ExmSDJCGfoXblwo4ta/ceffmGlnoa0HAodz7iXnHj8WXBvX/XYKK6tr6xvFzdLW9s7uXnn/oKmjRDFssEhEqu1TjYJLbBhuBLZjhTT0Bbb88U3mt55QaR7JBzOJsRfSoeQBZ9RY6bEbUjPyA3J31S9X3Ko7A1kmXk4qkKPeL391BxFLQpSGCap1x3Nj00upMpwJnJa6icaYsjEdYsdSSUPUvXSWeEpOrDIgQaTsk4bM1N8bKQ21noS+ncwS6kUvE//zOokJLnspl3FiULL5R0EiiIlIdj4ZcIXMiIkllClusxI2oooyY0sq2RK8xZOXSfOs6rlV7/68UrvO6yjCERzDKXhwATW4hTo0gIGEZ3iFN0c7L8678zEfLTj5ziH8gfP5A9G2kFc=</latexit><latexit sha1_base64="BSW3PzSt9u8Rl43b9bhkV+rz9MY=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoBuh6MaVVLAPbEvJpHfa0ExmSDJCGfoXblwo4ta/ceffmGlnoa0HAodz7iXnHj8WXBvX/XYKK6tr6xvFzdLW9s7uXnn/oKmjRDFssEhEqu1TjYJLbBhuBLZjhTT0Bbb88U3mt55QaR7JBzOJsRfSoeQBZ9RY6bEbUjPyA3J31S9X3Ko7A1kmXk4qkKPeL391BxFLQpSGCap1x3Nj00upMpwJnJa6icaYsjEdYsdSSUPUvXSWeEpOrDIgQaTsk4bM1N8bKQ21noS+ncwS6kUvE//zOokJLnspl3FiULL5R0EiiIlIdj4ZcIXMiIkllClusxI2oooyY0sq2RK8xZOXSfOs6rlV7/68UrvO6yjCERzDKXhwATW4hTo0gIGEZ3iFN0c7L8678zEfLTj5ziH8gfP5A9G2kFc=</latexit>

B<latexit sha1_base64="w8zK093o8AGE3gaf1rtAh9s3RN4=">AAAB8HicbVDLSgMxFL3xWeur6tJNsAiuyowIuix147KCfUg7lEyaaUOTzJBkhDL0K9y4UMStn+POvzHTzkJbDwQO59xLzj1hIrixnveN1tY3Nre2Szvl3b39g8PK0XHbxKmmrEVjEetuSAwTXLGW5VawbqIZkaFgnXBym/udJ6YNj9WDnSYskGSkeMQpsU567Etix2GEG4NK1at5c+BV4hekCgWag8pXfxjTVDJlqSDG9HwvsUFGtOVUsFm5nxqWEDohI9ZzVBHJTJDNA8/wuVOGOIq1e8riufp7IyPSmKkM3WQe0Cx7ufif10ttdBNkXCWpZYouPopSgW2M8+vxkGtGrZg6QqjmLiumY6IJta6jsivBXz55lbQva75X8++vqvVGUUcJTuEMLsCHa6jDHTShBRQkPMMrvCGNXtA7+liMrqFi5wT+AH3+ADrikAQ=</latexit><latexit sha1_base64="w8zK093o8AGE3gaf1rtAh9s3RN4=">AAAB8HicbVDLSgMxFL3xWeur6tJNsAiuyowIuix147KCfUg7lEyaaUOTzJBkhDL0K9y4UMStn+POvzHTzkJbDwQO59xLzj1hIrixnveN1tY3Nre2Szvl3b39g8PK0XHbxKmmrEVjEetuSAwTXLGW5VawbqIZkaFgnXBym/udJ6YNj9WDnSYskGSkeMQpsU567Etix2GEG4NK1at5c+BV4hekCgWag8pXfxjTVDJlqSDG9HwvsUFGtOVUsFm5nxqWEDohI9ZzVBHJTJDNA8/wuVOGOIq1e8riufp7IyPSmKkM3WQe0Cx7ufif10ttdBNkXCWpZYouPopSgW2M8+vxkGtGrZg6QqjmLiumY6IJta6jsivBXz55lbQva75X8++vqvVGUUcJTuEMLsCHa6jDHTShBRQkPMMrvCGNXtA7+liMrqFi5wT+AH3+ADrikAQ=</latexit><latexit sha1_base64="w8zK093o8AGE3gaf1rtAh9s3RN4=">AAAB8HicbVDLSgMxFL3xWeur6tJNsAiuyowIuix147KCfUg7lEyaaUOTzJBkhDL0K9y4UMStn+POvzHTzkJbDwQO59xLzj1hIrixnveN1tY3Nre2Szvl3b39g8PK0XHbxKmmrEVjEetuSAwTXLGW5VawbqIZkaFgnXBym/udJ6YNj9WDnSYskGSkeMQpsU567Etix2GEG4NK1at5c+BV4hekCgWag8pXfxjTVDJlqSDG9HwvsUFGtOVUsFm5nxqWEDohI9ZzVBHJTJDNA8/wuVOGOIq1e8riufp7IyPSmKkM3WQe0Cx7ufif10ttdBNkXCWpZYouPopSgW2M8+vxkGtGrZg6QqjmLiumY6IJta6jsivBXz55lbQva75X8++vqvVGUUcJTuEMLsCHa6jDHTShBRQkPMMrvCGNXtA7+liMrqFi5wT+AH3+ADrikAQ=</latexit><latexit sha1_base64="w8zK093o8AGE3gaf1rtAh9s3RN4=">AAAB8HicbVDLSgMxFL3xWeur6tJNsAiuyowIuix147KCfUg7lEyaaUOTzJBkhDL0K9y4UMStn+POvzHTzkJbDwQO59xLzj1hIrixnveN1tY3Nre2Szvl3b39g8PK0XHbxKmmrEVjEetuSAwTXLGW5VawbqIZkaFgnXBym/udJ6YNj9WDnSYskGSkeMQpsU567Etix2GEG4NK1at5c+BV4hekCgWag8pXfxjTVDJlqSDG9HwvsUFGtOVUsFm5nxqWEDohI9ZzVBHJTJDNA8/wuVOGOIq1e8riufp7IyPSmKkM3WQe0Cx7ufif10ttdBNkXCWpZYouPopSgW2M8+vxkGtGrZg6QqjmLiumY6IJta6jsivBXz55lbQva75X8++vqvVGUUcJTuEMLsCHa6jDHTShBRQkPMMrvCGNXtA7+liMrqFi5wT+AH3+ADrikAQ=</latexit>

B>
<latexit sha1_base64="XzwCK4p+u2a++Sk4l1eyZq8GF54=">AAAB+XicbVDLSgMxFL1TX7W+Rl26CRbBVZkRQZelblxWsA/o1JJJM21oJhmSTKEM/RM3LhRx65+482/MtLPQ1gOBwzn3ck9OmHCmjed9O6WNza3tnfJuZW//4PDIPT5pa5kqQltEcqm6IdaUM0FbhhlOu4miOA457YSTu9zvTKnSTIpHM0toP8YjwSJGsLHSwHWDGJtxGKHGUxYYmcwHbtWreQugdeIXpAoFmgP3KxhKksZUGMKx1j3fS0w/w8owwum8EqSaJphM8Ij2LBU4prqfLZLP0YVVhiiSyj5h0EL9vZHhWOtZHNrJPKde9XLxP6+Xmui2nzGRpIYKsjwUpRwZifIa0JApSgyfWYKJYjYrImOsMDG2rIotwV/98jppX9V8r+Y/XFfrjaKOMpzBOVyCDzdQh3toQgsITOEZXuHNyZwX5935WI6WnGLnFP7A+fwBaH+TgA==</latexit><latexit sha1_base64="XzwCK4p+u2a++Sk4l1eyZq8GF54=">AAAB+XicbVDLSgMxFL1TX7W+Rl26CRbBVZkRQZelblxWsA/o1JJJM21oJhmSTKEM/RM3LhRx65+482/MtLPQ1gOBwzn3ck9OmHCmjed9O6WNza3tnfJuZW//4PDIPT5pa5kqQltEcqm6IdaUM0FbhhlOu4miOA457YSTu9zvTKnSTIpHM0toP8YjwSJGsLHSwHWDGJtxGKHGUxYYmcwHbtWreQugdeIXpAoFmgP3KxhKksZUGMKx1j3fS0w/w8owwum8EqSaJphM8Ij2LBU4prqfLZLP0YVVhiiSyj5h0EL9vZHhWOtZHNrJPKde9XLxP6+Xmui2nzGRpIYKsjwUpRwZifIa0JApSgyfWYKJYjYrImOsMDG2rIotwV/98jppX9V8r+Y/XFfrjaKOMpzBOVyCDzdQh3toQgsITOEZXuHNyZwX5935WI6WnGLnFP7A+fwBaH+TgA==</latexit><latexit sha1_base64="XzwCK4p+u2a++Sk4l1eyZq8GF54=">AAAB+XicbVDLSgMxFL1TX7W+Rl26CRbBVZkRQZelblxWsA/o1JJJM21oJhmSTKEM/RM3LhRx65+482/MtLPQ1gOBwzn3ck9OmHCmjed9O6WNza3tnfJuZW//4PDIPT5pa5kqQltEcqm6IdaUM0FbhhlOu4miOA457YSTu9zvTKnSTIpHM0toP8YjwSJGsLHSwHWDGJtxGKHGUxYYmcwHbtWreQugdeIXpAoFmgP3KxhKksZUGMKx1j3fS0w/w8owwum8EqSaJphM8Ij2LBU4prqfLZLP0YVVhiiSyj5h0EL9vZHhWOtZHNrJPKde9XLxP6+Xmui2nzGRpIYKsjwUpRwZifIa0JApSgyfWYKJYjYrImOsMDG2rIotwV/98jppX9V8r+Y/XFfrjaKOMpzBOVyCDzdQh3toQgsITOEZXuHNyZwX5935WI6WnGLnFP7A+fwBaH+TgA==</latexit><latexit sha1_base64="XzwCK4p+u2a++Sk4l1eyZq8GF54=">AAAB+XicbVDLSgMxFL1TX7W+Rl26CRbBVZkRQZelblxWsA/o1JJJM21oJhmSTKEM/RM3LhRx65+482/MtLPQ1gOBwzn3ck9OmHCmjed9O6WNza3tnfJuZW//4PDIPT5pa5kqQltEcqm6IdaUM0FbhhlOu4miOA457YSTu9zvTKnSTIpHM0toP8YjwSJGsLHSwHWDGJtxGKHGUxYYmcwHbtWreQugdeIXpAoFmgP3KxhKksZUGMKx1j3fS0w/w8owwum8EqSaJphM8Ij2LBU4prqfLZLP0YVVhiiSyj5h0EL9vZHhWOtZHNrJPKde9XLxP6+Xmui2nzGRpIYKsjwUpRwZifIa0JApSgyfWYKJYjYrImOsMDG2rIotwV/98jppX9V8r+Y/XFfrjaKOMpzBOVyCDzdQh3toQgsITOEZXuHNyZwX5935WI6WnGLnFP7A+fwBaH+TgA==</latexit>

• Instead of M = UVT , we work with N =

[
UU> UV>

VU> VV>

]
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Reformulation into a Symmetric Problem

• The asymmetric objective function

f(U,V) =
∥∥A(U∗[V∗]T −UVT )

∥∥2
+R(U,V)

• Construct the symmetric matrix N

U>
<latexit sha1_base64="K3G/ESkqNLwQeKktDTiM7zGXtqY=">AAAB+XicbVBNSwMxFHzrZ61fqx69BIvgqeyKoMeiF48V3LbQrSWbZtvQbLIk2UJZ+k+8eFDEq//Em//GbLsHbR0IDDPv8SYTpZxp43nfztr6xubWdmWnuru3f3DoHh23tMwUoQGRXKpOhDXlTNDAMMNpJ1UUJxGn7Wh8V/jtCVWaSfFopintJXgoWMwINlbqu26YYDOKYhQ85aGR6azv1ry6NwdaJX5JalCi2Xe/woEkWUKFIRxr3fW91PRyrAwjnM6qYaZpiskYD2nXUoETqnv5PPkMnVtlgGKp7BMGzdXfGzlOtJ4mkZ0scuplrxD/87qZiW96ORNpZqggi0NxxpGRqKgBDZiixPCpJZgoZrMiMsIKE2PLqtoS/OUvr5LWZd336v7DVa1xW9ZRgVM4gwvw4RoacA9NCIDABJ7hFd6c3Hlx3p2PxeiaU+6cwB84nz+F0JOT</latexit><latexit sha1_base64="K3G/ESkqNLwQeKktDTiM7zGXtqY=">AAAB+XicbVBNSwMxFHzrZ61fqx69BIvgqeyKoMeiF48V3LbQrSWbZtvQbLIk2UJZ+k+8eFDEq//Em//GbLsHbR0IDDPv8SYTpZxp43nfztr6xubWdmWnuru3f3DoHh23tMwUoQGRXKpOhDXlTNDAMMNpJ1UUJxGn7Wh8V/jtCVWaSfFopintJXgoWMwINlbqu26YYDOKYhQ85aGR6azv1ry6NwdaJX5JalCi2Xe/woEkWUKFIRxr3fW91PRyrAwjnM6qYaZpiskYD2nXUoETqnv5PPkMnVtlgGKp7BMGzdXfGzlOtJ4mkZ0scuplrxD/87qZiW96ORNpZqggi0NxxpGRqKgBDZiixPCpJZgoZrMiMsIKE2PLqtoS/OUvr5LWZd336v7DVa1xW9ZRgVM4gwvw4RoacA9NCIDABJ7hFd6c3Hlx3p2PxeiaU+6cwB84nz+F0JOT</latexit><latexit sha1_base64="K3G/ESkqNLwQeKktDTiM7zGXtqY=">AAAB+XicbVBNSwMxFHzrZ61fqx69BIvgqeyKoMeiF48V3LbQrSWbZtvQbLIk2UJZ+k+8eFDEq//Em//GbLsHbR0IDDPv8SYTpZxp43nfztr6xubWdmWnuru3f3DoHh23tMwUoQGRXKpOhDXlTNDAMMNpJ1UUJxGn7Wh8V/jtCVWaSfFopintJXgoWMwINlbqu26YYDOKYhQ85aGR6azv1ry6NwdaJX5JalCi2Xe/woEkWUKFIRxr3fW91PRyrAwjnM6qYaZpiskYD2nXUoETqnv5PPkMnVtlgGKp7BMGzdXfGzlOtJ4mkZ0scuplrxD/87qZiW96ORNpZqggi0NxxpGRqKgBDZiixPCpJZgoZrMiMsIKE2PLqtoS/OUvr5LWZd336v7DVa1xW9ZRgVM4gwvw4RoacA9NCIDABJ7hFd6c3Hlx3p2PxeiaU+6cwB84nz+F0JOT</latexit><latexit sha1_base64="K3G/ESkqNLwQeKktDTiM7zGXtqY=">AAAB+XicbVBNSwMxFHzrZ61fqx69BIvgqeyKoMeiF48V3LbQrSWbZtvQbLIk2UJZ+k+8eFDEq//Em//GbLsHbR0IDDPv8SYTpZxp43nfztr6xubWdmWnuru3f3DoHh23tMwUoQGRXKpOhDXlTNDAMMNpJ1UUJxGn7Wh8V/jtCVWaSfFopintJXgoWMwINlbqu26YYDOKYhQ85aGR6azv1ry6NwdaJX5JalCi2Xe/woEkWUKFIRxr3fW91PRyrAwjnM6qYaZpiskYD2nXUoETqnv5PPkMnVtlgGKp7BMGzdXfGzlOtJ4mkZ0scuplrxD/87qZiW96ORNpZqggi0NxxpGRqKgBDZiixPCpJZgoZrMiMsIKE2PLqtoS/OUvr5LWZd336v7DVa1xW9ZRgVM4gwvw4RoacA9NCIDABJ7hFd6c3Hlx3p2PxeiaU+6cwB84nz+F0JOT</latexit>

