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Matrix Factorizations and 
Homological Mirror Symmetry

W.Lerche,  Mittag-Leffler Inst, 7/2022

•Motivation:  quantum geometry of general D-brane configurations

•Recap: closed string mirror symmetry

•LG models: contact terms vs. flat coordinates

•Open string = homological mirror symmetry                         

•Matrix factorizations and their deformations

•Open string mirror map from super-residue pairings

•Example: elliptic curve�
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http://arxiv.org/abs/arXiv:1803.10333


Physics of intersecting brane geometries
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Open string mirror symmetry is by far not as well 
developed as for closed strings!

So far, mostly non-generic (toric/non-compact, non-intersecting) brane 
configurations were considered;  almost nothing has ever been computed
for intersecting branes eg. on Calabi-Yau threefolds!

Phenomenological interest:

•Chiral fermions

•Exponentially suppressed Yukawa’s�
Cijk ⇠ e�Area
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Quiver diagram Disk world sheet in TCFT

boundary changing operator

∼ const + O(e−t, e−u)

F-term superpotential ~ closed paths in quiver

space-time fields,
~ relevant ops closed and open string

moduli

instanton corrections = open GW invariants:  how to compute them?

Application: effective superpotential for quivers



Homological Mirror Symmetry
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Open string mirror symmetry becomes highly non-trivial for intersecting branes

There is an infinitely richer diversity of open Gromov-Witten invariants, ie.,
world-sheet instantons.
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D
<latexit sha1_base64="ZL9sEhxzHJ21dJPtNdjHsOeY9zM=">AAACGXicZVDNSsNAGNy0/tT41+rRy2IpeCqJCNpbQQ8eWzC20Iay2WzapZtN2N2oIfQJvOrNp/EkXj35Nm7aoLUdWBhmvo9vdryYUaks69solTc2t7YrO+bu3v7BYbV2dC+jRGDi4IhFou8hSRjlxFFUMdKPBUGhx0jPm17nfu+BCEkjfqfSmLghGnMaUIyUlro3o2rdalpzwHViF6QOCnRGNaM89COchIQrzJCUA9uKlZshoShmZGYOE0lihKdoTAaachQS6WbzpDPY0IoPg0joxxWcq8sbGQqlTENPT4ZITeSql4u/XmP5FGLMzZ5SbUIvhY/MHHoR8/NB+CctR1PBlZtRHieKcLxIFiQMqgjmPUGfCoIVSzVBWFD9OYgnSCCsdJumrs1eLWmdOOfNVtPuXtTbraK/CjgBp+AM2OAStMEt6AAHYEDAM3gBr8ab8W58GJ+L0ZJR7ByDfzC+fgAu/J2V</latexit><latexit sha1_base64="ZL9sEhxzHJ21dJPtNdjHsOeY9zM=">AAACGXicZVDNSsNAGNy0/tT41+rRy2IpeCqJCNpbQQ8eWzC20Iay2WzapZtN2N2oIfQJvOrNp/EkXj35Nm7aoLUdWBhmvo9vdryYUaks69solTc2t7YrO+bu3v7BYbV2dC+jRGDi4IhFou8hSRjlxFFUMdKPBUGhx0jPm17nfu+BCEkjfqfSmLghGnMaUIyUlro3o2rdalpzwHViF6QOCnRGNaM89COchIQrzJCUA9uKlZshoShmZGYOE0lihKdoTAaachQS6WbzpDPY0IoPg0joxxWcq8sbGQqlTENPT4ZITeSql4u/XmP5FGLMzZ5SbUIvhY/MHHoR8/NB+CctR1PBlZtRHieKcLxIFiQMqgjmPUGfCoIVSzVBWFD9OYgnSCCsdJumrs1eLWmdOOfNVtPuXtTbraK/CjgBp+AM2OAStMEt6AAHYEDAM3gBr8ab8W58GJ+L0ZJR7ByDfzC+fgAu/J2V</latexit><latexit sha1_base64="ZL9sEhxzHJ21dJPtNdjHsOeY9zM=">AAACGXicZVDNSsNAGNy0/tT41+rRy2IpeCqJCNpbQQ8eWzC20Iay2WzapZtN2N2oIfQJvOrNp/EkXj35Nm7aoLUdWBhmvo9vdryYUaks69solTc2t7YrO+bu3v7BYbV2dC+jRGDi4IhFou8hSRjlxFFUMdKPBUGhx0jPm17nfu+BCEkjfqfSmLghGnMaUIyUlro3o2rdalpzwHViF6QOCnRGNaM89COchIQrzJCUA9uKlZshoShmZGYOE0lihKdoTAaachQS6WbzpDPY0IoPg0joxxWcq8sbGQqlTENPT4ZITeSql4u/XmP5FGLMzZ5SbUIvhY/MHHoR8/NB+CctR1PBlZtRHieKcLxIFiQMqgjmPUGfCoIVSzVBWFD9OYgnSCCsdJumrs1eLWmdOOfNVtPuXtTbraK/CjgBp+AM2OAStMEt6AAHYEDAM3gBr8ab8W58GJ+L0ZJR7ByDfzC+fgAu/J2V</latexit><latexit sha1_base64="ZL9sEhxzHJ21dJPtNdjHsOeY9zM=">AAACGXicZVDNSsNAGNy0/tT41+rRy2IpeCqJCNpbQQ8eWzC20Iay2WzapZtN2N2oIfQJvOrNp/EkXj35Nm7aoLUdWBhmvo9vdryYUaks69solTc2t7YrO+bu3v7BYbV2dC+jRGDi4IhFou8hSRjlxFFUMdKPBUGhx0jPm17nfu+BCEkjfqfSmLghGnMaUIyUlro3o2rdalpzwHViF6QOCnRGNaM89COchIQrzJCUA9uKlZshoShmZGYOE0lihKdoTAaachQS6WbzpDPY0IoPg0joxxWcq8sbGQqlTENPT4ZITeSql4u/XmP5FGLMzZ5SbUIvhY/MHHoR8/NB+CctR1PBlZtRHieKcLxIFiQMqgjmPUGfCoIVSzVBWFD9OYgnSCCsdJumrs1eLWmdOOfNVtPuXtTbraK/CjgBp+AM2OAStMEt6AAHYEDAM3gBr8ab8W58GJ+L0ZJR7ByDfzC+fgAu/J2V</latexit>

L3
<latexit sha1_base64="t/98w+fy8Q5A1BOpo2fakcViN9s=">AAAB7HicbVDLSgMxFL1TX7W+qi7dBIvgqszoQrsruHHhooJjC20tmTTThmYmQ3JHKEM/QxDEhS78GP/AvzHTFqGtFwKHc06459wgkcKg6/44hbX1jc2t4nZpZ3dv/6B8ePRoVKoZ95mSSrcCargUMfdRoOStRHMaBZI3g9FNrjefuTZCxQ84Tng3ooNYhIJRtNRT1okoDhmV5G7Su+yVK27VnQ75A94yqMB8Gr3yd6evWBrxGJmkxrQ9N8FuRjUKJvmk1EkNTygb0QHPplkn5MxSfRIqbV+MZMou+GhkzDgKrDOPZpa1nPxPa6cYXnczEScp8pjNFoWpJKhIXpz0heYM5ZhQxmzelKLNwYZUU4b2QCVbfqXqKvAvqrWqd+9W6rX5FYpwAqdwDh5cQR1uoQE+MNDwCh/w6SjnxXlz3mfWgjP/cwwL43z9AqRSjoY=</latexit><latexit sha1_base64="t/98w+fy8Q5A1BOpo2fakcViN9s=">AAAB7HicbVDLSgMxFL1TX7W+qi7dBIvgqszoQrsruHHhooJjC20tmTTThmYmQ3JHKEM/QxDEhS78GP/AvzHTFqGtFwKHc06459wgkcKg6/44hbX1jc2t4nZpZ3dv/6B8ePRoVKoZ95mSSrcCargUMfdRoOStRHMaBZI3g9FNrjefuTZCxQ84Tng3ooNYhIJRtNRT1okoDhmV5G7Su+yVK27VnQ75A94yqMB8Gr3yd6evWBrxGJmkxrQ9N8FuRjUKJvmk1EkNTygb0QHPplkn5MxSfRIqbV+MZMou+GhkzDgKrDOPZpa1nPxPa6cYXnczEScp8pjNFoWpJKhIXpz0heYM5ZhQxmzelKLNwYZUU4b2QCVbfqXqKvAvqrWqd+9W6rX5FYpwAqdwDh5cQR1uoQE+MNDwCh/w6SjnxXlz3mfWgjP/cwwL43z9AqRSjoY=</latexit><latexit sha1_base64="t/98w+fy8Q5A1BOpo2fakcViN9s=">AAAB7HicbVDLSgMxFL1TX7W+qi7dBIvgqszoQrsruHHhooJjC20tmTTThmYmQ3JHKEM/QxDEhS78GP/AvzHTFqGtFwKHc06459wgkcKg6/44hbX1jc2t4nZpZ3dv/6B8ePRoVKoZ95mSSrcCargUMfdRoOStRHMaBZI3g9FNrjefuTZCxQ84Tng3ooNYhIJRtNRT1okoDhmV5G7Su+yVK27VnQ75A94yqMB8Gr3yd6evWBrxGJmkxrQ9N8FuRjUKJvmk1EkNTygb0QHPplkn5MxSfRIqbV+MZMou+GhkzDgKrDOPZpa1nPxPa6cYXnczEScp8pjNFoWpJKhIXpz0heYM5ZhQxmzelKLNwYZUU4b2QCVbfqXqKvAvqrWqd+9W6rX5FYpwAqdwDh5cQR1uoQE+MNDwCh/w6SjnxXlz3mfWgjP/cwwL43z9AqRSjoY=</latexit><latexit sha1_base64="t/98w+fy8Q5A1BOpo2fakcViN9s=">AAAB7HicbVDLSgMxFL1TX7W+qi7dBIvgqszoQrsruHHhooJjC20tmTTThmYmQ3JHKEM/QxDEhS78GP/AvzHTFqGtFwKHc06459wgkcKg6/44hbX1jc2t4nZpZ3dv/6B8ePRoVKoZ95mSSrcCargUMfdRoOStRHMaBZI3g9FNrjefuTZCxQ84Tng3ooNYhIJRtNRT1okoDhmV5G7Su+yVK27VnQ75A94yqMB8Gr3yd6evWBrxGJmkxrQ9N8FuRjUKJvmk1EkNTygb0QHPplkn5MxSfRIqbV+MZMou+GhkzDgKrDOPZpa1nPxPa6cYXnczEScp8pjNFoWpJKhIXpz0heYM5ZhQxmzelKLNwYZUU4b2QCVbfqXqKvAvqrWqd+9W6rX5FYpwAqdwDh5cQR1uoQE+MNDwCh/w6SjnxXlz3mfWgjP/cwwL43z9AqRSjoY=</latexit>

L1
<latexit sha1_base64="BTT6FFDIGLs2q3Gqq+J8hNEjTVE=">AAAB7HicdVDLSgNBEOz1GeMr6tHLYBA8hV0vmlvAiwcPEVwTSGLonUySIbM7y0yvEJZ8hiCIBz34Mf6Bf+NuEsH4KGhoqqrp6g5iJS257oeztLyyurZe2Chubm3v7Jb29m+tTgwXPtdKm2aAVigZCZ8kKdGMjcAwUKIRjC5yvXEvjJU6uqFxLDohDiLZlxwpo+7Sdog05KjY1aTrdUtlr+JOwdxfzZdUhjnq3dJ7u6d5EoqIuEJrW54bUydFQ5IrMSm2Eyti5CMciHSadcKOM6rH+tpkFRGbsgs+DK0dh0HmzKPZn1pO/qW1Euqfd1IZxQmJiM8W9RPFSLP8cNaTRnBSY4acZ3kTpCwHH6JBTtmDit+P/7/xTyvVinftlWvV+RcKcAhHcAIenEENLqEOPnAw8Agv8Opo58F5cp5n1iVnPnMAC3DePgGhvo6F</latexit><latexit sha1_base64="BTT6FFDIGLs2q3Gqq+J8hNEjTVE=">AAAB7HicdVDLSgNBEOz1GeMr6tHLYBA8hV0vmlvAiwcPEVwTSGLonUySIbM7y0yvEJZ8hiCIBz34Mf6Bf+NuEsH4KGhoqqrp6g5iJS257oeztLyyurZe2Chubm3v7Jb29m+tTgwXPtdKm2aAVigZCZ8kKdGMjcAwUKIRjC5yvXEvjJU6uqFxLDohDiLZlxwpo+7Sdog05KjY1aTrdUtlr+JOwdxfzZdUhjnq3dJ7u6d5EoqIuEJrW54bUydFQ5IrMSm2Eyti5CMciHSadcKOM6rH+tpkFRGbsgs+DK0dh0HmzKPZn1pO/qW1Euqfd1IZxQmJiM8W9RPFSLP8cNaTRnBSY4acZ3kTpCwHH6JBTtmDit+P/7/xTyvVinftlWvV+RcKcAhHcAIenEENLqEOPnAw8Agv8Opo58F5cp5n1iVnPnMAC3DePgGhvo6F</latexit><latexit sha1_base64="BTT6FFDIGLs2q3Gqq+J8hNEjTVE=">AAAB7HicdVDLSgNBEOz1GeMr6tHLYBA8hV0vmlvAiwcPEVwTSGLonUySIbM7y0yvEJZ8hiCIBz34Mf6Bf+NuEsH4KGhoqqrp6g5iJS257oeztLyyurZe2Chubm3v7Jb29m+tTgwXPtdKm2aAVigZCZ8kKdGMjcAwUKIRjC5yvXEvjJU6uqFxLDohDiLZlxwpo+7Sdog05KjY1aTrdUtlr+JOwdxfzZdUhjnq3dJ7u6d5EoqIuEJrW54bUydFQ5IrMSm2Eyti5CMciHSadcKOM6rH+tpkFRGbsgs+DK0dh0HmzKPZn1pO/qW1Euqfd1IZxQmJiM8W9RPFSLP8cNaTRnBSY4acZ3kTpCwHH6JBTtmDit+P/7/xTyvVinftlWvV+RcKcAhHcAIenEENLqEOPnAw8Agv8Opo58F5cp5n1iVnPnMAC3DePgGhvo6F</latexit><latexit sha1_base64="BTT6FFDIGLs2q3Gqq+J8hNEjTVE=">AAAB7HicdVDLSgNBEOz1GeMr6tHLYBA8hV0vmlvAiwcPEVwTSGLonUySIbM7y0yvEJZ8hiCIBz34Mf6Bf+NuEsH4KGhoqqrp6g5iJS257oeztLyyurZe2Chubm3v7Jb29m+tTgwXPtdKm2aAVigZCZ8kKdGMjcAwUKIRjC5yvXEvjJU6uqFxLDohDiLZlxwpo+7Sdog05KjY1aTrdUtlr+JOwdxfzZdUhjnq3dJ7u6d5EoqIuEJrW54bUydFQ5IrMSm2Eyti5CMciHSadcKOM6rH+tpkFRGbsgs+DK0dh0HmzKPZn1pO/qW1Euqfd1IZxQmJiM8W9RPFSLP8cNaTRnBSY4acZ3kTpCwHH6JBTtmDit+P/7/xTyvVinftlWvV+RcKcAhHcAIenEENLqEOPnAw8Agv8Opo58F5cp5n1iVnPnMAC3DePgGhvo6F</latexit>

L2
<latexit sha1_base64="cqD9HptBOEHnXcKs7H36OqK76eo=">AAAB7HicdVDNSgMxGMzWv1r/qh69BIvgaclua+veCl48eKjg2kJbSzbNtqHZzZJkhbL0MQRBPOjBh/ENfBuzbT1UdCDwMTPhm/mChDOlEfqyCmvrG5tbxe3Szu7e/kH58OheiVQS6hPBhewEWFHOYuprpjntJJLiKOC0HUyucr39SKViIr7T04T2IzyKWcgI1oZ6yHoR1mOCObyZDdxBuYJsp+pUaxcQ2Z7n1RsNMyC3Wndr0LHRHBWwRGtQ/uwNBUkjGmvCsVJdByW6n2GpGeF0VuqliiaYTPCIZvOsM3hmqCEMhTQv1nDOrvhwpNQ0Cowzj6Z+azn5l9ZNdXjZz1icpJrGZLEoTDnUAubF4ZBJSjSfQkyIyZtibXKQMZaYaHOgkin/0xD+P/iu7dnOLao0veUViuAEnIJz4IAGaIJr0AI+IECCZ/AG3i1hPVkv1uvCWrCWf47BCqyPbxPUjtU=</latexit><latexit sha1_base64="cqD9HptBOEHnXcKs7H36OqK76eo=">AAAB7HicdVDNSgMxGMzWv1r/qh69BIvgaclua+veCl48eKjg2kJbSzbNtqHZzZJkhbL0MQRBPOjBh/ENfBuzbT1UdCDwMTPhm/mChDOlEfqyCmvrG5tbxe3Szu7e/kH58OheiVQS6hPBhewEWFHOYuprpjntJJLiKOC0HUyucr39SKViIr7T04T2IzyKWcgI1oZ6yHoR1mOCObyZDdxBuYJsp+pUaxcQ2Z7n1RsNMyC3Wndr0LHRHBWwRGtQ/uwNBUkjGmvCsVJdByW6n2GpGeF0VuqliiaYTPCIZvOsM3hmqCEMhTQv1nDOrvhwpNQ0Cowzj6Z+azn5l9ZNdXjZz1icpJrGZLEoTDnUAubF4ZBJSjSfQkyIyZtibXKQMZaYaHOgkin/0xD+P/iu7dnOLao0veUViuAEnIJz4IAGaIJr0AI+IECCZ/AG3i1hPVkv1uvCWrCWf47BCqyPbxPUjtU=</latexit><latexit sha1_base64="cqD9HptBOEHnXcKs7H36OqK76eo=">AAAB7HicdVDNSgMxGMzWv1r/qh69BIvgaclua+veCl48eKjg2kJbSzbNtqHZzZJkhbL0MQRBPOjBh/ENfBuzbT1UdCDwMTPhm/mChDOlEfqyCmvrG5tbxe3Szu7e/kH58OheiVQS6hPBhewEWFHOYuprpjntJJLiKOC0HUyucr39SKViIr7T04T2IzyKWcgI1oZ6yHoR1mOCObyZDdxBuYJsp+pUaxcQ2Z7n1RsNMyC3Wndr0LHRHBWwRGtQ/uwNBUkjGmvCsVJdByW6n2GpGeF0VuqliiaYTPCIZvOsM3hmqCEMhTQv1nDOrvhwpNQ0Cowzj6Z+azn5l9ZNdXjZz1icpJrGZLEoTDnUAubF4ZBJSjSfQkyIyZtibXKQMZaYaHOgkin/0xD+P/iu7dnOLao0veUViuAEnIJz4IAGaIJr0AI+IECCZ/AG3i1hPVkv1uvCWrCWf47BCqyPbxPUjtU=</latexit><latexit sha1_base64="cqD9HptBOEHnXcKs7H36OqK76eo=">AAAB7HicdVDNSgMxGMzWv1r/qh69BIvgaclua+veCl48eKjg2kJbSzbNtqHZzZJkhbL0MQRBPOjBh/ENfBuzbT1UdCDwMTPhm/mChDOlEfqyCmvrG5tbxe3Szu7e/kH58OheiVQS6hPBhewEWFHOYuprpjntJJLiKOC0HUyucr39SKViIr7T04T2IzyKWcgI1oZ6yHoR1mOCObyZDdxBuYJsp+pUaxcQ2Z7n1RsNMyC3Wndr0LHRHBWwRGtQ/uwNBUkjGmvCsVJdByW6n2GpGeF0VuqliiaYTPCIZvOsM3hmqCEMhTQv1nDOrvhwpNQ0Cowzj6Z+azn5l9ZNdXjZz1icpJrGZLEoTDnUAubF4ZBJSjSfQkyIyZtibXKQMZaYaHOgkin/0xD+P/iu7dnOLao0veUViuAEnIJz4IAGaIJr0AI+IECCZ/AG3i1hPVkv1uvCWrCWf47BCqyPbxPUjtU=</latexit>

Eg.  the elliptic curve is almost trivial from the
point of view of closed string instantons: 

However in the open string sector with intersecting SL  A-type branes,  
an arbitrary number of polygon-shaped disk instantons may 
contribute to the superpotential!

T2 ! T2<latexit sha1_base64="0zLLGWeWlIOhMdyI6FhktegFTdE=">AAACJXicZVBLSwMxGEy0aq2vVo9egqXgqewWQQ8eCl48VugL2qVks9k2NLtZkqy6LP0ZXvXor/Emgif/itl2KX18EDLMzEcm40acKW1Zv3Bnt7C3f1A8LB0dn5yelSvnXSViSWiHCC5k38WKchbSjmaa034kKQ5cTnvu9CHTe89UKibCtk4i6gR4HDKfEawNNWiPGmioBTL3qFy16tZ80Dawc1AF+bRGFVgYeoLEAQ014VipgW1F2kmx1IxwOisNY0UjTKZ4TAcGhjigyknnmWeoZhgP+UKaE2o0Z1c3UhwolQSucQZYT9SmlpFLrbb6FObcSV8TIyI3QS/cqK7gXuZES24tm/bvnJSFUaxpSBbR/Jgj00tWGfKYpETzxABMJDO/Q2SCJSbaFFsyvdmbLW2DbqNuW3X76abavM8bLIJLcAWugQ1uQRM8ghboAAIEeAPv4AN+wi/4DX8W1h2Y71yAtYF//w59oVg=</latexit><latexit sha1_base64="0zLLGWeWlIOhMdyI6FhktegFTdE=">AAACJXicZVBLSwMxGEy0aq2vVo9egqXgqewWQQ8eCl48VugL2qVks9k2NLtZkqy6LP0ZXvXor/Emgif/itl2KX18EDLMzEcm40acKW1Zv3Bnt7C3f1A8LB0dn5yelSvnXSViSWiHCC5k38WKchbSjmaa034kKQ5cTnvu9CHTe89UKibCtk4i6gR4HDKfEawNNWiPGmioBTL3qFy16tZ80Dawc1AF+bRGFVgYeoLEAQ014VipgW1F2kmx1IxwOisNY0UjTKZ4TAcGhjigyknnmWeoZhgP+UKaE2o0Z1c3UhwolQSucQZYT9SmlpFLrbb6FObcSV8TIyI3QS/cqK7gXuZES24tm/bvnJSFUaxpSBbR/Jgj00tWGfKYpETzxABMJDO/Q2SCJSbaFFsyvdmbLW2DbqNuW3X76abavM8bLIJLcAWugQ1uQRM8ghboAAIEeAPv4AN+wi/4DX8W1h2Y71yAtYF//w59oVg=</latexit><latexit sha1_base64="0zLLGWeWlIOhMdyI6FhktegFTdE=">AAACJXicZVBLSwMxGEy0aq2vVo9egqXgqewWQQ8eCl48VugL2qVks9k2NLtZkqy6LP0ZXvXor/Emgif/itl2KX18EDLMzEcm40acKW1Zv3Bnt7C3f1A8LB0dn5yelSvnXSViSWiHCC5k38WKchbSjmaa034kKQ5cTnvu9CHTe89UKibCtk4i6gR4HDKfEawNNWiPGmioBTL3qFy16tZ80Dawc1AF+bRGFVgYeoLEAQ014VipgW1F2kmx1IxwOisNY0UjTKZ4TAcGhjigyknnmWeoZhgP+UKaE2o0Z1c3UhwolQSucQZYT9SmlpFLrbb6FObcSV8TIyI3QS/cqK7gXuZES24tm/bvnJSFUaxpSBbR/Jgj00tWGfKYpETzxABMJDO/Q2SCJSbaFFsyvdmbLW2DbqNuW3X76abavM8bLIJLcAWugQ1uQRM8ghboAAIEeAPv4AN+wi/4DX8W1h2Y71yAtYF//w59oVg=</latexit><latexit sha1_base64="0zLLGWeWlIOhMdyI6FhktegFTdE=">AAACJXicZVBLSwMxGEy0aq2vVo9egqXgqewWQQ8eCl48VugL2qVks9k2NLtZkqy6LP0ZXvXor/Emgif/itl2KX18EDLMzEcm40acKW1Zv3Bnt7C3f1A8LB0dn5yelSvnXSViSWiHCC5k38WKchbSjmaa034kKQ5cTnvu9CHTe89UKibCtk4i6gR4HDKfEawNNWiPGmioBTL3qFy16tZ80Dawc1AF+bRGFVgYeoLEAQ014VipgW1F2kmx1IxwOisNY0UjTKZ4TAcGhjigyknnmWeoZhgP+UKaE2o0Z1c3UhwolQSucQZYT9SmlpFLrbb6FObcSV8TIyI3QS/cqK7gXuZES24tm/bvnJSFUaxpSBbR/Jgj00tWGfKYpETzxABMJDO/Q2SCJSbaFFsyvdmbLW2DbqNuW3X76abavM8bLIJLcAWugQ1uQRM8ghboAAIEeAPv4AN+wi/4DX8W1h2Y71yAtYF//w59oVg=</latexit>

Kontsevich

Polishchuk, Zaslow



Pab̄cd̄(⌧, ui) = �(3)

a+c,b̄+d̄
⇥para


[c � b̄]3
[d̄ � c]3

�
(3⌧ |3(u1 � u3), 3(u4 � u2))

⇥para


a
b

�
(3⌧ |3u, 3v) ⌘

X

m,n

0
q

1
3 (a+3n)(b+3m)e2⇡i

�
(b+3m)u+(a+3n)v

�

Tabc̄d̄(⌧, ui) = �(3)

a+b,c̄+d̄
⇥trap


[b � c̄]3

[d̄ � c̄ + 3/2]3

�
(3⌧ |3(u1 + u2 + u4), 3(u1 � u3))

⇥trap


a
b

�
(3⌧ |3u, 3v) =

X

m,n

0
q

1
6 (a+3n)(a+3n+2(b+3m))e2⇡i

�
(a+3n)(u�1/6)+(b+3m)v

�

}ab̄c̄d̄ē(⌧, ui) = �(3)

a,b̄+c̄+d̄+ē
⇥penta

2

4
[�b�c�d]3
[e+c+d]3
[c�d+ 3

2
]3

3

5(3⌧ |3(u5�u2), 3(u1�u4), 3(u3+u2+u4))

⇥penta

2

4
a
b
c

3

5 (3⌧ |3u, 3v, 3w) ⌘
X

m,n,k

0
q

1
3 (a>+3(n+k))(b>+3(m+k))� 1

6 (c+3k)2e2⇡i
�
(a>+3(n+k))u+(b>+3(m+k))v+(c+3k)(w�1/6)

�

5

Polygonal instantons

N=4:  parallelograms

N=4:  trapezoids

N=5:  pentagons

N=6:  hexagons

X

m,n,k,l

0
=

1X

m,n�0

<kmaxX

k�0

<lmaxX

l�0

�
�1X

m,n�1

>kminX

k�1

>lminX

l�1

⇥hexa

2

4
a
b
c
d

3

5 (3⌧ |3u, 3v, 3w, 3z) ⌘
X

m,n,k,l

0
q

1
3 (a+3n)(b+3m)� 1

6 (c+3k)2� 1
6 (d+3l)2e2⇡i

�
(a+3n)u+(b+3m)v+(c+3k)(w�1/6)+(d+3l)(z+1/6)

�

Hāb̄c̄d̄ēf̄(⌧, ui) = �(3)

0,ā+b̄+c̄+d̄+ē+f̄
⇥hexa

2

664

[�b� c� d]3
[c +d +e]3
[c �d + 3

2
]3

[a �f + 3
2
]3

3

775 (3⌧ |3(u5�u2), 3(u1�u4), 3(u3+u2+u4), 3(�u6�u1�u5))

Φ

Ψ

Φ

Ψ

Ψ Ψ

Ψ Ψ

ΨΨ

Φ Φ
+u1−u1

−v1

+v1
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How to compute?

… but this is not what we ultimately want,  because it does not 
easily generalize to higher dimensional Calabi-Yau n-folds!

The elliptic curve is flat, so it is easy to determine the areas by inspection,
and sum them up by hand Polishchuk, Zaslow

Rather we want to employ mirror symmetry,  as familiar from the 
bulk, closed string theory.

Recap ingredients of closed string mirror symmetry:

• Pair of mirror Calabi-Yau’s X, Y;   h21(X)=h11(Y)
• Variation of Hodge structures on X 
• Gauss-Manin flatness equations
• Period integrals determining functional mirror map
• Saito’s higher residue pairings



Lightning recap: closed string mirror symmetry

Type IIA String on Calabi Yau Y Type IIB String on Calabi Yau X

Moduli space of 
N=2 vector SM:

3-pt functions:

Mirror map:

Cklm=

Z

Y
Jk ^ Jl ^ Jm +

X

d1,...,dk

nr
d1,...,dk

dk dl dm

1�
Qk

i=1 q
di
i

kY

i=1

qdi
i  !

pabc(z)Q
�(z)

@za

@tk

@zb

@tl

@zc

@tm
<latexit sha1_base64="WhfWQSR70xw50ZLKUOx3BSpITZc="></latexit><latexit sha1_base64="WhfWQSR70xw50ZLKUOx3BSpITZc="></latexit><latexit sha1_base64="WhfWQSR70xw50ZLKUOx3BSpITZc="></latexit><latexit sha1_base64="Xo736ngeeH6Nzuq+aR14uy0soA4=">AAACCnicbZDNSsNAFIVv6l+NVdu1m8EiuCqJG10KblxWsD/QhjKZTNqhk5kwM1FD6Au4deXTuBNfwbdxkhasrRcGDufcgXO/MOVMG8/7dmo7u3v7B/VD96jhHp+cNht9LTNFaI9ILtUwxJpyJmjPMMPpMFUUJyGng3B+V+aDJ6o0k+LR5CkNEjwVLGYEG2t1J8221/GqQdvCX4k2rGbScmrjSJIsocIQjrUe+V5qggIrwwinC3ecaZpiMsdTOrJS4ITqoKh6LtCFdSIUS2WfMKhy138UONE6T0K7mWAz05tZaf6XjTDnQfGS2wyFOXrm7jiUPCr30K+13szEN0HBRJoZKsiyWJxxZCQqIaGIKUoMz63ARDF7GyIzrDAxFqVrofmbiLZF/6rjex3/wYM6nME5XIIP13AL99CFHhCI4BXenHfnw/lcwq05K8ot+DPO1w/6uJre</latexit><latexit sha1_base64="o5C59WC3NoqPVnphgQHLjH3hUHA="></latexit><latexit sha1_base64="LwBT0K0UZELA6NLkJpoKRF2UhEs="></latexit><latexit sha1_base64="6Xo0gOppDoi/XxnmTZhT9M13kGQ="></latexit><latexit sha1_base64="WhfWQSR70xw50ZLKUOx3BSpITZc="></latexit><latexit sha1_base64="WhfWQSR70xw50ZLKUOx3BSpITZc="></latexit><latexit sha1_base64="WhfWQSR70xw50ZLKUOx3BSpITZc="></latexit><latexit sha1_base64="WhfWQSR70xw50ZLKUOx3BSpITZc="></latexit><latexit sha1_base64="WhfWQSR70xw50ZLKUOx3BSpITZc="></latexit><latexit sha1_base64="WhfWQSR70xw50ZLKUOx3BSpITZc="></latexit>

A-model: deformed quantum geometry from 
world-sheet instantons = holom maps  

B-model: classical geometry

      Period integral = 
      flat coo onflat coordinates on

P1 ! Y
<latexit sha1_base64="gaLXpYxXctfQgBwiAVOzeADcgyM="></latexit><latexit sha1_base64="gaLXpYxXctfQgBwiAVOzeADcgyM="></latexit><latexit sha1_base64="gaLXpYxXctfQgBwiAVOzeADcgyM="></latexit><latexit sha1_base64="gaLXpYxXctfQgBwiAVOzeADcgyM="></latexit>

Mh2,1

CS (X)
<latexit sha1_base64="0Xf1/Qz7QS6b2V/PaOVKJd/mRpI="></latexit><latexit sha1_base64="0Xf1/Qz7QS6b2V/PaOVKJd/mRpI="></latexit><latexit sha1_base64="0Xf1/Qz7QS6b2V/PaOVKJd/mRpI="></latexit><latexit sha1_base64="0Xf1/Qz7QS6b2V/PaOVKJd/mRpI="></latexit>

QMh1,1

K (Y )
<latexit sha1_base64="rnSZy1fJmyXvPStUBY2c2DifWfw="></latexit><latexit sha1_base64="rnSZy1fJmyXvPStUBY2c2DifWfw="></latexit><latexit sha1_base64="rnSZy1fJmyXvPStUBY2c2DifWfw="></latexit><latexit sha1_base64="Xo736ngeeH6Nzuq+aR14uy0soA4=">AAACCnicbZDNSsNAFIVv6l+NVdu1m8EiuCqJG10KblxWsD/QhjKZTNqhk5kwM1FD6Au4deXTuBNfwbdxkhasrRcGDufcgXO/MOVMG8/7dmo7u3v7B/VD96jhHp+cNht9LTNFaI9ILtUwxJpyJmjPMMPpMFUUJyGng3B+V+aDJ6o0k+LR5CkNEjwVLGYEG2t1J8221/GqQdvCX4k2rGbScmrjSJIsocIQjrUe+V5qggIrwwinC3ecaZpiMsdTOrJS4ITqoKh6LtCFdSIUS2WfMKhy138UONE6T0K7mWAz05tZaf6XjTDnQfGS2wyFOXrm7jiUPCr30K+13szEN0HBRJoZKsiyWJxxZCQqIaGIKUoMz63ARDF7GyIzrDAxFqVrofmbiLZF/6rjex3/wYM6nME5XIIP13AL99CFHhCI4BXenHfnw/lcwq05K8ot+DPO1w/6uJre</latexit><latexit sha1_base64="5KcDastl5VCkBivQnF1rQYp3ccQ=">AAACKXicbZBLSwMxFIXv1FetVVuXugkWoYKUGTe6FNwIIrRgH9KOQyZN29DMgySjDsOAv8atrvwvgjvxf5hpC9bWA4HDOTdw7+eGnEllmh9GbmV1bX0jv1nYKm7v7JbKxZYMIkFokwQ8EB0XS8qZT5uKKU47oaDYczltu+PLrG8/UCFZ4N+qOKS2h4c+GzCClY6c0n7SI5ijxk3qXN8nIyexTqw0rd4do4JTqpg1cyK0bKyZqcBMdads5Hr9gEQe9RXhWMquZYbKTrBQjHCaFnqRpCEmYzykXW197FFpJ5MjUnSkkz4aBEI/X6FJOv8jwZ6UsefqSQ+rkVzssvC/ros5t5OnWHfIjdEjL/TcgPezOfQbzW+mBud2wvwwUtQn08UGEUcqQBlB1GeCEsVjbTARTN+GyAgLTJTmnFGzFhktm9ZpzTJrVsOEPBzAIVTBgjO4gCuoQxMIPMMLvMKb8W58Gl9TvjljBnoP/sj4/gGWAKVK</latexit><latexit sha1_base64="V/wtJktiB9NfDQS42fBmOZ796vI="></latexit><latexit sha1_base64="rnSZy1fJmyXvPStUBY2c2DifWfw="></latexit><latexit sha1_base64="rnSZy1fJmyXvPStUBY2c2DifWfw="></latexit><latexit sha1_base64="rnSZy1fJmyXvPStUBY2c2DifWfw="></latexit><latexit sha1_base64="rnSZy1fJmyXvPStUBY2c2DifWfw="></latexit><latexit sha1_base64="rnSZy1fJmyXvPStUBY2c2DifWfw="></latexit><latexit sha1_base64="rnSZy1fJmyXvPStUBY2c2DifWfw="></latexit><latexit sha1_base64="rnSZy1fJmyXvPStUBY2c2DifWfw="></latexit>

ti :=

Z
J1,1
i (Y ) + ...  !

Z

�3
a

⌦3,0(X) =: ln za(t) + O(z)
<latexit sha1_base64="PHzFMK2DZA/piSyhzgsDzhVNf9A="></latexit><latexit sha1_base64="PHzFMK2DZA/piSyhzgsDzhVNf9A="></latexit><latexit sha1_base64="PHzFMK2DZA/piSyhzgsDzhVNf9A="></latexit><latexit sha1_base64="PHzFMK2DZA/piSyhzgsDzhVNf9A="></latexit>

7

QMh1,1

K (Y, t) ' Mh2,1

CS (X, z)
<latexit sha1_base64="bOlqjdLO1Qa9dhtvLR0YK8psdJU="></latexit><latexit sha1_base64="bOlqjdLO1Qa9dhtvLR0YK8psdJU="></latexit><latexit sha1_base64="bOlqjdLO1Qa9dhtvLR0YK8psdJU="></latexit><latexit sha1_base64="bOlqjdLO1Qa9dhtvLR0YK8psdJU="></latexit>

q = e�t
<latexit sha1_base64="l01QI79ODbjRoy8lUPaWkRRiczs="></latexit><latexit sha1_base64="SV34V3Ny7O7QuvZRlFtgNqmpmRc="></latexit><latexit sha1_base64="SV34V3Ny7O7QuvZRlFtgNqmpmRc="></latexit><latexit sha1_base64="76gWN18/MJqeqiSm+tscVnJJhro="></latexit>



Phys:  Superconformal B-twisted TCFT
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W(x,z) is the superpotential of a N=(2,2) 2d Landau-Ginzburg model

All this has a concrete realisation in field theoretical models:

�i(x, t) = @ti W (x, z(t))
<latexit sha1_base64="aajOCglilCqxGOryHQ0u+5cFSLA="></latexit><latexit sha1_base64="aajOCglilCqxGOryHQ0u+5cFSLA="></latexit><latexit sha1_base64="aajOCglilCqxGOryHQ0u+5cFSLA="></latexit><latexit sha1_base64="aajOCglilCqxGOryHQ0u+5cFSLA="></latexit>

forms a flat basis of the chiral ring

In terms of these, all correlators are given in terms of residue integrals:

Cklm(t) ⌘ h�k�l�me
R
ti�

(2)
i i =

I
1

(dW (x, t))N
�k(x, t)�l(x, t)�m(x, t)

<latexit sha1_base64="D+C7Zgbr6DpIU/3r+Bbzz3xSUKQ="></latexit><latexit sha1_base64="D+C7Zgbr6DpIU/3r+Bbzz3xSUKQ="></latexit><latexit sha1_base64="D+C7Zgbr6DpIU/3r+Bbzz3xSUKQ="></latexit><latexit sha1_base64="D+C7Zgbr6DpIU/3r+Bbzz3xSUKQ="></latexit>

Cklmn1..nr(t) = @tn1 ...@tnrCklm(t)
<latexit sha1_base64="qJX98k847DBs3Wkn9GAzLyEt0uc="></latexit><latexit sha1_base64="qJX98k847DBs3Wkn9GAzLyEt0uc="></latexit><latexit sha1_base64="qJX98k847DBs3Wkn9GAzLyEt0uc="></latexit><latexit sha1_base64="Xo736ngeeH6Nzuq+aR14uy0soA4=">AAACCnicbZDNSsNAFIVv6l+NVdu1m8EiuCqJG10KblxWsD/QhjKZTNqhk5kwM1FD6Au4deXTuBNfwbdxkhasrRcGDufcgXO/MOVMG8/7dmo7u3v7B/VD96jhHp+cNht9LTNFaI9ILtUwxJpyJmjPMMPpMFUUJyGng3B+V+aDJ6o0k+LR5CkNEjwVLGYEG2t1J8221/GqQdvCX4k2rGbScmrjSJIsocIQjrUe+V5qggIrwwinC3ecaZpiMsdTOrJS4ITqoKh6LtCFdSIUS2WfMKhy138UONE6T0K7mWAz05tZaf6XjTDnQfGS2wyFOXrm7jiUPCr30K+13szEN0HBRJoZKsiyWJxxZCQqIaGIKUoMz63ARDF7GyIzrDAxFqVrofmbiLZF/6rjex3/wYM6nME5XIIP13AL99CFHhCI4BXenHfnw/lcwq05K8ot+DPO1w/6uJre</latexit><latexit sha1_base64="CprL99tmBhXbBgUl7IkLr00TrMY="></latexit><latexit sha1_base64="cMc8MKUpZoTOMMapsV3q/u/uuJQ="></latexit><latexit sha1_base64="qJX98k847DBs3Wkn9GAzLyEt0uc="></latexit><latexit sha1_base64="qJX98k847DBs3Wkn9GAzLyEt0uc="></latexit><latexit sha1_base64="qJX98k847DBs3Wkn9GAzLyEt0uc="></latexit><latexit sha1_base64="qJX98k847DBs3Wkn9GAzLyEt0uc="></latexit><latexit sha1_base64="qJX98k847DBs3Wkn9GAzLyEt0uc="></latexit><latexit sha1_base64="qJX98k847DBs3Wkn9GAzLyEt0uc="></latexit><latexit sha1_base64="qJX98k847DBs3Wkn9GAzLyEt0uc="></latexit>

= @tk@tl@tmF(t)
<latexit sha1_base64="jawXz/5bP6+o9FWE4+tsxyMQhDo="></latexit><latexit sha1_base64="jawXz/5bP6+o9FWE4+tsxyMQhDo="></latexit><latexit sha1_base64="jawXz/5bP6+o9FWE4+tsxyMQhDo="></latexit><latexit sha1_base64="jawXz/5bP6+o9FWE4+tsxyMQhDo="></latexit>

integrability

h�k�li = const.
<latexit sha1_base64="8nwCWt+hwkxyTSsMeOjpIhJ0LDc="></latexit><latexit sha1_base64="8nwCWt+hwkxyTSsMeOjpIhJ0LDc="></latexit><latexit sha1_base64="8nwCWt+hwkxyTSsMeOjpIhJ0LDc="></latexit><latexit sha1_base64="8nwCWt+hwkxyTSsMeOjpIhJ0LDc="></latexit>

“Special Geometry”

X : W (xi, z) = 0
<latexit sha1_base64="yT3FCrGIT5rU3y+ayHfO8t1WuKo="></latexit><latexit sha1_base64="yT3FCrGIT5rU3y+ayHfO8t1WuKo="></latexit><latexit sha1_base64="yT3FCrGIT5rU3y+ayHfO8t1WuKo="></latexit><latexit sha1_base64="yT3FCrGIT5rU3y+ayHfO8t1WuKo="></latexit>

Calabi-Yau defined by



Math: Gauss-Manin system
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The period integrals satisfy certain flatness diff. equations that arise from 
the variation of Hodge structures.

Essentially this boils down to a linear system of the form

Yukawa’s/ring OPE coeffs

Gauss-Manin connection period vector ∏ 
  

defines flat coordinates (and thus the mirror map):

… as well as flat operator bases via

� = 0
<latexit sha1_base64="f+Gqc6Q5cYHHsjahPA3PXiI2W9o=">AAACIHicdVBLSwMxGMzWV63P6tFLsAieSra+WlAoeNBjBVsL7SLfpqmGJrtLklWXpX/Cq578Nd7Eo/4as23FBzoQGGbmg8n4keDaEPLm5KamZ2bn8vOFhcWl5ZXV4lpLh7GirElDEaq2D5oJHrCm4UawdqQYSF+wC39wnPkXN0xpHgbnJomYJ+Eq4H1OwVip3T0BKeGIXK6WSJnUqoTsYEtIpUL2Ldndqx0Qgl2rZCihCRqXRSfX7YU0liwwVIDWHZdExktBGU4FGxa6sWYR0AFcsY6lAUimvXRUeIi3rNLD/VDZFxg8Ur9fpCC1TqRvkxLMtf7tZeJfXgeE8NK7xHrYT/CtKHT9UPSyHP6Svjcz/aqX8iCKDQvouFg/FtiEOFsL97hi1IjEEqCK279heg0KqLGbFuxqn9Pg/0mrUnZJ2T0jpfrhZL882kCbaBu56ADV0SlqoCaiSKB79IAenSfn2XlxXsfRnDO5WUc/4Lx/AM7+oHo=</latexit><latexit sha1_base64="f+Gqc6Q5cYHHsjahPA3PXiI2W9o=">AAACIHicdVBLSwMxGMzWV63P6tFLsAieSra+WlAoeNBjBVsL7SLfpqmGJrtLklWXpX/Cq578Nd7Eo/4as23FBzoQGGbmg8n4keDaEPLm5KamZ2bn8vOFhcWl5ZXV4lpLh7GirElDEaq2D5oJHrCm4UawdqQYSF+wC39wnPkXN0xpHgbnJomYJ+Eq4H1OwVip3T0BKeGIXK6WSJnUqoTsYEtIpUL2Ldndqx0Qgl2rZCihCRqXRSfX7YU0liwwVIDWHZdExktBGU4FGxa6sWYR0AFcsY6lAUimvXRUeIi3rNLD/VDZFxg8Ur9fpCC1TqRvkxLMtf7tZeJfXgeE8NK7xHrYT/CtKHT9UPSyHP6Svjcz/aqX8iCKDQvouFg/FtiEOFsL97hi1IjEEqCK279heg0KqLGbFuxqn9Pg/0mrUnZJ2T0jpfrhZL882kCbaBu56ADV0SlqoCaiSKB79IAenSfn2XlxXsfRnDO5WUc/4Lx/AM7+oHo=</latexit><latexit sha1_base64="f+Gqc6Q5cYHHsjahPA3PXiI2W9o=">AAACIHicdVBLSwMxGMzWV63P6tFLsAieSra+WlAoeNBjBVsL7SLfpqmGJrtLklWXpX/Cq578Nd7Eo/4as23FBzoQGGbmg8n4keDaEPLm5KamZ2bn8vOFhcWl5ZXV4lpLh7GirElDEaq2D5oJHrCm4UawdqQYSF+wC39wnPkXN0xpHgbnJomYJ+Eq4H1OwVip3T0BKeGIXK6WSJnUqoTsYEtIpUL2Ldndqx0Qgl2rZCihCRqXRSfX7YU0liwwVIDWHZdExktBGU4FGxa6sWYR0AFcsY6lAUimvXRUeIi3rNLD/VDZFxg8Ur9fpCC1TqRvkxLMtf7tZeJfXgeE8NK7xHrYT/CtKHT9UPSyHP6Svjcz/aqX8iCKDQvouFg/FtiEOFsL97hi1IjEEqCK279heg0KqLGbFuxqn9Pg/0mrUnZJ2T0jpfrhZL882kCbaBu56ADV0SlqoCaiSKB79IAenSfn2XlxXsfRnDO5WUc/4Lx/AM7+oHo=</latexit><latexit sha1_base64="f+Gqc6Q5cYHHsjahPA3PXiI2W9o=">AAACIHicdVBLSwMxGMzWV63P6tFLsAieSra+WlAoeNBjBVsL7SLfpqmGJrtLklWXpX/Cq578Nd7Eo/4as23FBzoQGGbmg8n4keDaEPLm5KamZ2bn8vOFhcWl5ZXV4lpLh7GirElDEaq2D5oJHrCm4UawdqQYSF+wC39wnPkXN0xpHgbnJomYJ+Eq4H1OwVip3T0BKeGIXK6WSJnUqoTsYEtIpUL2Ldndqx0Qgl2rZCihCRqXRSfX7YU0liwwVIDWHZdExktBGU4FGxa6sWYR0AFcsY6lAUimvXRUeIi3rNLD/VDZFxg8Ur9fpCC1TqRvkxLMtf7tZeJfXgeE8NK7xHrYT/CtKHT9UPSyHP6Svjcz/aqX8iCKDQvouFg/FtiEOFsL97hi1IjEEqCK279heg0KqLGbFuxqn9Pg/0mrUnZJ2T0jpfrhZL882kCbaBu56ADV0SlqoCaiSKB79IAenSfn2XlxXsfRnDO5WUc/4Lx/AM7+oHo=</latexit> z = z(t)

<latexit sha1_base64="MkZf5rei6b0Y9YGlRyNFDS7Qayo="></latexit><latexit sha1_base64="MkZf5rei6b0Y9YGlRyNFDS7Qayo="></latexit><latexit sha1_base64="MkZf5rei6b0Y9YGlRyNFDS7Qayo="></latexit><latexit sha1_base64="MkZf5rei6b0Y9YGlRyNFDS7Qayo="></latexit>

�i(x, t) = @ti W (x, z(t))
<latexit sha1_base64="aajOCglilCqxGOryHQ0u+5cFSLA="></latexit><latexit sha1_base64="aajOCglilCqxGOryHQ0u+5cFSLA="></latexit><latexit sha1_base64="aajOCglilCqxGOryHQ0u+5cFSLA="></latexit><latexit sha1_base64="aajOCglilCqxGOryHQ0u+5cFSLA="></latexit>

r · ⇧ ⌘
⇣
�kj @ti + (Ci)j

k � (�i)j
k
⌘
0

B@

R
1
W
...R ��

W�+1

1

CA

k

= 0

<latexit sha1_base64="K/aDSDP/fBueovBAk4aw7W9USmU="></latexit><latexit sha1_base64="0ylSLylqCLTRqWNOy7NJWxjqnZ4="></latexit><latexit sha1_base64="0ylSLylqCLTRqWNOy7NJWxjqnZ4="></latexit><latexit sha1_base64="Ejhl06uq8UBIQzC9GTzJRBXru4s="></latexit>



Phys: Contact terms versus flat coordinates

10

The Gauss Manin eqn. encodes contact terms:

0 = � = @ti�j � U(�i�j)
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where U plays the role of the closed string propagator

Functional dependence reflects renormalization by iteratively 
integrating out massive fields:

Summing up all nested trees in one swoop!

�(t) = �(0) + t U(��) + 1/2 t2 U(�U(��)) + · · · = @tW (x, z(t))
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Math:  Saito’s higher residue pairings, K[u](-,-)
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Reformulate by avoiding period integrals while emphasizing contact terms:

Localize path integral with insertion                        for  λ→∞

In terms of these, the Gauss-Manin eqs can be written compactly:

produces residue pairings K[u](�k,�l) ⌘
P

`�0 u
`K(`)(�k,�l)
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where u is a spectral parameter that counts the number of contact terms:

K(0)('k,'l) = ⌘kl = const, K(`>0)('k,'l) = 0,
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K[u](rt'a,'b) = K[u]('a,rt'b) = 0, rt ⌘ @t �
@tW

u
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From closed to open strings…
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Mirror symmetry between A- and B-models

Homological Mirror Symmetry between 
categories of A- and B-type branes

Hodge theory of CY-spaces

Non-comm. Hodge theory on A∞ categories
Kontsevich, Soibelman, Katzarkov, Pantev, Sheridan…. 

Kontsevich, … many…

Involves cyclic chain complexes, their (co)homologies, 
diverse Hochschild and Connes differentials, (b and B), 
a “Getzler connection” and a semi-infinite extension involving the 
spectral parameter u, with differential   d=b+uB.

Math lit focuses on rederiving Hodge-theoretic (“bulk”) mirror symmetry from 
categorial one, but less on genuine open string invariants

See eg Ganatra,Perutz, Sheridan; Caldararu;Shklyarov; Ju…..



(N2,N0) = (r,c1) of gauge bundle
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Phys:  Homological Mirror Symmetry and D-branes

p
q

A-Model on Y B-Model on X

D1 branes on (p,q) cycles

mirror symmetry

However there is much more to this than just quantum numbers (K-theory),
or isomorphisms between categories:

Infinitely many open string correlation functions which
encode enumerative invariants!

“Fukaya category” of   
   lagrangian cycles on Y

“Bounded derived category”  
   of coherent sheaves on X

Fuk(Y ) Db(Coh(X))
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Mirror symmetry between A∞ products

A-Model B-Model
localizes on constant maps:localizes on holomorphic maps:

world-sheet instantons

Fukaya product Massey productclassical

 ̄(4,1)
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 (1,2)
<latexit sha1_base64="e6LAQP5sB0etCj9PK+eJGM2mNOc=">AAACJnicbVDLSsNAFL1RqzW+delmsBQUpCRFUFcW3LisYKzQRJlMpu3QyYOZiRpCf0Poym79BL/ClYg7P8VJq6DVAwOHc+653Dl+wplUlvVuzMzOleYXyovm0vLK6tr6xualjFNBqENiHosrH0vKWUQdxRSnV4mgOPQ5bfn908Jv3VIhWRxdqCyhXoi7EeswgpWWXLcp2XW+a+/X9wY36xWrZo2B/hL7i1ROnofDEQA0bzaMkhvEJA1ppAjHUrZtK1FejoVihNOB6aaSJpj0cZe2NY1wSKWXj48eoKpWAtSJhX6RQmP1ZyLHoZRZ6OvJEKuenPYK8T+vnarOkZezKEkVjcgAmdWfLubcy+8znUR+hu64dv2YB8Ua9K0Vp3VSjlSMis5QwAQlimeaYCKY/h0iPSwwUbpZ09TF2dM1/SVOvXZcs8+tSuMAJijDNuzALthwCA04gyY4QCCBB3iEkfFkvBivxttkdMb4ymzBLxgfn4g9pHk=</latexit><latexit sha1_base64="sfnY8obDxt97M/OO4PIie3wLJrI="></latexit><latexit sha1_base64="sfnY8obDxt97M/OO4PIie3wLJrI="></latexit><latexit sha1_base64="//OjAzNrImJZ+ESez2YEBQaFG28=">AAACJnicbVDNSsNAGNyo1Rr/Wj16WSyFClKSIqi3ghePFYwtNLFsNpt26eaH3Y0aQl7Dq159Gk8i3nwUNzVCbR1YGGa++fh23JhRIQ3jU1tZXausb1Q39a3tnd29Wn3/VkQJx8TCEYv4wEWCMBoSS1LJyCDmBAUuI313eln4/XvCBY3CG5nGxAnQOKQ+xUgqybZ7gt5lLfOkc5yPag2jbcwAl4lZkgYo0RvVtYrtRTgJSCgxQ0IMTSOWToa4pJiRXLcTQWKEp2hMhoqGKCDCyWZH57CpFA/6EVcvlHCmzicyFAiRBq6aDJCciEWvEP/zhon0z52MhnEiSYhzqDfnXcSYkz2mKgndFD4w5boR84o18FcrTvMTBmUEi86gRznBkqWKIMyp+h3EE8QRlqpZXVfFmYs1LROr075om9dGo3taNlgFh+AItIAJzkAXXIEesAAGMXgCz+BFe9XetHft42d0RSszB+APtK9vNWGhrw==</latexit>

 (2,3)
<latexit sha1_base64="dLbEyUkWaYzQQe38X6QLW+5dvWA="></latexit><latexit sha1_base64="TAG2YcaTJ3pL9o6oGQRQx1RS+h4="></latexit><latexit sha1_base64="TAG2YcaTJ3pL9o6oGQRQx1RS+h4="></latexit><latexit sha1_base64="+srTCJ/jF39/+kwyT/6OD5B7Nns=">AAACJnicbVDNSsNAGNxUqzX+tXr0slgKFaQkVVBvBS8eKxhbaGPZbDbt0s0Puxs1hLyGV736NJ5EvPkobmqE2jqwMMx88/HtOBGjQhrGp1ZaWS2vrVc29M2t7Z3dam3vVoQxx8TCIQt530GCMBoQS1LJSD/iBPkOIz1nepn7vXvCBQ2DG5lExPbROKAexUgqaTjsCnqXNtvHJ0fZqFo3WsYMcJmYBamDAt1RTSsP3RDHPgkkZkiIgWlE0k4RlxQzkunDWJAI4Skak4GiAfKJsNPZ0RlsKMWFXsjVCyScqfOJFPlCJL6jJn0kJ2LRy8X/vEEsvXM7pUEUSxLgDOqNeRcxZqePiUpCJ4EPTLlOyNx8DfzV8tO8mEEZwrwz6FJOsGSJIghzqn4H8QRxhKVqVtdVceZiTcvEarcuWua1Ue+cFg1WwAE4BE1ggjPQAVegCyyAQQSewDN40V61N+1d+/gZLWlFZh/8gfb1DTjVobE=</latexit>

 (3,4)
<latexit sha1_base64="arUVzIT34/rfseKlM+hf4GAm2pY=">AAACJnicbVDLSgMxFL2p7/HV6tJNsBQUpMxoQV1ZcOOygrVCO0omk9HQzIMkow5Df0NwpVs/wa9wJeLOTzFTK2j1QOBwzj2Xm+Mlgitt2++oNDE5NT0zO2fNLywuLZcrK6cqTiVlbRqLWJ55RDHBI9bWXAt2lkhGQk+wjtc/LPzONZOKx9GJzhLmhuQy4gGnRBup12spfp5v7Gw1NgcX5apdt4fAf4kzItWD5/v7RwBoXVTQVM+PaRqySFNBlOo6dqLdnEjNqWADq5cqlhDaJ5esa2hEQqbcfHj0ANeM4uMgluZFGg/Vn4mchEploWcmQ6Kv1LhXiP953VQHe27OoyTVLKIDbNV+ukQIN7/NTBJ7Gb4RxvVi4Rdr8LdWnBakAusYF51hn0tGtcgMIVRy8ztMr4gkVJtmLcsU54zX9Je0t+v7defYrjYb8IVZWIN12AAHdqEJR9CCNlBI4A4e4BE9oRf0it6+RktolFmFX0Afn48lpH0=</latexit><latexit sha1_base64="3DTvXqN/E83+4J1hl82tMyBPN8w="></latexit><latexit sha1_base64="3DTvXqN/E83+4J1hl82tMyBPN8w="></latexit><latexit sha1_base64="LVsNWg6J1rq93pqulO3yZXJQi2g=">AAACJnicbVDNSsNAGNxUqzX+tXr0slgKFaQkWlBvBS8eKxhbaGPZbDbt0s0Puxs1hLyGV736NJ5EvPkobmqE2jqwMMx88/HtOBGjQhrGp1ZaWS2vrVc29M2t7Z3dam3vVoQxx8TCIQt530GCMBoQS1LJSD/iBPkOIz1nepn7vXvCBQ2DG5lExPbROKAexUgqaTjsCnqXNk+P20fZqFo3WsYMcJmYBamDAt1RTSsP3RDHPgkkZkiIgWlE0k4RlxQzkunDWJAI4Skak4GiAfKJsNPZ0RlsKMWFXsjVCyScqfOJFPlCJL6jJn0kJ2LRy8X/vEEsvXM7pUEUSxLgDOqNeRcxZqePiUpCJ4EPTLlOyNx8DfzV8tO8mEEZwrwz6FJOsGSJIghzqn4H8QRxhKVqVtdVceZiTcvEOmldtMxro95pFw1WwAE4BE1ggjPQAVegCyyAQQSewDN40V61N+1d+/gZLWlFZh/8gfb1DTxJobM=</latexit>

±
<latexit sha1_base64="Ns0M0dxpl9nwxFtNuMjfXl+2gaY=">AAACHnicbVBNT8JAFHxFUayooEcvGwmJJ9J6EW8kcvCIiRUSaMh2u8CG7Ud2t2rT8Be86tVf48l41X/jFjBBcJJNJjNvXt6OF3MmlWV9G4Wt7eLObmnP3C8fHB5Vqsf3MkoEoQ6JeCR6HpaUs5A6iilOe7GgOPA47XrT69zvPlAhWRTeqTSmboDHIRsxglUuDeLAHFZqVsOaA20Se0lqrXK7CRqdYdUoDvyIJAENFeFYyr5txcrNsFCMcDozB4mkMSZTPKZ9TUMcUOlm82NnqK4VH40ioV+o0FxdTWQ4kDINPD0ZYDWR614u/uf1EzVquhkL40TRkMyQWV91Medu9pTqJPJS9Mi160Xcz9egXy0/bZRwpCKUd4V8JihRPNUEE8H07xCZYIGJ0o2aeXH2ek2bxLloXDXsW11gGxYowSmcwTnYcAktuIEOOEBgAs/wAq/Gm/FufBifi9GCscycwB8YXz/yPp+8</latexit><latexit sha1_base64="TuXw3jEaratnMMH4x4BdQw28L1I=">AAACHnicbVBBT8IwGO1QFCYq6NFLIyHxRDYv4o1EDh4xcUICi+m6DhrabWk7dVk4evWqV/+JN0/Gq/4bO8AEwZc0eXnve1++Pi9mVCrL+jYKG5vFre1S2dyp7O7tV2sHNzJKBCYOjlgk+h6ShNGQOIoqRvqxIIh7jPS8yUXu9+6IkDQKr1UaE5ejUUgDipHKpWHMzdtq3WpaM8B1Yi9IvV3ptEqP5bfubc0oDv0IJ5yECjMk5cC2YuVmSCiKGZmaw0SSGOEJGpGBpiHiRLrZ7NgpbGjFh0Ek9AsVnKnLiQxxKVPu6UmO1Fiuern4nzdIVNByMxrGiSIhnkKzsewixtzsIdVJ6KXwnmnXi5ifr4G/Wn5akDCoIph3BX0qCFYs1QRhQfXvIB4jgbDSjZp5cfZqTevEOW2eN+0rXWAHzFECR+AYnAAbnIE2uARd4AAMxuAJPIMX49V4Nz6Mz/lowVhkDsEfGF8//zehEg==</latexit><latexit sha1_base64="TuXw3jEaratnMMH4x4BdQw28L1I=">AAACHnicbVBBT8IwGO1QFCYq6NFLIyHxRDYv4o1EDh4xcUICi+m6DhrabWk7dVk4evWqV/+JN0/Gq/4bO8AEwZc0eXnve1++Pi9mVCrL+jYKG5vFre1S2dyp7O7tV2sHNzJKBCYOjlgk+h6ShNGQOIoqRvqxIIh7jPS8yUXu9+6IkDQKr1UaE5ejUUgDipHKpWHMzdtq3WpaM8B1Yi9IvV3ptEqP5bfubc0oDv0IJ5yECjMk5cC2YuVmSCiKGZmaw0SSGOEJGpGBpiHiRLrZ7NgpbGjFh0Ek9AsVnKnLiQxxKVPu6UmO1Fiuern4nzdIVNByMxrGiSIhnkKzsewixtzsIdVJ6KXwnmnXi5ifr4G/Wn5akDCoIph3BX0qCFYs1QRhQfXvIB4jgbDSjZp5cfZqTevEOW2eN+0rXWAHzFECR+AYnAAbnIE2uARd4AAMxuAJPIMX49V4Nz6Mz/lowVhkDsEfGF8//zehEg==</latexit><latexit sha1_base64="Hqw1ffXi/3oxMCFQ+1+INg4Y1AM=">AAACHnicbVBPS8MwHE2m01n/bXr0EhwDT6P1ot4GevA4wbrBVkaapltYmpYkVUvZV/CqVz+NJ/Gq38Z0VpibDwKP937vxy/PTzhT2ra/YGVtvbqxWduytnd29/brjYM7FaeSUJfEPJZ9HyvKmaCuZprTfiIpjnxOe/70svB791QqFotbnSXUi/BYsJARrAtpmETWqN602/YcaJU4JWmCEt1RA1aHQUzSiApNOFZq4NiJ9nIsNSOczqxhqmiCyRSP6cBQgSOqvHx+7Ay1jBKgMJbmCY3m6mIix5FSWeSbyQjriVr2CvE/b5Dq8NzLmUhSTQWZIau16GLOvfwxM0nkZ+iBG9ePeVCsQb9acVqYcqRjVHSFAiYp0TwzBBPJzO8QmWCJiTaNWkVxznJNq8Q9bV+0nRu72bkqG6yBI3AMToADzkAHXIMucAEBE/AEnsELfIVv8B1+/IxWYJk5BH8AP78Bu7Oe9A==</latexit>

m3 ⇠ e�Sinst
<latexit sha1_base64="O7cBRj7xq17UFYbCtcoMkt967Lw="></latexit><latexit sha1_base64="O7cBRj7xq17UFYbCtcoMkt967Lw="></latexit><latexit sha1_base64="O7cBRj7xq17UFYbCtcoMkt967Lw="></latexit><latexit sha1_base64="O7cBRj7xq17UFYbCtcoMkt967Lw="></latexit>

D ! Y
<latexit sha1_base64="J+0ulFeFGFaVCLjkyy2qI1UStQs=">AAACHnicbVDNS8MwHE3m16xfmx69BIfgabQiuONADx4nuA/ZykjTdIumTUlStZT9D1715F/jTbzqf2O6FZybDwKP994PXp4Xc6a0bX/D0srq2vpGedPa2t7Z3atU9ztKJJLQNhFcyJ6HFeUsom3NNKe9WFIcepx2vfuL3O8+UKmYiG50GlM3xKOIBYxgbaTO5UALdDus1Oy6PQVaJk5BaqBAa1iFpYEvSBLSSBOOleo7dqzdDEvNCKcTa5AoGmNyj0e0b2iEQ6rcbFp3go6N4qNASPMijabq/EWGQ6XS0DPJEOuxWvRy8T+vjzl3s6fUeMhL0SO3Bp7gfp5Dv9J8Mx003IxFcaJpRGbFgoQjs0m+FfKZpETz1BBMJDN/Q2SMJSbaLGqZ1ZzFjZZJ57Tu2HXn+qzWbBT7lcEhOAInwAHnoAmuQAu0AQF34Bm8gFf4Bt/hB/ycRUuwuDkAfwC/fgD5TJ9/</latexit><latexit sha1_base64="J+0ulFeFGFaVCLjkyy2qI1UStQs=">AAACHnicbVDNS8MwHE3m16xfmx69BIfgabQiuONADx4nuA/ZykjTdIumTUlStZT9D1715F/jTbzqf2O6FZybDwKP994PXp4Xc6a0bX/D0srq2vpGedPa2t7Z3atU9ztKJJLQNhFcyJ6HFeUsom3NNKe9WFIcepx2vfuL3O8+UKmYiG50GlM3xKOIBYxgbaTO5UALdDus1Oy6PQVaJk5BaqBAa1iFpYEvSBLSSBOOleo7dqzdDEvNCKcTa5AoGmNyj0e0b2iEQ6rcbFp3go6N4qNASPMijabq/EWGQ6XS0DPJEOuxWvRy8T+vjzl3s6fUeMhL0SO3Bp7gfp5Dv9J8Mx003IxFcaJpRGbFgoQjs0m+FfKZpETz1BBMJDN/Q2SMJSbaLGqZ1ZzFjZZJ57Tu2HXn+qzWbBT7lcEhOAInwAHnoAmuQAu0AQF34Bm8gFf4Bt/hB/ycRUuwuDkAfwC/fgD5TJ9/</latexit><latexit sha1_base64="J+0ulFeFGFaVCLjkyy2qI1UStQs=">AAACHnicbVDNS8MwHE3m16xfmx69BIfgabQiuONADx4nuA/ZykjTdIumTUlStZT9D1715F/jTbzqf2O6FZybDwKP994PXp4Xc6a0bX/D0srq2vpGedPa2t7Z3atU9ztKJJLQNhFcyJ6HFeUsom3NNKe9WFIcepx2vfuL3O8+UKmYiG50GlM3xKOIBYxgbaTO5UALdDus1Oy6PQVaJk5BaqBAa1iFpYEvSBLSSBOOleo7dqzdDEvNCKcTa5AoGmNyj0e0b2iEQ6rcbFp3go6N4qNASPMijabq/EWGQ6XS0DPJEOuxWvRy8T+vjzl3s6fUeMhL0SO3Bp7gfp5Dv9J8Mx003IxFcaJpRGbFgoQjs0m+FfKZpETz1BBMJDN/Q2SMJSbaLGqZ1ZzFjZZJ57Tu2HXn+qzWbBT7lcEhOAInwAHnoAmuQAu0AQF34Bm8gFf4Bt/hB/ycRUuwuDkAfwC/fgD5TJ9/</latexit><latexit sha1_base64="J+0ulFeFGFaVCLjkyy2qI1UStQs=">AAACHnicbVDNS8MwHE3m16xfmx69BIfgabQiuONADx4nuA/ZykjTdIumTUlStZT9D1715F/jTbzqf2O6FZybDwKP994PXp4Xc6a0bX/D0srq2vpGedPa2t7Z3atU9ztKJJLQNhFcyJ6HFeUsom3NNKe9WFIcepx2vfuL3O8+UKmYiG50GlM3xKOIBYxgbaTO5UALdDus1Oy6PQVaJk5BaqBAa1iFpYEvSBLSSBOOleo7dqzdDEvNCKcTa5AoGmNyj0e0b2iEQ6rcbFp3go6N4qNASPMijabq/EWGQ6XS0DPJEOuxWvRy8T+vjzl3s6fUeMhL0SO3Bp7gfp5Dv9J8Mx003IxFcaJpRGbFgoQjs0m+FfKZpETz1BBMJDN/Q2SMJSbaLGqZ1ZzFjZZJ57Tu2HXn+qzWbBT7lcEhOAInwAHnoAmuQAu0AQF34Bm8gFf4Bt/hB/ycRUuwuDkAfwC/fgD5TJ9/</latexit>

nested trees

 ̄(4,1)
<latexit sha1_base64="TDe9PyDSBuW12jSijLz/Wa9gZrk="></latexit><latexit sha1_base64="kUuWyKjw2XOfwa5DOLQhx/T2kh8="></latexit><latexit sha1_base64="kUuWyKjw2XOfwa5DOLQhx/T2kh8="></latexit><latexit sha1_base64="f/0sflxUJSzPqKjiSt+dG5n79KU=">AAACLHicbVBPS8MwHE2n01n/dXr0EhyDCTJaGai3gRePE6wbbHWkWbaFpU1J0mkp+yZe9eqn8SDi1c9hOivMzQeBx3u/9+OX50eMSmXb70Zhbb24sVnaMrd3dvf2rfLBneSxwMTFnHHR8ZEkjIbEVVQx0okEQYHPSNufXGV+e0qEpDy8VUlEvACNQjqkGCkt9S2r5yPRa0l6n9Yap87JrG9V7Lo9B1wlTk4qIEerXzaKvQHHcUBChRmSsuvYkfJSJBTFjMzMXixJhPAEjUhX0xAFRHrp/PQZrGplAIdc6BcqOFcXEykKpEwCX08GSI3lspeJ/3ndWA0vvJSGUaxIiGfQrC66iDEvfUx0EvoJfGDa9TkbZGvgr5adNowZVBxmzcEBFQQrlmiCsKD6dxCPkUBY6X5NUxfnLNe0Styz+mXdubErzUbeYAkcgWNQAw44B01wDVrABRhMwRN4Bi/Gq/FmfBifP6MFI88cgj8wvr4BEIKjmw==</latexit>