V>
<latexit sha1_base64="DOiGOkmxP4svy88blhZhpeD5OL8=">AAAB+XicbVDLSgMxFL3js9bXqEs3wSK4KjMi6LLoxmUF+4DOWDJppg3NJEOSKZShf+LGhSJu/RN3/o2ZdhbaeiBwOOde7smJUs608bxvZ219Y3Nru7JT3d3bPzh0j47bWmaK0BaRXKpuhDXlTNCWYYbTbqooTiJOO9H4rvA7E6o0k+LRTFMaJngoWMwINlbqu26QYDOKYtR+ygMj01nfrXl1bw60SvyS1KBEs+9+BQNJsoQKQzjWuud7qQlzrAwjnM6qQaZpiskYD2nPUoETqsN8nnyGzq0yQLFU9gmD5urvjRwnWk+TyE4WOfWyV4j/eb3MxDdhzkSaGSrI4lCccWQkKmpAA6YoMXxqCSaK2ayIjLDCxNiyqrYEf/nLq6R9Wfe9uv9wVWvclnVU4BTO4AJ8uIYG3EMTWkBgAs/wCm9O7rw4787HYnTNKXdO4A+czx+HW5OU</latexit><latexit sha1_base64="DOiGOkmxP4svy88blhZhpeD5OL8=">AAAB+XicbVDLSgMxFL3js9bXqEs3wSK4KjMi6LLoxmUF+4DOWDJppg3NJEOSKZShf+LGhSJu/RN3/o2ZdhbaeiBwOOde7smJUs608bxvZ219Y3Nru7JT3d3bPzh0j47bWmaK0BaRXKpuhDXlTNCWYYbTbqooTiJOO9H4rvA7E6o0k+LRTFMaJngoWMwINlbqu26QYDOKYtR+ygMj01nfrXl1bw60SvyS1KBEs+9+BQNJsoQKQzjWuud7qQlzrAwjnM6qQaZpiskYD2nPUoETqsN8nnyGzq0yQLFU9gmD5urvjRwnWk+TyE4WOfWyV4j/eb3MxDdhzkSaGSrI4lCccWQkKmpAA6YoMXxqCSaK2ayIjLDCxNiyqrYEf/nLq6R9Wfe9uv9wVWvclnVU4BTO4AJ8uIYG3EMTWkBgAs/wCm9O7rw4787HYnTNKXdO4A+czx+HW5OU</latexit><latexit sha1_base64="DOiGOkmxP4svy88blhZhpeD5OL8=">AAAB+XicbVDLSgMxFL3js9bXqEs3wSK4KjMi6LLoxmUF+4DOWDJppg3NJEOSKZShf+LGhSJu/RN3/o2ZdhbaeiBwOOde7smJUs608bxvZ219Y3Nru7JT3d3bPzh0j47bWmaK0BaRXKpuhDXlTNCWYYbTbqooTiJOO9H4rvA7E6o0k+LRTFMaJngoWMwINlbqu26QYDOKYtR+ygMj01nfrXl1bw60SvyS1KBEs+9+BQNJsoQKQzjWuud7qQlzrAwjnM6qQaZpiskYD2nPUoETqsN8nnyGzq0yQLFU9gmD5urvjRwnWk+TyE4WOfWyV4j/eb3MxDdhzkSaGSrI4lCccWQkKmpAA6YoMXxqCSaK2ayIjLDCxNiyqrYEf/nLq6R9Wfe9uv9wVWvclnVU4BTO4AJ8uIYG3EMTWkBgAs/wCm9O7rw4787HYnTNKXdO4A+czx+HW5OU</latexit><latexit sha1_base64="DOiGOkmxP4svy88blhZhpeD5OL8=">AAAB+XicbVDLSgMxFL3js9bXqEs3wSK4KjMi6LLoxmUF+4DOWDJppg3NJEOSKZShf+LGhSJu/RN3/o2ZdhbaeiBwOOde7smJUs608bxvZ219Y3Nru7JT3d3bPzh0j47bWmaK0BaRXKpuhDXlTNCWYYbTbqooTiJOO9H4rvA7E6o0k+LRTFMaJngoWMwINlbqu26QYDOKYtR+ygMj01nfrXl1bw60SvyS1KBEs+9+BQNJsoQKQzjWuud7qQlzrAwjnM6qQaZpiskYD2nPUoETqsN8nnyGzq0yQLFU9gmD5urvjRwnWk+TyE4WOfWyV4j/eb3MxDdhzkSaGSrI4lCccWQkKmpAA6YoMXxqCSaK2ayIjLDCxNiyqrYEf/nLq6R9Wfe9uv9wVWvclnVU4BTO4AJ8uIYG3EMTWkBgAs/wCm9O7rw4787HYnTNKXdO4A+czx+HW5OU</latexit>

V>
<latexit sha1_base64="DOiGOkmxP4svy88blhZhpeD5OL8=">AAAB+XicbVDLSgMxFL3js9bXqEs3wSK4KjMi6LLoxmUF+4DOWDJppg3NJEOSKZShf+LGhSJu/RN3/o2ZdhbaeiBwOOde7smJUs608bxvZ219Y3Nru7JT3d3bPzh0j47bWmaK0BaRXKpuhDXlTNCWYYbTbqooTiJOO9H4rvA7E6o0k+LRTFMaJngoWMwINlbqu26QYDOKYtR+ygMj01nfrXl1bw60SvyS1KBEs+9+BQNJsoQKQzjWuud7qQlzrAwjnM6qQaZpiskYD2nPUoETqsN8nnyGzq0yQLFU9gmD5urvjRwnWk+TyE4WOfWyV4j/eb3MxDdhzkSaGSrI4lCccWQkKmpAA6YoMXxqCSaK2ayIjLDCxNiyqrYEf/nLq6R9Wfe9uv9wVWvclnVU4BTO4AJ8uIYG3EMTWkBgAs/wCm9O7rw4787HYnTNKXdO4A+czx+HW5OU</latexit><latexit sha1_base64="DOiGOkmxP4svy88blhZhpeD5OL8=">AAAB+XicbVDLSgMxFL3js9bXqEs3wSK4KjMi6LLoxmUF+4DOWDJppg3NJEOSKZShf+LGhSJu/RN3/o2ZdhbaeiBwOOde7smJUs608bxvZ219Y3Nru7JT3d3bPzh0j47bWmaK0BaRXKpuhDXlTNCWYYbTbqooTiJOO9H4rvA7E6o0k+LRTFMaJngoWMwINlbqu26QYDOKYtR+ygMj01nfrXl1bw60SvyS1KBEs+9+BQNJsoQKQzjWuud7qQlzrAwjnM6qQaZpiskYD2nPUoETqsN8nnyGzq0yQLFU9gmD5urvjRwnWk+TyE4WOfWyV4j/eb3MxDdhzkSaGSrI4lCccWQkKmpAA6YoMXxqCSaK2ayIjLDCxNiyqrYEf/nLq6R9Wfe9uv9wVWvclnVU4BTO4AJ8uIYG3EMTWkBgAs/wCm9O7rw4787HYnTNKXdO4A+czx+HW5OU</latexit><latexit sha1_base64="DOiGOkmxP4svy88blhZhpeD5OL8=">AAAB+XicbVDLSgMxFL3js9bXqEs3wSK4KjMi6LLoxmUF+4DOWDJppg3NJEOSKZShf+LGhSJu/RN3/o2ZdhbaeiBwOOde7smJUs608bxvZ219Y3Nru7JT3d3bPzh0j47bWmaK0BaRXKpuhDXlTNCWYYbTbqooTiJOO9H4rvA7E6o0k+LRTFMaJngoWMwINlbqu26QYDOKYtR+ygMj01nfrXl1bw60SvyS1KBEs+9+BQNJsoQKQzjWuud7qQlzrAwjnM6qQaZpiskYD2nPUoETqsN8nnyGzq0yQLFU9gmD5urvjRwnWk+TyE4WOfWyV4j/eb3MxDdhzkSaGSrI4lCccWQkKmpAA6YoMXxqCSaK2ayIjLDCxNiyqrYEf/nLq6R9Wfe9uv9wVWvclnVU4BTO4AJ8uIYG3EMTWkBgAs/wCm9O7rw4787HYnTNKXdO4A+czx+HW5OU</latexit><latexit sha1_base64="DOiGOkmxP4svy88blhZhpeD5OL8=">AAAB+XicbVDLSgMxFL3js9bXqEs3wSK4KjMi6LLoxmUF+4DOWDJppg3NJEOSKZShf+LGhSJu/RN3/o2ZdhbaeiBwOOde7smJUs608bxvZ219Y3Nru7JT3d3bPzh0j47bWmaK0BaRXKpuhDXlTNCWYYbTbqooTiJOO9H4rvA7E6o0k+LRTFMaJngoWMwINlbqu26QYDOKYtR+ygMj01nfrXl1bw60SvyS1KBEs+9+BQNJsoQKQzjWuud7qQlzrAwjnM6qQaZpiskYD2nPUoETqsN8nnyGzq0yQLFU9gmD5urvjRwnWk+TyE4WOfWyV4j/eb3MxDdhzkSaGSrI4lCccWQkKmpAA6YoMXxqCSaK2ayIjLDCxNiyqrYEf/nLq6R9Wfe9uv9wVWvclnVU4BTO4AJ8uIYG3EMTWkBgAs/wCm9O7rw4787HYnTNKXdO4A+czx+HW5OU</latexit>

V<latexit sha1_base64="AhCj3xF3uZljNyyK0KjtWmOo9ZE=">AAAB8HicbVDLSgMxFL2pr1pfVZdugkVwVWZE0GXRjcsK9iHtUDJppg1NMkOSEcrQr3DjQhG3fo47/8ZMOwttPRA4nHMvOfeEieDGet43Kq2tb2xulbcrO7t7+wfVw6O2iVNNWYvGItbdkBgmuGIty61g3UQzIkPBOuHkNvc7T0wbHqsHO01YIMlI8YhTYp302JfEjsMItwfVmlf35sCrxC9IDQo0B9Wv/jCmqWTKUkGM6fleYoOMaMupYLNKPzUsIXRCRqznqCKSmSCbB57hM6cMcRRr95TFc/X3RkakMVMZusk8oFn2cvE/r5fa6DrIuEpSyxRdfBSlAtsY59fjIdeMWjF1hFDNXVZMx0QTal1HFVeCv3zyKmlf1H2v7t9f1ho3RR1lOIFTOAcfrqABd9CEFlCQ8Ayv8IY0ekHv6GMxWkLFzjH8Afr8AVkykBg=</latexit><latexit sha1_base64="AhCj3xF3uZljNyyK0KjtWmOo9ZE=">AAAB8HicbVDLSgMxFL2pr1pfVZdugkVwVWZE0GXRjcsK9iHtUDJppg1NMkOSEcrQr3DjQhG3fo47/8ZMOwttPRA4nHMvOfeEieDGet43Kq2tb2xulbcrO7t7+wfVw6O2iVNNWYvGItbdkBgmuGIty61g3UQzIkPBOuHkNvc7T0wbHqsHO01YIMlI8YhTYp302JfEjsMItwfVmlf35sCrxC9IDQo0B9Wv/jCmqWTKUkGM6fleYoOMaMupYLNKPzUsIXRCRqznqCKSmSCbB57hM6cMcRRr95TFc/X3RkakMVMZusk8oFn2cvE/r5fa6DrIuEpSyxRdfBSlAtsY59fjIdeMWjF1hFDNXVZMx0QTal1HFVeCv3zyKmlf1H2v7t9f1ho3RR1lOIFTOAcfrqABd9CEFlCQ8Ayv8IY0ekHv6GMxWkLFzjH8Afr8AVkykBg=</latexit><latexit sha1_base64="AhCj3xF3uZljNyyK0KjtWmOo9ZE=">AAAB8HicbVDLSgMxFL2pr1pfVZdugkVwVWZE0GXRjcsK9iHtUDJppg1NMkOSEcrQr3DjQhG3fo47/8ZMOwttPRA4nHMvOfeEieDGet43Kq2tb2xulbcrO7t7+wfVw6O2iVNNWYvGItbdkBgmuGIty61g3UQzIkPBOuHkNvc7T0wbHqsHO01YIMlI8YhTYp302JfEjsMItwfVmlf35sCrxC9IDQo0B9Wv/jCmqWTKUkGM6fleYoOMaMupYLNKPzUsIXRCRqznqCKSmSCbB57hM6cMcRRr95TFc/X3RkakMVMZusk8oFn2cvE/r5fa6DrIuEpSyxRdfBSlAtsY59fjIdeMWjF1hFDNXVZMx0QTal1HFVeCv3zyKmlf1H2v7t9f1ho3RR1lOIFTOAcfrqABd9CEFlCQ8Ayv8IY0ekHv6GMxWkLFzjH8Afr8AVkykBg=</latexit><latexit sha1_base64="AhCj3xF3uZljNyyK0KjtWmOo9ZE=">AAAB8HicbVDLSgMxFL2pr1pfVZdugkVwVWZE0GXRjcsK9iHtUDJppg1NMkOSEcrQr3DjQhG3fo47/8ZMOwttPRA4nHMvOfeEieDGet43Kq2tb2xulbcrO7t7+wfVw6O2iVNNWYvGItbdkBgmuGIty61g3UQzIkPBOuHkNvc7T0wbHqsHO01YIMlI8YhTYp302JfEjsMItwfVmlf35sCrxC9IDQo0B9Wv/jCmqWTKUkGM6fleYoOMaMupYLNKPzUsIXRCRqznqCKSmSCbB57hM6cMcRRr95TFc/X3RkakMVMZusk8oFn2cvE/r5fa6DrIuEpSyxRdfBSlAtsY59fjIdeMWjF1hFDNXVZMx0QTal1HFVeCv3zyKmlf1H2v7t9f1ho3RR1lOIFTOAcfrqABd9CEFlCQ8Ayv8IY0ekHv6GMxWkLFzjH8Afr8AVkykBg=</latexit>

U
<latexit sha1_base64="4p76CnESuLUShzYtBAJxVyINBBU=">AAAB8HicbVBNSwMxFHxbv2r9WvXoJVgET2VXBD0WvXis4LaVdinZNNuGJtklyQpl6a/w4kERr/4cb/4bs+0etHUgMMy8R+ZNlHKmjed9O5W19Y3Nrep2bWd3b//APTxq6yRThAYk4YnqRlhTziQNDDOcdlNFsYg47UST28LvPFGlWSIfzDSlocAjyWJGsLHSY19gM45iFAzcutfw5kCrxC9JHUq0Bu5Xf5iQTFBpCMda93wvNWGOlWGE01mtn2maYjLBI9qzVGJBdZjPA8/QmVWGKE6UfdKgufp7I8dC66mI7GQRUC97hfif18tMfB3mTKaZoZIsPoozjkyCiuvRkClKDJ9agoliNisiY6wwMbajmi3BXz55lbQvGr7X8O8v682bso4qnMApnIMPV9CEO2hBAAQEPMMrvDnKeXHenY/FaMUpd47hD5zPH1eukBc=</latexit><latexit sha1_base64="4p76CnESuLUShzYtBAJxVyINBBU=">AAAB8HicbVBNSwMxFHxbv2r9WvXoJVgET2VXBD0WvXis4LaVdinZNNuGJtklyQpl6a/w4kERr/4cb/4bs+0etHUgMMy8R+ZNlHKmjed9O5W19Y3Nrep2bWd3b//APTxq6yRThAYk4YnqRlhTziQNDDOcdlNFsYg47UST28LvPFGlWSIfzDSlocAjyWJGsLHSY19gM45iFAzcutfw5kCrxC9JHUq0Bu5Xf5iQTFBpCMda93wvNWGOlWGE01mtn2maYjLBI9qzVGJBdZjPA8/QmVWGKE6UfdKgufp7I8dC66mI7GQRUC97hfif18tMfB3mTKaZoZIsPoozjkyCiuvRkClKDJ9agoliNisiY6wwMbajmi3BXz55lbQvGr7X8O8v682bso4qnMApnIMPV9CEO2hBAAQEPMMrvDnKeXHenY/FaMUpd47hD5zPH1eukBc=</latexit><latexit sha1_base64="4p76CnESuLUShzYtBAJxVyINBBU=">AAAB8HicbVBNSwMxFHxbv2r9WvXoJVgET2VXBD0WvXis4LaVdinZNNuGJtklyQpl6a/w4kERr/4cb/4bs+0etHUgMMy8R+ZNlHKmjed9O5W19Y3Nrep2bWd3b//APTxq6yRThAYk4YnqRlhTziQNDDOcdlNFsYg47UST28LvPFGlWSIfzDSlocAjyWJGsLHSY19gM45iFAzcutfw5kCrxC9JHUq0Bu5Xf5iQTFBpCMda93wvNWGOlWGE01mtn2maYjLBI9qzVGJBdZjPA8/QmVWGKE6UfdKgufp7I8dC66mI7GQRUC97hfif18tMfB3mTKaZoZIsPoozjkyCiuvRkClKDJ9agoliNisiY6wwMbajmi3BXz55lbQvGr7X8O8v682bso4qnMApnIMPV9CEO2hBAAQEPMMrvDnKeXHenY/FaMUpd47hD5zPH1eukBc=</latexit><latexit sha1_base64="4p76CnESuLUShzYtBAJxVyINBBU=">AAAB8HicbVBNSwMxFHxbv2r9WvXoJVgET2VXBD0WvXis4LaVdinZNNuGJtklyQpl6a/w4kERr/4cb/4bs+0etHUgMMy8R+ZNlHKmjed9O5W19Y3Nrep2bWd3b//APTxq6yRThAYk4YnqRlhTziQNDDOcdlNFsYg47UST28LvPFGlWSIfzDSlocAjyWJGsLHSY19gM45iFAzcutfw5kCrxC9JHUq0Bu5Xf5iQTFBpCMda93wvNWGOlWGE01mtn2maYjLBI9qzVGJBdZjPA8/QmVWGKE6UfdKgufp7I8dC66mI7GQRUC97hfif18tMfB3mTKaZoZIsPoozjkyCiuvRkClKDJ9agoliNisiY6wwMbajmi3BXz55lbQvGr7X8O8v682bso4qnMApnIMPV9CEO2hBAAQEPMMrvDnKeXHenY/FaMUpd47hD5zPH1eukBc=</latexit>

U
<latexit sha1_base64="4p76CnESuLUShzYtBAJxVyINBBU=">AAAB8HicbVBNSwMxFHxbv2r9WvXoJVgET2VXBD0WvXis4LaVdinZNNuGJtklyQpl6a/w4kERr/4cb/4bs+0etHUgMMy8R+ZNlHKmjed9O5W19Y3Nrep2bWd3b//APTxq6yRThAYk4YnqRlhTziQNDDOcdlNFsYg47UST28LvPFGlWSIfzDSlocAjyWJGsLHSY19gM45iFAzcutfw5kCrxC9JHUq0Bu5Xf5iQTFBpCMda93wvNWGOlWGE01mtn2maYjLBI9qzVGJBdZjPA8/QmVWGKE6UfdKgufp7I8dC66mI7GQRUC97hfif18tMfB3mTKaZoZIsPoozjkyCiuvRkClKDJ9agoliNisiY6wwMbajmi3BXz55lbQvGr7X8O8v682bso4qnMApnIMPV9CEO2hBAAQEPMMrvDnKeXHenY/FaMUpd47hD5zPH1eukBc=</latexit><latexit sha1_base64="4p76CnESuLUShzYtBAJxVyINBBU=">AAAB8HicbVBNSwMxFHxbv2r9WvXoJVgET2VXBD0WvXis4LaVdinZNNuGJtklyQpl6a/w4kERr/4cb/4bs+0etHUgMMy8R+ZNlHKmjed9O5W19Y3Nrep2bWd3b//APTxq6yRThAYk4YnqRlhTziQNDDOcdlNFsYg47UST28LvPFGlWSIfzDSlocAjyWJGsLHSY19gM45iFAzcutfw5kCrxC9JHUq0Bu5Xf5iQTFBpCMda93wvNWGOlWGE01mtn2maYjLBI9qzVGJBdZjPA8/QmVWGKE6UfdKgufp7I8dC66mI7GQRUC97hfif18tMfB3mTKaZoZIsPoozjkyCiuvRkClKDJ9agoliNisiY6wwMbajmi3BXz55lbQvGr7X8O8v682bso4qnMApnIMPV9CEO2hBAAQEPMMrvDnKeXHenY/FaMUpd47hD5zPH1eukBc=</latexit><latexit sha1_base64="4p76CnESuLUShzYtBAJxVyINBBU=">AAAB8HicbVBNSwMxFHxbv2r9WvXoJVgET2VXBD0WvXis4LaVdinZNNuGJtklyQpl6a/w4kERr/4cb/4bs+0etHUgMMy8R+ZNlHKmjed9O5W19Y3Nrep2bWd3b//APTxq6yRThAYk4YnqRlhTziQNDDOcdlNFsYg47UST28LvPFGlWSIfzDSlocAjyWJGsLHSY19gM45iFAzcutfw5kCrxC9JHUq0Bu5Xf5iQTFBpCMda93wvNWGOlWGE01mtn2maYjLBI9qzVGJBdZjPA8/QmVWGKE6UfdKgufp7I8dC66mI7GQRUC97hfif18tMfB3mTKaZoZIsPoozjkyCiuvRkClKDJ9agoliNisiY6wwMbajmi3BXz55lbQvGr7X8O8v682bso4qnMApnIMPV9CEO2hBAAQEPMMrvDnKeXHenY/FaMUpd47hD5zPH1eukBc=</latexit><latexit sha1_base64="4p76CnESuLUShzYtBAJxVyINBBU=">AAAB8HicbVBNSwMxFHxbv2r9WvXoJVgET2VXBD0WvXis4LaVdinZNNuGJtklyQpl6a/w4kERr/4cb/4bs+0etHUgMMy8R+ZNlHKmjed9O5W19Y3Nrep2bWd3b//APTxq6yRThAYk4YnqRlhTziQNDDOcdlNFsYg47UST28LvPFGlWSIfzDSlocAjyWJGsLHSY19gM45iFAzcutfw5kCrxC9JHUq0Bu5Xf5iQTFBpCMda93wvNWGOlWGE01mtn2maYjLBI9qzVGJBdZjPA8/QmVWGKE6UfdKgufp7I8dC66mI7GQRUC97hfif18tMfB3mTKaZoZIsPoozjkyCiuvRkClKDJ9agoliNisiY6wwMbajmi3BXz55lbQvGr7X8O8v682bso4qnMApnIMPV9CEO2hBAAQEPMMrvDnKeXHenY/FaMUpd47hD5zPH1eukBc=</latexit>M =<latexit sha1_base64="5yn69C/0ALfzkYkzrcrUPX9Ne8Y=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoBuh6MaNUME+sC0lk95pQzOZIckIZehfuHGhiFv/xp1/Y6adhbYeCBzOuZece/xYcG1c99sprKyurW8UN0tb2zu7e+X9g6aOEsWwwSIRqbZPNQousWG4EdiOFdLQF9jyxzeZ33pCpXkkH8wkxl5Ih5IHnFFjpcduSM3ID8jdVb9ccavuDGSZeDmpQI56v/zVHUQsCVEaJqjWHc+NTS+lynAmcFrqJhpjysZ0iB1LJQ1R99JZ4ik5scqABJGyTxoyU39vpDTUehL6djJLqBe9TPzP6yQmuOylXMaJQcnmHwWJICYi2flkwBUyIyaWUKa4zUrYiCrKjC2pZEvwFk9eJs2zqudWvfvzSu06r6MIR3AMp+DBBdTgFurQAAYSnuEV3hztvDjvzsd8tODkO4fwB87nD9AxkFY=</latexit><latexit sha1_base64="5yn69C/0ALfzkYkzrcrUPX9Ne8Y=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoBuh6MaNUME+sC0lk95pQzOZIckIZehfuHGhiFv/xp1/Y6adhbYeCBzOuZece/xYcG1c99sprKyurW8UN0tb2zu7e+X9g6aOEsWwwSIRqbZPNQousWG4EdiOFdLQF9jyxzeZ33pCpXkkH8wkxl5Ih5IHnFFjpcduSM3ID8jdVb9ccavuDGSZeDmpQI56v/zVHUQsCVEaJqjWHc+NTS+lynAmcFrqJhpjysZ0iB1LJQ1R99JZ4ik5scqABJGyTxoyU39vpDTUehL6djJLqBe9TPzP6yQmuOylXMaJQcnmHwWJICYi2flkwBUyIyaWUKa4zUrYiCrKjC2pZEvwFk9eJs2zqudWvfvzSu06r6MIR3AMp+DBBdTgFurQAAYSnuEV3hztvDjvzsd8tODkO4fwB87nD9AxkFY=</latexit><latexit sha1_base64="5yn69C/0ALfzkYkzrcrUPX9Ne8Y=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoBuh6MaNUME+sC0lk95pQzOZIckIZehfuHGhiFv/xp1/Y6adhbYeCBzOuZece/xYcG1c99sprKyurW8UN0tb2zu7e+X9g6aOEsWwwSIRqbZPNQousWG4EdiOFdLQF9jyxzeZ33pCpXkkH8wkxl5Ih5IHnFFjpcduSM3ID8jdVb9ccavuDGSZeDmpQI56v/zVHUQsCVEaJqjWHc+NTS+lynAmcFrqJhpjysZ0iB1LJQ1R99JZ4ik5scqABJGyTxoyU39vpDTUehL6djJLqBe9TPzP6yQmuOylXMaJQcnmHwWJICYi2flkwBUyIyaWUKa4zUrYiCrKjC2pZEvwFk9eJs2zqudWvfvzSu06r6MIR3AMp+DBBdTgFurQAAYSnuEV3hztvDjvzsd8tODkO4fwB87nD9AxkFY=</latexit><latexit sha1_base64="5yn69C/0ALfzkYkzrcrUPX9Ne8Y=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoBuh6MaNUME+sC0lk95pQzOZIckIZehfuHGhiFv/xp1/Y6adhbYeCBzOuZece/xYcG1c99sprKyurW8UN0tb2zu7e+X9g6aOEsWwwSIRqbZPNQousWG4EdiOFdLQF9jyxzeZ33pCpXkkH8wkxl5Ih5IHnFFjpcduSM3ID8jdVb9ccavuDGSZeDmpQI56v/zVHUQsCVEaJqjWHc+NTS+lynAmcFrqJhpjysZ0iB1LJQ1R99JZ4ik5scqABJGyTxoyU39vpDTUehL6djJLqBe9TPzP6yQmuOylXMaJQcnmHwWJICYi2flkwBUyIyaWUKa4zUrYiCrKjC2pZEvwFk9eJs2zqudWvfvzSu06r6MIR3AMp+DBBdTgFurQAAYSnuEV3hztvDjvzsd8tODkO4fwB87nD9AxkFY=</latexit> N =<latexit sha1_base64="BSW3PzSt9u8Rl43b9bhkV+rz9MY=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoBuh6MaVVLAPbEvJpHfa0ExmSDJCGfoXblwo4ta/ceffmGlnoa0HAodz7iXnHj8WXBvX/XYKK6tr6xvFzdLW9s7uXnn/oKmjRDFssEhEqu1TjYJLbBhuBLZjhTT0Bbb88U3mt55QaR7JBzOJsRfSoeQBZ9RY6bEbUjPyA3J31S9X3Ko7A1kmXk4qkKPeL391BxFLQpSGCap1x3Nj00upMpwJnJa6icaYsjEdYsdSSUPUvXSWeEpOrDIgQaTsk4bM1N8bKQ21noS+ncwS6kUvE//zOokJLnspl3FiULL5R0EiiIlIdj4ZcIXMiIkllClusxI2oooyY0sq2RK8xZOXSfOs6rlV7/68UrvO6yjCERzDKXhwATW4hTo0gIGEZ3iFN0c7L8678zEfLTj5ziH8gfP5A9G2kFc=</latexit><latexit sha1_base64="BSW3PzSt9u8Rl43b9bhkV+rz9MY=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoBuh6MaVVLAPbEvJpHfa0ExmSDJCGfoXblwo4ta/ceffmGlnoa0HAodz7iXnHj8WXBvX/XYKK6tr6xvFzdLW9s7uXnn/oKmjRDFssEhEqu1TjYJLbBhuBLZjhTT0Bbb88U3mt55QaR7JBzOJsRfSoeQBZ9RY6bEbUjPyA3J31S9X3Ko7A1kmXk4qkKPeL391BxFLQpSGCap1x3Nj00upMpwJnJa6icaYsjEdYsdSSUPUvXSWeEpOrDIgQaTsk4bM1N8bKQ21noS+ncwS6kUvE//zOokJLnspl3FiULL5R0EiiIlIdj4ZcIXMiIkllClusxI2oooyY0sq2RK8xZOXSfOs6rlV7/68UrvO6yjCERzDKXhwATW4hTo0gIGEZ3iFN0c7L8678zEfLTj5ziH8gfP5A9G2kFc=</latexit><latexit sha1_base64="BSW3PzSt9u8Rl43b9bhkV+rz9MY=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoBuh6MaVVLAPbEvJpHfa0ExmSDJCGfoXblwo4ta/ceffmGlnoa0HAodz7iXnHj8WXBvX/XYKK6tr6xvFzdLW9s7uXnn/oKmjRDFssEhEqu1TjYJLbBhuBLZjhTT0Bbb88U3mt55QaR7JBzOJsRfSoeQBZ9RY6bEbUjPyA3J31S9X3Ko7A1kmXk4qkKPeL391BxFLQpSGCap1x3Nj00upMpwJnJa6icaYsjEdYsdSSUPUvXSWeEpOrDIgQaTsk4bM1N8bKQ21noS+ncwS6kUvE//zOokJLnspl3FiULL5R0EiiIlIdj4ZcIXMiIkllClusxI2oooyY0sq2RK8xZOXSfOs6rlV7/68UrvO6yjCERzDKXhwATW4hTo0gIGEZ3iFN0c7L8678zEfLTj5ziH8gfP5A9G2kFc=</latexit><latexit sha1_base64="BSW3PzSt9u8Rl43b9bhkV+rz9MY=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoBuh6MaVVLAPbEvJpHfa0ExmSDJCGfoXblwo4ta/ceffmGlnoa0HAodz7iXnHj8WXBvX/XYKK6tr6xvFzdLW9s7uXnn/oKmjRDFssEhEqu1TjYJLbBhuBLZjhTT0Bbb88U3mt55QaR7JBzOJsRfSoeQBZ9RY6bEbUjPyA3J31S9X3Ko7A1kmXk4qkKPeL391BxFLQpSGCap1x3Nj00upMpwJnJa6icaYsjEdYsdSSUPUvXSWeEpOrDIgQaTsk4bM1N8bKQ21noS+ncwS6kUvE//zOokJLnspl3FiULL5R0EiiIlIdj4ZcIXMiIkllClusxI2oooyY0sq2RK8xZOXSfOs6rlV7/68UrvO6yjCERzDKXhwATW4hTo0gIGEZ3iFN0c7L8678zEfLTj5ziH8gfP5A9G2kFc=</latexit>