 (1,2)
<latexit sha1_base64="e6LAQP5sB0etCj9PK+eJGM2mNOc=">AAACJnicbVDLSsNAFL1RqzW+delmsBQUpCRFUFcW3LisYKzQRJlMpu3QyYOZiRpCf0Poym79BL/ClYg7P8VJq6DVAwOHc+653Dl+wplUlvVuzMzOleYXyovm0vLK6tr6xualjFNBqENiHosrH0vKWUQdxRSnV4mgOPQ5bfn908Jv3VIhWRxdqCyhXoi7EeswgpWWXLcp2XW+a+/X9wY36xWrZo2B/hL7i1ROnofDEQA0bzaMkhvEJA1ppAjHUrZtK1FejoVihNOB6aaSJpj0cZe2NY1wSKWXj48eoKpWAtSJhX6RQmP1ZyLHoZRZ6OvJEKuenPYK8T+vnarOkZezKEkVjcgAmdWfLubcy+8znUR+hu64dv2YB8Ua9K0Vp3VSjlSMis5QwAQlimeaYCKY/h0iPSwwUbpZ09TF2dM1/SVOvXZcs8+tSuMAJijDNuzALthwCA04gyY4QCCBB3iEkfFkvBivxttkdMb4ymzBLxgfn4g9pHk=</latexit><latexit sha1_base64="sfnY8obDxt97M/OO4PIie3wLJrI="></latexit><latexit sha1_base64="sfnY8obDxt97M/OO4PIie3wLJrI="></latexit><latexit sha1_base64="//OjAzNrImJZ+ESez2YEBQaFG28=">AAACJnicbVDNSsNAGNyo1Rr/Wj16WSyFClKSIqi3ghePFYwtNLFsNpt26eaH3Y0aQl7Dq159Gk8i3nwUNzVCbR1YGGa++fh23JhRIQ3jU1tZXausb1Q39a3tnd29Wn3/VkQJx8TCEYv4wEWCMBoSS1LJyCDmBAUuI313eln4/XvCBY3CG5nGxAnQOKQ+xUgqybZ7gt5lLfOkc5yPag2jbcwAl4lZkgYo0RvVtYrtRTgJSCgxQ0IMTSOWToa4pJiRXLcTQWKEp2hMhoqGKCDCyWZH57CpFA/6EVcvlHCmzicyFAiRBq6aDJCciEWvEP/zhon0z52MhnEiSYhzqDfnXcSYkz2mKgndFD4w5boR84o18FcrTvMTBmUEi86gRznBkqWKIMyp+h3EE8QRlqpZXVfFmYs1LROr075om9dGo3taNlgFh+AItIAJzkAXXIEesAAGMXgCz+BFe9XetHft42d0RSszB+APtK9vNWGhrw==</latexit>

 (3,4)
<latexit sha1_base64="arUVzIT34/rfseKlM+hf4GAm2pY=">AAACJnicbVDLSgMxFL2p7/HV6tJNsBQUpMxoQV1ZcOOygrVCO0omk9HQzIMkow5Df0NwpVs/wa9wJeLOTzFTK2j1QOBwzj2Xm+Mlgitt2++oNDE5NT0zO2fNLywuLZcrK6cqTiVlbRqLWJ55RDHBI9bWXAt2lkhGQk+wjtc/LPzONZOKx9GJzhLmhuQy4gGnRBup12spfp5v7Gw1NgcX5apdt4fAf4kzItWD5/v7RwBoXVTQVM+PaRqySFNBlOo6dqLdnEjNqWADq5cqlhDaJ5esa2hEQqbcfHj0ANeM4uMgluZFGg/Vn4mchEploWcmQ6Kv1LhXiP953VQHe27OoyTVLKIDbNV+ukQIN7/NTBJ7Gb4RxvVi4Rdr8LdWnBakAusYF51hn0tGtcgMIVRy8ztMr4gkVJtmLcsU54zX9Je0t+v7defYrjYb8IVZWIN12AAHdqEJR9CCNlBI4A4e4BE9oRf0it6+RktolFmFX0Afn48lpH0=</latexit><latexit sha1_base64="3DTvXqN/E83+4J1hl82tMyBPN8w="></latexit><latexit sha1_base64="3DTvXqN/E83+4J1hl82tMyBPN8w="></latexit><latexit sha1_base64="LVsNWg6J1rq93pqulO3yZXJQi2g=">AAACJnicbVDNSsNAGNxUqzX+tXr0slgKFaQkWlBvBS8eKxhbaGPZbDbt0s0Puxs1hLyGV736NJ5EvPkobmqE2jqwMMx88/HtOBGjQhrGp1ZaWS2vrVc29M2t7Z3dam3vVoQxx8TCIQt530GCMBoQS1LJSD/iBPkOIz1nepn7vXvCBQ2DG5lExPbROKAexUgqaTjsCnqXNk+P20fZqFo3WsYMcJmYBamDAt1RTSsP3RDHPgkkZkiIgWlE0k4RlxQzkunDWJAI4Skak4GiAfKJsNPZ0RlsKMWFXsjVCyScqfOJFPlCJL6jJn0kJ2LRy8X/vEEsvXM7pUEUSxLgDOqNeRcxZqePiUpCJ4EPTLlOyNx8DfzV8tO8mEEZwrwz6FJOsGSJIghzqn4H8QRxhKVqVtdVceZiTcvEOmldtMxro95pFw1WwAE4BE1ggjPQAVegCyyAQQSewDN40V61N+1d+/gZLWlFZh/8gfb1DTxJobM=</latexit>

m3( 
⌦3)

<latexit sha1_base64="3L9oG1QZzsE7pGn9UPu6auQ8FAc="></latexit><latexit sha1_base64="3L9oG1QZzsE7pGn9UPu6auQ8FAc="></latexit><latexit sha1_base64="3L9oG1QZzsE7pGn9UPu6auQ8FAc="></latexit><latexit sha1_base64="3L9oG1QZzsE7pGn9UPu6auQ8FAc="></latexit>

D1
<latexit sha1_base64="GTKrW1mvd7yA6to1S27SSvgMDCw=">AAACI3icbVBLS8NAGNy0Pmp8tXr0slgKnkpSBD0W9OCxgn1gE8pms2mXbjZhd6OG0H/hVW/+Gm/ixYP/xU0bxLYOLAwz88HseDGjUlnWl1Eqb2xubVd2zN29/YPDau2oJ6NEYNLFEYvEwEOSMMpJV1HFyCAWBIUeI31vepX7/QciJI34nUpj4oZozGlAMVJaus8cjBi8no3sUbVuNa054DqxC1IHBTqjmlF2/AgnIeEKMyTl0LZi5WZIKIoZmZlOIkmM8BSNyVBTjkIi3WxeeQYbWvFhEAn9uIJz9e9FhkIp09DTyRCpiVz1cvE/b4gYc7OnVHvQS+EjMxuOFzE/D8JfbamaCi7djPI4UYTjRbMgYVBFMB8M+lQQrFiqCcKC6s9BPEECYaVnNfVs9upI66TXatpW0749r7dbxYAVcAJOwRmwwQVogxvQAV2AAQfP4AW8Gm/Gu/FhfC6iJaO4OQZLML5/AK8YoUg=</latexit><latexit sha1_base64="GTKrW1mvd7yA6to1S27SSvgMDCw=">AAACI3icbVBLS8NAGNy0Pmp8tXr0slgKnkpSBD0W9OCxgn1gE8pms2mXbjZhd6OG0H/hVW/+Gm/ixYP/xU0bxLYOLAwz88HseDGjUlnWl1Eqb2xubVd2zN29/YPDau2oJ6NEYNLFEYvEwEOSMMpJV1HFyCAWBIUeI31vepX7/QciJI34nUpj4oZozGlAMVJaus8cjBi8no3sUbVuNa054DqxC1IHBTqjmlF2/AgnIeEKMyTl0LZi5WZIKIoZmZlOIkmM8BSNyVBTjkIi3WxeeQYbWvFhEAn9uIJz9e9FhkIp09DTyRCpiVz1cvE/b4gYc7OnVHvQS+EjMxuOFzE/D8JfbamaCi7djPI4UYTjRbMgYVBFMB8M+lQQrFiqCcKC6s9BPEECYaVnNfVs9upI66TXatpW0749r7dbxYAVcAJOwRmwwQVogxvQAV2AAQfP4AW8Gm/Gu/FhfC6iJaO4OQZLML5/AK8YoUg=</latexit><latexit sha1_base64="GTKrW1mvd7yA6to1S27SSvgMDCw=">AAACI3icbVBLS8NAGNy0Pmp8tXr0slgKnkpSBD0W9OCxgn1gE8pms2mXbjZhd6OG0H/hVW/+Gm/ixYP/xU0bxLYOLAwz88HseDGjUlnWl1Eqb2xubVd2zN29/YPDau2oJ6NEYNLFEYvEwEOSMMpJV1HFyCAWBIUeI31vepX7/QciJI34nUpj4oZozGlAMVJaus8cjBi8no3sUbVuNa054DqxC1IHBTqjmlF2/AgnIeEKMyTl0LZi5WZIKIoZmZlOIkmM8BSNyVBTjkIi3WxeeQYbWvFhEAn9uIJz9e9FhkIp09DTyRCpiVz1cvE/b4gYc7OnVHvQS+EjMxuOFzE/D8JfbamaCi7djPI4UYTjRbMgYVBFMB8M+lQQrFiqCcKC6s9BPEECYaVnNfVs9upI66TXatpW0749r7dbxYAVcAJOwRmwwQVogxvQAV2AAQfP4AW8Gm/Gu/FhfC6iJaO4OQZLML5/AK8YoUg=</latexit><latexit sha1_base64="GTKrW1mvd7yA6to1S27SSvgMDCw=">AAACI3icbVBLS8NAGNy0Pmp8tXr0slgKnkpSBD0W9OCxgn1gE8pms2mXbjZhd6OG0H/hVW/+Gm/ixYP/xU0bxLYOLAwz88HseDGjUlnWl1Eqb2xubVd2zN29/YPDau2oJ6NEYNLFEYvEwEOSMMpJV1HFyCAWBIUeI31vepX7/QciJI34nUpj4oZozGlAMVJaus8cjBi8no3sUbVuNa054DqxC1IHBTqjmlF2/AgnIeEKMyTl0LZi5WZIKIoZmZlOIkmM8BSNyVBTjkIi3WxeeQYbWvFhEAn9uIJz9e9FhkIp09DTyRCpiVz1cvE/b4gYc7OnVHvQS+EjMxuOFzE/D8JfbamaCi7djPI4UYTjRbMgYVBFMB8M+lQQrFiqCcKC6s9BPEECYaVnNfVs9upI66TXatpW0749r7dbxYAVcAJOwRmwwQVogxvQAV2AAQfP4AW8Gm/Gu/FhfC6iJaO4OQZLML5/AK8YoUg=</latexit>

D2
<latexit sha1_base64="KZtl4juKkISQrpZ9sLteis0/uSU=">AAACI3icbVBLS8NAGNy0Pmp8tXr0slgKnkpSBD0W9OCxgn1gE8pms2mXbjZhd6OG0H/hVW/+Gm/ixYP/xU0bxLYOLAwz88HseDGjUlnWl1Eqb2xubVd2zN29/YPDau2oJ6NEYNLFEYvEwEOSMMpJV1HFyCAWBIUeI31vepX7/QciJI34nUpj4oZozGlAMVJaus8cjBi8no1ao2rdalpzwHViF6QOCnRGNaPs+BFOQsIVZkjKoW3Fys2QUBQzMjOdRJIY4Skak6GmHIVEutm88gw2tOLDIBL6cQXn6t+LDIVSpqGnkyFSE7nq5eJ/3hAx5mZPqfagl8JHZjYcL2J+HoS/2lI1FVy6GeVxogjHi2ZBwqCKYD4Y9KkgWLFUE4QF1Z+DeIIEwkrPaurZ7NWR1kmv1bStpn17Xm+3igEr4AScgjNggwvQBjegA7oAAw6ewQt4Nd6Md+PD+FxES0ZxcwyWYHz/ALDOoUk=</latexit><latexit sha1_base64="KZtl4juKkISQrpZ9sLteis0/uSU=">AAACI3icbVBLS8NAGNy0Pmp8tXr0slgKnkpSBD0W9OCxgn1gE8pms2mXbjZhd6OG0H/hVW/+Gm/ixYP/xU0bxLYOLAwz88HseDGjUlnWl1Eqb2xubVd2zN29/YPDau2oJ6NEYNLFEYvEwEOSMMpJV1HFyCAWBIUeI31vepX7/QciJI34nUpj4oZozGlAMVJaus8cjBi8no1ao2rdalpzwHViF6QOCnRGNaPs+BFOQsIVZkjKoW3Fys2QUBQzMjOdRJIY4Skak6GmHIVEutm88gw2tOLDIBL6cQXn6t+LDIVSpqGnkyFSE7nq5eJ/3hAx5mZPqfagl8JHZjYcL2J+HoS/2lI1FVy6GeVxogjHi2ZBwqCKYD4Y9KkgWLFUE4QF1Z+DeIIEwkrPaurZ7NWR1kmv1bStpn17Xm+3igEr4AScgjNggwvQBjegA7oAAw6ewQt4Nd6Md+PD+FxES0ZxcwyWYHz/ALDOoUk=</latexit><latexit sha1_base64="KZtl4juKkISQrpZ9sLteis0/uSU=">AAACI3icbVBLS8NAGNy0Pmp8tXr0slgKnkpSBD0W9OCxgn1gE8pms2mXbjZhd6OG0H/hVW/+Gm/ixYP/xU0bxLYOLAwz88HseDGjUlnWl1Eqb2xubVd2zN29/YPDau2oJ6NEYNLFEYvEwEOSMMpJV1HFyCAWBIUeI31vepX7/QciJI34nUpj4oZozGlAMVJaus8cjBi8no1ao2rdalpzwHViF6QOCnRGNaPs+BFOQsIVZkjKoW3Fys2QUBQzMjOdRJIY4Skak6GmHIVEutm88gw2tOLDIBL6cQXn6t+LDIVSpqGnkyFSE7nq5eJ/3hAx5mZPqfagl8JHZjYcL2J+HoS/2lI1FVy6GeVxogjHi2ZBwqCKYD4Y9KkgWLFUE4QF1Z+DeIIEwkrPaurZ7NWR1kmv1bStpn17Xm+3igEr4AScgjNggwvQBjegA7oAAw6ewQt4Nd6Md+PD+FxES0ZxcwyWYHz/ALDOoUk=</latexit><latexit sha1_base64="KZtl4juKkISQrpZ9sLteis0/uSU=">AAACI3icbVBLS8NAGNy0Pmp8tXr0slgKnkpSBD0W9OCxgn1gE8pms2mXbjZhd6OG0H/hVW/+Gm/ixYP/xU0bxLYOLAwz88HseDGjUlnWl1Eqb2xubVd2zN29/YPDau2oJ6NEYNLFEYvEwEOSMMpJV1HFyCAWBIUeI31vepX7/QciJI34nUpj4oZozGlAMVJaus8cjBi8no1ao2rdalpzwHViF6QOCnRGNaPs+BFOQsIVZkjKoW3Fys2QUBQzMjOdRJIY4Skak6GmHIVEutm88gw2tOLDIBL6cQXn6t+LDIVSpqGnkyFSE7nq5eJ/3hAx5mZPqfagl8JHZjYcL2J+HoS/2lI1FVy6GeVxogjHi2ZBwqCKYD4Y9KkgWLFUE4QF1Z+DeIIEwkrPaurZ7NWR1kmv1bStpn17Xm+3igEr4AScgjNggwvQBjegA7oAAw6ewQt4Nd6Md+PD+FxES0ZxcwyWYHz/ALDOoUk=</latexit> D3

<latexit sha1_base64="kOObJNHNXIJhUMhf9SgcKk+tuuk=">AAACI3icbVBLS8NAGNxYHzW+Wj16WSwFTyWpgh4LevBYwT6wCWWz2bRLN5uwu1FD6L/wqjd/jTfx4sH/4qYNYlsHFoaZ+WB2vJhRqSzry1grrW9sbpW3zZ3dvf2DSvWwK6NEYNLBEYtE30OSMMpJR1HFSD8WBIUeIz1vcpX7vQciJI34nUpj4oZoxGlAMVJaus8cjBi8ng7PhpWa1bBmgKvELkgNFGgPq0bJ8SOchIQrzJCUA9uKlZshoShmZGo6iSQxwhM0IgNNOQqJdLNZ5Smsa8WHQST04wrO1L8XGQqlTENPJ0OkxnLZy8X/vAFizM2eUu1BL4WPzKw7XsT8PAh/tYVqKrh0M8rjRBGO582ChEEVwXww6FNBsGKpJggLqj8H8RgJhJWe1dSz2csjrZJus2FbDfv2vNZqFgOWwTE4AafABhegBW5AG3QABhw8gxfwarwZ78aH8TmPrhnFzRFYgPH9A7KEoUo=</latexit><latexit sha1_base64="kOObJNHNXIJhUMhf9SgcKk+tuuk=">AAACI3icbVBLS8NAGNxYHzW+Wj16WSwFTyWpgh4LevBYwT6wCWWz2bRLN5uwu1FD6L/wqjd/jTfx4sH/4qYNYlsHFoaZ+WB2vJhRqSzry1grrW9sbpW3zZ3dvf2DSvWwK6NEYNLBEYtE30OSMMpJR1HFSD8WBIUeIz1vcpX7vQciJI34nUpj4oZoxGlAMVJaus8cjBi8ng7PhpWa1bBmgKvELkgNFGgPq0bJ8SOchIQrzJCUA9uKlZshoShmZGo6iSQxwhM0IgNNOQqJdLNZ5Smsa8WHQST04wrO1L8XGQqlTENPJ0OkxnLZy8X/vAFizM2eUu1BL4WPzKw7XsT8PAh/tYVqKrh0M8rjRBGO582ChEEVwXww6FNBsGKpJggLqj8H8RgJhJWe1dSz2csjrZJus2FbDfv2vNZqFgOWwTE4AafABhegBW5AG3QABhw8gxfwarwZ78aH8TmPrhnFzRFYgPH9A7KEoUo=</latexit><latexit sha1_base64="kOObJNHNXIJhUMhf9SgcKk+tuuk=">AAACI3icbVBLS8NAGNxYHzW+Wj16WSwFTyWpgh4LevBYwT6wCWWz2bRLN5uwu1FD6L/wqjd/jTfx4sH/4qYNYlsHFoaZ+WB2vJhRqSzry1grrW9sbpW3zZ3dvf2DSvWwK6NEYNLBEYtE30OSMMpJR1HFSD8WBIUeIz1vcpX7vQciJI34nUpj4oZoxGlAMVJaus8cjBi8ng7PhpWa1bBmgKvELkgNFGgPq0bJ8SOchIQrzJCUA9uKlZshoShmZGo6iSQxwhM0IgNNOQqJdLNZ5Smsa8WHQST04wrO1L8XGQqlTENPJ0OkxnLZy8X/vAFizM2eUu1BL4WPzKw7XsT8PAh/tYVqKrh0M8rjRBGO582ChEEVwXww6FNBsGKpJggLqj8H8RgJhJWe1dSz2csjrZJus2FbDfv2vNZqFgOWwTE4AafABhegBW5AG3QABhw8gxfwarwZ78aH8TmPrhnFzRFYgPH9A7KEoUo=</latexit><latexit sha1_base64="kOObJNHNXIJhUMhf9SgcKk+tuuk=">AAACI3icbVBLS8NAGNxYHzW+Wj16WSwFTyWpgh4LevBYwT6wCWWz2bRLN5uwu1FD6L/wqjd/jTfx4sH/4qYNYlsHFoaZ+WB2vJhRqSzry1grrW9sbpW3zZ3dvf2DSvWwK6NEYNLBEYtE30OSMMpJR1HFSD8WBIUeIz1vcpX7vQciJI34nUpj4oZoxGlAMVJaus8cjBi8ng7PhpWa1bBmgKvELkgNFGgPq0bJ8SOchIQrzJCUA9uKlZshoShmZGo6iSQxwhM0IgNNOQqJdLNZ5Smsa8WHQST04wrO1L8XGQqlTENPJ0OkxnLZy8X/vAFizM2eUu1BL4WPzKw7XsT8PAh/tYVqKrh0M8rjRBGO582ChEEVwXww6FNBsGKpJggLqj8H8RgJhJWe1dSz2csjrZJus2FbDfv2vNZqFgOWwTE4AafABhegBW5AG3QABhw8gxfwarwZ78aH8TmPrhnFzRFYgPH9A7KEoUo=</latexit>

D4
<latexit sha1_base64="+5a/W9yE1Mf8zO3UTqd6YDpmt98=">AAACI3icbVBLS8NAGNxYHzW+Wj16WSwFTyUpBT0W9OCxgn1gE8pms2mXbjZhd6OG0H/hVW/+Gm/ixYP/xU0bxLYOLAwz88HseDGjUlnWl7FR2tza3invmnv7B4dHlepxT0aJwKSLIxaJgYckYZSTrqKKkUEsCAo9Rvre9Cr3+w9ESBrxO5XGxA3RmNOAYqS0dJ85GDF4PRu1RpWa1bDmgOvELkgNFOiMqkbJ8SOchIQrzJCUQ9uKlZshoShmZGY6iSQxwlM0JkNNOQqJdLN55Rmsa8WHQST04wrO1b8XGQqlTENPJ0OkJnLVy8X/vCFizM2eUu1BL4WPzKw7XsT8PAh/taVqKrh0M8rjRBGOF82ChEEVwXww6FNBsGKpJggLqj8H8QQJhJWe1dSz2asjrZNes2FbDfu2VWs3iwHL4BScgXNggwvQBjegA7oAAw6ewQt4Nd6Md+PD+FxEN4zi5gQswfj+AbQ6oUs=</latexit><latexit sha1_base64="+5a/W9yE1Mf8zO3UTqd6YDpmt98=">AAACI3icbVBLS8NAGNxYHzW+Wj16WSwFTyUpBT0W9OCxgn1gE8pms2mXbjZhd6OG0H/hVW/+Gm/ixYP/xU0bxLYOLAwz88HseDGjUlnWl7FR2tza3invmnv7B4dHlepxT0aJwKSLIxaJgYckYZSTrqKKkUEsCAo9Rvre9Cr3+w9ESBrxO5XGxA3RmNOAYqS0dJ85GDF4PRu1RpWa1bDmgOvELkgNFOiMqkbJ8SOchIQrzJCUQ9uKlZshoShmZGY6iSQxwlM0JkNNOQqJdLN55Rmsa8WHQST04wrO1b8XGQqlTENPJ0OkJnLVy8X/vCFizM2eUu1BL4WPzKw7XsT8PAh/taVqKrh0M8rjRBGOF82ChEEVwXww6FNBsGKpJggLqj8H8QQJhJWe1dSz2asjrZNes2FbDfu2VWs3iwHL4BScgXNggwvQBjegA7oAAw6ewQt4Nd6Md+PD+FxEN4zi5gQswfj+AbQ6oUs=</latexit><latexit sha1_base64="+5a/W9yE1Mf8zO3UTqd6YDpmt98=">AAACI3icbVBLS8NAGNxYHzW+Wj16WSwFTyUpBT0W9OCxgn1gE8pms2mXbjZhd6OG0H/hVW/+Gm/ixYP/xU0bxLYOLAwz88HseDGjUlnWl7FR2tza3invmnv7B4dHlepxT0aJwKSLIxaJgYckYZSTrqKKkUEsCAo9Rvre9Cr3+w9ESBrxO5XGxA3RmNOAYqS0dJ85GDF4PRu1RpWa1bDmgOvELkgNFOiMqkbJ8SOchIQrzJCUQ9uKlZshoShmZGY6iSQxwlM0JkNNOQqJdLN55Rmsa8WHQST04wrO1b8XGQqlTENPJ0OkJnLVy8X/vCFizM2eUu1BL4WPzKw7XsT8PAh/taVqKrh0M8rjRBGOF82ChEEVwXww6FNBsGKpJggLqj8H8QQJhJWe1dSz2asjrZNes2FbDfu2VWs3iwHL4BScgXNggwvQBjegA7oAAw6ewQt4Nd6Md+PD+FxEN4zi5gQswfj+AbQ6oUs=</latexit><latexit sha1_base64="+5a/W9yE1Mf8zO3UTqd6YDpmt98=">AAACI3icbVBLS8NAGNxYHzW+Wj16WSwFTyUpBT0W9OCxgn1gE8pms2mXbjZhd6OG0H/hVW/+Gm/ixYP/xU0bxLYOLAwz88HseDGjUlnWl7FR2tza3invmnv7B4dHlepxT0aJwKSLIxaJgYckYZSTrqKKkUEsCAo9Rvre9Cr3+w9ESBrxO5XGxA3RmNOAYqS0dJ85GDF4PRu1RpWa1bDmgOvELkgNFOiMqkbJ8SOchIQrzJCUQ9uKlZshoShmZGY6iSQxwlM0JkNNOQqJdLN55Rmsa8WHQST04wrO1b8XGQqlTENPJ0OkJnLVy8X/vCFizM2eUu1BL4WPzKw7XsT8PAh/taVqKrh0M8rjRBGOF82ChEEVwXww6FNBsGKpJggLqj8H8QQJhJWe1dSz2asjrZNes2FbDfu2VWs3iwHL4BScgXNggwvQBjegA7oAAw6ewQt4Nd6Md+PD+FxEN4zi5gQswfj+AbQ6oUs=</latexit>

R
 (2,3)

<latexit sha1_base64="X6N+smcOnSvIlKHNL+DHyRzKxXI=">AAACLHicbVBLS8NAGNy0Pmp8tXr0slgKFaQk9aAHDwUvHivYBzSxbDabdunmwe7GGkJ/ile9+Wu8iHj1d7hpg9jWgYVhZj6YHSdiVEjD+NAKxY3Nre3Sjr67t39wWK4cdUUYc0w6OGQh7ztIEEYD0pFUMtKPOEG+w0jPmdxkfu+RcEHD4F4mEbF9NAqoRzGSShqWKxYNJLTagj6k9eb5xdlsWK4aDWMOuE7MnFRBjvawohUtN8SxTwKJGRJiYBqRtFPEJcWMzHQrFiRCeIJGZKBogHwi7HTefQZrSnGhF3L1VJO5+vciRb4Qie+opI/kWKx6mfifN0CM2elTojzoJHDK9JrlhMzNgvBXW6omvSs7pUEUSxLgRTMvZlCGMFsOupQTLFmiCMKcqs9BPEYcYan21dVs5upI66TbbJhGw7wzq63rfMASOAGnoA5McAla4Ba0QQdgMAXP4AW8am/au/apfS2iBS2/OQZL0L5/ANhAo9U=</latexit><latexit sha1_base64="X6N+smcOnSvIlKHNL+DHyRzKxXI=">AAACLHicbVBLS8NAGNy0Pmp8tXr0slgKFaQk9aAHDwUvHivYBzSxbDabdunmwe7GGkJ/ile9+Wu8iHj1d7hpg9jWgYVhZj6YHSdiVEjD+NAKxY3Nre3Sjr67t39wWK4cdUUYc0w6OGQh7ztIEEYD0pFUMtKPOEG+w0jPmdxkfu+RcEHD4F4mEbF9NAqoRzGSShqWKxYNJLTagj6k9eb5xdlsWK4aDWMOuE7MnFRBjvawohUtN8SxTwKJGRJiYBqRtFPEJcWMzHQrFiRCeIJGZKBogHwi7HTefQZrSnGhF3L1VJO5+vciRb4Qie+opI/kWKx6mfifN0CM2elTojzoJHDK9JrlhMzNgvBXW6omvSs7pUEUSxLgRTMvZlCGMFsOupQTLFmiCMKcqs9BPEYcYan21dVs5upI66TbbJhGw7wzq63rfMASOAGnoA5McAla4Ba0QQdgMAXP4AW8am/au/apfS2iBS2/OQZL0L5/ANhAo9U=</latexit><latexit sha1_base64="X6N+smcOnSvIlKHNL+DHyRzKxXI=">AAACLHicbVBLS8NAGNy0Pmp8tXr0slgKFaQk9aAHDwUvHivYBzSxbDabdunmwe7GGkJ/ile9+Wu8iHj1d7hpg9jWgYVhZj6YHSdiVEjD+NAKxY3Nre3Sjr67t39wWK4cdUUYc0w6OGQh7ztIEEYD0pFUMtKPOEG+w0jPmdxkfu+RcEHD4F4mEbF9NAqoRzGSShqWKxYNJLTagj6k9eb5xdlsWK4aDWMOuE7MnFRBjvawohUtN8SxTwKJGRJiYBqRtFPEJcWMzHQrFiRCeIJGZKBogHwi7HTefQZrSnGhF3L1VJO5+vciRb4Qie+opI/kWKx6mfifN0CM2elTojzoJHDK9JrlhMzNgvBXW6omvSs7pUEUSxLgRTMvZlCGMFsOupQTLFmiCMKcqs9BPEYcYan21dVs5upI66TbbJhGw7wzq63rfMASOAGnoA5McAla4Ba0QQdgMAXP4AW8am/au/apfS2iBS2/OQZL0L5/ANhAo9U=</latexit><latexit sha1_base64="X6N+smcOnSvIlKHNL+DHyRzKxXI=">AAACLHicbVBLS8NAGNy0Pmp8tXr0slgKFaQk9aAHDwUvHivYBzSxbDabdunmwe7GGkJ/ile9+Wu8iHj1d7hpg9jWgYVhZj6YHSdiVEjD+NAKxY3Nre3Sjr67t39wWK4cdUUYc0w6OGQh7ztIEEYD0pFUMtKPOEG+w0jPmdxkfu+RcEHD4F4mEbF9NAqoRzGSShqWKxYNJLTagj6k9eb5xdlsWK4aDWMOuE7MnFRBjvawohUtN8SxTwKJGRJiYBqRtFPEJcWMzHQrFiRCeIJGZKBogHwi7HTefQZrSnGhF3L1VJO5+vciRb4Qie+opI/kWKx6mfifN0CM2elTojzoJHDK9JrlhMzNgvBXW6omvSs7pUEUSxLgRTMvZlCGMFsOupQTLFmiCMKcqs9BPEYcYan21dVs5upI66TbbJhGw7wzq63rfMASOAGnoA5McAla4Ba0QQdgMAXP4AW8am/au/apfS2iBS2/OQZL0L5/ANhAo9U=</latexit>

quantum

U U

mirror symmetry



Open string correlators and A∞ products

= hh a0 ,mk( a1 � ... � akii
<latexit sha1_base64="u2j2EtIjv7kmpOAHlI18a+ryCE0="></latexit><latexit sha1_base64="u2j2EtIjv7kmpOAHlI18a+ryCE0="></latexit><latexit sha1_base64="u2j2EtIjv7kmpOAHlI18a+ryCE0="></latexit><latexit sha1_base64="u2j2EtIjv7kmpOAHlI18a+ryCE0="></latexit>

Multilinear, non-comm.  maps mk :  ⌦k !  
<latexit sha1_base64="o5FQcDScVLarngd77oVOuTnwMtg="></latexit><latexit sha1_base64="o5FQcDScVLarngd77oVOuTnwMtg="></latexit><latexit sha1_base64="o5FQcDScVLarngd77oVOuTnwMtg="></latexit><latexit sha1_base64="o5FQcDScVLarngd77oVOuTnwMtg="></latexit>

satisfy A∞ relations = Ward identities from disk factorization:

m0 = 0,

m1 = Q,

m2 = •
<latexit sha1_base64="KSpV3lU5gjp6tOHX/wo4ozp4Jp4="></latexit><latexit sha1_base64="KSpV3lU5gjp6tOHX/wo4ozp4Jp4="></latexit><latexit sha1_base64="KSpV3lU5gjp6tOHX/wo4ozp4Jp4="></latexit><latexit sha1_base64="KSpV3lU5gjp6tOHX/wo4ozp4Jp4="></latexit>

Can be recursively solved in closed form:

U = Q-1  
 open string propagator

Ca0,a1,...,ak = h a0 a1P

Z
 (1)

a2
. . .