B<latexit sha1_base64="w8zK093o8AGE3gaf1rtAh9s3RN4=">AAAB8HicbVDLSgMxFL3xWeur6tJNsAiuyowIuix147KCfUg7lEyaaUOTzJBkhDL0K9y4UMStn+POvzHTzkJbDwQO59xLzj1hIrixnveN1tY3Nre2Szvl3b39g8PK0XHbxKmmrEVjEetuSAwTXLGW5VawbqIZkaFgnXBym/udJ6YNj9WDnSYskGSkeMQpsU567Etix2GEG4NK1at5c+BV4hekCgWag8pXfxjTVDJlqSDG9HwvsUFGtOVUsFm5nxqWEDohI9ZzVBHJTJDNA8/wuVOGOIq1e8riufp7IyPSmKkM3WQe0Cx7ufif10ttdBNkXCWpZYouPopSgW2M8+vxkGtGrZg6QqjmLiumY6IJta6jsivBXz55lbQva75X8++vqvVGUUcJTuEMLsCHa6jDHTShBRQkPMMrvCGNXtA7+liMrqFi5wT+AH3+ADrikAQ=</latexit><latexit sha1_base64="w8zK093o8AGE3gaf1rtAh9s3RN4=">AAAB8HicbVDLSgMxFL3xWeur6tJNsAiuyowIuix147KCfUg7lEyaaUOTzJBkhDL0K9y4UMStn+POvzHTzkJbDwQO59xLzj1hIrixnveN1tY3Nre2Szvl3b39g8PK0XHbxKmmrEVjEetuSAwTXLGW5VawbqIZkaFgnXBym/udJ6YNj9WDnSYskGSkeMQpsU567Etix2GEG4NK1at5c+BV4hekCgWag8pXfxjTVDJlqSDG9HwvsUFGtOVUsFm5nxqWEDohI9ZzVBHJTJDNA8/wuVOGOIq1e8riufp7IyPSmKkM3WQe0Cx7ufif10ttdBNkXCWpZYouPopSgW2M8+vxkGtGrZg6QqjmLiumY6IJta6jsivBXz55lbQva75X8++vqvVGUUcJTuEMLsCHa6jDHTShBRQkPMMrvCGNXtA7+liMrqFi5wT+AH3+ADrikAQ=</latexit><latexit sha1_base64="w8zK093o8AGE3gaf1rtAh9s3RN4=">AAAB8HicbVDLSgMxFL3xWeur6tJNsAiuyowIuix147KCfUg7lEyaaUOTzJBkhDL0K9y4UMStn+POvzHTzkJbDwQO59xLzj1hIrixnveN1tY3Nre2Szvl3b39g8PK0XHbxKmmrEVjEetuSAwTXLGW5VawbqIZkaFgnXBym/udJ6YNj9WDnSYskGSkeMQpsU567Etix2GEG4NK1at5c+BV4hekCgWag8pXfxjTVDJlqSDG9HwvsUFGtOVUsFm5nxqWEDohI9ZzVBHJTJDNA8/wuVOGOIq1e8riufp7IyPSmKkM3WQe0Cx7ufif10ttdBNkXCWpZYouPopSgW2M8+vxkGtGrZg6QqjmLiumY6IJta6jsivBXz55lbQva75X8++vqvVGUUcJTuEMLsCHa6jDHTShBRQkPMMrvCGNXtA7+liMrqFi5wT+AH3+ADrikAQ=</latexit><latexit sha1_base64="w8zK093o8AGE3gaf1rtAh9s3RN4=">AAAB8HicbVDLSgMxFL3xWeur6tJNsAiuyowIuix147KCfUg7lEyaaUOTzJBkhDL0K9y4UMStn+POvzHTzkJbDwQO59xLzj1hIrixnveN1tY3Nre2Szvl3b39g8PK0XHbxKmmrEVjEetuSAwTXLGW5VawbqIZkaFgnXBym/udJ6YNj9WDnSYskGSkeMQpsU567Etix2GEG4NK1at5c+BV4hekCgWag8pXfxjTVDJlqSDG9HwvsUFGtOVUsFm5nxqWEDohI9ZzVBHJTJDNA8/wuVOGOIq1e8riufp7IyPSmKkM3WQe0Cx7ufif10ttdBNkXCWpZYouPopSgW2M8+vxkGtGrZg6QqjmLiumY6IJta6jsivBXz55lbQva75X8++vqvVGUUcJTuEMLsCHa6jDHTShBRQkPMMrvCGNXtA7+liMrqFi5wT+AH3+ADrikAQ=</latexit>

B>
<latexit sha1_base64="XzwCK4p+u2a++Sk4l1eyZq8GF54=">AAAB+XicbVDLSgMxFL1TX7W+Rl26CRbBVZkRQZelblxWsA/o1JJJM21oJhmSTKEM/RM3LhRx65+482/MtLPQ1gOBwzn3ck9OmHCmjed9O6WNza3tnfJuZW//4PDIPT5pa5kqQltEcqm6IdaUM0FbhhlOu4miOA457YSTu9zvTKnSTIpHM0toP8YjwSJGsLHSwHWDGJtxGKHGUxYYmcwHbtWreQugdeIXpAoFmgP3KxhKksZUGMKx1j3fS0w/w8owwum8EqSaJphM8Ij2LBU4prqfLZLP0YVVhiiSyj5h0EL9vZHhWOtZHNrJPKde9XLxP6+Xmui2nzGRpIYKsjwUpRwZifIa0JApSgyfWYKJYjYrImOsMDG2rIotwV/98jppX9V8r+Y/XFfrjaKOMpzBOVyCDzdQh3toQgsITOEZXuHNyZwX5935WI6WnGLnFP7A+fwBaH+TgA==</latexit><latexit sha1_base64="XzwCK4p+u2a++Sk4l1eyZq8GF54=">AAAB+XicbVDLSgMxFL1TX7W+Rl26CRbBVZkRQZelblxWsA/o1JJJM21oJhmSTKEM/RM3LhRx65+482/MtLPQ1gOBwzn3ck9OmHCmjed9O6WNza3tnfJuZW//4PDIPT5pa5kqQltEcqm6IdaUM0FbhhlOu4miOA457YSTu9zvTKnSTIpHM0toP8YjwSJGsLHSwHWDGJtxGKHGUxYYmcwHbtWreQugdeIXpAoFmgP3KxhKksZUGMKx1j3fS0w/w8owwum8EqSaJphM8Ij2LBU4prqfLZLP0YVVhiiSyj5h0EL9vZHhWOtZHNrJPKde9XLxP6+Xmui2nzGRpIYKsjwUpRwZifIa0JApSgyfWYKJYjYrImOsMDG2rIotwV/98jppX9V8r+Y/XFfrjaKOMpzBOVyCDzdQh3toQgsITOEZXuHNyZwX5935WI6WnGLnFP7A+fwBaH+TgA==</latexit><latexit sha1_base64="XzwCK4p+u2a++Sk4l1eyZq8GF54=">AAAB+XicbVDLSgMxFL1TX7W+Rl26CRbBVZkRQZelblxWsA/o1JJJM21oJhmSTKEM/RM3LhRx65+482/MtLPQ1gOBwzn3ck9OmHCmjed9O6WNza3tnfJuZW//4PDIPT5pa5kqQltEcqm6IdaUM0FbhhlOu4miOA457YSTu9zvTKnSTIpHM0toP8YjwSJGsLHSwHWDGJtxGKHGUxYYmcwHbtWreQugdeIXpAoFmgP3KxhKksZUGMKx1j3fS0w/w8owwum8EqSaJphM8Ij2LBU4prqfLZLP0YVVhiiSyj5h0EL9vZHhWOtZHNrJPKde9XLxP6+Xmui2nzGRpIYKsjwUpRwZifIa0JApSgyfWYKJYjYrImOsMDG2rIotwV/98jppX9V8r+Y/XFfrjaKOMpzBOVyCDzdQh3toQgsITOEZXuHNyZwX5935WI6WnGLnFP7A+fwBaH+TgA==</latexit><latexit sha1_base64="XzwCK4p+u2a++Sk4l1eyZq8GF54=">AAAB+XicbVDLSgMxFL1TX7W+Rl26CRbBVZkRQZelblxWsA/o1JJJM21oJhmSTKEM/RM3LhRx65+482/MtLPQ1gOBwzn3ck9OmHCmjed9O6WNza3tnfJuZW//4PDIPT5pa5kqQltEcqm6IdaUM0FbhhlOu4miOA457YSTu9zvTKnSTIpHM0toP8YjwSJGsLHSwHWDGJtxGKHGUxYYmcwHbtWreQugdeIXpAoFmgP3KxhKksZUGMKx1j3fS0w/w8owwum8EqSaJphM8Ij2LBU4prqfLZLP0YVVhiiSyj5h0EL9vZHhWOtZHNrJPKde9XLxP6+Xmui2nzGRpIYKsjwUpRwZifIa0JApSgyfWYKJYjYrImOsMDG2rIotwV/98jppX9V8r+Y/XFfrjaKOMpzBOVyCDzdQh3toQgsITOEZXuHNyZwX5935WI6WnGLnFP7A+fwBaH+TgA==</latexit>

• Instead of M = UVT , we work with N =

[
UU> UV>

VU> VV>

]

Rutgers University Ghassemi et al.



ICASSP 2018 > Nonconvex IMC 15 / 18

Reformulation into a Symmetric Problem

• The asymmetric objective function

f(U,V) =
∥∥A(U∗[V∗]T −UVT )

∥∥2
+R(U,V)

• Construct the symmetric matrix N

U>
<latexit sha1_base64="K3G/ESkqNLwQeKktDTiM7zGXtqY=">AAAB+XicbVBNSwMxFHzrZ61fqx69BIvgqeyKoMeiF48V3LbQrSWbZtvQbLIk2UJZ+k+8eFDEq//Em//GbLsHbR0IDDPv8SYTpZxp43nfztr6xubWdmWnuru3f3DoHh23tMwUoQGRXKpOhDXlTNDAMMNpJ1UUJxGn7Wh8V/jtCVWaSfFopintJXgoWMwINlbqu26YYDOKYhQ85aGR6azv1ry6NwdaJX5JalCi2Xe/woEkWUKFIRxr3fW91PRyrAwjnM6qYaZpiskYD2nXUoETqnv5PPkMnVtlgGKp7BMGzdXfGzlOtJ4mkZ0scuplrxD/87qZiW96ORNpZqggi0NxxpGRqKgBDZiixPCpJZgoZrMiMsIKE2PLqtoS/OUvr5LWZd336v7DVa1xW9ZRgVM4gwvw4RoacA9NCIDABJ7hFd6c3Hlx3p2PxeiaU+6cwB84nz+F0JOT</latexit><latexit sha1_base64="K3G/ESkqNLwQeKktDTiM7zGXtqY=">AAAB+XicbVBNSwMxFHzrZ61fqx69BIvgqeyKoMeiF48V3LbQrSWbZtvQbLIk2UJZ+k+8eFDEq//Em//GbLsHbR0IDDPv8SYTpZxp43nfztr6xubWdmWnuru3f3DoHh23tMwUoQGRXKpOhDXlTNDAMMNpJ1UUJxGn7Wh8V/jtCVWaSfFopintJXgoWMwINlbqu26YYDOKYhQ85aGR6azv1ry6NwdaJX5JalCi2Xe/woEkWUKFIRxr3fW91PRyrAwjnM6qYaZpiskYD2nXUoETqnv5PPkMnVtlgGKp7BMGzdXfGzlOtJ4mkZ0scuplrxD/87qZiW96ORNpZqggi0NxxpGRqKgBDZiixPCpJZgoZrMiMsIKE2PLqtoS/OUvr5LWZd336v7DVa1xW9ZRgVM4gwvw4RoacA9NCIDABJ7hFd6c3Hlx3p2PxeiaU+6cwB84nz+F0JOT</latexit><latexit sha1_base64="K3G/ESkqNLwQeKktDTiM7zGXtqY=">AAAB+XicbVBNSwMxFHzrZ61fqx69BIvgqeyKoMeiF48V3LbQrSWbZtvQbLIk2UJZ+k+8eFDEq//Em//GbLsHbR0IDDPv8SYTpZxp43nfztr6xubWdmWnuru3f3DoHh23tMwUoQGRXKpOhDXlTNDAMMNpJ1UUJxGn7Wh8V/jtCVWaSfFopintJXgoWMwINlbqu26YYDOKYhQ85aGR6azv1ry6NwdaJX5JalCi2Xe/woEkWUKFIRxr3fW91PRyrAwjnM6qYaZpiskYD2nXUoETqnv5PPkMnVtlgGKp7BMGzdXfGzlOtJ4mkZ0scuplrxD/87qZiW96ORNpZqggi0NxxpGRqKgBDZiixPCpJZgoZrMiMsIKE2PLqtoS/OUvr5LWZd336v7DVa1xW9ZRgVM4gwvw4RoacA9NCIDABJ7hFd6c3Hlx3p2PxeiaU+6cwB84nz+F0JOT</latexit><latexit sha1_base64="K3G/ESkqNLwQeKktDTiM7zGXtqY=">AAAB+XicbVBNSwMxFHzrZ61fqx69BIvgqeyKoMeiF48V3LbQrSWbZtvQbLIk2UJZ+k+8eFDEq//Em//GbLsHbR0IDDPv8SYTpZxp43nfztr6xubWdmWnuru3f3DoHh23tMwUoQGRXKpOhDXlTNDAMMNpJ1UUJxGn7Wh8V/jtCVWaSfFopintJXgoWMwINlbqu26YYDOKYhQ85aGR6azv1ry6NwdaJX5JalCi2Xe/woEkWUKFIRxr3fW91PRyrAwjnM6qYaZpiskYD2nXUoETqnv5PPkMnVtlgGKp7BMGzdXfGzlOtJ4mkZ0scuplrxD/87qZiW96ORNpZqggi0NxxpGRqKgBDZiixPCpJZgoZrMiMsIKE2PLqtoS/OUvr5LWZd336v7DVa1xW9ZRgVM4gwvw4RoacA9NCIDABJ7hFd6c3Hlx3p2PxeiaU+6cwB84nz+F0JOT</latexit>

V>
<latexit sha1_base64="DOiGOkmxP4svy88blhZhpeD5OL8=">AAAB+XicbVDLSgMxFL3js9bXqEs3wSK4KjMi6LLoxmUF+4DOWDJppg3NJEOSKZShf+LGhSJu/RN3/o2ZdhbaeiBwOOde7smJUs608bxvZ219Y3Nru7JT3d3bPzh0j47bWmaK0BaRXKpuhDXlTNCWYYbTbqooTiJOO9H4rvA7E6o0k+LRTFMaJngoWMwINlbqu26QYDOKYtR+ygMj01nfrXl1bw60SvyS1KBEs+9+BQNJsoQKQzjWuud7qQlzrAwjnM6qQaZpiskYD2nPUoETqsN8nnyGzq0yQLFU9gmD5urvjRwnWk+TyE4WOfWyV4j/eb3MxDdhzkSaGSrI4lCccWQkKmpAA6YoMXxqCSaK2ayIjLDCxNiyqrYEf/nLq6R9Wfe9uv9wVWvclnVU4BTO4AJ8uIYG3EMTWkBgAs/wCm9O7rw4787HYnTNKXdO4A+czx+HW5OU</latexit><latexit sha1_base64="DOiGOkmxP4svy88blhZhpeD5OL8=">AAAB+XicbVDLSgMxFL3js9bXqEs3wSK4KjMi6LLoxmUF+4DOWDJppg3NJEOSKZShf+LGhSJu/RN3/o2ZdhbaeiBwOOde7smJUs608bxvZ219Y3Nru7JT3d3bPzh0j47bWmaK0BaRXKpuhDXlTNCWYYbTbqooTiJOO9H4rvA7E6o0k+LRTFMaJngoWMwINlbqu26QYDOKYtR+ygMj01nfrXl1bw60SvyS1KBEs+9+BQNJsoQKQzjWuud7qQlzrAwjnM6qQaZpiskYD2nPUoETqsN8nnyGzq0yQLFU9gmD5urvjRwnWk+TyE4WOfWyV4j/eb3MxDdhzkSaGSrI4lCccWQkKmpAA6YoMXxqCSaK2ayIjLDCxNiyqrYEf/nLq6R9Wfe9uv9wVWvclnVU4BTO4AJ8uIYG3EMTWkBgAs/wCm9O7rw4787HYnTNKXdO4A+czx+HW5OU</latexit><latexit sha1_base64="DOiGOkmxP4svy88blhZhpeD5OL8=">AAAB+XicbVDLSgMxFL3js9bXqEs3wSK4KjMi6LLoxmUF+4DOWDJppg3NJEOSKZShf+LGhSJu/RN3/o2ZdhbaeiBwOOde7smJUs608bxvZ219Y3Nru7JT3d3bPzh0j47bWmaK0BaRXKpuhDXlTNCWYYbTbqooTiJOO9H4rvA7E6o0k+LRTFMaJngoWMwINlbqu26QYDOKYtR+ygMj01nfrXl1bw60SvyS1KBEs+9+BQNJsoQKQzjWuud7qQlzrAwjnM6qQaZpiskYD2nPUoETqsN8nnyGzq0yQLFU9gmD5urvjRwnWk+TyE4WOfWyV4j/eb3MxDdhzkSaGSrI4lCccWQkKmpAA6YoMXxqCSaK2ayIjLDCxNiyqrYEf/nLq6R9Wfe9uv9wVWvclnVU4BTO4AJ8uIYG3EMTWkBgAs/wCm9O7rw4787HYnTNKXdO4A+czx+HW5OU</latexit><latexit sha1_base64="DOiGOkmxP4svy88blhZhpeD5OL8=">AAAB+XicbVDLSgMxFL3js9bXqEs3wSK4KjMi6LLoxmUF+4DOWDJppg3NJEOSKZShf+LGhSJu/RN3/o2ZdhbaeiBwOOde7smJUs608bxvZ219Y3Nru7JT3d3bPzh0j47bWmaK0BaRXKpuhDXlTNCWYYbTbqooTiJOO9H4rvA7E6o0k+LRTFMaJngoWMwINlbqu26QYDOKYtR+ygMj01nfrXl1bw60SvyS1KBEs+9+BQNJsoQKQzjWuud7qQlzrAwjnM6qQaZpiskYD2nPUoETqsN8nnyGzq0yQLFU9gmD5urvjRwnWk+TyE4WOfWyV4j/eb3MxDdhzkSaGSrI4lCccWQkKmpAA6YoMXxqCSaK2ayIjLDCxNiyqrYEf/nLq6R9Wfe9uv9wVWvclnVU4BTO4AJ8uIYG3EMTWkBgAs/wCm9O7rw4787HYnTNKXdO4A+czx+HW5OU</latexit>

V>
<latexit sha1_base64="DOiGOkmxP4svy88blhZhpeD5OL8=">AAAB+XicbVDLSgMxFL3js9bXqEs3wSK4KjMi6LLoxmUF+4DOWDJppg3NJEOSKZShf+LGhSJu/RN3/o2ZdhbaeiBwOOde7smJUs608bxvZ219Y3Nru7JT3d3bPzh0j47bWmaK0BaRXKpuhDXlTNCWYYbTbqooTiJOO9H4rvA7E6o0k+LRTFMaJngoWMwINlbqu26QYDOKYtR+ygMj01nfrXl1bw60SvyS1KBEs+9+BQNJsoQKQzjWuud7qQlzrAwjnM6qQaZpiskYD2nPUoETqsN8nnyGzq0yQLFU9gmD5urvjRwnWk+TyE4WOfWyV4j/eb3MxDdhzkSaGSrI4lCccWQkKmpAA6YoMXxqCSaK2ayIjLDCxNiyqrYEf/nLq6R9Wfe9uv9wVWvclnVU4BTO4AJ8uIYG3EMTWkBgAs/wCm9O7rw4787HYnTNKXdO4A+czx+HW5OU</latexit><latexit sha1_base64="DOiGOkmxP4svy88blhZhpeD5OL8=">AAAB+XicbVDLSgMxFL3js9bXqEs3wSK4KjMi6LLoxmUF+4DOWDJppg3NJEOSKZShf+LGhSJu/RN3/o2ZdhbaeiBwOOde7smJUs608bxvZ219Y3Nru7JT3d3bPzh0j47bWmaK0BaRXKpuhDXlTNCWYYbTbqooTiJOO9H4rvA7E6o0k+LRTFMaJngoWMwINlbqu26QYDOKYtR+ygMj01nfrXl1bw60SvyS1KBEs+9+BQNJsoQKQzjWuud7qQlzrAwjnM6qQaZpiskYD2nPUoETqsN8nnyGzq0yQLFU9gmD5urvjRwnWk+TyE4WOfWyV4j/eb3MxDdhzkSaGSrI4lCccWQkKmpAA6YoMXxqCSaK2ayIjLDCxNiyqrYEf/nLq6R9Wfe9uv9wVWvclnVU4BTO4AJ8uIYG3EMTWkBgAs/wCm9O7rw4787HYnTNKXdO4A+czx+HW5OU</latexit><latexit sha1_base64="DOiGOkmxP4svy88blhZhpeD5OL8=">AAAB+XicbVDLSgMxFL3js9bXqEs3wSK4KjMi6LLoxmUF+4DOWDJppg3NJEOSKZShf+LGhSJu/RN3/o2ZdhbaeiBwOOde7smJUs608bxvZ219Y3Nru7JT3d3bPzh0j47bWmaK0BaRXKpuhDXlTNCWYYbTbqooTiJOO9H4rvA7E6o0k+LRTFMaJngoWMwINlbqu26QYDOKYtR+ygMj01nfrXl1bw60SvyS1KBEs+9+BQNJsoQKQzjWuud7qQlzrAwjnM6qQaZpiskYD2nPUoETqsN8nnyGzq0yQLFU9gmD5urvjRwnWk+TyE4WOfWyV4j/eb3MxDdhzkSaGSrI4lCccWQkKmpAA6YoMXxqCSaK2ayIjLDCxNiyqrYEf/nLq6R9Wfe9uv9wVWvclnVU4BTO4AJ8uIYG3EMTWkBgAs/wCm9O7rw4787HYnTNKXdO4A+czx+HW5OU</latexit><latexit sha1_base64="DOiGOkmxP4svy88blhZhpeD5OL8=">AAAB+XicbVDLSgMxFL3js9bXqEs3wSK4KjMi6LLoxmUF+4DOWDJppg3NJEOSKZShf+LGhSJu/RN3/o2ZdhbaeiBwOOde7smJUs608bxvZ219Y3Nru7JT3d3bPzh0j47bWmaK0BaRXKpuhDXlTNCWYYbTbqooTiJOO9H4rvA7E6o0k+LRTFMaJngoWMwINlbqu26QYDOKYtR+ygMj01nfrXl1bw60SvyS1KBEs+9+BQNJsoQKQzjWuud7qQlzrAwjnM6qQaZpiskYD2nPUoETqsN8nnyGzq0yQLFU9gmD5urvjRwnWk+TyE4WOfWyV4j/eb3MxDdhzkSaGSrI4lCccWQkKmpAA6YoMXxqCSaK2ayIjLDCxNiyqrYEf/nLq6R9Wfe9uv9wVWvclnVU4BTO4AJ8uIYG3EMTWkBgAs/wCm9O7rw4787HYnTNKXdO4A+czx+HW5OU</latexit>

V<latexit sha1_base64="AhCj3xF3uZljNyyK0KjtWmOo9ZE=">AAAB8HicbVDLSgMxFL2pr1pfVZdugkVwVWZE0GXRjcsK9iHtUDJppg1NMkOSEcrQr3DjQhG3fo47/8ZMOwttPRA4nHMvOfeEieDGet43Kq2tb2xulbcrO7t7+wfVw6O2iVNNWYvGItbdkBgmuGIty61g3UQzIkPBOuHkNvc7T0wbHqsHO01YIMlI8YhTYp302JfEjsMItwfVmlf35sCrxC9IDQo0B9Wv/jCmqWTKUkGM6fleYoOMaMupYLNKPzUsIXRCRqznqCKSmSCbB57hM6cMcRRr95TFc/X3RkakMVMZusk8oFn2cvE/r5fa6DrIuEpSyxRdfBSlAtsY59fjIdeMWjF1hFDNXVZMx0QTal1HFVeCv3zyKmlf1H2v7t9f1ho3RR1lOIFTOAcfrqABd9CEFlCQ8Ayv8IY0ekHv6GMxWkLFzjH8Afr8AVkykBg=</latexit><latexit sha1_base64="AhCj3xF3uZljNyyK0KjtWmOo9ZE=">AAAB8HicbVDLSgMxFL2pr1pfVZdugkVwVWZE0GXRjcsK9iHtUDJppg1NMkOSEcrQr3DjQhG3fo47/8ZMOwttPRA4nHMvOfeEieDGet43Kq2tb2xulbcrO7t7+wfVw6O2iVNNWYvGItbdkBgmuGIty61g3UQzIkPBOuHkNvc7T0wbHqsHO01YIMlI8YhTYp302JfEjsMItwfVmlf35sCrxC9IDQo0B9Wv/jCmqWTKUkGM6fleYoOMaMupYLNKPzUsIXRCRqznqCKSmSCbB57hM6cMcRRr95TFc/X3RkakMVMZusk8oFn2cvE/r5fa6DrIuEpSyxRdfBSlAtsY59fjIdeMWjF1hFDNXVZMx0QTal1HFVeCv3zyKmlf1H2v7t9f1ho3RR1lOIFTOAcfrqABd9CEFlCQ8Ayv8IY0ekHv6GMxWkLFzjH8Afr8AVkykBg=</latexit><latexit sha1_base64="AhCj3xF3uZljNyyK0KjtWmOo9ZE=">AAAB8HicbVDLSgMxFL2pr1pfVZdugkVwVWZE0GXRjcsK9iHtUDJppg1NMkOSEcrQr3DjQhG3fo47/8ZMOwttPRA4nHMvOfeEieDGet43Kq2tb2xulbcrO7t7+wfVw6O2iVNNWYvGItbdkBgmuGIty61g3UQzIkPBOuHkNvc7T0wbHqsHO01YIMlI8YhTYp302JfEjsMItwfVmlf35sCrxC9IDQo0B9Wv/jCmqWTKUkGM6fleYoOMaMupYLNKPzUsIXRCRqznqCKSmSCbB57hM6cMcRRr95TFc/X3RkakMVMZusk8oFn2cvE/r5fa6DrIuEpSyxRdfBSlAtsY59fjIdeMWjF1hFDNXVZMx0QTal1HFVeCv3zyKmlf1H2v7t9f1ho3RR1lOIFTOAcfrqABd9CEFlCQ8Ayv8IY0ekHv6GMxWkLFzjH8Afr8AVkykBg=</latexit><latexit sha1_base64="AhCj3xF3uZljNyyK0KjtWmOo9ZE=">AAAB8HicbVDLSgMxFL2pr1pfVZdugkVwVWZE0GXRjcsK9iHtUDJppg1NMkOSEcrQr3DjQhG3fo47/8ZMOwttPRA4nHMvOfeEieDGet43Kq2tb2xulbcrO7t7+wfVw6O2iVNNWYvGItbdkBgmuGIty61g3UQzIkPBOuHkNvc7T0wbHqsHO01YIMlI8YhTYp302JfEjsMItwfVmlf35sCrxC9IDQo0B9Wv/jCmqWTKUkGM6fleYoOMaMupYLNKPzUsIXRCRqznqCKSmSCbB57hM6cMcRRr95TFc/X3RkakMVMZusk8oFn2cvE/r5fa6DrIuEpSyxRdfBSlAtsY59fjIdeMWjF1hFDNXVZMx0QTal1HFVeCv3zyKmlf1H2v7t9f1ho3RR1lOIFTOAcfrqABd9CEFlCQ8Ayv8IY0ekHv6GMxWkLFzjH8Afr8AVkykBg=</latexit>