Z
 (1)

ak�1
 aki

<latexit sha1_base64="BCbCb+4QJDBd94LZy0/ZOEnRwM4="></latexit><latexit sha1_base64="BCbCb+4QJDBd94LZy0/ZOEnRwM4="></latexit><latexit sha1_base64="BCbCb+4QJDBd94LZy0/ZOEnRwM4="></latexit><latexit sha1_base64="BCbCb+4QJDBd94LZy0/ZOEnRwM4="></latexit>

m1·m4(1, 2, 3, 4) = m3(m2(1, 2), 3, 4)±m2(m2(1, 2),m2(3, 4))±m3(1, 2,m2(3, 4))
<latexit sha1_base64="c0pPjzkCgcIUo1jhKfDiyahqbg8="></latexit><latexit sha1_base64="c0pPjzkCgcIUo1jhKfDiyahqbg8="></latexit><latexit sha1_base64="c0pPjzkCgcIUo1jhKfDiyahqbg8="></latexit><latexit sha1_base64="c0pPjzkCgcIUo1jhKfDiyahqbg8="></latexit>

m4(1, 2, 3, 4) = m3(U ·m2(1, 2), 3, 4)±m2(U ·m2(1, 2), U ·m2(3, 4))±m3(1, 2, U ·m2(3, 4))
<latexit sha1_base64="CRqAQy1GJg5OjWkFgeD68JNfwJA="></latexit><latexit sha1_base64="CRqAQy1GJg5OjWkFgeD68JNfwJA="></latexit><latexit sha1_base64="CRqAQy1GJg5OjWkFgeD68JNfwJA="></latexit><latexit sha1_base64="CRqAQy1GJg5OjWkFgeD68JNfwJA="></latexit>

L2
<latexit sha1_base64="cqD9HptBOEHnXcKs7H36OqK76eo=">AAAB7HicdVDNSgMxGMzWv1r/qh69BIvgaclua+veCl48eKjg2kJbSzbNtqHZzZJkhbL0MQRBPOjBh/ENfBuzbT1UdCDwMTPhm/mChDOlEfqyCmvrG5tbxe3Szu7e/kH58OheiVQS6hPBhewEWFHOYuprpjntJJLiKOC0HUyucr39SKViIr7T04T2IzyKWcgI1oZ6yHoR1mOCObyZDdxBuYJsp+pUaxcQ2Z7n1RsNMyC3Wndr0LHRHBWwRGtQ/uwNBUkjGmvCsVJdByW6n2GpGeF0VuqliiaYTPCIZvOsM3hmqCEMhTQv1nDOrvhwpNQ0Cowzj6Z+azn5l9ZNdXjZz1icpJrGZLEoTDnUAubF4ZBJSjSfQkyIyZtibXKQMZaYaHOgkin/0xD+P/iu7dnOLao0veUViuAEnIJz4IAGaIJr0AI+IECCZ/AG3i1hPVkv1uvCWrCWf47BCqyPbxPUjtU=</latexit><latexit sha1_base64="cqD9HptBOEHnXcKs7H36OqK76eo=">AAAB7HicdVDNSgMxGMzWv1r/qh69BIvgaclua+veCl48eKjg2kJbSzbNtqHZzZJkhbL0MQRBPOjBh/ENfBuzbT1UdCDwMTPhm/mChDOlEfqyCmvrG5tbxe3Szu7e/kH58OheiVQS6hPBhewEWFHOYuprpjntJJLiKOC0HUyucr39SKViIr7T04T2IzyKWcgI1oZ6yHoR1mOCObyZDdxBuYJsp+pUaxcQ2Z7n1RsNMyC3Wndr0LHRHBWwRGtQ/uwNBUkjGmvCsVJdByW6n2GpGeF0VuqliiaYTPCIZvOsM3hmqCEMhTQv1nDOrvhwpNQ0Cowzj6Z+azn5l9ZNdXjZz1icpJrGZLEoTDnUAubF4ZBJSjSfQkyIyZtibXKQMZaYaHOgkin/0xD+P/iu7dnOLao0veUViuAEnIJz4IAGaIJr0AI+IECCZ/AG3i1hPVkv1uvCWrCWf47BCqyPbxPUjtU=</latexit><latexit sha1_base64="cqD9HptBOEHnXcKs7H36OqK76eo=">AAAB7HicdVDNSgMxGMzWv1r/qh69BIvgaclua+veCl48eKjg2kJbSzbNtqHZzZJkhbL0MQRBPOjBh/ENfBuzbT1UdCDwMTPhm/mChDOlEfqyCmvrG5tbxe3Szu7e/kH58OheiVQS6hPBhewEWFHOYuprpjntJJLiKOC0HUyucr39SKViIr7T04T2IzyKWcgI1oZ6yHoR1mOCObyZDdxBuYJsp+pUaxcQ2Z7n1RsNMyC3Wndr0LHRHBWwRGtQ/uwNBUkjGmvCsVJdByW6n2GpGeF0VuqliiaYTPCIZvOsM3hmqCEMhTQv1nDOrvhwpNQ0Cowzj6Z+azn5l9ZNdXjZz1icpJrGZLEoTDnUAubF4ZBJSjSfQkyIyZtibXKQMZaYaHOgkin/0xD+P/iu7dnOLao0veUViuAEnIJz4IAGaIJr0AI+IECCZ/AG3i1hPVkv1uvCWrCWf47BCqyPbxPUjtU=</latexit><latexit sha1_base64="cqD9HptBOEHnXcKs7H36OqK76eo=">AAAB7HicdVDNSgMxGMzWv1r/qh69BIvgaclua+veCl48eKjg2kJbSzbNtqHZzZJkhbL0MQRBPOjBh/ENfBuzbT1UdCDwMTPhm/mChDOlEfqyCmvrG5tbxe3Szu7e/kH58OheiVQS6hPBhewEWFHOYuprpjntJJLiKOC0HUyucr39SKViIr7T04T2IzyKWcgI1oZ6yHoR1mOCObyZDdxBuYJsp+pUaxcQ2Z7n1RsNMyC3Wndr0LHRHBWwRGtQ/uwNBUkjGmvCsVJdByW6n2GpGeF0VuqliiaYTPCIZvOsM3hmqCEMhTQv1nDOrvhwpNQ0Cowzj6Z+azn5l9ZNdXjZz1icpJrGZLEoTDnUAubF4ZBJSjSfQkyIyZtibXKQMZaYaHOgkin/0xD+P/iu7dnOLao0veUViuAEnIJz4IAGaIJr0AI+IECCZ/AG3i1hPVkv1uvCWrCWf47BCqyPbxPUjtU=</latexit>

L1
<latexit sha1_base64="BTT6FFDIGLs2q3Gqq+J8hNEjTVE=">AAAB7HicdVDLSgNBEOz1GeMr6tHLYBA8hV0vmlvAiwcPEVwTSGLonUySIbM7y0yvEJZ8hiCIBz34Mf6Bf+NuEsH4KGhoqqrp6g5iJS257oeztLyyurZe2Chubm3v7Jb29m+tTgwXPtdKm2aAVigZCZ8kKdGMjcAwUKIRjC5yvXEvjJU6uqFxLDohDiLZlxwpo+7Sdog05KjY1aTrdUtlr+JOwdxfzZdUhjnq3dJ7u6d5EoqIuEJrW54bUydFQ5IrMSm2Eyti5CMciHSadcKOM6rH+tpkFRGbsgs+DK0dh0HmzKPZn1pO/qW1Euqfd1IZxQmJiM8W9RPFSLP8cNaTRnBSY4acZ3kTpCwHH6JBTtmDit+P/7/xTyvVinftlWvV+RcKcAhHcAIenEENLqEOPnAw8Agv8Opo58F5cp5n1iVnPnMAC3DePgGhvo6F</latexit><latexit sha1_base64="BTT6FFDIGLs2q3Gqq+J8hNEjTVE=">AAAB7HicdVDLSgNBEOz1GeMr6tHLYBA8hV0vmlvAiwcPEVwTSGLonUySIbM7y0yvEJZ8hiCIBz34Mf6Bf+NuEsH4KGhoqqrp6g5iJS257oeztLyyurZe2Chubm3v7Jb29m+tTgwXPtdKm2aAVigZCZ8kKdGMjcAwUKIRjC5yvXEvjJU6uqFxLDohDiLZlxwpo+7Sdog05KjY1aTrdUtlr+JOwdxfzZdUhjnq3dJ7u6d5EoqIuEJrW54bUydFQ5IrMSm2Eyti5CMciHSadcKOM6rH+tpkFRGbsgs+DK0dh0HmzKPZn1pO/qW1Euqfd1IZxQmJiM8W9RPFSLP8cNaTRnBSY4acZ3kTpCwHH6JBTtmDit+P/7/xTyvVinftlWvV+RcKcAhHcAIenEENLqEOPnAw8Agv8Opo58F5cp5n1iVnPnMAC3DePgGhvo6F</latexit><latexit sha1_base64="BTT6FFDIGLs2q3Gqq+J8hNEjTVE=">AAAB7HicdVDLSgNBEOz1GeMr6tHLYBA8hV0vmlvAiwcPEVwTSGLonUySIbM7y0yvEJZ8hiCIBz34Mf6Bf+NuEsH4KGhoqqrp6g5iJS257oeztLyyurZe2Chubm3v7Jb29m+tTgwXPtdKm2aAVigZCZ8kKdGMjcAwUKIRjC5yvXEvjJU6uqFxLDohDiLZlxwpo+7Sdog05KjY1aTrdUtlr+JOwdxfzZdUhjnq3dJ7u6d5EoqIuEJrW54bUydFQ5IrMSm2Eyti5CMciHSadcKOM6rH+tpkFRGbsgs+DK0dh0HmzKPZn1pO/qW1Euqfd1IZxQmJiM8W9RPFSLP8cNaTRnBSY4acZ3kTpCwHH6JBTtmDit+P/7/xTyvVinftlWvV+RcKcAhHcAIenEENLqEOPnAw8Agv8Opo58F5cp5n1iVnPnMAC3DePgGhvo6F</latexit><latexit sha1_base64="BTT6FFDIGLs2q3Gqq+J8hNEjTVE=">AAAB7HicdVDLSgNBEOz1GeMr6tHLYBA8hV0vmlvAiwcPEVwTSGLonUySIbM7y0yvEJZ8hiCIBz34Mf6Bf+NuEsH4KGhoqqrp6g5iJS257oeztLyyurZe2Chubm3v7Jb29m+tTgwXPtdKm2aAVigZCZ8kKdGMjcAwUKIRjC5yvXEvjJU6uqFxLDohDiLZlxwpo+7Sdog05KjY1aTrdUtlr+JOwdxfzZdUhjnq3dJ7u6d5EoqIuEJrW54bUydFQ5IrMSm2Eyti5CMciHSadcKOM6rH+tpkFRGbsgs+DK0dh0HmzKPZn1pO/qW1Euqfd1IZxQmJiM8W9RPFSLP8cNaTRnBSY4acZ3kTpCwHH6JBTtmDit+P/7/xTyvVinftlWvV+RcKcAhHcAIenEENLqEOPnAw8Agv8Opo58F5cp5n1iVnPnMAC3DePgGhvo6F</latexit>

L3
<latexit sha1_base64="t/98w+fy8Q5A1BOpo2fakcViN9s=">AAAB7HicbVDLSgMxFL1TX7W+qi7dBIvgqszoQrsruHHhooJjC20tmTTThmYmQ3JHKEM/QxDEhS78GP/AvzHTFqGtFwKHc06459wgkcKg6/44hbX1jc2t4nZpZ3dv/6B8ePRoVKoZ95mSSrcCargUMfdRoOStRHMaBZI3g9FNrjefuTZCxQ84Tng3ooNYhIJRtNRT1okoDhmV5G7Su+yVK27VnQ75A94yqMB8Gr3yd6evWBrxGJmkxrQ9N8FuRjUKJvmk1EkNTygb0QHPplkn5MxSfRIqbV+MZMou+GhkzDgKrDOPZpa1nPxPa6cYXnczEScp8pjNFoWpJKhIXpz0heYM5ZhQxmzelKLNwYZUU4b2QCVbfqXqKvAvqrWqd+9W6rX5FYpwAqdwDh5cQR1uoQE+MNDwCh/w6SjnxXlz3mfWgjP/cwwL43z9AqRSjoY=</latexit><latexit sha1_base64="t/98w+fy8Q5A1BOpo2fakcViN9s=">AAAB7HicbVDLSgMxFL1TX7W+qi7dBIvgqszoQrsruHHhooJjC20tmTTThmYmQ3JHKEM/QxDEhS78GP/AvzHTFqGtFwKHc06459wgkcKg6/44hbX1jc2t4nZpZ3dv/6B8ePRoVKoZ95mSSrcCargUMfdRoOStRHMaBZI3g9FNrjefuTZCxQ84Tng3ooNYhIJRtNRT1okoDhmV5G7Su+yVK27VnQ75A94yqMB8Gr3yd6evWBrxGJmkxrQ9N8FuRjUKJvmk1EkNTygb0QHPplkn5MxSfRIqbV+MZMou+GhkzDgKrDOPZpa1nPxPa6cYXnczEScp8pjNFoWpJKhIXpz0heYM5ZhQxmzelKLNwYZUU4b2QCVbfqXqKvAvqrWqd+9W6rX5FYpwAqdwDh5cQR1uoQE+MNDwCh/w6SjnxXlz3mfWgjP/cwwL43z9AqRSjoY=</latexit><latexit sha1_base64="t/98w+fy8Q5A1BOpo2fakcViN9s=">AAAB7HicbVDLSgMxFL1TX7W+qi7dBIvgqszoQrsruHHhooJjC20tmTTThmYmQ3JHKEM/QxDEhS78GP/AvzHTFqGtFwKHc06459wgkcKg6/44hbX1jc2t4nZpZ3dv/6B8ePRoVKoZ95mSSrcCargUMfdRoOStRHMaBZI3g9FNrjefuTZCxQ84Tng3ooNYhIJRtNRT1okoDhmV5G7Su+yVK27VnQ75A94yqMB8Gr3yd6evWBrxGJmkxrQ9N8FuRjUKJvmk1EkNTygb0QHPplkn5MxSfRIqbV+MZMou+GhkzDgKrDOPZpa1nPxPa6cYXnczEScp8pjNFoWpJKhIXpz0heYM5ZhQxmzelKLNwYZUU4b2QCVbfqXqKvAvqrWqd+9W6rX5FYpwAqdwDh5cQR1uoQE+MNDwCh/w6SjnxXlz3mfWgjP/cwwL43z9AqRSjoY=</latexit><latexit sha1_base64="t/98w+fy8Q5A1BOpo2fakcViN9s=">AAAB7HicbVDLSgMxFL1TX7W+qi7dBIvgqszoQrsruHHhooJjC20tmTTThmYmQ3JHKEM/QxDEhS78GP/AvzHTFqGtFwKHc06459wgkcKg6/44hbX1jc2t4nZpZ3dv/6B8ePRoVKoZ95mSSrcCargUMfdRoOStRHMaBZI3g9FNrjefuTZCxQ84Tng3ooNYhIJRtNRT1okoDhmV5G7Su+yVK27VnQ75A94yqMB8Gr3yd6evWBrxGJmkxrQ9N8FuRjUKJvmk1EkNTygb0QHPplkn5MxSfRIqbV+MZMou+GhkzDgKrDOPZpa1nPxPa6cYXnczEScp8pjNFoWpJKhIXpz0heYM5ZhQxmzelKLNwYZUU4b2QCVbfqXqKvAvqrWqd+9W6rX5FYpwAqdwDh5cQR1uoQE+MNDwCh/w6SjnxXlz3mfWgjP/cwwL43z9AqRSjoY=</latexit>

 (3,1)
c

<latexit sha1_base64="2KbPArLN57CcDSNw10pLSPKKA3Y=">AAAB7HicbVDLSgMxFL1TX7W+qi7dBItQQcqMLrS7ghuXFRxb6ItMmmlDM5MhuSOU0s8QBHGhCz/GP/BvTNvZtPVA4HDOCfeeGyRSGHTdXye3sbm1vZPfLeztHxweFY9Pno1KNeM+U1LpZkANlyLmPgqUvJloTqNA8kYwup/5jReujVDxE44T3onoIBahYBSt1G3XjehOyjdX3uW0x3rFkltx5yDrxMtICTLUe8Wfdl+xNOIxMkmNaXlugp0J1SiY5NNCOzU8oWxEB3wy33VKLqzUJ6HS9sVI5upSjkbGjKPAJiOKQ7PqzcT/vFaK4V1nIuIkRR6zxaAwlQQVmRUnfaE5QzkmlDG7b0rR7sGGVFOG9kAFW95brbpO/OtKteI9eqVaNbtCHs7gHMrgwS3U4AHq4AMDDW/wCV+Ocl6dd+djEc052Z9TWILz/QegMI3b</latexit><latexit sha1_base64="2KbPArLN57CcDSNw10pLSPKKA3Y=">AAAB7HicbVDLSgMxFL1TX7W+qi7dBItQQcqMLrS7ghuXFRxb6ItMmmlDM5MhuSOU0s8QBHGhCz/GP/BvTNvZtPVA4HDOCfeeGyRSGHTdXye3sbm1vZPfLeztHxweFY9Pno1KNeM+U1LpZkANlyLmPgqUvJloTqNA8kYwup/5jReujVDxE44T3onoIBahYBSt1G3XjehOyjdX3uW0x3rFkltx5yDrxMtICTLUe8Wfdl+xNOIxMkmNaXlugp0J1SiY5NNCOzU8oWxEB3wy33VKLqzUJ6HS9sVI5upSjkbGjKPAJiOKQ7PqzcT/vFaK4V1nIuIkRR6zxaAwlQQVmRUnfaE5QzkmlDG7b0rR7sGGVFOG9kAFW95brbpO/OtKteI9eqVaNbtCHs7gHMrgwS3U4AHq4AMDDW/wCV+Ocl6dd+djEc052Z9TWILz/QegMI3b</latexit><latexit sha1_base64="2KbPArLN57CcDSNw10pLSPKKA3Y=">AAAB7HicbVDLSgMxFL1TX7W+qi7dBItQQcqMLrS7ghuXFRxb6ItMmmlDM5MhuSOU0s8QBHGhCz/GP/BvTNvZtPVA4HDOCfeeGyRSGHTdXye3sbm1vZPfLeztHxweFY9Pno1KNeM+U1LpZkANlyLmPgqUvJloTqNA8kYwup/5jReujVDxE44T3onoIBahYBSt1G3XjehOyjdX3uW0x3rFkltx5yDrxMtICTLUe8Wfdl+xNOIxMkmNaXlugp0J1SiY5NNCOzU8oWxEB3wy33VKLqzUJ6HS9sVI5upSjkbGjKPAJiOKQ7PqzcT/vFaK4V1nIuIkRR6zxaAwlQQVmRUnfaE5QzkmlDG7b0rR7sGGVFOG9kAFW95brbpO/OtKteI9eqVaNbtCHs7gHMrgwS3U4AHq4AMDDW/wCV+Ocl6dd+djEc052Z9TWILz/QegMI3b</latexit><latexit sha1_base64="2KbPArLN57CcDSNw10pLSPKKA3Y=">AAAB7HicbVDLSgMxFL1TX7W+qi7dBItQQcqMLrS7ghuXFRxb6ItMmmlDM5MhuSOU0s8QBHGhCz/GP/BvTNvZtPVA4HDOCfeeGyRSGHTdXye3sbm1vZPfLeztHxweFY9Pno1KNeM+U1LpZkANlyLmPgqUvJloTqNA8kYwup/5jReujVDxE44T3onoIBahYBSt1G3XjehOyjdX3uW0x3rFkltx5yDrxMtICTLUe8Wfdl+xNOIxMkmNaXlugp0J1SiY5NNCOzU8oWxEB3wy33VKLqzUJ6HS9sVI5upSjkbGjKPAJiOKQ7PqzcT/vFaK4V1nIuIkRR6zxaAwlQQVmRUnfaE5QzkmlDG7b0rR7sGGVFOG9kAFW95brbpO/OtKteI9eqVaNbtCHs7gHMrgwS3U4AHq4AMDDW/wCV+Ocl6dd+djEc052Z9TWILz/QegMI3b</latexit>

 (1,2)
a

<latexit sha1_base64="f+c5qTG8GqDEvqvHKTEnS9fEzP0=">AAACJ3icZVBPSwJBHJ01K7N/WscuQyIYhOxKUN6ELh0N2hR0ldnZWR2cnV1mZqtl8Xt0rWOfplPUsW/SrIqkPhh4vPf78Xvz3IhRqUzzx8ht5bd3dgt7xf2Dw6PjUvnkUYaxwMTGIQtF10WSMMqJrahipBsJggKXkY47uc38zhMRkob8QSURcQI04tSnGCktDfptSYdokNasy8bFdFiqmHVzBrhJrAWpgAXaw7KR73shjgPCFWZIyp5lRspJkVAUMzIt9mNJIoQnaER6mnIUEOmks9hTWNWKB/1Q6McVnKn/N1IUSJkErp4MkBrLdS8Tl171/ynEmJO+JNqEbgKfmXbdkHnZJFxqK9mUf+OklEexIhzPo/kxgyqEWWvQo4JgxRJNEBZU/w7iMRIIK91tUfdmrbe0SexGvVm37q8qreaiwAI4A+egBixwDVrgDrSBDTAQ4BW8gXfjw/g0vozv+WjOWOycghUYv3/4faJ8</latexit><latexit sha1_base64="f+c5qTG8GqDEvqvHKTEnS9fEzP0=">AAACJ3icZVBPSwJBHJ01K7N/WscuQyIYhOxKUN6ELh0N2hR0ldnZWR2cnV1mZqtl8Xt0rWOfplPUsW/SrIqkPhh4vPf78Xvz3IhRqUzzx8ht5bd3dgt7xf2Dw6PjUvnkUYaxwMTGIQtF10WSMMqJrahipBsJggKXkY47uc38zhMRkob8QSURcQI04tSnGCktDfptSYdokNasy8bFdFiqmHVzBrhJrAWpgAXaw7KR73shjgPCFWZIyp5lRspJkVAUMzIt9mNJIoQnaER6mnIUEOmks9hTWNWKB/1Q6McVnKn/N1IUSJkErp4MkBrLdS8Tl171/ynEmJO+JNqEbgKfmXbdkHnZJFxqK9mUf+OklEexIhzPo/kxgyqEWWvQo4JgxRJNEBZU/w7iMRIIK91tUfdmrbe0SexGvVm37q8qreaiwAI4A+egBixwDVrgDrSBDTAQ4BW8gXfjw/g0vozv+WjOWOycghUYv3/4faJ8</latexit><latexit sha1_base64="f+c5qTG8GqDEvqvHKTEnS9fEzP0=">AAACJ3icZVBPSwJBHJ01K7N/WscuQyIYhOxKUN6ELh0N2hR0ldnZWR2cnV1mZqtl8Xt0rWOfplPUsW/SrIqkPhh4vPf78Xvz3IhRqUzzx8ht5bd3dgt7xf2Dw6PjUvnkUYaxwMTGIQtF10WSMMqJrahipBsJggKXkY47uc38zhMRkob8QSURcQI04tSnGCktDfptSYdokNasy8bFdFiqmHVzBrhJrAWpgAXaw7KR73shjgPCFWZIyp5lRspJkVAUMzIt9mNJIoQnaER6mnIUEOmks9hTWNWKB/1Q6McVnKn/N1IUSJkErp4MkBrLdS8Tl171/ynEmJO+JNqEbgKfmXbdkHnZJFxqK9mUf+OklEexIhzPo/kxgyqEWWvQo4JgxRJNEBZU/w7iMRIIK91tUfdmrbe0SexGvVm37q8qreaiwAI4A+egBixwDVrgDrSBDTAQ4BW8gXfjw/g0vozv+WjOWOycghUYv3/4faJ8</latexit><latexit sha1_base64="f+c5qTG8GqDEvqvHKTEnS9fEzP0=">AAACJ3icZVBPSwJBHJ01K7N/WscuQyIYhOxKUN6ELh0N2hR0ldnZWR2cnV1mZqtl8Xt0rWOfplPUsW/SrIqkPhh4vPf78Xvz3IhRqUzzx8ht5bd3dgt7xf2Dw6PjUvnkUYaxwMTGIQtF10WSMMqJrahipBsJggKXkY47uc38zhMRkob8QSURcQI04tSnGCktDfptSYdokNasy8bFdFiqmHVzBrhJrAWpgAXaw7KR73shjgPCFWZIyp5lRspJkVAUMzIt9mNJIoQnaER6mnIUEOmks9hTWNWKB/1Q6McVnKn/N1IUSJkErp4MkBrLdS8Tl171/ynEmJO+JNqEbgKfmXbdkHnZJFxqK9mUf+OklEexIhzPo/kxgyqEWWvQo4JgxRJNEBZU/w7iMRIIK91tUfdmrbe0SexGvVm37q8qreaiwAI4A+egBixwDVrgDrSBDTAQ4BW8gXfjw/g0vozv+WjOWOycghUYv3/4faJ8</latexit>

 (2,3)
b

<latexit sha1_base64="4fnsVWk71/PS+4tMwelkkbg6AxE=">AAACJ3icZVDLSsNAFJ3UqrW+Wl26GSyFClKSKmh3BTcuKxhbaNMymUzaoZMHMxM1hP6HW136Na5El/6JkzaUPg4MHM65l3vm2CGjQur6r5bbym/v7Bb2ivsHh0fHpfLJkwgijomJAxbwro0EYdQnpqSSkW7ICfJsRjr25C71O8+ECxr4jzIOieWhkU9dipFU0qDfFnRoD5Ja4/LqYjosVfS6PgPcJEZGKiBDe1jW8n0nwJFHfIkZEqJn6KG0EsQlxYxMi/1IkBDhCRqRnqI+8oiwklnsKawqxYFuwNXzJZypyxsJ8oSIPVtNekiOxbqXiguvunwKMWYlr7EyoR3DF6ZcO2BOOgkX2ko26d5aCfXDSBIfz6O5EYMygGlr0KGcYMliRRDmVP0O4jHiCEvVbVH1Zqy3tEnMRr1ZNx6uK61mVmABnIFzUAMGuAEtcA/awAQYcPAG3sGH9ql9ad/az3w0p2U7p2AF2t8//a2ifw==</latexit><latexit sha1_base64="4fnsVWk71/PS+4tMwelkkbg6AxE=">AAACJ3icZVDLSsNAFJ3UqrW+Wl26GSyFClKSKmh3BTcuKxhbaNMymUzaoZMHMxM1hP6HW136Na5El/6JkzaUPg4MHM65l3vm2CGjQur6r5bbym/v7Bb2ivsHh0fHpfLJkwgijomJAxbwro0EYdQnpqSSkW7ICfJsRjr25C71O8+ECxr4jzIOieWhkU9dipFU0qDfFnRoD5Ja4/LqYjosVfS6PgPcJEZGKiBDe1jW8n0nwJFHfIkZEqJn6KG0EsQlxYxMi/1IkBDhCRqRnqI+8oiwklnsKawqxYFuwNXzJZypyxsJ8oSIPVtNekiOxbqXiguvunwKMWYlr7EyoR3DF6ZcO2BOOgkX2ko26d5aCfXDSBIfz6O5EYMygGlr0KGcYMliRRDmVP0O4jHiCEvVbVH1Zqy3tEnMRr1ZNx6uK61mVmABnIFzUAMGuAEtcA/awAQYcPAG3sGH9ql9ad/az3w0p2U7p2AF2t8//a2ifw==</latexit><latexit sha1_base64="4fnsVWk71/PS+4tMwelkkbg6AxE=">AAACJ3icZVDLSsNAFJ3UqrW+Wl26GSyFClKSKmh3BTcuKxhbaNMymUzaoZMHMxM1hP6HW136Na5El/6JkzaUPg4MHM65l3vm2CGjQur6r5bbym/v7Bb2ivsHh0fHpfLJkwgijomJAxbwro0EYdQnpqSSkW7ICfJsRjr25C71O8+ECxr4jzIOieWhkU9dipFU0qDfFnRoD5Ja4/LqYjosVfS6PgPcJEZGKiBDe1jW8n0nwJFHfIkZEqJn6KG0EsQlxYxMi/1IkBDhCRqRnqI+8oiwklnsKawqxYFuwNXzJZypyxsJ8oSIPVtNekiOxbqXiguvunwKMWYlr7EyoR3DF6ZcO2BOOgkX2ko26d5aCfXDSBIfz6O5EYMygGlr0KGcYMliRRDmVP0O4jHiCEvVbVH1Zqy3tEnMRr1ZNx6uK61mVmABnIFzUAMGuAEtcA/awAQYcPAG3sGH9ql9ad/az3w0p2U7p2AF2t8//a2ifw==</latexit><latexit sha1_base64="4fnsVWk71/PS+4tMwelkkbg6AxE=">AAACJ3icZVDLSsNAFJ3UqrW+Wl26GSyFClKSKmh3BTcuKxhbaNMymUzaoZMHMxM1hP6HW136Na5El/6JkzaUPg4MHM65l3vm2CGjQur6r5bbym/v7Bb2ivsHh0fHpfLJkwgijomJAxbwro0EYdQnpqSSkW7ICfJsRjr25C71O8+ECxr4jzIOieWhkU9dipFU0qDfFnRoD5Ja4/LqYjosVfS6PgPcJEZGKiBDe1jW8n0nwJFHfIkZEqJn6KG0EsQlxYxMi/1IkBDhCRqRnqI+8oiwklnsKawqxYFuwNXzJZypyxsJ8oSIPVtNekiOxbqXiguvunwKMWYlr7EyoR3DF6ZcO2BOOgkX2ko26d5aCfXDSBIfz6O5EYMygGlr0KGcYMliRRDmVP0O4jHiCEvVbVH1Zqy3tEnMRr1ZNx6uK61mVmABnIFzUAMGuAEtcA/awAQYcPAG3sGH9ql9ad/az3w0p2U7p2AF2t8//a2ifw==</latexit>



Where are the open enumerative invariants?

We will consider deformations induced by closed string moduli t only,  so

…in analogy to closed string mirror map = period map:

So how to tie open A- and B-models together quantitatively, ie, obtain 
transcendental functions encoding enumerative invariants ? 

t(z) z(t)
<latexit sha1_base64="/4uU7Uo+2ZiqQ0qUGG86siQ+3Ag="></latexit>

Fuk(Y )(t) Db(Coh(X))(z)
<latexit sha1_base64="7v2OKr5fcUYf8RZW//cjMQSgJQI="></latexit>

That’s all fine..  but where is the functional complexity (open GW invariants) 
concretely coming from?

We need to extend this algebraic framework by an appropriate
flat deformation structure, manifested in certain flatness diff eqs which 
determine flat operator bases.



L2
<latexit sha1_base64="cqD9HptBOEHnXcKs7H36OqK76eo=">AAAB7HicdVDNSgMxGMzWv1r/qh69BIvgaclua+veCl48eKjg2kJbSzbNtqHZzZJkhbL0MQRBPOjBh/ENfBuzbT1UdCDwMTPhm/mChDOlEfqyCmvrG5tbxe3Szu7e/kH58OheiVQS6hPBhewEWFHOYuprpjntJJLiKOC0HUyucr39SKViIr7T04T2IzyKWcgI1oZ6yHoR1mOCObyZDdxBuYJsp+pUaxcQ2Z7n1RsNMyC3Wndr0LHRHBWwRGtQ/uwNBUkjGmvCsVJdByW6n2GpGeF0VuqliiaYTPCIZvOsM3hmqCEMhTQv1nDOrvhwpNQ0Cowzj6Z+azn5l9ZNdXjZz1icpJrGZLEoTDnUAubF4ZBJSjSfQkyIyZtibXKQMZaYaHOgkin/0xD+P/iu7dnOLao0veUViuAEnIJz4IAGaIJr0AI+IECCZ/AG3i1hPVkv1uvCWrCWf47BCqyPbxPUjtU=</latexit><latexit sha1_base64="cqD9HptBOEHnXcKs7H36OqK76eo=">AAAB7HicdVDNSgMxGMzWv1r/qh69BIvgaclua+veCl48eKjg2kJbSzbNtqHZzZJkhbL0MQRBPOjBh/ENfBuzbT1UdCDwMTPhm/mChDOlEfqyCmvrG5tbxe3Szu7e/kH58OheiVQS6hPBhewEWFHOYuprpjntJJLiKOC0HUyucr39SKViIr7T04T2IzyKWcgI1oZ6yHoR1mOCObyZDdxBuYJsp+pUaxcQ2Z7n1RsNMyC3Wndr0LHRHBWwRGtQ/uwNBUkjGmvCsVJdByW6n2GpGeF0VuqliiaYTPCIZvOsM3hmqCEMhTQv1nDOrvhwpNQ0Cowzj6Z+azn5l9ZNdXjZz1icpJrGZLEoTDnUAubF4ZBJSjSfQkyIyZtibXKQMZaYaHOgkin/0xD+P/iu7dnOLao0veUViuAEnIJz4IAGaIJr0AI+IECCZ/AG3i1hPVkv1uvCWrCWf47BCqyPbxPUjtU=</latexit><latexit sha1_base64="cqD9HptBOEHnXcKs7H36OqK76eo=">AAAB7HicdVDNSgMxGMzWv1r/qh69BIvgaclua+veCl48eKjg2kJbSzbNtqHZzZJkhbL0MQRBPOjBh/ENfBuzbT1UdCDwMTPhm/mChDOlEfqyCmvrG5tbxe3Szu7e/kH58OheiVQS6hPBhewEWFHOYuprpjntJJLiKOC0HUyucr39SKViIr7T04T2IzyKWcgI1oZ6yHoR1mOCObyZDdxBuYJsp+pUaxcQ2Z7n1RsNMyC3Wndr0LHRHBWwRGtQ/uwNBUkjGmvCsVJdByW6n2GpGeF0VuqliiaYTPCIZvOsM3hmqCEMhTQv1nDOrvhwpNQ0Cowzj6Z+azn5l9ZNdXjZz1icpJrGZLEoTDnUAubF4ZBJSjSfQkyIyZtibXKQMZaYaHOgkin/0xD+P/iu7dnOLao0veUViuAEnIJz4IAGaIJr0AI+IECCZ/AG3i1hPVkv1uvCWrCWf47BCqyPbxPUjtU=</latexit><latexit sha1_base64="cqD9HptBOEHnXcKs7H36OqK76eo=">AAAB7HicdVDNSgMxGMzWv1r/qh69BIvgaclua+veCl48eKjg2kJbSzbNtqHZzZJkhbL0MQRBPOjBh/ENfBuzbT1UdCDwMTPhm/mChDOlEfqyCmvrG5tbxe3Szu7e/kH58OheiVQS6hPBhewEWFHOYuprpjntJJLiKOC0HUyucr39SKViIr7T04T2IzyKWcgI1oZ6yHoR1mOCObyZDdxBuYJsp+pUaxcQ2Z7n1RsNMyC3Wndr0LHRHBWwRGtQ/uwNBUkjGmvCsVJdByW6n2GpGeF0VuqliiaYTPCIZvOsM3hmqCEMhTQv1nDOrvhwpNQ0Cowzj6Z+azn5l9ZNdXjZz1icpJrGZLEoTDnUAubF4ZBJSjSfQkyIyZtibXKQMZaYaHOgkin/0xD+P/iu7dnOLao0veUViuAEnIJz4IAGaIJr0AI+IECCZ/AG3i1hPVkv1uvCWrCWf47BCqyPbxPUjtU=</latexit>

L1
<latexit sha1_base64="BTT6FFDIGLs2q3Gqq+J8hNEjTVE=">AAAB7HicdVDLSgNBEOz1GeMr6tHLYBA8hV0vmlvAiwcPEVwTSGLonUySIbM7y0yvEJZ8hiCIBz34Mf6Bf+NuEsH4KGhoqqrp6g5iJS257oeztLyyurZe2Chubm3v7Jb29m+tTgwXPtdKm2aAVigZCZ8kKdGMjcAwUKIRjC5yvXEvjJU6uqFxLDohDiLZlxwpo+7Sdog05KjY1aTrdUtlr+JOwdxfzZdUhjnq3dJ7u6d5EoqIuEJrW54bUydFQ5IrMSm2Eyti5CMciHSadcKOM6rH+tpkFRGbsgs+DK0dh0HmzKPZn1pO/qW1Euqfd1IZxQmJiM8W9RPFSLP8cNaTRnBSY4acZ3kTpCwHH6JBTtmDit+P/7/xTyvVinftlWvV+RcKcAhHcAIenEENLqEOPnAw8Agv8Opo58F5cp5n1iVnPnMAC3DePgGhvo6F</latexit><latexit sha1_base64="BTT6FFDIGLs2q3Gqq+J8hNEjTVE=">AAAB7HicdVDLSgNBEOz1GeMr6tHLYBA8hV0vmlvAiwcPEVwTSGLonUySIbM7y0yvEJZ8hiCIBz34Mf6Bf+NuEsH4KGhoqqrp6g5iJS257oeztLyyurZe2Chubm3v7Jb29m+tTgwXPtdKm2aAVigZCZ8kKdGMjcAwUKIRjC5yvXEvjJU6uqFxLDohDiLZlxwpo+7Sdog05KjY1aTrdUtlr+JOwdxfzZdUhjnq3dJ7u6d5EoqIuEJrW54bUydFQ5IrMSm2Eyti5CMciHSadcKOM6rH+tpkFRGbsgs+DK0dh0HmzKPZn1pO/qW1Euqfd1IZxQmJiM8W9RPFSLP8cNaTRnBSY4acZ3kTpCwHH6JBTtmDit+P/7/xTyvVinftlWvV+RcKcAhHcAIenEENLqEOPnAw8Agv8Opo58F5cp5n1iVnPnMAC3DePgGhvo6F</latexit><latexit sha1_base64="BTT6FFDIGLs2q3Gqq+J8hNEjTVE=">AAAB7HicdVDLSgNBEOz1GeMr6tHLYBA8hV0vmlvAiwcPEVwTSGLonUySIbM7y0yvEJZ8hiCIBz34Mf6Bf+NuEsH4KGhoqqrp6g5iJS257oeztLyyurZe2Chubm3v7Jb29m+tTgwXPtdKm2aAVigZCZ8kKdGMjcAwUKIRjC5yvXEvjJU6uqFxLDohDiLZlxwpo+7Sdog05KjY1aTrdUtlr+JOwdxfzZdUhjnq3dJ7u6d5EoqIuEJrW54bUydFQ5IrMSm2Eyti5CMciHSadcKOM6rH+tpkFRGbsgs+DK0dh0HmzKPZn1pO/qW1Euqfd1IZxQmJiM8W9RPFSLP8cNaTRnBSY4acZ3kTpCwHH6JBTtmDit+P/7/xTyvVinftlWvV+RcKcAhHcAIenEENLqEOPnAw8Agv8Opo58F5cp5n1iVnPnMAC3DePgGhvo6F</latexit><latexit sha1_base64="BTT6FFDIGLs2q3Gqq+J8hNEjTVE=">AAAB7HicdVDLSgNBEOz1GeMr6tHLYBA8hV0vmlvAiwcPEVwTSGLonUySIbM7y0yvEJZ8hiCIBz34Mf6Bf+NuEsH4KGhoqqrp6g5iJS257oeztLyyurZe2Chubm3v7Jb29m+tTgwXPtdKm2aAVigZCZ8kKdGMjcAwUKIRjC5yvXEvjJU6uqFxLDohDiLZlxwpo+7Sdog05KjY1aTrdUtlr+JOwdxfzZdUhjnq3dJ7u6d5EoqIuEJrW54bUydFQ5IrMSm2Eyti5CMciHSadcKOM6rH+tpkFRGbsgs+DK0dh0HmzKPZn1pO/qW1Euqfd1IZxQmJiM8W9RPFSLP8cNaTRnBSY4acZ3kTpCwHH6JBTtmDit+P/7/xTyvVinftlWvV+RcKcAhHcAIenEENLqEOPnAw8Agv8Opo58F5cp5n1iVnPnMAC3DePgGhvo6F</latexit>

L3
<latexit sha1_base64="t/98w+fy8Q5A1BOpo2fakcViN9s=">AAAB7HicbVDLSgMxFL1TX7W+qi7dBIvgqszoQrsruHHhooJjC20tmTTThmYmQ3JHKEM/QxDEhS78GP/AvzHTFqGtFwKHc06459wgkcKg6/44hbX1jc2t4nZpZ3dv/6B8ePRoVKoZ95mSSrcCargUMfdRoOStRHMaBZI3g9FNrjefuTZCxQ84Tng3ooNYhIJRtNRT1okoDhmV5G7Su+yVK27VnQ75A94yqMB8Gr3yd6evWBrxGJmkxrQ9N8FuRjUKJvmk1EkNTygb0QHPplkn5MxSfRIqbV+MZMou+GhkzDgKrDOPZpa1nPxPa6cYXnczEScp8pjNFoWpJKhIXpz0heYM5ZhQxmzelKLNwYZUU4b2QCVbfqXqKvAvqrWqd+9W6rX5FYpwAqdwDh5cQR1uoQE+MNDwCh/w6SjnxXlz3mfWgjP/cwwL43z9AqRSjoY=</latexit><latexit sha1_base64="t/98w+fy8Q5A1BOpo2fakcViN9s=">AAAB7HicbVDLSgMxFL1TX7W+qi7dBIvgqszoQrsruHHhooJjC20tmTTThmYmQ3JHKEM/QxDEhS78GP/AvzHTFqGtFwKHc06459wgkcKg6/44hbX1jc2t4nZpZ3dv/6B8ePRoVKoZ95mSSrcCargUMfdRoOStRHMaBZI3g9FNrjefuTZCxQ84Tng3ooNYhIJRtNRT1okoDhmV5G7Su+yVK27VnQ75A94yqMB8Gr3yd6evWBrxGJmkxrQ9N8FuRjUKJvmk1EkNTygb0QHPplkn5MxSfRIqbV+MZMou+GhkzDgKrDOPZpa1nPxPa6cYXnczEScp8pjNFoWpJKhIXpz0heYM5ZhQxmzelKLNwYZUU4b2QCVbfqXqKvAvqrWqd+9W6rX5FYpwAqdwDh5cQR1uoQE+MNDwCh/w6SjnxXlz3mfWgjP/cwwL43z9AqRSjoY=</latexit><latexit sha1_base64="t/98w+fy8Q5A1BOpo2fakcViN9s=">AAAB7HicbVDLSgMxFL1TX7W+qi7dBIvgqszoQrsruHHhooJjC20tmTTThmYmQ3JHKEM/QxDEhS78GP/AvzHTFqGtFwKHc06459wgkcKg6/44hbX1jc2t4nZpZ3dv/6B8ePRoVKoZ95mSSrcCargUMfdRoOStRHMaBZI3g9FNrjefuTZCxQ84Tng3ooNYhIJRtNRT1okoDhmV5G7Su+yVK27VnQ75A94yqMB8Gr3yd6evWBrxGJmkxrQ9N8FuRjUKJvmk1EkNTygb0QHPplkn5MxSfRIqbV+MZMou+GhkzDgKrDOPZpa1nPxPa6cYXnczEScp8pjNFoWpJKhIXpz0heYM5ZhQxmzelKLNwYZUU4b2QCVbfqXqKvAvqrWqd+9W6rX5FYpwAqdwDh5cQR1uoQE+MNDwCh/w6SjnxXlz3mfWgjP/cwwL43z9AqRSjoY=</latexit><latexit sha1_base64="t/98w+fy8Q5A1BOpo2fakcViN9s=">AAAB7HicbVDLSgMxFL1TX7W+qi7dBIvgqszoQrsruHHhooJjC20tmTTThmYmQ3JHKEM/QxDEhS78GP/AvzHTFqGtFwKHc06459wgkcKg6/44hbX1jc2t4nZpZ3dv/6B8ePRoVKoZ95mSSrcCargUMfdRoOStRHMaBZI3g9FNrjefuTZCxQ84Tng3ooNYhIJRtNRT1okoDhmV5G7Su+yVK27VnQ75A94yqMB8Gr3yd6evWBrxGJmkxrQ9N8FuRjUKJvmk1EkNTygb0QHPplkn5MxSfRIqbV+MZMou+GhkzDgKrDOPZpa1nPxPa6cYXnczEScp8pjNFoWpJKhIXpz0heYM5ZhQxmzelKLNwYZUU4b2QCVbfqXqKvAvqrWqd+9W6rX5FYpwAqdwDh5cQR1uoQE+MNDwCh/w6SjnxXlz3mfWgjP/cwwL43z9AqRSjoY=</latexit>

 (3,1)
c
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Deformed A∞ Products

Deformed multilinear products satisfy “weak” A∞ relations where 

Form extended structure:  “open/closed homotopy algebra”

m0 6= 0
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How to sum up t-dependence to all orders explicitly?

We are interested in the dependence on bulk deformations t

= hh a0 ,m
t
k( a1 � ... � akii
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HMS for the elliptic curve

The elliptic curve is flat, so it is easy to determine the areas by inspection,
and sum them up by hand, eg.:

Fukaya product

… looks like an OPE, but these 𝚯’s are not really field operators!

Polishchuk, Zaslow

Boils down to addition formulae of theta functions

realized by theta-functions which are sections of the Hom’s

⇥[0, 0](⌧, u) · ⇥[0, 0](⌧, u) = ⇥[0, 0](2⌧, u)⇥[0, 0](2⌧, 2u)
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+ ⇥[1/2, 0](2⌧, u)⇥[1/2, 0](2⌧, 2u)
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m2 : Hom
⇤
(L0,L1) ⌦ Hom

⇤
(L1,L2) ! Hom

⇤
(L0,L2)
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Phys: B-type, boundary LG models:  matrix factorizations

Consider 2d LG model with superpotential:

If there is a boundary,  B-type SUSY variations induce a “Warner”-term.
This can be cancelled by boundary dof. whose BRST operator satisfies:

The set of all matrix factorizations of W describes all possible B-type 
boundary conditions!     

(W(x,t)=0 describes CY X)
Z

⌃
d2zd✓+d✓�WLG(x, t) + cc.

The matrices live in the Chan-Paton space and can have arbitrarily high 
dimension, 2n.
The precise form encodes the brane geometry and depends on 
K-charges and possible deformation moduli t,u.

Q(x, t, u)2n⇥2n · Q(x, t, u)2n⇥2n = WLG(x, t) 12n⇥2n
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Kapustin, Li
BHLS



Math:The category of matrix factorizations 

non-triv. cohomology

where

(non-comm.) composition maps

 (A,B) : d · (A,B) = 0,  (A,B)
a 6= d · ⇤

d · (A,B) ⌘ QA 
(A,B) ± (A,B)QB

 (A,B)
a · (B,C)

b = Cab
c�(A,C)

c

Math. Theorem:
       Cat(MF(W,X))   ~    Db(Coh(X)), Category of coherent sheaves on X

morphisms = boundary changing operators

objects = chain complexes

P =
⇣
P1

p1 // P0
p0

oo
⌘
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Q =

✓
0 p0

p1 0

◆
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p0,1 ~”tachyons” p0p1 = p1p0 = W1
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2nA⇥2nB
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 (B,C)
2nB⇥2nC

<latexit sha1_base64="ZJbZddC03wwlOoy6xtobFAjRd60="></latexit><latexit sha1_base64="7ZXLAtA3dpKOl90L4ivjNxuNLr4="></latexit><latexit sha1_base64="7ZXLAtA3dpKOl90L4ivjNxuNLr4="></latexit><latexit sha1_base64="oZ++34RGhFohZl1Aekvz5BaqaXU="></latexit>

(QB)2nB⇥2nB
<latexit sha1_base64="b8rQVVcuwRskbiYKnMrQs7OyGkg="></latexit><latexit sha1_base64="b8rQVVcuwRskbiYKnMrQs7OyGkg="></latexit><latexit sha1_base64="b8rQVVcuwRskbiYKnMrQs7OyGkg="></latexit><latexit sha1_base64="fSMkfl4ZxhhYDIDD9fIYFc+KqRA=">AAACC3icbZBPS8MwGMbfbv6Zdep29hIcgqfRetGj4MXjBPcHtjLSNN3C0qQkqVrKvoBXb34ab+JH8NuY1glu84HAw/PkDW9+YcqZNp735dTqO7t7+40D97DpHh2ftJoDLTNFaJ9ILtUoxJpyJmjfMMPpKFUUJyGnw3BxW/bDR6o0k+LB5CkNEjwTLGYEGxv1pq2O1/UqoW3jr0wHVpq2nfokkiRLqDCEY63HvpeaoMDKMMLp0p1kmqaYLPCMjq0VOKE6KKo9l+jcJhGKpbJHGFSlfycKnGidJ6G9mWAz15tdGf7XjTMTXwcFE2lmqCBLtFZizoPiObeDKMzRE3cnoeRR+Qj6jcrF4owjI1EJCUVMUWJ4bg0mitm/ITLHChNjUbqupeZvMto2g8uu73X9ew8acApncAE+XMEN3EEP+kAgghd4dd6cd+fjh27NWWFuw5qcz2/Df5rt</latexit><latexit sha1_base64="27vFiL8fSKd8eUEn9bnVPItkVuI=">AAACKHicbZDLSsQwFIZPHS9jvc24EtwERdDN0LrRpYwblzPgXGBaS5pmNJimJUnVUurTuNWdDyPuxAcxHUfQGQ8EPv4/5yTnD1POlHacN2uhtri0vFJftdfWNza3Gs31vkoySWiPJDyRwxArypmgPc00p8NUUhyHnA7C2/PKH9xRqVgiLnWeUj/G14KNGcHaSEFj57B7VbTLo6A4FkHb0yymqqIyaOw7LWdSaB7cKezDtDpB06p5UUKymApNOFZq5Dqp9gssNSOclraXKZpicouv6cigwOYpv5isUKIDo0RonEhzhEYT9XdHgWOl8jg0N2Osb9SsV4n/eaNMj0/9gok001SQEv0xMed+8ZCbRhTm6J7bXpjwqBqCfqTqY+OMI52gKj8UMUmJ5rkBTCQzuyFygyUm2qRs2yY2dzakeegft1yn5XYdqMMu7MEhuHACZ3ABHegBgUd4gmd4sV6td+vjO+AFa5r0Nvwp6/MLVI+ldQ==</latexit><latexit sha1_base64="i5/WKhKzctHGZf2hAtDdZl5hNbs="></latexit><latexit sha1_base64="rIAyEhQio1lxTpsx6IXlVhu5gZY="></latexit><latexit sha1_base64="b8rQVVcuwRskbiYKnMrQs7OyGkg="></latexit><latexit sha1_base64="b8rQVVcuwRskbiYKnMrQs7OyGkg="></latexit><latexit sha1_base64="b8rQVVcuwRskbiYKnMrQs7OyGkg="></latexit><latexit sha1_base64="b8rQVVcuwRskbiYKnMrQs7OyGkg="></latexit><latexit sha1_base64="b8rQVVcuwRskbiYKnMrQs7OyGkg="></latexit><latexit sha1_base64="b8rQVVcuwRskbiYKnMrQs7OyGkg="></latexit>

(QA)2nA⇥2nA
<latexit sha1_base64="ni1TXOhM/V4R+UzKmy1NoRZ4dII="></latexit><latexit sha1_base64="ni1TXOhM/V4R+UzKmy1NoRZ4dII="></latexit><latexit sha1_base64="ni1TXOhM/V4R+UzKmy1NoRZ4dII="></latexit><latexit sha1_base64="ni1TXOhM/V4R+UzKmy1NoRZ4dII="></latexit>

(QC)2nC⇥2nC
<latexit sha1_base64="EDYPqRwJIeXenEdL5+meLzk0RTg="></latexit><latexit sha1_base64="EDYPqRwJIeXenEdL5+meLzk0RTg="></latexit><latexit sha1_base64="EDYPqRwJIeXenEdL5+meLzk0RTg="></latexit><latexit sha1_base64="EDYPqRwJIeXenEdL5+meLzk0RTg="></latexit>

Kontsevich, Orlov

(contain as components analogs of theta-function identities)

( (A,B)
a )2nA⇥2nB 2 Ext1(X;DA,DB)

<latexit sha1_base64="NU6w7RrK3R58KeJVIzzu57TO5OY="></latexit>
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Phys: Correlators from matrix factorizations

Can always choose representatives such that the two-point fct is const:

Difficult part:  what is the proper flat, renormalized operator basis?

Easy part: 
Construct representatives                          and recursively compute mk:

with inner product = Kapustin-Li supertrace residue pairing Kapustin, Li;
Lazaroiu, Herbst

Ca0,a1,...ak(t) = hh a0 ,m
t
k( a1 � . . . ak�)ii

<latexit sha1_base64="R5ZxJLdrfKIWVBZb3oaDii8PeAE="></latexit><latexit sha1_base64="R5ZxJLdrfKIWVBZb3oaDii8PeAE="></latexit><latexit sha1_base64="R5ZxJLdrfKIWVBZb3oaDii8PeAE="></latexit><latexit sha1_base64="R5ZxJLdrfKIWVBZb3oaDii8PeAE="></latexit>

 2 ker d/Im d
<latexit sha1_base64="5WD8hSxJSjj0fzThcwwur9hf8TY="></latexit><latexit sha1_base64="5WD8hSxJSjj0fzThcwwur9hf8TY="></latexit><latexit sha1_base64="5WD8hSxJSjj0fzThcwwur9hf8TY="></latexit><latexit sha1_base64="5WD8hSxJSjj0fzThcwwur9hf8TY="></latexit>

hhA, Bii =

I
str

✓⇣ diQ

diW

⌘⌦N
A · B

◆

<latexit sha1_base64="DE8acAZ0sDmX1cCHail6ttc98pE="></latexit><latexit sha1_base64="DE8acAZ0sDmX1cCHail6ttc98pE="></latexit><latexit sha1_base64="DE8acAZ0sDmX1cCHail6ttc98pE="></latexit><latexit sha1_base64="DE8acAZ0sDmX1cCHail6ttc98pE="></latexit>

 a ! ga(t) a, �a ! ga(t)
�1 �a

<latexit sha1_base64="K/aYFQAy8tW8VTXyP8WDHHG4Kvw="></latexit><latexit sha1_base64="K/aYFQAy8tW8VTXyP8WDHHG4Kvw="></latexit><latexit sha1_base64="K/aYFQAy8tW8VTXyP8WDHHG4Kvw="></latexit><latexit sha1_base64="K/aYFQAy8tW8VTXyP8WDHHG4Kvw="></latexit>

hh (A,B)
a , �(B,A)

b ii = �ab
<latexit sha1_base64="nhGE0xRjLRRhAc7P5NS7a5NC9Aw="></latexit><latexit sha1_base64="nhGE0xRjLRRhAc7P5NS7a5NC9Aw="></latexit><latexit sha1_base64="nhGE0xRjLRRhAc7P5NS7a5NC9Aw="></latexit><latexit sha1_base64="nhGE0xRjLRRhAc7P5NS7a5NC9Aw="></latexit>

hh ,  ii ⇠ g(t)3
<latexit sha1_base64="WcYtkccsSuq15nN0NahQLcLrzFs="></latexit><latexit sha1_base64="WcYtkccsSuq15nN0NahQLcLrzFs="></latexit><latexit sha1_base64="WcYtkccsSuq15nN0NahQLcLrzFs="></latexit><latexit sha1_base64="WcYtkccsSuq15nN0NahQLcLrzFs="></latexit>

…leaves corrs undetermined, eg:

A priori freedom of rescaling….
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Math:The boundary-bulk (or open-closed) map OC

Generalization to non-commutative Hodge-Theory has been a major
theme in math literature.

This is different to what we want to do!

Getzler; Kontsevich, Soibelman, Pantev, Katzarkov, Sheridan, ,….

• The open-closed map OC is non-vanishing only on cyclic chains of 
operators, and in particular on single boundary changing operators:

Usually one considers the open-closed map, eg.

…and thereby maps the open string sector (Hochschild complex) to the 
closed string sector with pairing:

CC• =

M

k

Hom(L0,L1) ⌦ Hom(L1,L2) · · · ⌦ Hom(Lk,L0)

<latexit sha1_base64="T6bla9Di30s9s5Z3bSGc0z1bJ7s="></latexit>

Our desired open Hodge theory must thus involve more data than just the 
isomorphism of the Hochschild cohomology HH*(CC) with the bulk 
cohomology!
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Under OC,  the relative normalization factor g(t) cancels out,  and thus 
cannot be determined in this way:

OC:

The curse of the forgetful map OC

So need a boundary connection acting individually on the matrix-valued 
boundary changing operators!
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Analog of Gauss-Manin connection at the boundary?

Crucial ingredients:

• Generalization of Saito’s residue pairings K to matrix factorizations
• Coupled bulk-boundary deformation problem
• Mixed bulk-boundary contact terms
• Construct intrinsic boundary connection directly acting on matrices 

There is a non-commutative version of the Gauss-Manin connection, 
the “Getzler” connection, but unclear to me if this is the full story, since

It acts on cyclic chains only and involves the degree-2 spectral parameter u 
which is an intrinsic bulk quantity (counting bulk propagators/contact terms)

We go a physically inspired route:



Higher supertrace residue pairings
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Construct higher Kapustin-Li pairings to systematically capture contact terms

K
(1)
KL( a,�b) =

(�1)n+1

(n + 1)!

nX

k=1

(�1)k(| a|+1)
nX

i⇤=1

✏i1...in⇥
<latexit sha1_base64="7SxcbtrvfUE7sG18oyM/F/Mnsgk="></latexit><latexit sha1_base64="7SxcbtrvfUE7sG18oyM/F/Mnsgk="></latexit><latexit sha1_base64="7SxcbtrvfUE7sG18oyM/F/Mnsgk="></latexit><latexit sha1_base64="7SxcbtrvfUE7sG18oyM/F/Mnsgk="></latexit>

�
 

di1Q

di1W
. . .

dikQ

dikW
 a

dik+1
Q

dik+1
W

. . .
din�1

Q

din�1
W

dn�b

dnW

!#

<latexit sha1_base64="Dd+wrrn7eMVb+Qrrad/svJuGHaI="></latexit><latexit sha1_base64="Dd+wrrn7eMVb+Qrrad/svJuGHaI="></latexit><latexit sha1_base64="Dd+wrrn7eMVb+Qrrad/svJuGHaI="></latexit><latexit sha1_base64="Xo736ngeeH6Nzuq+aR14uy0soA4=">AAACCnicbZDNSsNAFIVv6l+NVdu1m8EiuCqJG10KblxWsD/QhjKZTNqhk5kwM1FD6Au4deXTuBNfwbdxkhasrRcGDufcgXO/MOVMG8/7dmo7u3v7B/VD96jhHp+cNht9LTNFaI9ILtUwxJpyJmjPMMPpMFUUJyGng3B+V+aDJ6o0k+LR5CkNEjwVLGYEG2t1J8221/GqQdvCX4k2rGbScmrjSJIsocIQjrUe+V5qggIrwwinC3ecaZpiMsdTOrJS4ITqoKh6LtCFdSIUS2WfMKhy138UONE6T0K7mWAz05tZaf6XjTDnQfGS2wyFOXrm7jiUPCr30K+13szEN0HBRJoZKsiyWJxxZCQqIaGIKUoMz63ARDF7GyIzrDAxFqVrofmbiLZF/6rjex3/wYM6nME5XIIP13AL99CFHhCI4BXenHfnw/lcwq05K8ot+DPO1w/6uJre</latexit><latexit sha1_base64="ZC3uzhqqb/oDDFL3qZYOz01pbCI="></latexit><latexit sha1_base64="0RA6iVyDnl1Bc0v/jRgLcUNUGwE="></latexit><latexit sha1_base64="Dd+wrrn7eMVb+Qrrad/svJuGHaI="></latexit><latexit sha1_base64="Dd+wrrn7eMVb+Qrrad/svJuGHaI="></latexit><latexit sha1_base64="Dd+wrrn7eMVb+Qrrad/svJuGHaI="></latexit><latexit sha1_base64="Dd+wrrn7eMVb+Qrrad/svJuGHaI="></latexit><latexit sha1_base64="Dd+wrrn7eMVb+Qrrad/svJuGHaI="></latexit><latexit sha1_base64="Dd+wrrn7eMVb+Qrrad/svJuGHaI="></latexit><latexit sha1_base64="Dd+wrrn7eMVb+Qrrad/svJuGHaI="></latexit>

2

I
str

" 
di1Q

di1W
. . .

dik�1
Q

dik�1
W

dk a

dkW

dik+1
Q

dik+1
W

. . .
dinQ

dinW
�b

!

<latexit sha1_base64="Wdaki9xKujZEJxRdw7H/LkDEisw="></latexit><latexit sha1_base64="Wdaki9xKujZEJxRdw7H/LkDEisw="></latexit><latexit sha1_base64="Wdaki9xKujZEJxRdw7H/LkDEisw="></latexit><latexit sha1_base64="Wdaki9xKujZEJxRdw7H/LkDEisw="></latexit>

K(0)
KL( a,�b) =

I
str

✓⇣ diQ

diW

⌘⌦N
 a · b

◆

<latexit sha1_base64="WLaJX1tFN/frEnHO5AJqcvhDdgA="></latexit><latexit sha1_base64="WLaJX1tFN/frEnHO5AJqcvhDdgA="></latexit><latexit sha1_base64="WLaJX1tFN/frEnHO5AJqcvhDdgA="></latexit><latexit sha1_base64="WLaJX1tFN/frEnHO5AJqcvhDdgA="></latexit>

!
= �ab = const

<latexit sha1_base64="RgaA98lAA0htVZXj2+Cvu9GLnuE="></latexit><latexit sha1_base64="RgaA98lAA0htVZXj2+Cvu9GLnuE="></latexit><latexit sha1_base64="RgaA98lAA0htVZXj2+Cvu9GLnuE="></latexit><latexit sha1_base64="RgaA98lAA0htVZXj2+Cvu9GLnuE="></latexit>

Instead of a commuting spectral parameter u of degree 2, 
which counts insertions of the bulk propagator

we (formally!) have an anti-commuting parameter 𝜉 of degree 1,
which counts insertions of the odd boundary propagator

Shklyarov,
uses OC
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Coupled bulk-boundary deformation problem

Due to bulk-boundary contact terms, the bulk perturbation 
must be accompanied by a “Warner” boundary counter term

What matters are the contact terms of γ with the other boundary ops ψ:

This combo perturbation preserves                             so is unobstructed.
It is the natural Q-invariant pairing in relative (co-)homology of disk.  