U
<latexit sha1_base64="4p76CnESuLUShzYtBAJxVyINBBU=">AAAB8HicbVBNSwMxFHxbv2r9WvXoJVgET2VXBD0WvXis4LaVdinZNNuGJtklyQpl6a/w4kERr/4cb/4bs+0etHUgMMy8R+ZNlHKmjed9O5W19Y3Nrep2bWd3b//APTxq6yRThAYk4YnqRlhTziQNDDOcdlNFsYg47UST28LvPFGlWSIfzDSlocAjyWJGsLHSY19gM45iFAzcutfw5kCrxC9JHUq0Bu5Xf5iQTFBpCMda93wvNWGOlWGE01mtn2maYjLBI9qzVGJBdZjPA8/QmVWGKE6UfdKgufp7I8dC66mI7GQRUC97hfif18tMfB3mTKaZoZIsPoozjkyCiuvRkClKDJ9agoliNisiY6wwMbajmi3BXz55lbQvGr7X8O8v682bso4qnMApnIMPV9CEO2hBAAQEPMMrvDnKeXHenY/FaMUpd47hD5zPH1eukBc=</latexit><latexit sha1_base64="4p76CnESuLUShzYtBAJxVyINBBU=">AAAB8HicbVBNSwMxFHxbv2r9WvXoJVgET2VXBD0WvXis4LaVdinZNNuGJtklyQpl6a/w4kERr/4cb/4bs+0etHUgMMy8R+ZNlHKmjed9O5W19Y3Nrep2bWd3b//APTxq6yRThAYk4YnqRlhTziQNDDOcdlNFsYg47UST28LvPFGlWSIfzDSlocAjyWJGsLHSY19gM45iFAzcutfw5kCrxC9JHUq0Bu5Xf5iQTFBpCMda93wvNWGOlWGE01mtn2maYjLBI9qzVGJBdZjPA8/QmVWGKE6UfdKgufp7I8dC66mI7GQRUC97hfif18tMfB3mTKaZoZIsPoozjkyCiuvRkClKDJ9agoliNisiY6wwMbajmi3BXz55lbQvGr7X8O8v682bso4qnMApnIMPV9CEO2hBAAQEPMMrvDnKeXHenY/FaMUpd47hD5zPH1eukBc=</latexit><latexit sha1_base64="4p76CnESuLUShzYtBAJxVyINBBU=">AAAB8HicbVBNSwMxFHxbv2r9WvXoJVgET2VXBD0WvXis4LaVdinZNNuGJtklyQpl6a/w4kERr/4cb/4bs+0etHUgMMy8R+ZNlHKmjed9O5W19Y3Nrep2bWd3b//APTxq6yRThAYk4YnqRlhTziQNDDOcdlNFsYg47UST28LvPFGlWSIfzDSlocAjyWJGsLHSY19gM45iFAzcutfw5kCrxC9JHUq0Bu5Xf5iQTFBpCMda93wvNWGOlWGE01mtn2maYjLBI9qzVGJBdZjPA8/QmVWGKE6UfdKgufp7I8dC66mI7GQRUC97hfif18tMfB3mTKaZoZIsPoozjkyCiuvRkClKDJ9agoliNisiY6wwMbajmi3BXz55lbQvGr7X8O8v682bso4qnMApnIMPV9CEO2hBAAQEPMMrvDnKeXHenY/FaMUpd47hD5zPH1eukBc=</latexit><latexit sha1_base64="4p76CnESuLUShzYtBAJxVyINBBU=">AAAB8HicbVBNSwMxFHxbv2r9WvXoJVgET2VXBD0WvXis4LaVdinZNNuGJtklyQpl6a/w4kERr/4cb/4bs+0etHUgMMy8R+ZNlHKmjed9O5W19Y3Nrep2bWd3b//APTxq6yRThAYk4YnqRlhTziQNDDOcdlNFsYg47UST28LvPFGlWSIfzDSlocAjyWJGsLHSY19gM45iFAzcutfw5kCrxC9JHUq0Bu5Xf5iQTFBpCMda93wvNWGOlWGE01mtn2maYjLBI9qzVGJBdZjPA8/QmVWGKE6UfdKgufp7I8dC66mI7GQRUC97hfif18tMfB3mTKaZoZIsPoozjkyCiuvRkClKDJ9agoliNisiY6wwMbajmi3BXz55lbQvGr7X8O8v682bso4qnMApnIMPV9CEO2hBAAQEPMMrvDnKeXHenY/FaMUpd47hD5zPH1eukBc=</latexit>

U
<latexit sha1_base64="4p76CnESuLUShzYtBAJxVyINBBU=">AAAB8HicbVBNSwMxFHxbv2r9WvXoJVgET2VXBD0WvXis4LaVdinZNNuGJtklyQpl6a/w4kERr/4cb/4bs+0etHUgMMy8R+ZNlHKmjed9O5W19Y3Nrep2bWd3b//APTxq6yRThAYk4YnqRlhTziQNDDOcdlNFsYg47UST28LvPFGlWSIfzDSlocAjyWJGsLHSY19gM45iFAzcutfw5kCrxC9JHUq0Bu5Xf5iQTFBpCMda93wvNWGOlWGE01mtn2maYjLBI9qzVGJBdZjPA8/QmVWGKE6UfdKgufp7I8dC66mI7GQRUC97hfif18tMfB3mTKaZoZIsPoozjkyCiuvRkClKDJ9agoliNisiY6wwMbajmi3BXz55lbQvGr7X8O8v682bso4qnMApnIMPV9CEO2hBAAQEPMMrvDnKeXHenY/FaMUpd47hD5zPH1eukBc=</latexit><latexit sha1_base64="4p76CnESuLUShzYtBAJxVyINBBU=">AAAB8HicbVBNSwMxFHxbv2r9WvXoJVgET2VXBD0WvXis4LaVdinZNNuGJtklyQpl6a/w4kERr/4cb/4bs+0etHUgMMy8R+ZNlHKmjed9O5W19Y3Nrep2bWd3b//APTxq6yRThAYk4YnqRlhTziQNDDOcdlNFsYg47UST28LvPFGlWSIfzDSlocAjyWJGsLHSY19gM45iFAzcutfw5kCrxC9JHUq0Bu5Xf5iQTFBpCMda93wvNWGOlWGE01mtn2maYjLBI9qzVGJBdZjPA8/QmVWGKE6UfdKgufp7I8dC66mI7GQRUC97hfif18tMfB3mTKaZoZIsPoozjkyCiuvRkClKDJ9agoliNisiY6wwMbajmi3BXz55lbQvGr7X8O8v682bso4qnMApnIMPV9CEO2hBAAQEPMMrvDnKeXHenY/FaMUpd47hD5zPH1eukBc=</latexit><latexit sha1_base64="4p76CnESuLUShzYtBAJxVyINBBU=">AAAB8HicbVBNSwMxFHxbv2r9WvXoJVgET2VXBD0WvXis4LaVdinZNNuGJtklyQpl6a/w4kERr/4cb/4bs+0etHUgMMy8R+ZNlHKmjed9O5W19Y3Nrep2bWd3b//APTxq6yRThAYk4YnqRlhTziQNDDOcdlNFsYg47UST28LvPFGlWSIfzDSlocAjyWJGsLHSY19gM45iFAzcutfw5kCrxC9JHUq0Bu5Xf5iQTFBpCMda93wvNWGOlWGE01mtn2maYjLBI9qzVGJBdZjPA8/QmVWGKE6UfdKgufp7I8dC66mI7GQRUC97hfif18tMfB3mTKaZoZIsPoozjkyCiuvRkClKDJ9agoliNisiY6wwMbajmi3BXz55lbQvGr7X8O8v682bso4qnMApnIMPV9CEO2hBAAQEPMMrvDnKeXHenY/FaMUpd47hD5zPH1eukBc=</latexit><latexit sha1_base64="4p76CnESuLUShzYtBAJxVyINBBU=">AAAB8HicbVBNSwMxFHxbv2r9WvXoJVgET2VXBD0WvXis4LaVdinZNNuGJtklyQpl6a/w4kERr/4cb/4bs+0etHUgMMy8R+ZNlHKmjed9O5W19Y3Nrep2bWd3b//APTxq6yRThAYk4YnqRlhTziQNDDOcdlNFsYg47UST28LvPFGlWSIfzDSlocAjyWJGsLHSY19gM45iFAzcutfw5kCrxC9JHUq0Bu5Xf5iQTFBpCMda93wvNWGOlWGE01mtn2maYjLBI9qzVGJBdZjPA8/QmVWGKE6UfdKgufp7I8dC66mI7GQRUC97hfif18tMfB3mTKaZoZIsPoozjkyCiuvRkClKDJ9agoliNisiY6wwMbajmi3BXz55lbQvGr7X8O8v682bso4qnMApnIMPV9CEO2hBAAQEPMMrvDnKeXHenY/FaMUpd47hD5zPH1eukBc=</latexit>M =<latexit sha1_base64="5yn69C/0ALfzkYkzrcrUPX9Ne8Y=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoBuh6MaNUME+sC0lk95pQzOZIckIZehfuHGhiFv/xp1/Y6adhbYeCBzOuZece/xYcG1c99sprKyurW8UN0tb2zu7e+X9g6aOEsWwwSIRqbZPNQousWG4EdiOFdLQF9jyxzeZ33pCpXkkH8wkxl5Ih5IHnFFjpcduSM3ID8jdVb9ccavuDGSZeDmpQI56v/zVHUQsCVEaJqjWHc+NTS+lynAmcFrqJhpjysZ0iB1LJQ1R99JZ4ik5scqABJGyTxoyU39vpDTUehL6djJLqBe9TPzP6yQmuOylXMaJQcnmHwWJICYi2flkwBUyIyaWUKa4zUrYiCrKjC2pZEvwFk9eJs2zqudWvfvzSu06r6MIR3AMp+DBBdTgFurQAAYSnuEV3hztvDjvzsd8tODkO4fwB87nD9AxkFY=</latexit><latexit sha1_base64="5yn69C/0ALfzkYkzrcrUPX9Ne8Y=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoBuh6MaNUME+sC0lk95pQzOZIckIZehfuHGhiFv/xp1/Y6adhbYeCBzOuZece/xYcG1c99sprKyurW8UN0tb2zu7e+X9g6aOEsWwwSIRqbZPNQousWG4EdiOFdLQF9jyxzeZ33pCpXkkH8wkxl5Ih5IHnFFjpcduSM3ID8jdVb9ccavuDGSZeDmpQI56v/zVHUQsCVEaJqjWHc+NTS+lynAmcFrqJhpjysZ0iB1LJQ1R99JZ4ik5scqABJGyTxoyU39vpDTUehL6djJLqBe9TPzP6yQmuOylXMaJQcnmHwWJICYi2flkwBUyIyaWUKa4zUrYiCrKjC2pZEvwFk9eJs2zqudWvfvzSu06r6MIR3AMp+DBBdTgFurQAAYSnuEV3hztvDjvzsd8tODkO4fwB87nD9AxkFY=</latexit><latexit sha1_base64="5yn69C/0ALfzkYkzrcrUPX9Ne8Y=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoBuh6MaNUME+sC0lk95pQzOZIckIZehfuHGhiFv/xp1/Y6adhbYeCBzOuZece/xYcG1c99sprKyurW8UN0tb2zu7e+X9g6aOEsWwwSIRqbZPNQousWG4EdiOFdLQF9jyxzeZ33pCpXkkH8wkxl5Ih5IHnFFjpcduSM3ID8jdVb9ccavuDGSZeDmpQI56v/zVHUQsCVEaJqjWHc+NTS+lynAmcFrqJhpjysZ0iB1LJQ1R99JZ4ik5scqABJGyTxoyU39vpDTUehL6djJLqBe9TPzP6yQmuOylXMaJQcnmHwWJICYi2flkwBUyIyaWUKa4zUrYiCrKjC2pZEvwFk9eJs2zqudWvfvzSu06r6MIR3AMp+DBBdTgFurQAAYSnuEV3hztvDjvzsd8tODkO4fwB87nD9AxkFY=</latexit><latexit sha1_base64="5yn69C/0ALfzkYkzrcrUPX9Ne8Y=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoBuh6MaNUME+sC0lk95pQzOZIckIZehfuHGhiFv/xp1/Y6adhbYeCBzOuZece/xYcG1c99sprKyurW8UN0tb2zu7e+X9g6aOEsWwwSIRqbZPNQousWG4EdiOFdLQF9jyxzeZ33pCpXkkH8wkxl5Ih5IHnFFjpcduSM3ID8jdVb9ccavuDGSZeDmpQI56v/zVHUQsCVEaJqjWHc+NTS+lynAmcFrqJhpjysZ0iB1LJQ1R99JZ4ik5scqABJGyTxoyU39vpDTUehL6djJLqBe9TPzP6yQmuOylXMaJQcnmHwWJICYi2flkwBUyIyaWUKa4zUrYiCrKjC2pZEvwFk9eJs2zqudWvfvzSu06r6MIR3AMp+DBBdTgFurQAAYSnuEV3hztvDjvzsd8tODkO4fwB87nD9AxkFY=</latexit> N =<latexit sha1_base64="BSW3PzSt9u8Rl43b9bhkV+rz9MY=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoBuh6MaVVLAPbEvJpHfa0ExmSDJCGfoXblwo4ta/ceffmGlnoa0HAodz7iXnHj8WXBvX/XYKK6tr6xvFzdLW9s7uXnn/oKmjRDFssEhEqu1TjYJLbBhuBLZjhTT0Bbb88U3mt55QaR7JBzOJsRfSoeQBZ9RY6bEbUjPyA3J31S9X3Ko7A1kmXk4qkKPeL391BxFLQpSGCap1x3Nj00upMpwJnJa6icaYsjEdYsdSSUPUvXSWeEpOrDIgQaTsk4bM1N8bKQ21noS+ncwS6kUvE//zOokJLnspl3FiULL5R0EiiIlIdj4ZcIXMiIkllClusxI2oooyY0sq2RK8xZOXSfOs6rlV7/68UrvO6yjCERzDKXhwATW4hTo0gIGEZ3iFN0c7L8678zEfLTj5ziH8gfP5A9G2kFc=</latexit><latexit sha1_base64="BSW3PzSt9u8Rl43b9bhkV+rz9MY=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoBuh6MaVVLAPbEvJpHfa0ExmSDJCGfoXblwo4ta/ceffmGlnoa0HAodz7iXnHj8WXBvX/XYKK6tr6xvFzdLW9s7uXnn/oKmjRDFssEhEqu1TjYJLbBhuBLZjhTT0Bbb88U3mt55QaR7JBzOJsRfSoeQBZ9RY6bEbUjPyA3J31S9X3Ko7A1kmXk4qkKPeL391BxFLQpSGCap1x3Nj00upMpwJnJa6icaYsjEdYsdSSUPUvXSWeEpOrDIgQaTsk4bM1N8bKQ21noS+ncwS6kUvE//zOokJLnspl3FiULL5R0EiiIlIdj4ZcIXMiIkllClusxI2oooyY0sq2RK8xZOXSfOs6rlV7/68UrvO6yjCERzDKXhwATW4hTo0gIGEZ3iFN0c7L8678zEfLTj5ziH8gfP5A9G2kFc=</latexit><latexit sha1_base64="BSW3PzSt9u8Rl43b9bhkV+rz9MY=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoBuh6MaVVLAPbEvJpHfa0ExmSDJCGfoXblwo4ta/ceffmGlnoa0HAodz7iXnHj8WXBvX/XYKK6tr6xvFzdLW9s7uXnn/oKmjRDFssEhEqu1TjYJLbBhuBLZjhTT0Bbb88U3mt55QaR7JBzOJsRfSoeQBZ9RY6bEbUjPyA3J31S9X3Ko7A1kmXk4qkKPeL391BxFLQpSGCap1x3Nj00upMpwJnJa6icaYsjEdYsdSSUPUvXSWeEpOrDIgQaTsk4bM1N8bKQ21noS+ncwS6kUvE//zOokJLnspl3FiULL5R0EiiIlIdj4ZcIXMiIkllClusxI2oooyY0sq2RK8xZOXSfOs6rlV7/68UrvO6yjCERzDKXhwATW4hTo0gIGEZ3iFN0c7L8678zEfLTj5ziH8gfP5A9G2kFc=</latexit><latexit sha1_base64="BSW3PzSt9u8Rl43b9bhkV+rz9MY=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoBuh6MaVVLAPbEvJpHfa0ExmSDJCGfoXblwo4ta/ceffmGlnoa0HAodz7iXnHj8WXBvX/XYKK6tr6xvFzdLW9s7uXnn/oKmjRDFssEhEqu1TjYJLbBhuBLZjhTT0Bbb88U3mt55QaR7JBzOJsRfSoeQBZ9RY6bEbUjPyA3J31S9X3Ko7A1kmXk4qkKPeL391BxFLQpSGCap1x3Nj00upMpwJnJa6icaYsjEdYsdSSUPUvXSWeEpOrDIgQaTsk4bM1N8bKQ21noS+ncwS6kUvE//zOokJLnspl3FiULL5R0EiiIlIdj4ZcIXMiIkllClusxI2oooyY0sq2RK8xZOXSfOs6rlV7/68UrvO6yjCERzDKXhwATW4hTo0gIGEZ3iFN0c7L8678zEfLTj5ziH8gfP5A9G2kFc=</latexit>

B<latexit sha1_base64="w8zK093o8AGE3gaf1rtAh9s3RN4=">AAAB8HicbVDLSgMxFL3xWeur6tJNsAiuyowIuix147KCfUg7lEyaaUOTzJBkhDL0K9y4UMStn+POvzHTzkJbDwQO59xLzj1hIrixnveN1tY3Nre2Szvl3b39g8PK0XHbxKmmrEVjEetuSAwTXLGW5VawbqIZkaFgnXBym/udJ6YNj9WDnSYskGSkeMQpsU567Etix2GEG4NK1at5c+BV4hekCgWag8pXfxjTVDJlqSDG9HwvsUFGtOVUsFm5nxqWEDohI9ZzVBHJTJDNA8/wuVOGOIq1e8riufp7IyPSmKkM3WQe0Cx7ufif10ttdBNkXCWpZYouPopSgW2M8+vxkGtGrZg6QqjmLiumY6IJta6jsivBXz55lbQva75X8++vqvVGUUcJTuEMLsCHa6jDHTShBRQkPMMrvCGNXtA7+liMrqFi5wT+AH3+ADrikAQ=</latexit><latexit sha1_base64="w8zK093o8AGE3gaf1rtAh9s3RN4=">AAAB8HicbVDLSgMxFL3xWeur6tJNsAiuyowIuix147KCfUg7lEyaaUOTzJBkhDL0K9y4UMStn+POvzHTzkJbDwQO59xLzj1hIrixnveN1tY3Nre2Szvl3b39g8PK0XHbxKmmrEVjEetuSAwTXLGW5VawbqIZkaFgnXBym/udJ6YNj9WDnSYskGSkeMQpsU567Etix2GEG4NK1at5c+BV4hekCgWag8pXfxjTVDJlqSDG9HwvsUFGtOVUsFm5nxqWEDohI9ZzVBHJTJDNA8/wuVOGOIq1e8riufp7IyPSmKkM3WQe0Cx7ufif10ttdBNkXCWpZYouPopSgW2M8+vxkGtGrZg6QqjmLiumY6IJta6jsivBXz55lbQva75X8++vqvVGUUcJTuEMLsCHa6jDHTShBRQkPMMrvCGNXtA7+liMrqFi5wT+AH3+ADrikAQ=</latexit><latexit sha1_base64="w8zK093o8AGE3gaf1rtAh9s3RN4=">AAAB8HicbVDLSgMxFL3xWeur6tJNsAiuyowIuix147KCfUg7lEyaaUOTzJBkhDL0K9y4UMStn+POvzHTzkJbDwQO59xLzj1hIrixnveN1tY3Nre2Szvl3b39g8PK0XHbxKmmrEVjEetuSAwTXLGW5VawbqIZkaFgnXBym/udJ6YNj9WDnSYskGSkeMQpsU567Etix2GEG4NK1at5c+BV4hekCgWag8pXfxjTVDJlqSDG9HwvsUFGtOVUsFm5nxqWEDohI9ZzVBHJTJDNA8/wuVOGOIq1e8riufp7IyPSmKkM3WQe0Cx7ufif10ttdBNkXCWpZYouPopSgW2M8+vxkGtGrZg6QqjmLiumY6IJta6jsivBXz55lbQva75X8++vqvVGUUcJTuEMLsCHa6jDHTShBRQkPMMrvCGNXtA7+liMrqFi5wT+AH3+ADrikAQ=</latexit><latexit sha1_base64="w8zK093o8AGE3gaf1rtAh9s3RN4=">AAAB8HicbVDLSgMxFL3xWeur6tJNsAiuyowIuix147KCfUg7lEyaaUOTzJBkhDL0K9y4UMStn+POvzHTzkJbDwQO59xLzj1hIrixnveN1tY3Nre2Szvl3b39g8PK0XHbxKmmrEVjEetuSAwTXLGW5VawbqIZkaFgnXBym/udJ6YNj9WDnSYskGSkeMQpsU567Etix2GEG4NK1at5c+BV4hekCgWag8pXfxjTVDJlqSDG9HwvsUFGtOVUsFm5nxqWEDohI9ZzVBHJTJDNA8/wuVOGOIq1e8riufp7IyPSmKkM3WQe0Cx7ufif10ttdBNkXCWpZYouPopSgW2M8+vxkGtGrZg6QqjmLiumY6IJta6jsivBXz55lbQva75X8++vqvVGUUcJTuEMLsCHa6jDHTShBRQkPMMrvCGNXtA7+liMrqFi5wT+AH3+ADrikAQ=</latexit>

B>
<latexit sha1_base64="XzwCK4p+u2a++Sk4l1eyZq8GF54=">AAAB+XicbVDLSgMxFL1TX7W+Rl26CRbBVZkRQZelblxWsA/o1JJJM21oJhmSTKEM/RM3LhRx65+482/MtLPQ1gOBwzn3ck9OmHCmjed9O6WNza3tnfJuZW//4PDIPT5pa5kqQltEcqm6IdaUM0FbhhlOu4miOA457YSTu9zvTKnSTIpHM0toP8YjwSJGsLHSwHWDGJtxGKHGUxYYmcwHbtWreQugdeIXpAoFmgP3KxhKksZUGMKx1j3fS0w/w8owwum8EqSaJphM8Ij2LBU4prqfLZLP0YVVhiiSyj5h0EL9vZHhWOtZHNrJPKde9XLxP6+Xmui2nzGRpIYKsjwUpRwZifIa0JApSgyfWYKJYjYrImOsMDG2rIotwV/98jppX9V8r+Y/XFfrjaKOMpzBOVyCDzdQh3toQgsITOEZXuHNyZwX5935WI6WnGLnFP7A+fwBaH+TgA==</latexit><latexit sha1_base64="XzwCK4p+u2a++Sk4l1eyZq8GF54=">AAAB+XicbVDLSgMxFL1TX7W+Rl26CRbBVZkRQZelblxWsA/o1JJJM21oJhmSTKEM/RM3LhRx65+482/MtLPQ1gOBwzn3ck9OmHCmjed9O6WNza3tnfJuZW//4PDIPT5pa5kqQltEcqm6IdaUM0FbhhlOu4miOA457YSTu9zvTKnSTIpHM0toP8YjwSJGsLHSwHWDGJtxGKHGUxYYmcwHbtWreQugdeIXpAoFmgP3KxhKksZUGMKx1j3fS0w/w8owwum8EqSaJphM8Ij2LBU4prqfLZLP0YVVhiiSyj5h0EL9vZHhWOtZHNrJPKde9XLxP6+Xmui2nzGRpIYKsjwUpRwZifIa0JApSgyfWYKJYjYrImOsMDG2rIotwV/98jppX9V8r+Y/XFfrjaKOMpzBOVyCDzdQh3toQgsITOEZXuHNyZwX5935WI6WnGLnFP7A+fwBaH+TgA==</latexit><latexit sha1_base64="XzwCK4p+u2a++Sk4l1eyZq8GF54=">AAAB+XicbVDLSgMxFL1TX7W+Rl26CRbBVZkRQZelblxWsA/o1JJJM21oJhmSTKEM/RM3LhRx65+482/MtLPQ1gOBwzn3ck9OmHCmjed9O6WNza3tnfJuZW//4PDIPT5pa5kqQltEcqm6IdaUM0FbhhlOu4miOA457YSTu9zvTKnSTIpHM0toP8YjwSJGsLHSwHWDGJtxGKHGUxYYmcwHbtWreQugdeIXpAoFmgP3KxhKksZUGMKx1j3fS0w/w8owwum8EqSaJphM8Ij2LBU4prqfLZLP0YVVhiiSyj5h0EL9vZHhWOtZHNrJPKde9XLxP6+Xmui2nzGRpIYKsjwUpRwZifIa0JApSgyfWYKJYjYrImOsMDG2rIotwV/98jppX9V8r+Y/XFfrjaKOMpzBOVyCDzdQh3toQgsITOEZXuHNyZwX5935WI6WnGLnFP7A+fwBaH+TgA==</latexit><latexit sha1_base64="XzwCK4p+u2a++Sk4l1eyZq8GF54=">AAAB+XicbVDLSgMxFL1TX7W+Rl26CRbBVZkRQZelblxWsA/o1JJJM21oJhmSTKEM/RM3LhRx65+482/MtLPQ1gOBwzn3ck9OmHCmjed9O6WNza3tnfJuZW//4PDIPT5pa5kqQltEcqm6IdaUM0FbhhlOu4miOA457YSTu9zvTKnSTIpHM0toP8YjwSJGsLHSwHWDGJtxGKHGUxYYmcwHbtWreQugdeIXpAoFmgP3KxhKksZUGMKx1j3fS0w/w8owwum8EqSaJphM8Ij2LBU4prqfLZLP0YVVhiiSyj5h0EL9vZHhWOtZHNrJPKde9XLxP6+Xmui2nzGRpIYKsjwUpRwZifIa0JApSgyfWYKJYjYrImOsMDG2rIotwV/98jppX9V8r+Y/XFfrjaKOMpzBOVyCDzdQh3toQgsITOEZXuHNyZwX5935WI6WnGLnFP7A+fwBaH+TgA==</latexit>

• Instead of M = UVT , we work with N =

[
UU> UV>

VU> VV>

]
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Reformulation into a Symmetric Problem

• One can define linear operator T such that

∥∥T (B∗[B∗]T −BBT )
∥∥2

=
∥∥A(U∗[V∗]T −UVT )

∥∥2
+R(U,V)

• Reformulated Symmetric problem

min
B

∥∥T (B∗[B∗]T −BBT )
∥∥2

• Now we can use the proof strategy of the symmetric problem

�Tr2f(B)� < 0
around stationary points, unless
� = B � B⇤ = 0 (= recovery)� = vec(�)

T is (2r, �2r)-RIP

Rutgers University Ghassemi et al.
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Operator T Satisfies RIP

• If we use the common regularizer R(U,V) = 1
4

∥∥UUT −VVT
∥∥2

F

A is 2r-RIP
on Rd1⇥d2

T is 2r-RIP
on R(d1+d1)⇥(d1+d2)