 
<latexit sha1_base64="Y43/yEraTT3waALBIv5KnYZQncA=">AAACHXicZVBPS8MwHE106pz/Nj16CY6Bp9J6UW8DLx4nWDfYykjTdAtL05Kkain7Cl716KfxJF7Fb2O6lbE/DwKP934/fi/PTzhT2rb/4NZ2ZWd3r7pfOzg8Oj6pN06fVJxKQl0S81j2fKwoZ4K6mmlOe4mkOPI57fqTu8LvPlOpWCwedZZQL8IjwUJGsC6kQUexYb1pW/YMaJM4JWmCEp1hA1YGQUzSiApNOFaq79iJ9nIsNSOcTmuDVNEEkwke0b6hAkdUefks7BS1jBKgMJbmCY1m6vJGjiOlssg3kxHWY7XuFeLCay2fwpx7+WtmTORn6IUb1495UEyihbaSTYc3Xs5EkmoqyDxamHKkY1R0hQImKdE8MwQTyczvEBljiYk2jdZMb856S5vEvbJuLefBbratssAqOAcX4BI44Bq0wT3oABcQMAZv4B18wE/4Bb/hz3x0C5Y7Z2AF8PcfUX6fEw==</latexit><latexit sha1_base64="Y43/yEraTT3waALBIv5KnYZQncA=">AAACHXicZVBPS8MwHE106pz/Nj16CY6Bp9J6UW8DLx4nWDfYykjTdAtL05Kkain7Cl716KfxJF7Fb2O6lbE/DwKP934/fi/PTzhT2rb/4NZ2ZWd3r7pfOzg8Oj6pN06fVJxKQl0S81j2fKwoZ4K6mmlOe4mkOPI57fqTu8LvPlOpWCwedZZQL8IjwUJGsC6kQUexYb1pW/YMaJM4JWmCEp1hA1YGQUzSiApNOFaq79iJ9nIsNSOcTmuDVNEEkwke0b6hAkdUefks7BS1jBKgMJbmCY1m6vJGjiOlssg3kxHWY7XuFeLCay2fwpx7+WtmTORn6IUb1495UEyihbaSTYc3Xs5EkmoqyDxamHKkY1R0hQImKdE8MwQTyczvEBljiYk2jdZMb856S5vEvbJuLefBbratssAqOAcX4BI44Bq0wT3oABcQMAZv4B18wE/4Bb/hz3x0C5Y7Z2AF8PcfUX6fEw==</latexit><latexit sha1_base64="Y43/yEraTT3waALBIv5KnYZQncA=">AAACHXicZVBPS8MwHE106pz/Nj16CY6Bp9J6UW8DLx4nWDfYykjTdAtL05Kkain7Cl716KfxJF7Fb2O6lbE/DwKP934/fi/PTzhT2rb/4NZ2ZWd3r7pfOzg8Oj6pN06fVJxKQl0S81j2fKwoZ4K6mmlOe4mkOPI57fqTu8LvPlOpWCwedZZQL8IjwUJGsC6kQUexYb1pW/YMaJM4JWmCEp1hA1YGQUzSiApNOFaq79iJ9nIsNSOcTmuDVNEEkwke0b6hAkdUefks7BS1jBKgMJbmCY1m6vJGjiOlssg3kxHWY7XuFeLCay2fwpx7+WtmTORn6IUb1495UEyihbaSTYc3Xs5EkmoqyDxamHKkY1R0hQImKdE8MwQTyczvEBljiYk2jdZMb856S5vEvbJuLefBbratssAqOAcX4BI44Bq0wT3oABcQMAZv4B18wE/4Bb/hz3x0C5Y7Z2AF8PcfUX6fEw==</latexit><latexit sha1_base64="Y43/yEraTT3waALBIv5KnYZQncA=">AAACHXicZVBPS8MwHE106pz/Nj16CY6Bp9J6UW8DLx4nWDfYykjTdAtL05Kkain7Cl716KfxJF7Fb2O6lbE/DwKP934/fi/PTzhT2rb/4NZ2ZWd3r7pfOzg8Oj6pN06fVJxKQl0S81j2fKwoZ4K6mmlOe4mkOPI57fqTu8LvPlOpWCwedZZQL8IjwUJGsC6kQUexYb1pW/YMaJM4JWmCEp1hA1YGQUzSiApNOFaq79iJ9nIsNSOcTmuDVNEEkwke0b6hAkdUefks7BS1jBKgMJbmCY1m6vJGjiOlssg3kxHWY7XuFeLCay2fwpx7+WtmTORn6IUb1495UEyihbaSTYc3Xs5EkmoqyDxamHKkY1R0hQImKdE8MwQTyczvEBljiYk2jdZMb856S5vEvbJuLefBbratssAqOAcX4BI44Bq0wT3oABcQMAZv4B18wE/4Bb/hz3x0C5Y7Z2AF8PcfUX6fEw==</latexit>

 
<latexit sha1_base64="Y43/yEraTT3waALBIv5KnYZQncA=">AAACHXicZVBPS8MwHE106pz/Nj16CY6Bp9J6UW8DLx4nWDfYykjTdAtL05Kkain7Cl716KfxJF7Fb2O6lbE/DwKP934/fi/PTzhT2rb/4NZ2ZWd3r7pfOzg8Oj6pN06fVJxKQl0S81j2fKwoZ4K6mmlOe4mkOPI57fqTu8LvPlOpWCwedZZQL8IjwUJGsC6kQUexYb1pW/YMaJM4JWmCEp1hA1YGQUzSiApNOFaq79iJ9nIsNSOcTmuDVNEEkwke0b6hAkdUefks7BS1jBKgMJbmCY1m6vJGjiOlssg3kxHWY7XuFeLCay2fwpx7+WtmTORn6IUb1495UEyihbaSTYc3Xs5EkmoqyDxamHKkY1R0hQImKdE8MwQTyczvEBljiYk2jdZMb856S5vEvbJuLefBbratssAqOAcX4BI44Bq0wT3oABcQMAZv4B18wE/4Bb/hz3x0C5Y7Z2AF8PcfUX6fEw==</latexit><latexit sha1_base64="Y43/yEraTT3waALBIv5KnYZQncA=">AAACHXicZVBPS8MwHE106pz/Nj16CY6Bp9J6UW8DLx4nWDfYykjTdAtL05Kkain7Cl716KfxJF7Fb2O6lbE/DwKP934/fi/PTzhT2rb/4NZ2ZWd3r7pfOzg8Oj6pN06fVJxKQl0S81j2fKwoZ4K6mmlOe4mkOPI57fqTu8LvPlOpWCwedZZQL8IjwUJGsC6kQUexYb1pW/YMaJM4JWmCEp1hA1YGQUzSiApNOFaq79iJ9nIsNSOcTmuDVNEEkwke0b6hAkdUefks7BS1jBKgMJbmCY1m6vJGjiOlssg3kxHWY7XuFeLCay2fwpx7+WtmTORn6IUb1495UEyihbaSTYc3Xs5EkmoqyDxamHKkY1R0hQImKdE8MwQTyczvEBljiYk2jdZMb856S5vEvbJuLefBbratssAqOAcX4BI44Bq0wT3oABcQMAZv4B18wE/4Bb/hz3x0C5Y7Z2AF8PcfUX6fEw==</latexit><latexit sha1_base64="Y43/yEraTT3waALBIv5KnYZQncA=">AAACHXicZVBPS8MwHE106pz/Nj16CY6Bp9J6UW8DLx4nWDfYykjTdAtL05Kkain7Cl716KfxJF7Fb2O6lbE/DwKP934/fi/PTzhT2rb/4NZ2ZWd3r7pfOzg8Oj6pN06fVJxKQl0S81j2fKwoZ4K6mmlOe4mkOPI57fqTu8LvPlOpWCwedZZQL8IjwUJGsC6kQUexYb1pW/YMaJM4JWmCEp1hA1YGQUzSiApNOFaq79iJ9nIsNSOcTmuDVNEEkwke0b6hAkdUefks7BS1jBKgMJbmCY1m6vJGjiOlssg3kxHWY7XuFeLCay2fwpx7+WtmTORn6IUb1495UEyihbaSTYc3Xs5EkmoqyDxamHKkY1R0hQImKdE8MwQTyczvEBljiYk2jdZMb856S5vEvbJuLefBbratssAqOAcX4BI44Bq0wT3oABcQMAZv4B18wE/4Bb/hz3x0C5Y7Z2AF8PcfUX6fEw==</latexit><latexit sha1_base64="Y43/yEraTT3waALBIv5KnYZQncA=">AAACHXicZVBPS8MwHE106pz/Nj16CY6Bp9J6UW8DLx4nWDfYykjTdAtL05Kkain7Cl716KfxJF7Fb2O6lbE/DwKP934/fi/PTzhT2rb/4NZ2ZWd3r7pfOzg8Oj6pN06fVJxKQl0S81j2fKwoZ4K6mmlOe4mkOPI57fqTu8LvPlOpWCwedZZQL8IjwUJGsC6kQUexYb1pW/YMaJM4JWmCEp1hA1YGQUzSiApNOFaq79iJ9nIsNSOcTmuDVNEEkwke0b6hAkdUefks7BS1jBKgMJbmCY1m6vJGjiOlssg3kxHWY7XuFeLCay2fwpx7+WtmTORn6IUb1495UEyihbaSTYc3Xs5EkmoqyDxamHKkY1R0hQImKdE8MwQTyczvEBljiYk2jdZMb856S5vEvbJuLefBbratssAqOAcX4BI44Bq0wT3oABcQMAZv4B18wE/4Bb/hz3x0C5Y7Z2AF8PcfUX6fEw==</latexit>
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Z

@D
�(1)

<latexit sha1_base64="XUiwWGz8kJDAtqcQZBf9Chj20jM="></latexit><latexit sha1_base64="XUiwWGz8kJDAtqcQZBf9Chj20jM="></latexit><latexit sha1_base64="XUiwWGz8kJDAtqcQZBf9Chj20jM="></latexit><latexit sha1_base64="XUiwWGz8kJDAtqcQZBf9Chj20jM="></latexit>

 
<latexit sha1_base64="Y43/yEraTT3waALBIv5KnYZQncA=">AAACHXicZVBPS8MwHE106pz/Nj16CY6Bp9J6UW8DLx4nWDfYykjTdAtL05Kkain7Cl716KfxJF7Fb2O6lbE/DwKP934/fi/PTzhT2rb/4NZ2ZWd3r7pfOzg8Oj6pN06fVJxKQl0S81j2fKwoZ4K6mmlOe4mkOPI57fqTu8LvPlOpWCwedZZQL8IjwUJGsC6kQUexYb1pW/YMaJM4JWmCEp1hA1YGQUzSiApNOFaq79iJ9nIsNSOcTmuDVNEEkwke0b6hAkdUefks7BS1jBKgMJbmCY1m6vJGjiOlssg3kxHWY7XuFeLCay2fwpx7+WtmTORn6IUb1495UEyihbaSTYc3Xs5EkmoqyDxamHKkY1R0hQImKdE8MwQTyczvEBljiYk2jdZMb856S5vEvbJuLefBbratssAqOAcX4BI44Bq0wT3oABcQMAZv4B18wE/4Bb/hz3x0C5Y7Z2AF8PcfUX6fEw==</latexit><latexit sha1_base64="Y43/yEraTT3waALBIv5KnYZQncA=">AAACHXicZVBPS8MwHE106pz/Nj16CY6Bp9J6UW8DLx4nWDfYykjTdAtL05Kkain7Cl716KfxJF7Fb2O6lbE/DwKP934/fi/PTzhT2rb/4NZ2ZWd3r7pfOzg8Oj6pN06fVJxKQl0S81j2fKwoZ4K6mmlOe4mkOPI57fqTu8LvPlOpWCwedZZQL8IjwUJGsC6kQUexYb1pW/YMaJM4JWmCEp1hA1YGQUzSiApNOFaq79iJ9nIsNSOcTmuDVNEEkwke0b6hAkdUefks7BS1jBKgMJbmCY1m6vJGjiOlssg3kxHWY7XuFeLCay2fwpx7+WtmTORn6IUb1495UEyihbaSTYc3Xs5EkmoqyDxamHKkY1R0hQImKdE8MwQTyczvEBljiYk2jdZMb856S5vEvbJuLefBbratssAqOAcX4BI44Bq0wT3oABcQMAZv4B18wE/4Bb/hz3x0C5Y7Z2AF8PcfUX6fEw==</latexit><latexit sha1_base64="Y43/yEraTT3waALBIv5KnYZQncA=">AAACHXicZVBPS8MwHE106pz/Nj16CY6Bp9J6UW8DLx4nWDfYykjTdAtL05Kkain7Cl716KfxJF7Fb2O6lbE/DwKP934/fi/PTzhT2rb/4NZ2ZWd3r7pfOzg8Oj6pN06fVJxKQl0S81j2fKwoZ4K6mmlOe4mkOPI57fqTu8LvPlOpWCwedZZQL8IjwUJGsC6kQUexYb1pW/YMaJM4JWmCEp1hA1YGQUzSiApNOFaq79iJ9nIsNSOcTmuDVNEEkwke0b6hAkdUefks7BS1jBKgMJbmCY1m6vJGjiOlssg3kxHWY7XuFeLCay2fwpx7+WtmTORn6IUb1495UEyihbaSTYc3Xs5EkmoqyDxamHKkY1R0hQImKdE8MwQTyczvEBljiYk2jdZMb856S5vEvbJuLefBbratssAqOAcX4BI44Bq0wT3oABcQMAZv4B18wE/4Bb/hz3x0C5Y7Z2AF8PcfUX6fEw==</latexit><latexit sha1_base64="Y43/yEraTT3waALBIv5KnYZQncA=">AAACHXicZVBPS8MwHE106pz/Nj16CY6Bp9J6UW8DLx4nWDfYykjTdAtL05Kkain7Cl716KfxJF7Fb2O6lbE/DwKP934/fi/PTzhT2rb/4NZ2ZWd3r7pfOzg8Oj6pN06fVJxKQl0S81j2fKwoZ4K6mmlOe4mkOPI57fqTu8LvPlOpWCwedZZQL8IjwUJGsC6kQUexYb1pW/YMaJM4JWmCEp1hA1YGQUzSiApNOFaq79iJ9nIsNSOcTmuDVNEEkwke0b6hAkdUefks7BS1jBKgMJbmCY1m6vJGjiOlssg3kxHWY7XuFeLCay2fwpx7+WtmTORn6IUb1495UEyihbaSTYc3Xs5EkmoqyDxamHKkY1R0hQImKdE8MwQTyczvEBljiYk2jdZMb856S5vEvbJuLefBbratssAqOAcX4BI44Bq0wT3oABcQMAZv4B18wE/4Bb/hz3x0C5Y7Z2AF8PcfUX6fEw==</latexit>

 
<latexit sha1_base64="Y43/yEraTT3waALBIv5KnYZQncA=">AAACHXicZVBPS8MwHE106pz/Nj16CY6Bp9J6UW8DLx4nWDfYykjTdAtL05Kkain7Cl716KfxJF7Fb2O6lbE/DwKP934/fi/PTzhT2rb/4NZ2ZWd3r7pfOzg8Oj6pN06fVJxKQl0S81j2fKwoZ4K6mmlOe4mkOPI57fqTu8LvPlOpWCwedZZQL8IjwUJGsC6kQUexYb1pW/YMaJM4JWmCEp1hA1YGQUzSiApNOFaq79iJ9nIsNSOcTmuDVNEEkwke0b6hAkdUefks7BS1jBKgMJbmCY1m6vJGjiOlssg3kxHWY7XuFeLCay2fwpx7+WtmTORn6IUb1495UEyihbaSTYc3Xs5EkmoqyDxamHKkY1R0hQImKdE8MwQTyczvEBljiYk2jdZMb856S5vEvbJuLefBbratssAqOAcX4BI44Bq0wT3oABcQMAZv4B18wE/4Bb/hz3x0C5Y7Z2AF8PcfUX6fEw==</latexit><latexit sha1_base64="Y43/yEraTT3waALBIv5KnYZQncA=">AAACHXicZVBPS8MwHE106pz/Nj16CY6Bp9J6UW8DLx4nWDfYykjTdAtL05Kkain7Cl716KfxJF7Fb2O6lbE/DwKP934/fi/PTzhT2rb/4NZ2ZWd3r7pfOzg8Oj6pN06fVJxKQl0S81j2fKwoZ4K6mmlOe4mkOPI57fqTu8LvPlOpWCwedZZQL8IjwUJGsC6kQUexYb1pW/YMaJM4JWmCEp1hA1YGQUzSiApNOFaq79iJ9nIsNSOcTmuDVNEEkwke0b6hAkdUefks7BS1jBKgMJbmCY1m6vJGjiOlssg3kxHWY7XuFeLCay2fwpx7+WtmTORn6IUb1495UEyihbaSTYc3Xs5EkmoqyDxamHKkY1R0hQImKdE8MwQTyczvEBljiYk2jdZMb856S5vEvbJuLefBbratssAqOAcX4BI44Bq0wT3oABcQMAZv4B18wE/4Bb/hz3x0C5Y7Z2AF8PcfUX6fEw==</latexit><latexit sha1_base64="Y43/yEraTT3waALBIv5KnYZQncA=">AAACHXicZVBPS8MwHE106pz/Nj16CY6Bp9J6UW8DLx4nWDfYykjTdAtL05Kkain7Cl716KfxJF7Fb2O6lbE/DwKP934/fi/PTzhT2rb/4NZ2ZWd3r7pfOzg8Oj6pN06fVJxKQl0S81j2fKwoZ4K6mmlOe4mkOPI57fqTu8LvPlOpWCwedZZQL8IjwUJGsC6kQUexYb1pW/YMaJM4JWmCEp1hA1YGQUzSiApNOFaq79iJ9nIsNSOcTmuDVNEEkwke0b6hAkdUefks7BS1jBKgMJbmCY1m6vJGjiOlssg3kxHWY7XuFeLCay2fwpx7+WtmTORn6IUb1495UEyihbaSTYc3Xs5EkmoqyDxamHKkY1R0hQImKdE8MwQTyczvEBljiYk2jdZMb856S5vEvbJuLefBbratssAqOAcX4BI44Bq0wT3oABcQMAZv4B18wE/4Bb/hz3x0C5Y7Z2AF8PcfUX6fEw==</latexit><latexit sha1_base64="Y43/yEraTT3waALBIv5KnYZQncA=">AAACHXicZVBPS8MwHE106pz/Nj16CY6Bp9J6UW8DLx4nWDfYykjTdAtL05Kkain7Cl716KfxJF7Fb2O6lbE/DwKP934/fi/PTzhT2rb/4NZ2ZWd3r7pfOzg8Oj6pN06fVJxKQl0S81j2fKwoZ4K6mmlOe4mkOPI57fqTu8LvPlOpWCwedZZQL8IjwUJGsC6kQUexYb1pW/YMaJM4JWmCEp1hA1YGQUzSiApNOFaq79iJ9nIsNSOcTmuDVNEEkwke0b6hAkdUefks7BS1jBKgMJbmCY1m6vJGjiOlssg3kxHWY7XuFeLCay2fwpx7+WtmTORn6IUb1495UEyihbaSTYc3Xs5EkmoqyDxamHKkY1R0hQImKdE8MwQTyczvEBljiYk2jdZMb856S5vEvbJuLefBbratssAqOAcX4BI44Bq0wT3oABcQMAZv4B18wE/4Bb/hz3x0C5Y7Z2AF8PcfUX6fEw==</latexit>

[�, ]
<latexit sha1_base64="3AtivjO7iPDL0fGuBnGCuj7SXH0="></latexit><latexit sha1_base64="3AtivjO7iPDL0fGuBnGCuj7SXH0="></latexit><latexit sha1_base64="3AtivjO7iPDL0fGuBnGCuj7SXH0="></latexit><latexit sha1_base64="3AtivjO7iPDL0fGuBnGCuj7SXH0="></latexit>+

X
<latexit sha1_base64="SoV0a6f4QArpUPcRlkZjw6I3eFM=">AAACIHicZVBPS8MwHE106pz/Nj16CY6BIIzWi+428OJxgnWDrYw0TbewtClJqpayD+FVj34aT+JRP43pVsb+PAg83vv9+L08L+ZMacv6hVvbpZ3dvfJ+5eDw6PikWjt9UiKRhDpEcCF7HlaUs4g6mmlOe7GkOPQ47XqTu9zvPlOpmIgedRpTN8SjiAWMYG2k7tUADVQSDqt1q2nNgDaJXZA6KNAZ1mBp4AuShDTShGOl+rYVazfDUjPC6bQySBSNMZngEe0bGuGQKjeb5Z2ihlF8FAhpXqTRTF3eyHCoVBp6ZjLEeqzWvVxceI3lU5hzN3tNjYm8FL1w43qC+/kkWmgr2XRw62YsihNNIzKPFiQcaYHyupDPJCWap4ZgIpn5HSJjLDHRptSK6c1eb2mTONfNVtN+sOrtVlFgGZyDC3AJbHAD2uAedIADCJiAN/AOPuAn/ILf8Gc+ugWLnTOwAvj3Dyu7oAw=</latexit><latexit sha1_base64="SoV0a6f4QArpUPcRlkZjw6I3eFM=">AAACIHicZVBPS8MwHE106pz/Nj16CY6BIIzWi+428OJxgnWDrYw0TbewtClJqpayD+FVj34aT+JRP43pVsb+PAg83vv9+L08L+ZMacv6hVvbpZ3dvfJ+5eDw6PikWjt9UiKRhDpEcCF7HlaUs4g6mmlOe7GkOPQ47XqTu9zvPlOpmIgedRpTN8SjiAWMYG2k7tUADVQSDqt1q2nNgDaJXZA6KNAZ1mBp4AuShDTShGOl+rYVazfDUjPC6bQySBSNMZngEe0bGuGQKjeb5Z2ihlF8FAhpXqTRTF3eyHCoVBp6ZjLEeqzWvVxceI3lU5hzN3tNjYm8FL1w43qC+/kkWmgr2XRw62YsihNNIzKPFiQcaYHyupDPJCWap4ZgIpn5HSJjLDHRptSK6c1eb2mTONfNVtN+sOrtVlFgGZyDC3AJbHAD2uAedIADCJiAN/AOPuAn/ILf8Gc+ugWLnTOwAvj3Dyu7oAw=</latexit><latexit sha1_base64="SoV0a6f4QArpUPcRlkZjw6I3eFM=">AAACIHicZVBPS8MwHE106pz/Nj16CY6BIIzWi+428OJxgnWDrYw0TbewtClJqpayD+FVj34aT+JRP43pVsb+PAg83vv9+L08L+ZMacv6hVvbpZ3dvfJ+5eDw6PikWjt9UiKRhDpEcCF7HlaUs4g6mmlOe7GkOPQ47XqTu9zvPlOpmIgedRpTN8SjiAWMYG2k7tUADVQSDqt1q2nNgDaJXZA6KNAZ1mBp4AuShDTShGOl+rYVazfDUjPC6bQySBSNMZngEe0bGuGQKjeb5Z2ihlF8FAhpXqTRTF3eyHCoVBp6ZjLEeqzWvVxceI3lU5hzN3tNjYm8FL1w43qC+/kkWmgr2XRw62YsihNNIzKPFiQcaYHyupDPJCWap4ZgIpn5HSJjLDHRptSK6c1eb2mTONfNVtN+sOrtVlFgGZyDC3AJbHAD2uAedIADCJiAN/AOPuAn/ILf8Gc+ugWLnTOwAvj3Dyu7oAw=</latexit><latexit sha1_base64="SoV0a6f4QArpUPcRlkZjw6I3eFM=">AAACIHicZVBPS8MwHE106pz/Nj16CY6BIIzWi+428OJxgnWDrYw0TbewtClJqpayD+FVj34aT+JRP43pVsb+PAg83vv9+L08L+ZMacv6hVvbpZ3dvfJ+5eDw6PikWjt9UiKRhDpEcCF7HlaUs4g6mmlOe7GkOPQ47XqTu9zvPlOpmIgedRpTN8SjiAWMYG2k7tUADVQSDqt1q2nNgDaJXZA6KNAZ1mBp4AuShDTShGOl+rYVazfDUjPC6bQySBSNMZngEe0bGuGQKjeb5Z2ihlF8FAhpXqTRTF3eyHCoVBp6ZjLEeqzWvVxceI3lU5hzN3tNjYm8FL1w43qC+/kkWmgr2XRw62YsihNNIzKPFiQcaYHyupDPJCWap4ZgIpn5HSJjLDHRptSK6c1eb2mTONfNVtN+sOrtVlFgGZyDC3AJbHAD2uAedIADCJiAN/AOPuAn/ILf8Gc+ugWLnTOwAvj3Dyu7oAw=</latexit>

 
<latexit sha1_base64="Y43/yEraTT3waALBIv5KnYZQncA=">AAACHXicZVBPS8MwHE106pz/Nj16CY6Bp9J6UW8DLx4nWDfYykjTdAtL05Kkain7Cl716KfxJF7Fb2O6lbE/DwKP934/fi/PTzhT2rb/4NZ2ZWd3r7pfOzg8Oj6pN06fVJxKQl0S81j2fKwoZ4K6mmlOe4mkOPI57fqTu8LvPlOpWCwedZZQL8IjwUJGsC6kQUexYb1pW/YMaJM4JWmCEp1hA1YGQUzSiApNOFaq79iJ9nIsNSOcTmuDVNEEkwke0b6hAkdUefks7BS1jBKgMJbmCY1m6vJGjiOlssg3kxHWY7XuFeLCay2fwpx7+WtmTORn6IUb1495UEyihbaSTYc3Xs5EkmoqyDxamHKkY1R0hQImKdE8MwQTyczvEBljiYk2jdZMb856S5vEvbJuLefBbratssAqOAcX4BI44Bq0wT3oABcQMAZv4B18wE/4Bb/hz3x0C5Y7Z2AF8PcfUX6fEw==</latexit><latexit sha1_base64="Y43/yEraTT3waALBIv5KnYZQncA=">AAACHXicZVBPS8MwHE106pz/Nj16CY6Bp9J6UW8DLx4nWDfYykjTdAtL05Kkain7Cl716KfxJF7Fb2O6lbE/DwKP934/fi/PTzhT2rb/4NZ2ZWd3r7pfOzg8Oj6pN06fVJxKQl0S81j2fKwoZ4K6mmlOe4mkOPI57fqTu8LvPlOpWCwedZZQL8IjwUJGsC6kQUexYb1pW/YMaJM4JWmCEp1hA1YGQUzSiApNOFaq79iJ9nIsNSOcTmuDVNEEkwke0b6hAkdUefks7BS1jBKgMJbmCY1m6vJGjiOlssg3kxHWY7XuFeLCay2fwpx7+WtmTORn6IUb1495UEyihbaSTYc3Xs5EkmoqyDxamHKkY1R0hQImKdE8MwQTyczvEBljiYk2jdZMb856S5vEvbJuLefBbratssAqOAcX4BI44Bq0wT3oABcQMAZv4B18wE/4Bb/hz3x0C5Y7Z2AF8PcfUX6fEw==</latexit><latexit sha1_base64="Y43/yEraTT3waALBIv5KnYZQncA=">AAACHXicZVBPS8MwHE106pz/Nj16CY6Bp9J6UW8DLx4nWDfYykjTdAtL05Kkain7Cl716KfxJF7Fb2O6lbE/DwKP934/fi/PTzhT2rb/4NZ2ZWd3r7pfOzg8Oj6pN06fVJxKQl0S81j2fKwoZ4K6mmlOe4mkOPI57fqTu8LvPlOpWCwedZZQL8IjwUJGsC6kQUexYb1pW/YMaJM4JWmCEp1hA1YGQUzSiApNOFaq79iJ9nIsNSOcTmuDVNEEkwke0b6hAkdUefks7BS1jBKgMJbmCY1m6vJGjiOlssg3kxHWY7XuFeLCay2fwpx7+WtmTORn6IUb1495UEyihbaSTYc3Xs5EkmoqyDxamHKkY1R0hQImKdE8MwQTyczvEBljiYk2jdZMb856S5vEvbJuLefBbratssAqOAcX4BI44Bq0wT3oABcQMAZv4B18wE/4Bb/hz3x0C5Y7Z2AF8PcfUX6fEw==</latexit><latexit sha1_base64="Y43/yEraTT3waALBIv5KnYZQncA=">AAACHXicZVBPS8MwHE106pz/Nj16CY6Bp9J6UW8DLx4nWDfYykjTdAtL05Kkain7Cl716KfxJF7Fb2O6lbE/DwKP934/fi/PTzhT2rb/4NZ2ZWd3r7pfOzg8Oj6pN06fVJxKQl0S81j2fKwoZ4K6mmlOe4mkOPI57fqTu8LvPlOpWCwedZZQL8IjwUJGsC6kQUexYb1pW/YMaJM4JWmCEp1hA1YGQUzSiApNOFaq79iJ9nIsNSOcTmuDVNEEkwke0b6hAkdUefks7BS1jBKgMJbmCY1m6vJGjiOlssg3kxHWY7XuFeLCay2fwpx7+WtmTORn6IUb1495UEyihbaSTYc3Xs5EkmoqyDxamHKkY1R0hQImKdE8MwQTyczvEBljiYk2jdZMb856S5vEvbJuLefBbratssAqOAcX4BI44Bq0wT3oABcQMAZv4B18wE/4Bb/hz3x0C5Y7Z2AF8PcfUX6fEw==</latexit>

 
<latexit sha1_base64="Y43/yEraTT3waALBIv5KnYZQncA=">AAACHXicZVBPS8MwHE106pz/Nj16CY6Bp9J6UW8DLx4nWDfYykjTdAtL05Kkain7Cl716KfxJF7Fb2O6lbE/DwKP934/fi/PTzhT2rb/4NZ2ZWd3r7pfOzg8Oj6pN06fVJxKQl0S81j2fKwoZ4K6mmlOe4mkOPI57fqTu8LvPlOpWCwedZZQL8IjwUJGsC6kQUexYb1pW/YMaJM4JWmCEp1hA1YGQUzSiApNOFaq79iJ9nIsNSOcTmuDVNEEkwke0b6hAkdUefks7BS1jBKgMJbmCY1m6vJGjiOlssg3kxHWY7XuFeLCay2fwpx7+WtmTORn6IUb1495UEyihbaSTYc3Xs5EkmoqyDxamHKkY1R0hQImKdE8MwQTyczvEBljiYk2jdZMb856S5vEvbJuLefBbratssAqOAcX4BI44Bq0wT3oABcQMAZv4B18wE/4Bb/hz3x0C5Y7Z2AF8PcfUX6fEw==</latexit><latexit sha1_base64="Y43/yEraTT3waALBIv5KnYZQncA=">AAACHXicZVBPS8MwHE106pz/Nj16CY6Bp9J6UW8DLx4nWDfYykjTdAtL05Kkain7Cl716KfxJF7Fb2O6lbE/DwKP934/fi/PTzhT2rb/4NZ2ZWd3r7pfOzg8Oj6pN06fVJxKQl0S81j2fKwoZ4K6mmlOe4mkOPI57fqTu8LvPlOpWCwedZZQL8IjwUJGsC6kQUexYb1pW/YMaJM4JWmCEp1hA1YGQUzSiApNOFaq79iJ9nIsNSOcTmuDVNEEkwke0b6hAkdUefks7BS1jBKgMJbmCY1m6vJGjiOlssg3kxHWY7XuFeLCay2fwpx7+WtmTORn6IUb1495UEyihbaSTYc3Xs5EkmoqyDxamHKkY1R0hQImKdE8MwQTyczvEBljiYk2jdZMb856S5vEvbJuLefBbratssAqOAcX4BI44Bq0wT3oABcQMAZv4B18wE/4Bb/hz3x0C5Y7Z2AF8PcfUX6fEw==</latexit><latexit sha1_base64="Y43/yEraTT3waALBIv5KnYZQncA=">AAACHXicZVBPS8MwHE106pz/Nj16CY6Bp9J6UW8DLx4nWDfYykjTdAtL05Kkain7Cl716KfxJF7Fb2O6lbE/DwKP934/fi/PTzhT2rb/4NZ2ZWd3r7pfOzg8Oj6pN06fVJxKQl0S81j2fKwoZ4K6mmlOe4mkOPI57fqTu8LvPlOpWCwedZZQL8IjwUJGsC6kQUexYb1pW/YMaJM4JWmCEp1hA1YGQUzSiApNOFaq79iJ9nIsNSOcTmuDVNEEkwke0b6hAkdUefks7BS1jBKgMJbmCY1m6vJGjiOlssg3kxHWY7XuFeLCay2fwpx7+WtmTORn6IUb1495UEyihbaSTYc3Xs5EkmoqyDxamHKkY1R0hQImKdE8MwQTyczvEBljiYk2jdZMb856S5vEvbJuLefBbratssAqOAcX4BI44Bq0wT3oABcQMAZv4B18wE/4Bb/hz3x0C5Y7Z2AF8PcfUX6fEw==</latexit><latexit sha1_base64="Y43/yEraTT3waALBIv5KnYZQncA=">AAACHXicZVBPS8MwHE106pz/Nj16CY6Bp9J6UW8DLx4nWDfYykjTdAtL05Kkain7Cl716KfxJF7Fb2O6lbE/DwKP934/fi/PTzhT2rb/4NZ2ZWd3r7pfOzg8Oj6pN06fVJxKQl0S81j2fKwoZ4K6mmlOe4mkOPI57fqTu8LvPlOpWCwedZZQL8IjwUJGsC6kQUexYb1pW/YMaJM4JWmCEp1hA1YGQUzSiApNOFaq79iJ9nIsNSOcTmuDVNEEkwke0b6hAkdUefks7BS1jBKgMJbmCY1m6vJGjiOlssg3kxHWY7XuFeLCay2fwpx7+WtmTORn6IUb1495UEyihbaSTYc3Xs5EkmoqyDxamHKkY1R0hQImKdE8MwQTyczvEBljiYk2jdZMb856S5vEvbJuLefBbratssAqOAcX4BI44Bq0wT3oABcQMAZv4B18wE/4Bb/hz3x0C5Y7Z2AF8PcfUX6fEw==</latexit>

[�, ]
<latexit sha1_base64="3AtivjO7iPDL0fGuBnGCuj7SXH0="></latexit><latexit sha1_base64="3AtivjO7iPDL0fGuBnGCuj7SXH0="></latexit><latexit sha1_base64="3AtivjO7iPDL0fGuBnGCuj7SXH0="></latexit><latexit sha1_base64="3AtivjO7iPDL0fGuBnGCuj7SXH0="></latexit>

= �<latexit sha1_base64="oLho+Z/Yh78S8BlS7pRyx2aqIdU=">AAACH3icZVDNTsJAGNwiKuIf6NHLRkLiRdJ6UQ4mJF48YmKBBBqy3W5hZdttdrdq0/AOXvXo03gyXnkbt9AQfibZZDLzfflmx40Ylco0Z0Zhp7i7t186KB8eHZ+cVqpnHcljgYmNOeOi5yJJGA2JrahipBcJggKXka47ecj87isRkvLwWSURcQI0CqlPMVJa6twP4ABeDys1s2HOAbeJlZMayNEeVo3iwOM4DkioMENS9i0zUk6KhKKYkWl5EEsSITxBI9LXNEQBkU46jzuFda140OdCv1DBubq6kaJAyiRw9WSA1Fhuepm49OqrpxBjTvqeaBO6CXxj2nU587JJuNTWsin/zklpGMWKhHgRzY8ZVBxmbUGPCoIVSzRBWFD9O4jHSCCsdKdl3Zu12dI2sW8azYb1ZNZazbzAErgAl+AKWOAWtMAjaAMbYPACPsAn+DK+jR/j1/hbjBaMfOccrMGY/QNftZ8M</latexit><latexit sha1_base64="oLho+Z/Yh78S8BlS7pRyx2aqIdU=">AAACH3icZVDNTsJAGNwiKuIf6NHLRkLiRdJ6UQ4mJF48YmKBBBqy3W5hZdttdrdq0/AOXvXo03gyXnkbt9AQfibZZDLzfflmx40Ylco0Z0Zhp7i7t186KB8eHZ+cVqpnHcljgYmNOeOi5yJJGA2JrahipBcJggKXka47ecj87isRkvLwWSURcQI0CqlPMVJa6twP4ABeDys1s2HOAbeJlZMayNEeVo3iwOM4DkioMENS9i0zUk6KhKKYkWl5EEsSITxBI9LXNEQBkU46jzuFda140OdCv1DBubq6kaJAyiRw9WSA1Fhuepm49OqrpxBjTvqeaBO6CXxj2nU587JJuNTWsin/zklpGMWKhHgRzY8ZVBxmbUGPCoIVSzRBWFD9O4jHSCCsdKdl3Zu12dI2sW8azYb1ZNZazbzAErgAl+AKWOAWtMAjaAMbYPACPsAn+DK+jR/j1/hbjBaMfOccrMGY/QNftZ8M</latexit><latexit sha1_base64="oLho+Z/Yh78S8BlS7pRyx2aqIdU=">AAACH3icZVDNTsJAGNwiKuIf6NHLRkLiRdJ6UQ4mJF48YmKBBBqy3W5hZdttdrdq0/AOXvXo03gyXnkbt9AQfibZZDLzfflmx40Ylco0Z0Zhp7i7t186KB8eHZ+cVqpnHcljgYmNOeOi5yJJGA2JrahipBcJggKXka47ecj87isRkvLwWSURcQI0CqlPMVJa6twP4ABeDys1s2HOAbeJlZMayNEeVo3iwOM4DkioMENS9i0zUk6KhKKYkWl5EEsSITxBI9LXNEQBkU46jzuFda140OdCv1DBubq6kaJAyiRw9WSA1Fhuepm49OqrpxBjTvqeaBO6CXxj2nU587JJuNTWsin/zklpGMWKhHgRzY8ZVBxmbUGPCoIVSzRBWFD9O4jHSCCsdKdl3Zu12dI2sW8azYb1ZNZazbzAErgAl+AKWOAWtMAjaAMbYPACPsAn+DK+jR/j1/hbjBaMfOccrMGY/QNftZ8M</latexit><latexit sha1_base64="oLho+Z/Yh78S8BlS7pRyx2aqIdU=">AAACH3icZVDNTsJAGNwiKuIf6NHLRkLiRdJ6UQ4mJF48YmKBBBqy3W5hZdttdrdq0/AOXvXo03gyXnkbt9AQfibZZDLzfflmx40Ylco0Z0Zhp7i7t186KB8eHZ+cVqpnHcljgYmNOeOi5yJJGA2JrahipBcJggKXka47ecj87isRkvLwWSURcQI0CqlPMVJa6twP4ABeDys1s2HOAbeJlZMayNEeVo3iwOM4DkioMENS9i0zUk6KhKKYkWl5EEsSITxBI9LXNEQBkU46jzuFda140OdCv1DBubq6kaJAyiRw9WSA1Fhuepm49OqrpxBjTvqeaBO6CXxj2nU587JJuNTWsin/zklpGMWKhHgRzY8ZVBxmbUGPCoIVSzRBWFD9O4jHSCCsdKdl3Zu12dI2sW8azYb1ZNZazbzAErgAl+AKWOAWtMAjaAMbYPACPsAn+DK+jR/j1/hbjBaMfOccrMGY/QNftZ8M</latexit>

= +
<latexit sha1_base64="8Xlmz8jT6/mQcImKRDMP59C4kb8=">AAACH3icZVDNSsNAGNzUqrX+tXr0slgKglASL9qDUPDisYJpC20om82mXbvJht2NGkLfwasefRpP4rVv46YNpT8DC8PM9/HNjhsxKpVpzozCTnF3b790UD48Oj45rVTPOpLHAhMbc8ZFz0WSMBoSW1HFSC8SBAUuI1138pD53VciJOXhs0oi4gRoFFKfYqS01LkfwAG8HlZqZsOcA24TKyc1kKM9rBrFgcdxHJBQYYak7FtmpJwUCUUxI9PyIJYkQniCRqSvaYgCIp10HncK61rxoM+FfqGCc3V1I0WBlEng6skAqbHc9DJx6dVXTyHGnPQ90SZ0E/jGtOty5mWTcKmtZVP+nZPSMIoVCfEimh8zqDjM2oIeFQQrlmiCsKD6dxCPkUBY6U7Lujdrs6VtYt80mg3ryay1mnmBJXABLsEVsMAtaIFH0AY2wOAFfIBP8GV8Gz/Gr/G3GC0Y+c45WIMx+wdcSZ8K</latexit><latexit sha1_base64="8Xlmz8jT6/mQcImKRDMP59C4kb8=">AAACH3icZVDNSsNAGNzUqrX+tXr0slgKglASL9qDUPDisYJpC20om82mXbvJht2NGkLfwasefRpP4rVv46YNpT8DC8PM9/HNjhsxKpVpzozCTnF3b790UD48Oj45rVTPOpLHAhMbc8ZFz0WSMBoSW1HFSC8SBAUuI1138pD53VciJOXhs0oi4gRoFFKfYqS01LkfwAG8HlZqZsOcA24TKyc1kKM9rBrFgcdxHJBQYYak7FtmpJwUCUUxI9PyIJYkQniCRqSvaYgCIp10HncK61rxoM+FfqGCc3V1I0WBlEng6skAqbHc9DJx6dVXTyHGnPQ90SZ0E/jGtOty5mWTcKmtZVP+nZPSMIoVCfEimh8zqDjM2oIeFQQrlmiCsKD6dxCPkUBY6U7Lujdrs6VtYt80mg3ryay1mnmBJXABLsEVsMAtaIFH0AY2wOAFfIBP8GV8Gz/Gr/G3GC0Y+c45WIMx+wdcSZ8K</latexit><latexit sha1_base64="8Xlmz8jT6/mQcImKRDMP59C4kb8=">AAACH3icZVDNSsNAGNzUqrX+tXr0slgKglASL9qDUPDisYJpC20om82mXbvJht2NGkLfwasefRpP4rVv46YNpT8DC8PM9/HNjhsxKpVpzozCTnF3b790UD48Oj45rVTPOpLHAhMbc8ZFz0WSMBoSW1HFSC8SBAUuI1138pD53VciJOXhs0oi4gRoFFKfYqS01LkfwAG8HlZqZsOcA24TKyc1kKM9rBrFgcdxHJBQYYak7FtmpJwUCUUxI9PyIJYkQniCRqSvaYgCIp10HncK61rxoM+FfqGCc3V1I0WBlEng6skAqbHc9DJx6dVXTyHGnPQ90SZ0E/jGtOty5mWTcKmtZVP+nZPSMIoVCfEimh8zqDjM2oIeFQQrlmiCsKD6dxCPkUBY6U7Lujdrs6VtYt80mg3ryay1mnmBJXABLsEVsMAtaIFH0AY2wOAFfIBP8GV8Gz/Gr/G3GC0Y+c45WIMx+wdcSZ8K</latexit><latexit sha1_base64="8Xlmz8jT6/mQcImKRDMP59C4kb8=">AAACH3icZVDNSsNAGNzUqrX+tXr0slgKglASL9qDUPDisYJpC20om82mXbvJht2NGkLfwasefRpP4rVv46YNpT8DC8PM9/HNjhsxKpVpzozCTnF3b790UD48Oj45rVTPOpLHAhMbc8ZFz0WSMBoSW1HFSC8SBAUuI1138pD53VciJOXhs0oi4gRoFFKfYqS01LkfwAG8HlZqZsOcA24TKyc1kKM9rBrFgcdxHJBQYYak7FtmpJwUCUUxI9PyIJYkQniCRqSvaYgCIp10HncK61rxoM+FfqGCc3V1I0WBlEng6skAqbHc9DJx6dVXTyHGnPQ90SZ0E/jGtOty5mWTcKmtZVP+nZPSMIoVCfEimh8zqDjM2oIeFQQrlmiCsKD6dxCPkUBY6U7Lujdrs6VtYt80mg3ryay1mnmBJXABLsEVsMAtaIFH0AY2wOAFfIBP8GV8Gz/Gr/G3GC0Y+c45WIMx+wdcSZ8K</latexit>

= �
X

<latexit sha1_base64="9JSizvwSzIN+eXcUt82txnH69ws=">AAACI3icZVDNSsNAGNxo1Vr/Wj16WSwFL5bEi/YgFLx4rGBssQlls9m0SzebsLtRQ+hbeNWjT+NJvHjwXdy0ofRnYGGY+T6+2fFiRqUyzV9jY7O0tb1T3q3s7R8cHlVrx48ySgQmNo5YJHoekoRRTmxFFSO9WBAUeox0vfFt7nefiZA04g8qjYkboiGnAcVIaenpxoEXDnRkEg6qdbNpTgHXiVWQOijQGdSMkuNHOAkJV5ghKfuWGSs3Q0JRzMik4iSSxAiP0ZD0NeUoJNLNppEnsKEVHwaR0I8rOFUXNzIUSpmGnp4MkRrJVS8X515j8RRizM1eU21CL4UvTLtexPx8Es61pWwquHYzyuNEEY5n0YKEQRXBvDHoU0GwYqkmCAuqfwfxCAmEle61onuzVltaJ/Zls9W07s16u1UUWAan4AycAwtcgTa4Ax1gAww4eAPv4MP4NL6Mb+NnNrphFDsnYAnG3z/hGaDl</latexit><latexit sha1_base64="9JSizvwSzIN+eXcUt82txnH69ws=">AAACI3icZVDNSsNAGNxo1Vr/Wj16WSwFL5bEi/YgFLx4rGBssQlls9m0SzebsLtRQ+hbeNWjT+NJvHjwXdy0ofRnYGGY+T6+2fFiRqUyzV9jY7O0tb1T3q3s7R8cHlVrx48ySgQmNo5YJHoekoRRTmxFFSO9WBAUeox0vfFt7nefiZA04g8qjYkboiGnAcVIaenpxoEXDnRkEg6qdbNpTgHXiVWQOijQGdSMkuNHOAkJV5ghKfuWGSs3Q0JRzMik4iSSxAiP0ZD0NeUoJNLNppEnsKEVHwaR0I8rOFUXNzIUSpmGnp4MkRrJVS8X515j8RRizM1eU21CL4UvTLtexPx8Es61pWwquHYzyuNEEY5n0YKEQRXBvDHoU0GwYqkmCAuqfwfxCAmEle61onuzVltaJ/Zls9W07s16u1UUWAan4AycAwtcgTa4Ax1gAww4eAPv4MP4NL6Mb+NnNrphFDsnYAnG3z/hGaDl</latexit><latexit sha1_base64="9JSizvwSzIN+eXcUt82txnH69ws=">AAACI3icZVDNSsNAGNxo1Vr/Wj16WSwFL5bEi/YgFLx4rGBssQlls9m0SzebsLtRQ+hbeNWjT+NJvHjwXdy0ofRnYGGY+T6+2fFiRqUyzV9jY7O0tb1T3q3s7R8cHlVrx48ySgQmNo5YJHoekoRRTmxFFSO9WBAUeox0vfFt7nefiZA04g8qjYkboiGnAcVIaenpxoEXDnRkEg6qdbNpTgHXiVWQOijQGdSMkuNHOAkJV5ghKfuWGSs3Q0JRzMik4iSSxAiP0ZD0NeUoJNLNppEnsKEVHwaR0I8rOFUXNzIUSpmGnp4MkRrJVS8X515j8RRizM1eU21CL4UvTLtexPx8Es61pWwquHYzyuNEEY5n0YKEQRXBvDHoU0GwYqkmCAuqfwfxCAmEle61onuzVltaJ/Zls9W07s16u1UUWAan4AycAwtcgTa4Ax1gAww4eAPv4MP4NL6Mb+NnNrphFDsnYAnG3z/hGaDl</latexit><latexit sha1_base64="9JSizvwSzIN+eXcUt82txnH69ws=">AAACI3icZVDNSsNAGNxo1Vr/Wj16WSwFL5bEi/YgFLx4rGBssQlls9m0SzebsLtRQ+hbeNWjT+NJvHjwXdy0ofRnYGGY+T6+2fFiRqUyzV9jY7O0tb1T3q3s7R8cHlVrx48ySgQmNo5YJHoekoRRTmxFFSO9WBAUeox0vfFt7nefiZA04g8qjYkboiGnAcVIaenpxoEXDnRkEg6qdbNpTgHXiVWQOijQGdSMkuNHOAkJV5ghKfuWGSs3Q0JRzMik4iSSxAiP0ZD0NeUoJNLNppEnsKEVHwaR0I8rOFUXNzIUSpmGnp4MkRrJVS8X515j8RRizM1eU21CL4UvTLtexPx8Es61pWwquHYzyuNEEY5n0YKEQRXBvDHoU0GwYqkmCAuqfwfxCAmEle61onuzVltaJ/Zls9W07s16u1UUWAan4AycAwtcgTa4Ax1gAww4eAPv4MP4NL6Mb+NnNrphFDsnYAnG3z/hGaDl</latexit>

Qtot �
<latexit sha1_base64="uQ3m2IHk//jRGzWY0Q0/fiygsdc=">AAACMHicZVBNTwIxFOwiKuIXaDx5aSQknsiuF+VG4sUjJCIk7IZ0S4GG7nbTvlU3G36MVz36azgZr/4Ku0AIH5M0mcy8lzcdPxJcg23PrNxefv/gsHBUPD45PTsvlS9etIwVZW0qhVRdn2gmeMjawEGwbqQYCXzBOv7kMfM7r0xpLsNnSCLmBWQU8iGnBIzUL12lLiUCt6b9FCRMXexSrmi/VLFr9hx4lzhLUkFLNPtlK+8OJI0DFgIVROueY0fgpUQBp4JNi26sWUTohIxYz9CQBEx76Tz/FFeNMsBDqcwLAc/V9Y2UBFongW8mAwJjve1l4sqrrp8iQnjpe2JM7Cf4TRjXl2KQTeKVtpENhg9eysMoBhbSRbRhLDBInNWHB1wxCiIxhFDFze8wHRNFKJiSi6Y3Z7ulXdK+q9VrTsuuNOrLAgvoGt2gW+Sge9RAT6iJ2oiiFH2gT/RlfVsz68f6XYzmrOXOJdqA9fcP3DOmjQ==</latexit><latexit sha1_base64="uQ3m2IHk//jRGzWY0Q0/fiygsdc=">AAACMHicZVBNTwIxFOwiKuIXaDx5aSQknsiuF+VG4sUjJCIk7IZ0S4GG7nbTvlU3G36MVz36azgZr/4Ku0AIH5M0mcy8lzcdPxJcg23PrNxefv/gsHBUPD45PTsvlS9etIwVZW0qhVRdn2gmeMjawEGwbqQYCXzBOv7kMfM7r0xpLsNnSCLmBWQU8iGnBIzUL12lLiUCt6b9FCRMXexSrmi/VLFr9hx4lzhLUkFLNPtlK+8OJI0DFgIVROueY0fgpUQBp4JNi26sWUTohIxYz9CQBEx76Tz/FFeNMsBDqcwLAc/V9Y2UBFongW8mAwJjve1l4sqrrp8iQnjpe2JM7Cf4TRjXl2KQTeKVtpENhg9eysMoBhbSRbRhLDBInNWHB1wxCiIxhFDFze8wHRNFKJiSi6Y3Z7ulXdK+q9VrTsuuNOrLAgvoGt2gW+Sge9RAT6iJ2oiiFH2gT/RlfVsz68f6XYzmrOXOJdqA9fcP3DOmjQ==</latexit><latexit sha1_base64="uQ3m2IHk//jRGzWY0Q0/fiygsdc=">AAACMHicZVBNTwIxFOwiKuIXaDx5aSQknsiuF+VG4sUjJCIk7IZ0S4GG7nbTvlU3G36MVz36azgZr/4Ku0AIH5M0mcy8lzcdPxJcg23PrNxefv/gsHBUPD45PTsvlS9etIwVZW0qhVRdn2gmeMjawEGwbqQYCXzBOv7kMfM7r0xpLsNnSCLmBWQU8iGnBIzUL12lLiUCt6b9FCRMXexSrmi/VLFr9hx4lzhLUkFLNPtlK+8OJI0DFgIVROueY0fgpUQBp4JNi26sWUTohIxYz9CQBEx76Tz/FFeNMsBDqcwLAc/V9Y2UBFongW8mAwJjve1l4sqrrp8iQnjpe2JM7Cf4TRjXl2KQTeKVtpENhg9eysMoBhbSRbRhLDBInNWHB1wxCiIxhFDFze8wHRNFKJiSi6Y3Z7ulXdK+q9VrTsuuNOrLAgvoGt2gW+Sge9RAT6iJ2oiiFH2gT/RlfVsz68f6XYzmrOXOJdqA9fcP3DOmjQ==</latexit><latexit sha1_base64="uQ3m2IHk//jRGzWY0Q0/fiygsdc=">AAACMHicZVBNTwIxFOwiKuIXaDx5aSQknsiuF+VG4sUjJCIk7IZ0S4GG7nbTvlU3G36MVz36azgZr/4Ku0AIH5M0mcy8lzcdPxJcg23PrNxefv/gsHBUPD45PTsvlS9etIwVZW0qhVRdn2gmeMjawEGwbqQYCXzBOv7kMfM7r0xpLsNnSCLmBWQU8iGnBIzUL12lLiUCt6b9FCRMXexSrmi/VLFr9hx4lzhLUkFLNPtlK+8OJI0DFgIVROueY0fgpUQBp4JNi26sWUTohIxYz9CQBEx76Tz/FFeNMsBDqcwLAc/V9Y2UBFongW8mAwJjve1l4sqrrp8iQnjpe2JM7Cf4TRjXl2KQTeKVtpENhg9eysMoBhbSRbRhLDBInNWHB1wxCiIxhFDFze8wHRNFKJiSi6Y3Z7ulXdK+q9VrTsuuNOrLAgvoGt2gW+Sge9RAT6iJ2oiiFH2gT/RlfVsz68f6XYzmrOXOJdqA9fcP3DOmjQ==</latexit>

Qtot �
<latexit sha1_base64="uQ3m2IHk//jRGzWY0Q0/fiygsdc=">AAACMHicZVBNTwIxFOwiKuIXaDx5aSQknsiuF+VG4sUjJCIk7IZ0S4GG7nbTvlU3G36MVz36azgZr/4Ku0AIH5M0mcy8lzcdPxJcg23PrNxefv/gsHBUPD45PTsvlS9etIwVZW0qhVRdn2gmeMjawEGwbqQYCXzBOv7kMfM7r0xpLsNnSCLmBWQU8iGnBIzUL12lLiUCt6b9FCRMXexSrmi/VLFr9hx4lzhLUkFLNPtlK+8OJI0DFgIVROueY0fgpUQBp4JNi26sWUTohIxYz9CQBEx76Tz/FFeNMsBDqcwLAc/V9Y2UBFongW8mAwJjve1l4sqrrp8iQnjpe2JM7Cf4TRjXl2KQTeKVtpENhg9eysMoBhbSRbRhLDBInNWHB1wxCiIxhFDFze8wHRNFKJiSi6Y3Z7ulXdK+q9VrTsuuNOrLAgvoGt2gW+Sge9RAT6iJ2oiiFH2gT/RlfVsz68f6XYzmrOXOJdqA9fcP3DOmjQ==</latexit><latexit sha1_base64="uQ3m2IHk//jRGzWY0Q0/fiygsdc=">AAACMHicZVBNTwIxFOwiKuIXaDx5aSQknsiuF+VG4sUjJCIk7IZ0S4GG7nbTvlU3G36MVz36azgZr/4Ku0AIH5M0mcy8lzcdPxJcg23PrNxefv/gsHBUPD45PTsvlS9etIwVZW0qhVRdn2gmeMjawEGwbqQYCXzBOv7kMfM7r0xpLsNnSCLmBWQU8iGnBIzUL12lLiUCt6b9FCRMXexSrmi/VLFr9hx4lzhLUkFLNPtlK+8OJI0DFgIVROueY0fgpUQBp4JNi26sWUTohIxYz9CQBEx76Tz/FFeNMsBDqcwLAc/V9Y2UBFongW8mAwJjve1l4sqrrp8iQnjpe2JM7Cf4TRjXl2KQTeKVtpENhg9eysMoBhbSRbRhLDBInNWHB1wxCiIxhFDFze8wHRNFKJiSi6Y3Z7ulXdK+q9VrTsuuNOrLAgvoGt2gW+Sge9RAT6iJ2oiiFH2gT/RlfVsz68f6XYzmrOXOJdqA9fcP3DOmjQ==</latexit><latexit sha1_base64="uQ3m2IHk//jRGzWY0Q0/fiygsdc=">AAACMHicZVBNTwIxFOwiKuIXaDx5aSQknsiuF+VG4sUjJCIk7IZ0S4GG7nbTvlU3G36MVz36azgZr/4Ku0AIH5M0mcy8lzcdPxJcg23PrNxefv/gsHBUPD45PTsvlS9etIwVZW0qhVRdn2gmeMjawEGwbqQYCXzBOv7kMfM7r0xpLsNnSCLmBWQU8iGnBIzUL12lLiUCt6b9FCRMXexSrmi/VLFr9hx4lzhLUkFLNPtlK+8OJI0DFgIVROueY0fgpUQBp4JNi26sWUTohIxYz9CQBEx76Tz/FFeNMsBDqcwLAc/V9Y2UBFongW8mAwJjve1l4sqrrp8iQnjpe2JM7Cf4TRjXl2KQTeKVtpENhg9eysMoBhbSRbRhLDBInNWHB1wxCiIxhFDFze8wHRNFKJiSi6Y3Z7ulXdK+q9VrTsuuNOrLAgvoGt2gW+Sge9RAT6iJ2oiiFH2gT/RlfVsz68f6XYzmrOXOJdqA9fcP3DOmjQ==</latexit><latexit sha1_base64="uQ3m2IHk//jRGzWY0Q0/fiygsdc=">AAACMHicZVBNTwIxFOwiKuIXaDx5aSQknsiuF+VG4sUjJCIk7IZ0S4GG7nbTvlU3G36MVz36azgZr/4Ku0AIH5M0mcy8lzcdPxJcg23PrNxefv/gsHBUPD45PTsvlS9etIwVZW0qhVRdn2gmeMjawEGwbqQYCXzBOv7kMfM7r0xpLsNnSCLmBWQU8iGnBIzUL12lLiUCt6b9FCRMXexSrmi/VLFr9hx4lzhLUkFLNPtlK+8OJI0DFgIVROueY0fgpUQBp4JNi26sWUTohIxYz9CQBEx76Tz/FFeNMsBDqcwLAc/V9Y2UBFongW8mAwJjve1l4sqrrp8iQnjpe2JM7Cf4TRjXl2KQTeKVtpENhg9eysMoBhbSRbRhLDBInNWHB1wxCiIxhFDFze8wHRNFKJiSi6Y3Z7ulXdK+q9VrTsuuNOrLAgvoGt2gW+Sge9RAT6iJ2oiiFH2gT/RlfVsz68f6XYzmrOXOJdqA9fcP3DOmjQ==</latexit>

Qtot �
<latexit sha1_base64="uQ3m2IHk//jRGzWY0Q0/fiygsdc=">AAACMHicZVBNTwIxFOwiKuIXaDx5aSQknsiuF+VG4sUjJCIk7IZ0S4GG7nbTvlU3G36MVz36azgZr/4Ku0AIH5M0mcy8lzcdPxJcg23PrNxefv/gsHBUPD45PTsvlS9etIwVZW0qhVRdn2gmeMjawEGwbqQYCXzBOv7kMfM7r0xpLsNnSCLmBWQU8iGnBIzUL12lLiUCt6b9FCRMXexSrmi/VLFr9hx4lzhLUkFLNPtlK+8OJI0DFgIVROueY0fgpUQBp4JNi26sWUTohIxYz9CQBEx76Tz/FFeNMsBDqcwLAc/V9Y2UBFongW8mAwJjve1l4sqrrp8iQnjpe2JM7Cf4TRjXl2KQTeKVtpENhg9eysMoBhbSRbRhLDBInNWHB1wxCiIxhFDFze8wHRNFKJiSi6Y3Z7ulXdK+q9VrTsuuNOrLAgvoGt2gW+Sge9RAT6iJ2oiiFH2gT/RlfVsz68f6XYzmrOXOJdqA9fcP3DOmjQ==</latexit><latexit sha1_base64="uQ3m2IHk//jRGzWY0Q0/fiygsdc=">AAACMHicZVBNTwIxFOwiKuIXaDx5aSQknsiuF+VG4sUjJCIk7IZ0S4GG7nbTvlU3G36MVz36azgZr/4Ku0AIH5M0mcy8lzcdPxJcg23PrNxefv/gsHBUPD45PTsvlS9etIwVZW0qhVRdn2gmeMjawEGwbqQYCXzBOv7kMfM7r0xpLsNnSCLmBWQU8iGnBIzUL12lLiUCt6b9FCRMXexSrmi/VLFr9hx4lzhLUkFLNPtlK+8OJI0DFgIVROueY0fgpUQBp4JNi26sWUTohIxYz9CQBEx76Tz/FFeNMsBDqcwLAc/V9Y2UBFongW8mAwJjve1l4sqrrp8iQnjpe2JM7Cf4TRjXl2KQTeKVtpENhg9eysMoBhbSRbRhLDBInNWHB1wxCiIxhFDFze8wHRNFKJiSi6Y3Z7ulXdK+q9VrTsuuNOrLAgvoGt2gW+Sge9RAT6iJ2oiiFH2gT/RlfVsz68f6XYzmrOXOJdqA9fcP3DOmjQ==</latexit><latexit sha1_base64="uQ3m2IHk//jRGzWY0Q0/fiygsdc=">AAACMHicZVBNTwIxFOwiKuIXaDx5aSQknsiuF+VG4sUjJCIk7IZ0S4GG7nbTvlU3G36MVz36azgZr/4Ku0AIH5M0mcy8lzcdPxJcg23PrNxefv/gsHBUPD45PTsvlS9etIwVZW0qhVRdn2gmeMjawEGwbqQYCXzBOv7kMfM7r0xpLsNnSCLmBWQU8iGnBIzUL12lLiUCt6b9FCRMXexSrmi/VLFr9hx4lzhLUkFLNPtlK+8OJI0DFgIVROueY0fgpUQBp4JNi26sWUTohIxYz9CQBEx76Tz/FFeNMsBDqcwLAc/V9Y2UBFongW8mAwJjve1l4sqrrp8iQnjpe2JM7Cf4TRjXl2KQTeKVtpENhg9eysMoBhbSRbRhLDBInNWHB1wxCiIxhFDFze8wHRNFKJiSi6Y3Z7ulXdK+q9VrTsuuNOrLAgvoGt2gW+Sge9RAT6iJ2oiiFH2gT/RlfVsz68f6XYzmrOXOJdqA9fcP3DOmjQ==</latexit><latexit sha1_base64="uQ3m2IHk//jRGzWY0Q0/fiygsdc=">AAACMHicZVBNTwIxFOwiKuIXaDx5aSQknsiuF+VG4sUjJCIk7IZ0S4GG7nbTvlU3G36MVz36azgZr/4Ku0AIH5M0mcy8lzcdPxJcg23PrNxefv/gsHBUPD45PTsvlS9etIwVZW0qhVRdn2gmeMjawEGwbqQYCXzBOv7kMfM7r0xpLsNnSCLmBWQU8iGnBIzUL12lLiUCt6b9FCRMXexSrmi/VLFr9hx4lzhLUkFLNPtlK+8OJI0DFgIVROueY0fgpUQBp4JNi26sWUTohIxYz9CQBEx76Tz/FFeNMsBDqcwLAc/V9Y2UBFongW8mAwJjve1l4sqrrp8iQnjpe2JM7Cf4TRjXl2KQTeKVtpENhg9eysMoBhbSRbRhLDBInNWHB1wxCiIxhFDFze8wHRNFKJiSi6Y3Z7ulXdK+q9VrTsuuNOrLAgvoGt2gW+Sge9RAT6iJ2oiiFH2gT/RlfVsz68f6XYzmrOXOJdqA9fcP3DOmjQ==</latexit>

 
<latexit sha1_base64="Y43/yEraTT3waALBIv5KnYZQncA=">AAACHXicZVBPS8MwHE106pz/Nj16CY6Bp9J6UW8DLx4nWDfYykjTdAtL05Kkain7Cl716KfxJF7Fb2O6lbE/DwKP934/fi/PTzhT2rb/4NZ2ZWd3r7pfOzg8Oj6pN06fVJxKQl0S81j2fKwoZ4K6mmlOe4mkOPI57fqTu8LvPlOpWCwedZZQL8IjwUJGsC6kQUexYb1pW/YMaJM4JWmCEp1hA1YGQUzSiApNOFaq79iJ9nIsNSOcTmuDVNEEkwke0b6hAkdUefks7BS1jBKgMJbmCY1m6vJGjiOlssg3kxHWY7XuFeLCay2fwpx7+WtmTORn6IUb1495UEyihbaSTYc3Xs5EkmoqyDxamHKkY1R0hQImKdE8MwQTyczvEBljiYk2jdZMb856S5vEvbJuLefBbratssAqOAcX4BI44Bq0wT3oABcQMAZv4B18wE/4Bb/hz3x0C5Y7Z2AF8PcfUX6fEw==</latexit><latexit sha1_base64="Y43/yEraTT3waALBIv5KnYZQncA=">AAACHXicZVBPS8MwHE106pz/Nj16CY6Bp9J6UW8DLx4nWDfYykjTdAtL05Kkain7Cl716KfxJF7Fb2O6lbE/DwKP934/fi/PTzhT2rb/4NZ2ZWd3r7pfOzg8Oj6pN06fVJxKQl0S81j2fKwoZ4K6mmlOe4mkOPI57fqTu8LvPlOpWCwedZZQL8IjwUJGsC6kQUexYb1pW/YMaJM4JWmCEp1hA1YGQUzSiApNOFaq79iJ9nIsNSOcTmuDVNEEkwke0b6hAkdUefks7BS1jBKgMJbmCY1m6vJGjiOlssg3kxHWY7XuFeLCay2fwpx7+WtmTORn6IUb1495UEyihbaSTYc3Xs5EkmoqyDxamHKkY1R0hQImKdE8MwQTyczvEBljiYk2jdZMb856S5vEvbJuLefBbratssAqOAcX4BI44Bq0wT3oABcQMAZv4B18wE/4Bb/hz3x0C5Y7Z2AF8PcfUX6fEw==</latexit><latexit sha1_base64="Y43/yEraTT3waALBIv5KnYZQncA=">AAACHXicZVBPS8MwHE106pz/Nj16CY6Bp9J6UW8DLx4nWDfYykjTdAtL05Kkain7Cl716KfxJF7Fb2O6lbE/DwKP934/fi/PTzhT2rb/4NZ2ZWd3r7pfOzg8Oj6pN06fVJxKQl0S81j2fKwoZ4K6mmlOe4mkOPI57fqTu8LvPlOpWCwedZZQL8IjwUJGsC6kQUexYb1pW/YMaJM4JWmCEp1hA1YGQUzSiApNOFaq79iJ9nIsNSOcTmuDVNEEkwke0b6hAkdUefks7BS1jBKgMJbmCY1m6vJGjiOlssg3kxHWY7XuFeLCay2fwpx7+WtmTORn6IUb1495UEyihbaSTYc3Xs5EkmoqyDxamHKkY1R0hQImKdE8MwQTyczvEBljiYk2jdZMb856S5vEvbJuLefBbratssAqOAcX4BI44Bq0wT3oABcQMAZv4B18wE/4Bb/hz3x0C5Y7Z2AF8PcfUX6fEw==</latexit><latexit sha1_base64="Y43/yEraTT3waALBIv5KnYZQncA=">AAACHXicZVBPS8MwHE106pz/Nj16CY6Bp9J6UW8DLx4nWDfYykjTdAtL05Kkain7Cl716KfxJF7Fb2O6lbE/DwKP934/fi/PTzhT2rb/4NZ2ZWd3r7pfOzg8Oj6pN06fVJxKQl0S81j2fKwoZ4K6mmlOe4mkOPI57fqTu8LvPlOpWCwedZZQL8IjwUJGsC6kQUexYb1pW/YMaJM4JWmCEp1hA1YGQUzSiApNOFaq79iJ9nIsNSOcTmuDVNEEkwke0b6hAkdUefks7BS1jBKgMJbmCY1m6vJGjiOlssg3kxHWY7XuFeLCay2fwpx7+WtmTORn6IUb1495UEyihbaSTYc3Xs5EkmoqyDxamHKkY1R0hQImKdE8MwQTyczvEBljiYk2jdZMb856S5vEvbJuLefBbratssAqOAcX4BI44Bq0wT3oABcQMAZv4B18wE/4Bb/hz3x0C5Y7Z2AF8PcfUX6fEw==</latexit>

 
<latexit sha1_base64="Y43/yEraTT3waALBIv5KnYZQncA=">AAACHXicZVBPS8MwHE106pz/Nj16CY6Bp9J6UW8DLx4nWDfYykjTdAtL05Kkain7Cl716KfxJF7Fb2O6lbE/DwKP934/fi/PTzhT2rb/4NZ2ZWd3r7pfOzg8Oj6pN06fVJxKQl0S81j2fKwoZ4K6mmlOe4mkOPI57fqTu8LvPlOpWCwedZZQL8IjwUJGsC6kQUexYb1pW/YMaJM4JWmCEp1hA1YGQUzSiApNOFaq79iJ9nIsNSOcTmuDVNEEkwke0b6hAkdUefks7BS1jBKgMJbmCY1m6vJGjiOlssg3kxHWY7XuFeLCay2fwpx7+WtmTORn6IUb1495UEyihbaSTYc3Xs5EkmoqyDxamHKkY1R0hQImKdE8MwQTyczvEBljiYk2jdZMb856S5vEvbJuLefBbratssAqOAcX4BI44Bq0wT3oABcQMAZv4B18wE/4Bb/hz3x0C5Y7Z2AF8PcfUX6fEw==</latexit><latexit sha1_base64="Y43/yEraTT3waALBIv5KnYZQncA=">AAACHXicZVBPS8MwHE106pz/Nj16CY6Bp9J6UW8DLx4nWDfYykjTdAtL05Kkain7Cl716KfxJF7Fb2O6lbE/DwKP934/fi/PTzhT2rb/4NZ2ZWd3r7pfOzg8Oj6pN06fVJxKQl0S81j2fKwoZ4K6mmlOe4mkOPI57fqTu8LvPlOpWCwedZZQL8IjwUJGsC6kQUexYb1pW/YMaJM4JWmCEp1hA1YGQUzSiApNOFaq79iJ9nIsNSOcTmuDVNEEkwke0b6hAkdUefks7BS1jBKgMJbmCY1m6vJGjiOlssg3kxHWY7XuFeLCay2fwpx7+WtmTORn6IUb1495UEyihbaSTYc3Xs5EkmoqyDxamHKkY1R0hQImKdE8MwQTyczvEBljiYk2jdZMb856S5vEvbJuLefBbratssAqOAcX4BI44Bq0wT3oABcQMAZv4B18wE/4Bb/hz3x0C5Y7Z2AF8PcfUX6fEw==</latexit><latexit sha1_base64="Y43/yEraTT3waALBIv5KnYZQncA=">AAACHXicZVBPS8MwHE106pz/Nj16CY6Bp9J6UW8DLx4nWDfYykjTdAtL05Kkain7Cl716KfxJF7Fb2O6lbE/DwKP934/fi/PTzhT2rb/4NZ2ZWd3r7pfOzg8Oj6pN06fVJxKQl0S81j2fKwoZ4K6mmlOe4mkOPI57fqTu8LvPlOpWCwedZZQL8IjwUJGsC6kQUexYb1pW/YMaJM4JWmCEp1hA1YGQUzSiApNOFaq79iJ9nIsNSOcTmuDVNEEkwke0b6hAkdUefks7BS1jBKgMJbmCY1m6vJGjiOlssg3kxHWY7XuFeLCay2fwpx7+WtmTORn6IUb1495UEyihbaSTYc3Xs5EkmoqyDxamHKkY1R0hQImKdE8MwQTyczvEBljiYk2jdZMb856S5vEvbJuLefBbratssAqOAcX4BI44Bq0wT3oABcQMAZv4B18wE/4Bb/hz3x0C5Y7Z2AF8PcfUX6fEw==</latexit><latexit sha1_base64="Y43/yEraTT3waALBIv5KnYZQncA=">AAACHXicZVBPS8MwHE106pz/Nj16CY6Bp9J6UW8DLx4nWDfYykjTdAtL05Kkain7Cl716KfxJF7Fb2O6lbE/DwKP934/fi/PTzhT2rb/4NZ2ZWd3r7pfOzg8Oj6pN06fVJxKQl0S81j2fKwoZ4K6mmlOe4mkOPI57fqTu8LvPlOpWCwedZZQL8IjwUJGsC6kQUexYb1pW/YMaJM4JWmCEp1hA1YGQUzSiApNOFaq79iJ9nIsNSOcTmuDVNEEkwke0b6hAkdUefks7BS1jBKgMJbmCY1m6vJGjiOlssg3kxHWY7XuFeLCay2fwpx7+WtmTORn6IUb1495UEyihbaSTYc3Xs5EkmoqyDxamHKkY1R0hQImKdE8MwQTyczvEBljiYk2jdZMb856S5vEvbJuLefBbratssAqOAcX4BI44Bq0wT3oABcQMAZv4B18wE/4Bb/hz3x0C5Y7Z2AF8PcfUX6fEw==</latexit>