• Showing A is 2r-RIP is similar to the symmetric case

• Therfore, in general case it is also sufficient to show A satisfies
RIP

�!
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�!
<latexit sha1_base64="3/1i5i2CQ15DNvrwDu9getiZtJA=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoigh6LXjxWsB/QhrLZbtKlm92wO1Fq6C/x4kERr/4Ub/4bt20O2vpg4PHeDDPzwlRwA5737ZTW1jc2t8rblZ3dvf2qe3DYNirTlLWoEkp3Q2KY4JK1gINg3VQzkoSCdcLxzczvPDBtuJL3MElZkJBY8ohTAlYauNW+UDLWPB4B0Vo9DtyaV/fmwKvEL0gNFWgO3K/+UNEsYRKoIMb0fC+FICcaOBVsWulnhqWEjknMepZKkjAT5PPDp/jUKkMcKW1LAp6rvydykhgzSULbmRAYmWVvJv7n9TKIroKcyzQDJuliUZQJDArPUsBDrhkFMbGEUM3trZiOiCYUbFYVG4K//PIqaZ/Xfa/u313UGtdFHGV0jE7QGfLRJWqgW9RELURRhp7RK3pznpwX5935WLSWnGLmCP2B8/kDcjiTlg==</latexit><latexit sha1_base64="3/1i5i2CQ15DNvrwDu9getiZtJA=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoigh6LXjxWsB/QhrLZbtKlm92wO1Fq6C/x4kERr/4Ub/4bt20O2vpg4PHeDDPzwlRwA5737ZTW1jc2t8rblZ3dvf2qe3DYNirTlLWoEkp3Q2KY4JK1gINg3VQzkoSCdcLxzczvPDBtuJL3MElZkJBY8ohTAlYauNW+UDLWPB4B0Vo9DtyaV/fmwKvEL0gNFWgO3K/+UNEsYRKoIMb0fC+FICcaOBVsWulnhqWEjknMepZKkjAT5PPDp/jUKkMcKW1LAp6rvydykhgzSULbmRAYmWVvJv7n9TKIroKcyzQDJuliUZQJDArPUsBDrhkFMbGEUM3trZiOiCYUbFYVG4K//PIqaZ/Xfa/u313UGtdFHGV0jE7QGfLRJWqgW9RELURRhp7RK3pznpwX5935WLSWnGLmCP2B8/kDcjiTlg==</latexit><latexit sha1_base64="3/1i5i2CQ15DNvrwDu9getiZtJA=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoigh6LXjxWsB/QhrLZbtKlm92wO1Fq6C/x4kERr/4Ub/4bt20O2vpg4PHeDDPzwlRwA5737ZTW1jc2t8rblZ3dvf2qe3DYNirTlLWoEkp3Q2KY4JK1gINg3VQzkoSCdcLxzczvPDBtuJL3MElZkJBY8ohTAlYauNW+UDLWPB4B0Vo9DtyaV/fmwKvEL0gNFWgO3K/+UNEsYRKoIMb0fC+FICcaOBVsWulnhqWEjknMepZKkjAT5PPDp/jUKkMcKW1LAp6rvydykhgzSULbmRAYmWVvJv7n9TKIroKcyzQDJuliUZQJDArPUsBDrhkFMbGEUM3trZiOiCYUbFYVG4K//PIqaZ/Xfa/u313UGtdFHGV0jE7QGfLRJWqgW9RELURRhp7RK3pznpwX5935WLSWnGLmCP2B8/kDcjiTlg==</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="1fSSaQaXgkiI4mg1T76dIElkmdI=">AAAB7XicbZBLSwMxFIXv1Fet1Y5u3QSL4KrMuNGl4MZlBfuAtpRMmpmGZpIhuaPUob/EjQtF/Dvu/Demj4W2Hgh8nJNwb06USWExCL690tb2zu5eeb9yUD08qvnH1bbVuWG8xbTUphtRy6VQvIUCJe9mhtM0krwTTW7neeeRGyu0esBpxgcpTZSIBaPorKFf60utEiOSMVJj9NPQrweNYCGyCeEK6rBSc+h/9Uea5SlXyCS1thcGGQ4KalAwyWeVfm55RtmEJrznUNGU20GxWHxGzp0zIrE27igkC/f3i4Km1k7TyN1MKY7tejY3/8t6OcbXg0KoLEeu2HJQnEuCmsxbICNhOEM5dUCZEW5XwsbUUIauq4orIVz/8ia0Lxth0AjvAyjDKZzBBYRwBTdwB01oAYMcXuAN3r1n79X7WNZV8la9ncAfeZ8/F9SSMw==</latexit><latexit sha1_base64="1fSSaQaXgkiI4mg1T76dIElkmdI=">AAAB7XicbZBLSwMxFIXv1Fet1Y5u3QSL4KrMuNGl4MZlBfuAtpRMmpmGZpIhuaPUob/EjQtF/Dvu/Demj4W2Hgh8nJNwb06USWExCL690tb2zu5eeb9yUD08qvnH1bbVuWG8xbTUphtRy6VQvIUCJe9mhtM0krwTTW7neeeRGyu0esBpxgcpTZSIBaPorKFf60utEiOSMVJj9NPQrweNYCGyCeEK6rBSc+h/9Uea5SlXyCS1thcGGQ4KalAwyWeVfm55RtmEJrznUNGU20GxWHxGzp0zIrE27igkC/f3i4Km1k7TyN1MKY7tejY3/8t6OcbXg0KoLEeu2HJQnEuCmsxbICNhOEM5dUCZEW5XwsbUUIauq4orIVz/8ia0Lxth0AjvAyjDKZzBBYRwBTdwB01oAYMcXuAN3r1n79X7WNZV8la9ncAfeZ8/F9SSMw==</latexit><latexit sha1_base64="HdM1YiUCjML8lgZJ8j97OaT4SJg=">AAAB+HicbVBNS8NAEJ34WetHox69BIvgqSRe9Fj04rGC/YA2lM12ky7d7IbdiVJLf4kXD4p49ad489+4bXPQ1gcDj/dmmJkXZYIb9P1vZ219Y3Nru7RT3t3bP6i4h0cto3JNWZMqoXQnIoYJLlkTOQrWyTQjaSRYOxrdzPz2A9OGK3mP44yFKUkkjzklaKW+W+kJJRPNkyESrdVj3636NX8Ob5UEBalCgUbf/eoNFM1TJpEKYkw38DMMJ0Qjp4JNy73csIzQEUlY11JJUmbCyfzwqXdmlYEXK21LojdXf09MSGrMOI1sZ0pwaJa9mfif180xvgonXGY5MkkXi+JceKi8WQregGtGUYwtIVRze6tHh0QTijarsg0hWH55lbQuaoFfC+78av26iKMEJ3AK5xDAJdThFhrQBAo5PMMrvDlPzovz7nwsWtecYuYY/sD5/AFw+JOS</latexit><latexit sha1_base64="3/1i5i2CQ15DNvrwDu9getiZtJA=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoigh6LXjxWsB/QhrLZbtKlm92wO1Fq6C/x4kERr/4Ub/4bt20O2vpg4PHeDDPzwlRwA5737ZTW1jc2t8rblZ3dvf2qe3DYNirTlLWoEkp3Q2KY4JK1gINg3VQzkoSCdcLxzczvPDBtuJL3MElZkJBY8ohTAlYauNW+UDLWPB4B0Vo9DtyaV/fmwKvEL0gNFWgO3K/+UNEsYRKoIMb0fC+FICcaOBVsWulnhqWEjknMepZKkjAT5PPDp/jUKkMcKW1LAp6rvydykhgzSULbmRAYmWVvJv7n9TKIroKcyzQDJuliUZQJDArPUsBDrhkFMbGEUM3trZiOiCYUbFYVG4K//PIqaZ/Xfa/u313UGtdFHGV0jE7QGfLRJWqgW9RELURRhp7RK3pznpwX5935WLSWnGLmCP2B8/kDcjiTlg==</latexit><latexit sha1_base64="3/1i5i2CQ15DNvrwDu9getiZtJA=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoigh6LXjxWsB/QhrLZbtKlm92wO1Fq6C/x4kERr/4Ub/4bt20O2vpg4PHeDDPzwlRwA5737ZTW1jc2t8rblZ3dvf2qe3DYNirTlLWoEkp3Q2KY4JK1gINg3VQzkoSCdcLxzczvPDBtuJL3MElZkJBY8ohTAlYauNW+UDLWPB4B0Vo9DtyaV/fmwKvEL0gNFWgO3K/+UNEsYRKoIMb0fC+FICcaOBVsWulnhqWEjknMepZKkjAT5PPDp/jUKkMcKW1LAp6rvydykhgzSULbmRAYmWVvJv7n9TKIroKcyzQDJuliUZQJDArPUsBDrhkFMbGEUM3trZiOiCYUbFYVG4K//PIqaZ/Xfa/u313UGtdFHGV0jE7QGfLRJWqgW9RELURRhp7RK3pznpwX5935WLSWnGLmCP2B8/kDcjiTlg==</latexit><latexit sha1_base64="3/1i5i2CQ15DNvrwDu9getiZtJA=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoigh6LXjxWsB/QhrLZbtKlm92wO1Fq6C/x4kERr/4Ub/4bt20O2vpg4PHeDDPzwlRwA5737ZTW1jc2t8rblZ3dvf2qe3DYNirTlLWoEkp3Q2KY4JK1gINg3VQzkoSCdcLxzczvPDBtuJL3MElZkJBY8ohTAlYauNW+UDLWPB4B0Vo9DtyaV/fmwKvEL0gNFWgO3K/+UNEsYRKoIMb0fC+FICcaOBVsWulnhqWEjknMepZKkjAT5PPDp/jUKkMcKW1LAp6rvydykhgzSULbmRAYmWVvJv7n9TKIroKcyzQDJuliUZQJDArPUsBDrhkFMbGEUM3trZiOiCYUbFYVG4K//PIqaZ/Xfa/u313UGtdFHGV0jE7QGfLRJWqgW9RELURRhp7RK3pznpwX5935WLSWnGLmCP2B8/kDcjiTlg==</latexit><latexit sha1_base64="3/1i5i2CQ15DNvrwDu9getiZtJA=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoigh6LXjxWsB/QhrLZbtKlm92wO1Fq6C/x4kERr/4Ub/4bt20O2vpg4PHeDDPzwlRwA5737ZTW1jc2t8rblZ3dvf2qe3DYNirTlLWoEkp3Q2KY4JK1gINg3VQzkoSCdcLxzczvPDBtuJL3MElZkJBY8ohTAlYauNW+UDLWPB4B0Vo9DtyaV/fmwKvEL0gNFWgO3K/+UNEsYRKoIMb0fC+FICcaOBVsWulnhqWEjknMepZKkjAT5PPDp/jUKkMcKW1LAp6rvydykhgzSULbmRAYmWVvJv7n9TKIroKcyzQDJuliUZQJDArPUsBDrhkFMbGEUM3trZiOiCYUbFYVG4K//PIqaZ/Xfa/u313UGtdFHGV0jE7QGfLRJWqgW9RELURRhp7RK3pznpwX5935WLSWnGLmCP2B8/kDcjiTlg==</latexit><latexit sha1_base64="3/1i5i2CQ15DNvrwDu9getiZtJA=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoigh6LXjxWsB/QhrLZbtKlm92wO1Fq6C/x4kERr/4Ub/4bt20O2vpg4PHeDDPzwlRwA5737ZTW1jc2t8rblZ3dvf2qe3DYNirTlLWoEkp3Q2KY4JK1gINg3VQzkoSCdcLxzczvPDBtuJL3MElZkJBY8ohTAlYauNW+UDLWPB4B0Vo9DtyaV/fmwKvEL0gNFWgO3K/+UNEsYRKoIMb0fC+FICcaOBVsWulnhqWEjknMepZKkjAT5PPDp/jUKkMcKW1LAp6rvydykhgzSULbmRAYmWVvJv7n9TKIroKcyzQDJuliUZQJDArPUsBDrhkFMbGEUM3trZiOiCYUbFYVG4K//PIqaZ/Xfa/u313UGtdFHGV0jE7QGfLRJWqgW9RELURRhp7RK3pznpwX5935WLSWnGLmCP2B8/kDcjiTlg==</latexit><latexit sha1_base64="3/1i5i2CQ15DNvrwDu9getiZtJA=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoigh6LXjxWsB/QhrLZbtKlm92wO1Fq6C/x4kERr/4Ub/4bt20O2vpg4PHeDDPzwlRwA5737ZTW1jc2t8rblZ3dvf2qe3DYNirTlLWoEkp3Q2KY4JK1gINg3VQzkoSCdcLxzczvPDBtuJL3MElZkJBY8ohTAlYauNW+UDLWPB4B0Vo9DtyaV/fmwKvEL0gNFWgO3K/+UNEsYRKoIMb0fC+FICcaOBVsWulnhqWEjknMepZKkjAT5PPDp/jUKkMcKW1LAp6rvydykhgzSULbmRAYmWVvJv7n9TKIroKcyzQDJuliUZQJDArPUsBDrhkFMbGEUM3trZiOiCYUbFYVG4K//PIqaZ/Xfa/u313UGtdFHGV0jE7QGfLRJWqgW9RELURRhp7RK3pznpwX5935WLSWnGLmCP2B8/kDcjiTlg==</latexit>

� is a descent direction
around stationary points of f(B)

f(B) is strict saddle
! has no poor local minima

T satisfies
RIP

A satisfies
RIP
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Operator T Satisfies RIP

• If we use the common regularizer R(U,V) = 1
4

∥∥UUT −VVT
∥∥2

F

A is 2r-RIP
on Rd1⇥d2

T is 2r-RIP
on R(d1+d1)⇥(d1+d2)

• Showing A is 2r-RIP is similar to the symmetric case

• Therfore, in general case it is also sufficient to show A satisfies
RIP

�!
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� is a descent direction
around stationary points of f(B)

f(B) is strict saddle
! has no poor local minima

T satisfies
RIP

A satisfies
RIP
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Operator T Satisfies RIP

• If we use the common regularizer R(U,V) = 1
4

∥∥UUT −VVT
∥∥2

F

A is 2r-RIP
on Rd1⇥d2

T is 2r-RIP
on R(d1+d1)⇥(d1+d2)

• Showing A is 2r-RIP is similar to the symmetric case

• Therfore, in general case it is also sufficient to show A satisfies
RIP

�!
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� is a descent direction
around stationary points of f(B)

f(B) is strict saddle
! has no poor local minima

T satisfies
RIP

A satisfies
RIP
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Conclusion

We studied the optimization landscape of the IMC problem. Given
O(max{r2, log2 n}rd) observations, for the factored IMC objective
function,

• All saddle point are escapable

• There is no poor local minimum

• Global optimization results in exact recovery

Implication: local search algorithms can escape saddle points.

−→ SGD will efficiently solve the IMC problem

Next steps:

• Experiments to understand non-asymptotic behavior.

• Extension to other side-information models.
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