 
<latexit sha1_base64="Y43/yEraTT3waALBIv5KnYZQncA=">AAACHXicZVBPS8MwHE106pz/Nj16CY6Bp9J6UW8DLx4nWDfYykjTdAtL05Kkain7Cl716KfxJF7Fb2O6lbE/DwKP934/fi/PTzhT2rb/4NZ2ZWd3r7pfOzg8Oj6pN06fVJxKQl0S81j2fKwoZ4K6mmlOe4mkOPI57fqTu8LvPlOpWCwedZZQL8IjwUJGsC6kQUexYb1pW/YMaJM4JWmCEp1hA1YGQUzSiApNOFaq79iJ9nIsNSOcTmuDVNEEkwke0b6hAkdUefks7BS1jBKgMJbmCY1m6vJGjiOlssg3kxHWY7XuFeLCay2fwpx7+WtmTORn6IUb1495UEyihbaSTYc3Xs5EkmoqyDxamHKkY1R0hQImKdE8MwQTyczvEBljiYk2jdZMb856S5vEvbJuLefBbratssAqOAcX4BI44Bq0wT3oABcQMAZv4B18wE/4Bb/hz3x0C5Y7Z2AF8PcfUX6fEw==</latexit><latexit sha1_base64="Y43/yEraTT3waALBIv5KnYZQncA=">AAACHXicZVBPS8MwHE106pz/Nj16CY6Bp9J6UW8DLx4nWDfYykjTdAtL05Kkain7Cl716KfxJF7Fb2O6lbE/DwKP934/fi/PTzhT2rb/4NZ2ZWd3r7pfOzg8Oj6pN06fVJxKQl0S81j2fKwoZ4K6mmlOe4mkOPI57fqTu8LvPlOpWCwedZZQL8IjwUJGsC6kQUexYb1pW/YMaJM4JWmCEp1hA1YGQUzSiApNOFaq79iJ9nIsNSOcTmuDVNEEkwke0b6hAkdUefks7BS1jBKgMJbmCY1m6vJGjiOlssg3kxHWY7XuFeLCay2fwpx7+WtmTORn6IUb1495UEyihbaSTYc3Xs5EkmoqyDxamHKkY1R0hQImKdE8MwQTyczvEBljiYk2jdZMb856S5vEvbJuLefBbratssAqOAcX4BI44Bq0wT3oABcQMAZv4B18wE/4Bb/hz3x0C5Y7Z2AF8PcfUX6fEw==</latexit><latexit sha1_base64="Y43/yEraTT3waALBIv5KnYZQncA=">AAACHXicZVBPS8MwHE106pz/Nj16CY6Bp9J6UW8DLx4nWDfYykjTdAtL05Kkain7Cl716KfxJF7Fb2O6lbE/DwKP934/fi/PTzhT2rb/4NZ2ZWd3r7pfOzg8Oj6pN06fVJxKQl0S81j2fKwoZ4K6mmlOe4mkOPI57fqTu8LvPlOpWCwedZZQL8IjwUJGsC6kQUexYb1pW/YMaJM4JWmCEp1hA1YGQUzSiApNOFaq79iJ9nIsNSOcTmuDVNEEkwke0b6hAkdUefks7BS1jBKgMJbmCY1m6vJGjiOlssg3kxHWY7XuFeLCay2fwpx7+WtmTORn6IUb1495UEyihbaSTYc3Xs5EkmoqyDxamHKkY1R0hQImKdE8MwQTyczvEBljiYk2jdZMb856S5vEvbJuLefBbratssAqOAcX4BI44Bq0wT3oABcQMAZv4B18wE/4Bb/hz3x0C5Y7Z2AF8PcfUX6fEw==</latexit><latexit sha1_base64="Y43/yEraTT3waALBIv5KnYZQncA=">AAACHXicZVBPS8MwHE106pz/Nj16CY6Bp9J6UW8DLx4nWDfYykjTdAtL05Kkain7Cl716KfxJF7Fb2O6lbE/DwKP934/fi/PTzhT2rb/4NZ2ZWd3r7pfOzg8Oj6pN06fVJxKQl0S81j2fKwoZ4K6mmlOe4mkOPI57fqTu8LvPlOpWCwedZZQL8IjwUJGsC6kQUexYb1pW/YMaJM4JWmCEp1hA1YGQUzSiApNOFaq79iJ9nIsNSOcTmuDVNEEkwke0b6hAkdUefks7BS1jBKgMJbmCY1m6vJGjiOlssg3kxHWY7XuFeLCay2fwpx7+WtmTORn6IUb1495UEyihbaSTYc3Xs5EkmoqyDxamHKkY1R0hQImKdE8MwQTyczvEBljiYk2jdZMb856S5vEvbJuLefBbratssAqOAcX4BI44Bq0wT3oABcQMAZv4B18wE/4Bb/hz3x0C5Y7Z2AF8PcfUX6fEw==</latexit>

Z

@D
�(1)

<latexit sha1_base64="ChnyIxgySHb84UuKePWA1kQGaV8="></latexit><latexit sha1_base64="ChnyIxgySHb84UuKePWA1kQGaV8="></latexit><latexit sha1_base64="ChnyIxgySHb84UuKePWA1kQGaV8="></latexit><latexit sha1_base64="ChnyIxgySHb84UuKePWA1kQGaV8="></latexit>

 
<latexit sha1_base64="Y43/yEraTT3waALBIv5KnYZQncA=">AAACHXicZVBPS8MwHE106pz/Nj16CY6Bp9J6UW8DLx4nWDfYykjTdAtL05Kkain7Cl716KfxJF7Fb2O6lbE/DwKP934/fi/PTzhT2rb/4NZ2ZWd3r7pfOzg8Oj6pN06fVJxKQl0S81j2fKwoZ4K6mmlOe4mkOPI57fqTu8LvPlOpWCwedZZQL8IjwUJGsC6kQUexYb1pW/YMaJM4JWmCEp1hA1YGQUzSiApNOFaq79iJ9nIsNSOcTmuDVNEEkwke0b6hAkdUefks7BS1jBKgMJbmCY1m6vJGjiOlssg3kxHWY7XuFeLCay2fwpx7+WtmTORn6IUb1495UEyihbaSTYc3Xs5EkmoqyDxamHKkY1R0hQImKdE8MwQTyczvEBljiYk2jdZMb856S5vEvbJuLefBbratssAqOAcX4BI44Bq0wT3oABcQMAZv4B18wE/4Bb/hz3x0C5Y7Z2AF8PcfUX6fEw==</latexit><latexit sha1_base64="Y43/yEraTT3waALBIv5KnYZQncA=">AAACHXicZVBPS8MwHE106pz/Nj16CY6Bp9J6UW8DLx4nWDfYykjTdAtL05Kkain7Cl716KfxJF7Fb2O6lbE/DwKP934/fi/PTzhT2rb/4NZ2ZWd3r7pfOzg8Oj6pN06fVJxKQl0S81j2fKwoZ4K6mmlOe4mkOPI57fqTu8LvPlOpWCwedZZQL8IjwUJGsC6kQUexYb1pW/YMaJM4JWmCEp1hA1YGQUzSiApNOFaq79iJ9nIsNSOcTmuDVNEEkwke0b6hAkdUefks7BS1jBKgMJbmCY1m6vJGjiOlssg3kxHWY7XuFeLCay2fwpx7+WtmTORn6IUb1495UEyihbaSTYc3Xs5EkmoqyDxamHKkY1R0hQImKdE8MwQTyczvEBljiYk2jdZMb856S5vEvbJuLefBbratssAqOAcX4BI44Bq0wT3oABcQMAZv4B18wE/4Bb/hz3x0C5Y7Z2AF8PcfUX6fEw==</latexit><latexit sha1_base64="Y43/yEraTT3waALBIv5KnYZQncA=">AAACHXicZVBPS8MwHE106pz/Nj16CY6Bp9J6UW8DLx4nWDfYykjTdAtL05Kkain7Cl716KfxJF7Fb2O6lbE/DwKP934/fi/PTzhT2rb/4NZ2ZWd3r7pfOzg8Oj6pN06fVJxKQl0S81j2fKwoZ4K6mmlOe4mkOPI57fqTu8LvPlOpWCwedZZQL8IjwUJGsC6kQUexYb1pW/YMaJM4JWmCEp1hA1YGQUzSiApNOFaq79iJ9nIsNSOcTmuDVNEEkwke0b6hAkdUefks7BS1jBKgMJbmCY1m6vJGjiOlssg3kxHWY7XuFeLCay2fwpx7+WtmTORn6IUb1495UEyihbaSTYc3Xs5EkmoqyDxamHKkY1R0hQImKdE8MwQTyczvEBljiYk2jdZMb856S5vEvbJuLefBbratssAqOAcX4BI44Bq0wT3oABcQMAZv4B18wE/4Bb/hz3x0C5Y7Z2AF8PcfUX6fEw==</latexit><latexit sha1_base64="Y43/yEraTT3waALBIv5KnYZQncA=">AAACHXicZVBPS8MwHE106pz/Nj16CY6Bp9J6UW8DLx4nWDfYykjTdAtL05Kkain7Cl716KfxJF7Fb2O6lbE/DwKP934/fi/PTzhT2rb/4NZ2ZWd3r7pfOzg8Oj6pN06fVJxKQl0S81j2fKwoZ4K6mmlOe4mkOPI57fqTu8LvPlOpWCwedZZQL8IjwUJGsC6kQUexYb1pW/YMaJM4JWmCEp1hA1YGQUzSiApNOFaq79iJ9nIsNSOcTmuDVNEEkwke0b6hAkdUefks7BS1jBKgMJbmCY1m6vJGjiOlssg3kxHWY7XuFeLCay2fwpx7+WtmTORn6IUb1495UEyihbaSTYc3Xs5EkmoqyDxamHKkY1R0hQImKdE8MwQTyczvEBljiYk2jdZMb856S5vEvbJuLefBbratssAqOAcX4BI44Bq0wT3oABcQMAZv4B18wE/4Bb/hz3x0C5Y7Z2AF8PcfUX6fEw==</latexit>
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Q(t)2 = W (t)1



Finally, flatness equations for matrix factorizations
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Taking all together, we propose “relative bulk-boundary” diffeqs. 
which play the role of the Gauss-Manin eqs familiar from
standard bulk mirror symmetry:

These eqs supposedly determine the proper flat boundary changing 
representatives ψ(t) incl. moduli dependent renormalisation factors

When combined with the recursive  A∞ structure,  the latter should eventually 
determine the t-moduli dependence of all correlation functions! 

K(0)
KL(rt a,�b) = K(0)

KL(@t a,�b)+K(1)
KL( a, �·�b)�

1

2
K(0)

KL(
X

i

di�

diW
; a,�b)
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Morally:

(“splitting” ambiguities?)
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Example: branes on cubic elliptic curve T2

Simplest 1-dim Calabi-Yau:  elliptic curve complex struct modulus

B-type D-branes are composites of D2, D0 branes, 
characterized by

We will consider the 
``long-diagonal’’ branes with charges

2

1

0

2

1

0

c1

r

L2 L1

L3

S3

S2

S1

(
N2, N0; u

)
=

(
rank(V ), c1(V ); u

)

(N2, N0)LA = {(−1, 0), (−1, 3), (2, −3)}

Mirror map: t(z) = i/
p
3
2F1(1/3, 2/3, 1; 1 � 1/z3)

2F1(1/3, 2/3, 1; 1/z3)
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T2 : W (x, z(t)) ⌘
1

3
(x1

3 + x2
3 + x3

3) � z(t)x1x2x3 = 0
<latexit sha1_base64="q45GM+bf9wh+ut5ERe3ykPWJdhQ="></latexit><latexit sha1_base64="q45GM+bf9wh+ut5ERe3ykPWJdhQ="></latexit><latexit sha1_base64="q45GM+bf9wh+ut5ERe3ykPWJdhQ="></latexit><latexit sha1_base64="q45GM+bf9wh+ut5ERe3ykPWJdhQ="></latexit>

picture of mirror A-branes
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Seidel lagrangian

Actually the LG model describes the orbisphere T2/Z3 (or pair of pants),

where the 3 branes map into one single, triply self-intersecting brane

 1  2

 3

�3

�2�1

LS

Need to go to equivariant matrix factorization to describe branes on T2;

in practice only labels change

“immersed lagrangian”

T 2/Z3 ' P 1
3,3,3
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30

Matrix factorization corr. to Seidel lagrangrian

Given by 8x8 matrix:                             satisfyingQ =

✓
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<latexit sha1_base64="NiHexpPfb2+vB2dyufPc+m9H9Uc="></latexit><latexit sha1_base64="NiHexpPfb2+vB2dyufPc+m9H9Uc="></latexit><latexit sha1_base64="NiHexpPfb2+vB2dyufPc+m9H9Uc="></latexit><latexit sha1_base64="NiHexpPfb2+vB2dyufPc+m9H9Uc="></latexit>

This realizes the “homological mirror functor” of
Cho,Hong, Lau, Oh… 

with



s
31

Open string BRST cohomology

Solving for the BRST cohomology yields explicit 
moduli dependent matrix valued morphisms, eg. L1

L2L3

 (1,2)
i

<latexit sha1_base64="b5zJ2oV1I7u3ajKX03F7OLARmBA=">AAACJ3icZVBPSwJBHJ01K7N/WscuQyIYhOyKUN2ELh0N2hR0ldnZWR2c3VlmZqtl8Xt0rWOfplPUsW/SrIqkPhh4vPf78Xvz3IhRqUzzx8ht5bd3dgt7xf2Dw6PjUvnkUfJYYGJjzrjoukgSRkNiK6oY6UaCoMBlpONObjO/80SEpDx8UElEnACNQupTjJSWBv22pIO0Zl02LqZDOixVzLo5A9wk1oJUwALtYdnI9z2O44CECjMkZc8yI+WkSCiKGZkW+7EkEcITNCI9TUMUEOmks9hTWNWKB30u9AsVnKn/N1IUSJkErp4MkBrLdS8Tl171/ynEmJO+JNqEbgKfmXZdzrxsEi61lWzKv3ZSGkaxIiGeR/NjBhWHWWvQo4JgxRJNEBZU/w7iMRIIK91tUfdmrbe0SexG/aZu3TcrreaiwAI4A+egBixwBVrgDrSBDTAQ4BW8gXfjw/g0vozv+WjOWOycghUYv38DJ6J/</latexit><latexit sha1_base64="b5zJ2oV1I7u3ajKX03F7OLARmBA=">AAACJ3icZVBPSwJBHJ01K7N/WscuQyIYhOyKUN2ELh0N2hR0ldnZWR2c3VlmZqtl8Xt0rWOfplPUsW/SrIqkPhh4vPf78Xvz3IhRqUzzx8ht5bd3dgt7xf2Dw6PjUvnkUfJYYGJjzrjoukgSRkNiK6oY6UaCoMBlpONObjO/80SEpDx8UElEnACNQupTjJSWBv22pIO0Zl02LqZDOixVzLo5A9wk1oJUwALtYdnI9z2O44CECjMkZc8yI+WkSCiKGZkW+7EkEcITNCI9TUMUEOmks9hTWNWKB30u9AsVnKn/N1IUSJkErp4MkBrLdS8Tl171/ynEmJO+JNqEbgKfmXZdzrxsEi61lWzKv3ZSGkaxIiGeR/NjBhWHWWvQo4JgxRJNEBZU/w7iMRIIK91tUfdmrbe0SexG/aZu3TcrreaiwAI4A+egBixwBVrgDrSBDTAQ4BW8gXfjw/g0vozv+WjOWOycghUYv38DJ6J/</latexit><latexit sha1_base64="b5zJ2oV1I7u3ajKX03F7OLARmBA=">AAACJ3icZVBPSwJBHJ01K7N/WscuQyIYhOyKUN2ELh0N2hR0ldnZWR2c3VlmZqtl8Xt0rWOfplPUsW/SrIqkPhh4vPf78Xvz3IhRqUzzx8ht5bd3dgt7xf2Dw6PjUvnkUfJYYGJjzrjoukgSRkNiK6oY6UaCoMBlpONObjO/80SEpDx8UElEnACNQupTjJSWBv22pIO0Zl02LqZDOixVzLo5A9wk1oJUwALtYdnI9z2O44CECjMkZc8yI+WkSCiKGZkW+7EkEcITNCI9TUMUEOmks9hTWNWKB30u9AsVnKn/N1IUSJkErp4MkBrLdS8Tl171/ynEmJO+JNqEbgKfmXZdzrxsEi61lWzKv3ZSGkaxIiGeR/NjBhWHWWvQo4JgxRJNEBZU/w7iMRIIK91tUfdmrbe0SexG/aZu3TcrreaiwAI4A+egBixwBVrgDrSBDTAQ4BW8gXfjw/g0vozv+WjOWOycghUYv38DJ6J/</latexit><latexit sha1_base64="b5zJ2oV1I7u3ajKX03F7OLARmBA=">AAACJ3icZVBPSwJBHJ01K7N/WscuQyIYhOyKUN2ELh0N2hR0ldnZWR2c3VlmZqtl8Xt0rWOfplPUsW/SrIqkPhh4vPf78Xvz3IhRqUzzx8ht5bd3dgt7xf2Dw6PjUvnkUfJYYGJjzrjoukgSRkNiK6oY6UaCoMBlpONObjO/80SEpDx8UElEnACNQupTjJSWBv22pIO0Zl02LqZDOixVzLo5A9wk1oJUwALtYdnI9z2O44CECjMkZc8yI+WkSCiKGZkW+7EkEcITNCI9TUMUEOmks9hTWNWKB30u9AsVnKn/N1IUSJkErp4MkBrLdS8Tl171/ynEmJO+JNqEbgKfmXZdzrxsEi61lWzKv3ZSGkaxIiGeR/NjBhWHWWvQo4JgxRJNEBZU/w7iMRIIK91tUfdmrbe0SexG/aZu3TcrreaiwAI4A+egBixwBVrgDrSBDTAQ4BW8gXfjw/g0vozv+WjOWOycghUYv38DJ6J/</latexit>

 (2,3)
i

<latexit sha1_base64="yb6//g1QD67pynHBUAeIEkkCiBA=">AAACJ3icZVDLSsNAFJ3UqrW+Wl26GSyFClKSWlB3BTcuKxhbaNMymUzaoZMHMxM1hP6HW136Na5El/6JkzaUPg4MHM65l3vm2CGjQur6r5bbym/v7Bb2ivsHh0fHpfLJkwgijomJAxbwro0EYdQnpqSSkW7ICfJsRjr25C71O8+ECxr4jzIOieWhkU9dipFU0qDfFnSQ1BqXVxfTIR2WKnpdnwFuEiMjFZChPSxr+b4T4MgjvsQMCdEz9FBaCeKSYkamxX4kSIjwBI1IT1EfeURYySz2FFaV4kA34Or5Es7U5Y0EeULEnq0mPSTHYt1LxYVXXT6FGLOS11iZ0I7hC1OuHTAnnYQLbSWbdG+shPphJImP59HciEEZwLQ16FBOsGSxIghzqn4H8RhxhKXqtqh6M9Zb2iRmo35bNx6alVYzK7AAzsA5qAEDXIMWuAdtYAIMOHgD7+BD+9S+tG/tZz6a07KdU7AC7e8fBp2igQ==</latexit><latexit sha1_base64="yb6//g1QD67pynHBUAeIEkkCiBA=">AAACJ3icZVDLSsNAFJ3UqrW+Wl26GSyFClKSWlB3BTcuKxhbaNMymUzaoZMHMxM1hP6HW136Na5El/6JkzaUPg4MHM65l3vm2CGjQur6r5bbym/v7Bb2ivsHh0fHpfLJkwgijomJAxbwro0EYdQnpqSSkW7ICfJsRjr25C71O8+ECxr4jzIOieWhkU9dipFU0qDfFnSQ1BqXVxfTIR2WKnpdnwFuEiMjFZChPSxr+b4T4MgjvsQMCdEz9FBaCeKSYkamxX4kSIjwBI1IT1EfeURYySz2FFaV4kA34Or5Es7U5Y0EeULEnq0mPSTHYt1LxYVXXT6FGLOS11iZ0I7hC1OuHTAnnYQLbSWbdG+shPphJImP59HciEEZwLQ16FBOsGSxIghzqn4H8RhxhKXqtqh6M9Zb2iRmo35bNx6alVYzK7AAzsA5qAEDXIMWuAdtYAIMOHgD7+BD+9S+tG/tZz6a07KdU7AC7e8fBp2igQ==</latexit><latexit sha1_base64="yb6//g1QD67pynHBUAeIEkkCiBA=">AAACJ3icZVDLSsNAFJ3UqrW+Wl26GSyFClKSWlB3BTcuKxhbaNMymUzaoZMHMxM1hP6HW136Na5El/6JkzaUPg4MHM65l3vm2CGjQur6r5bbym/v7Bb2ivsHh0fHpfLJkwgijomJAxbwro0EYdQnpqSSkW7ICfJsRjr25C71O8+ECxr4jzIOieWhkU9dipFU0qDfFnSQ1BqXVxfTIR2WKnpdnwFuEiMjFZChPSxr+b4T4MgjvsQMCdEz9FBaCeKSYkamxX4kSIjwBI1IT1EfeURYySz2FFaV4kA34Or5Es7U5Y0EeULEnq0mPSTHYt1LxYVXXT6FGLOS11iZ0I7hC1OuHTAnnYQLbSWbdG+shPphJImP59HciEEZwLQ16FBOsGSxIghzqn4H8RhxhKXqtqh6M9Zb2iRmo35bNx6alVYzK7AAzsA5qAEDXIMWuAdtYAIMOHgD7+BD+9S+tG/tZz6a07KdU7AC7e8fBp2igQ==</latexit><latexit sha1_base64="yb6//g1QD67pynHBUAeIEkkCiBA=">AAACJ3icZVDLSsNAFJ3UqrW+Wl26GSyFClKSWlB3BTcuKxhbaNMymUzaoZMHMxM1hP6HW136Na5El/6JkzaUPg4MHM65l3vm2CGjQur6r5bbym/v7Bb2ivsHh0fHpfLJkwgijomJAxbwro0EYdQnpqSSkW7ICfJsRjr25C71O8+ECxr4jzIOieWhkU9dipFU0qDfFnSQ1BqXVxfTIR2WKnpdnwFuEiMjFZChPSxr+b4T4MgjvsQMCdEz9FBaCeKSYkamxX4kSIjwBI1IT1EfeURYySz2FFaV4kA34Or5Es7U5Y0EeULEnq0mPSTHYt1LxYVXXT6FGLOS11iZ0I7hC1OuHTAnnYQLbSWbdG+shPphJImP59HciEEZwLQ16FBOsGSxIghzqn4H8RhxhKXqtqh6M9Zb2iRmo35bNx6alVYzK7AAzsA5qAEDXIMWuAdtYAIMOHgD7+BD+9S+tG/tZz6a07KdU7AC7e8fBp2igQ==</latexit>

 (3,1)
i

<latexit sha1_base64="KJCvMYcFmlj2dolDACZvjMM2k9M=">AAACJ3icZVDLSgMxFE20aq2vVpdugqVQQcqMFtRdwY3LCo4ttNOSyWTa0MyDJKMOQ//DrS79GleiS//ETFtKHwcCh3Pu5Z4cJ+JMKsP4hRubua3tnfxuYW//4PCoWDp+kmEsCLVIyEPRdrCknAXUUkxx2o4Exb7DacsZ3WV+65kKycLgUSURtX08CJjHCFZa6nWbkvXS6tWFeT7us36xbNSMCdA6MWekDGZo9ksw13VDEvs0UIRjKTumESk7xUIxwum40I0ljTAZ4QHtaBpgn0o7ncQeo4pWXOSFQr9AoYm6uJFiX8rEd/Skj9VQrnqZOPcqi6cw53b6mmgTOQl64dp1Qu5mk2iuLWVT3o2dsiCKFQ3INJoXc6RClLWGXCYoUTzRBBPB9O8QGWKBidLdFnRv5mpL68S6rN3WzId6uVGfFZgHp+AMVIEJrkED3IMmsAABAryBd/ABP+EX/IY/09ENONs5AUuAf/8E5aKA</latexit><latexit sha1_base64="KJCvMYcFmlj2dolDACZvjMM2k9M=">AAACJ3icZVDLSgMxFE20aq2vVpdugqVQQcqMFtRdwY3LCo4ttNOSyWTa0MyDJKMOQ//DrS79GleiS//ETFtKHwcCh3Pu5Z4cJ+JMKsP4hRubua3tnfxuYW//4PCoWDp+kmEsCLVIyEPRdrCknAXUUkxx2o4Exb7DacsZ3WV+65kKycLgUSURtX08CJjHCFZa6nWbkvXS6tWFeT7us36xbNSMCdA6MWekDGZo9ksw13VDEvs0UIRjKTumESk7xUIxwum40I0ljTAZ4QHtaBpgn0o7ncQeo4pWXOSFQr9AoYm6uJFiX8rEd/Skj9VQrnqZOPcqi6cw53b6mmgTOQl64dp1Qu5mk2iuLWVT3o2dsiCKFQ3INJoXc6RClLWGXCYoUTzRBBPB9O8QGWKBidLdFnRv5mpL68S6rN3WzId6uVGfFZgHp+AMVIEJrkED3IMmsAABAryBd/ABP+EX/IY/09ENONs5AUuAf/8E5aKA</latexit><latexit sha1_base64="KJCvMYcFmlj2dolDACZvjMM2k9M=">AAACJ3icZVDLSgMxFE20aq2vVpdugqVQQcqMFtRdwY3LCo4ttNOSyWTa0MyDJKMOQ//DrS79GleiS//ETFtKHwcCh3Pu5Z4cJ+JMKsP4hRubua3tnfxuYW//4PCoWDp+kmEsCLVIyEPRdrCknAXUUkxx2o4Exb7DacsZ3WV+65kKycLgUSURtX08CJjHCFZa6nWbkvXS6tWFeT7us36xbNSMCdA6MWekDGZo9ksw13VDEvs0UIRjKTumESk7xUIxwum40I0ljTAZ4QHtaBpgn0o7ncQeo4pWXOSFQr9AoYm6uJFiX8rEd/Skj9VQrnqZOPcqi6cw53b6mmgTOQl64dp1Qu5mk2iuLWVT3o2dsiCKFQ3INJoXc6RClLWGXCYoUTzRBBPB9O8QGWKBidLdFnRv5mpL68S6rN3WzId6uVGfFZgHp+AMVIEJrkED3IMmsAABAryBd/ABP+EX/IY/09ENONs5AUuAf/8E5aKA</latexit><latexit sha1_base64="KJCvMYcFmlj2dolDACZvjMM2k9M=">AAACJ3icZVDLSgMxFE20aq2vVpdugqVQQcqMFtRdwY3LCo4ttNOSyWTa0MyDJKMOQ//DrS79GleiS//ETFtKHwcCh3Pu5Z4cJ+JMKsP4hRubua3tnfxuYW//4PCoWDp+kmEsCLVIyEPRdrCknAXUUkxx2o4Exb7DacsZ3WV+65kKycLgUSURtX08CJjHCFZa6nWbkvXS6tWFeT7us36xbNSMCdA6MWekDGZo9ksw13VDEvs0UIRjKTumESk7xUIxwum40I0ljTAZ4QHtaBpgn0o7ncQeo4pWXOSFQr9AoYm6uJFiX8rEd/Skj9VQrnqZOPcqi6cw53b6mmgTOQl64dp1Qu5mk2iuLWVT3o2dsiCKFQ3INJoXc6RClLWGXCYoUTzRBBPB9O8QGWKBidLdFnRv5mpL68S6rN3WzId6uVGfFZgHp+AMVIEJrkED3IMmsAABAryBd/ABP+EX/IY/09ENONs5AUuAf/8E5aKA</latexit>

 (1,3)
jk

<latexit sha1_base64="t+wUYeN4QcmiADhLqeYGp6fG/Qs=">AAACLHicZVDLSgMxFE1q1VpfrS7dBEuhgpQZLai7ghuXFRxbaMeSSdM2NvMgyViHYT7FrS79Ghcibv0O03YofRwIHM65l3tynIAzqQzjG2Y2sptb27md/O7e/sFhoXj0KP1QEGoRn/ui5WBJOfOopZjitBUIil2H06Yzup34zRcqJPO9BxUF1HbxwGN9RrDSUrdQ7DQke4or5vnlWdKNn0dJt1AyqsYUaJ2YKSmBFI1uEWY7PZ+ELvUU4VjKtmkEyo6xUIxwmuQ7oaQBJiM8oG1NPexSacfT7Akqa6WH+r7Qz1Noqi5uxNiVMnIdPeliNZSr3kSce+XFU5hzO36NtImcCI25dh2f9yaTaK4tZVP9aztmXhAq6pFZtH7IkfLRpDrUY4ISxSNNMBFM/w6RIRaYKF1wXvdmrra0TqyL6k3VvK+V6rW0wBw4AaegAkxwBergDjSABQgYgzfwDj7gJ/yCP/B3NpqB6c4xWAL8+wdix6Qz</latexit><latexit sha1_base64="t+wUYeN4QcmiADhLqeYGp6fG/Qs=">AAACLHicZVDLSgMxFE1q1VpfrS7dBEuhgpQZLai7ghuXFRxbaMeSSdM2NvMgyViHYT7FrS79Ghcibv0O03YofRwIHM65l3tynIAzqQzjG2Y2sptb27md/O7e/sFhoXj0KP1QEGoRn/ui5WBJOfOopZjitBUIil2H06Yzup34zRcqJPO9BxUF1HbxwGN9RrDSUrdQ7DQke4or5vnlWdKNn0dJt1AyqsYUaJ2YKSmBFI1uEWY7PZ+ELvUU4VjKtmkEyo6xUIxwmuQ7oaQBJiM8oG1NPexSacfT7Akqa6WH+r7Qz1Noqi5uxNiVMnIdPeliNZSr3kSce+XFU5hzO36NtImcCI25dh2f9yaTaK4tZVP9aztmXhAq6pFZtH7IkfLRpDrUY4ISxSNNMBFM/w6RIRaYKF1wXvdmrra0TqyL6k3VvK+V6rW0wBw4AaegAkxwBergDjSABQgYgzfwDj7gJ/yCP/B3NpqB6c4xWAL8+wdix6Qz</latexit><latexit sha1_base64="t+wUYeN4QcmiADhLqeYGp6fG/Qs=">AAACLHicZVDLSgMxFE1q1VpfrS7dBEuhgpQZLai7ghuXFRxbaMeSSdM2NvMgyViHYT7FrS79Ghcibv0O03YofRwIHM65l3tynIAzqQzjG2Y2sptb27md/O7e/sFhoXj0KP1QEGoRn/ui5WBJOfOopZjitBUIil2H06Yzup34zRcqJPO9BxUF1HbxwGN9RrDSUrdQ7DQke4or5vnlWdKNn0dJt1AyqsYUaJ2YKSmBFI1uEWY7PZ+ELvUU4VjKtmkEyo6xUIxwmuQ7oaQBJiM8oG1NPexSacfT7Akqa6WH+r7Qz1Noqi5uxNiVMnIdPeliNZSr3kSce+XFU5hzO36NtImcCI25dh2f9yaTaK4tZVP9aztmXhAq6pFZtH7IkfLRpDrUY4ISxSNNMBFM/w6RIRaYKF1wXvdmrra0TqyL6k3VvK+V6rW0wBw4AaegAkxwBergDjSABQgYgzfwDj7gJ/yCP/B3NpqB6c4xWAL8+wdix6Qz</latexit><latexit sha1_base64="t+wUYeN4QcmiADhLqeYGp6fG/Qs=">AAACLHicZVDLSgMxFE1q1VpfrS7dBEuhgpQZLai7ghuXFRxbaMeSSdM2NvMgyViHYT7FrS79Ghcibv0O03YofRwIHM65l3tynIAzqQzjG2Y2sptb27md/O7e/sFhoXj0KP1QEGoRn/ui5WBJOfOopZjitBUIil2H06Yzup34zRcqJPO9BxUF1HbxwGN9RrDSUrdQ7DQke4or5vnlWdKNn0dJt1AyqsYUaJ2YKSmBFI1uEWY7PZ+ELvUU4VjKtmkEyo6xUIxwmuQ7oaQBJiM8oG1NPexSacfT7Akqa6WH+r7Qz1Noqi5uxNiVMnIdPeliNZSr3kSce+XFU5hzO36NtImcCI25dh2f9yaTaK4tZVP9aztmXhAq6pFZtH7IkfLRpDrUY4ISxSNNMBFM/w6RIRaYKF1wXvdmrra0TqyL6k3VvK+V6rW0wBw4AaegAkxwBergDjSABQgYgzfwDj7gJ/yCP/B3NpqB6c4xWAL8+wdix6Qz</latexit>

 (3,2)
jk

<latexit sha1_base64="kU6EjjvpTTe503rfevILGVIoHcA=">AAACLHicZVDLSsNAFJ3UqrW+Wl26GSyFClKSWlB3BTcuKxhbaGOZTCft2MmDmYk1hHyKW136NS5E3PodTtogfRwYOJxzL/fMsQNGhdT1Ly23kd/c2i7sFHf39g8OS+WjB+GHHBMT+8znXRsJwqhHTEklI92AE+TajHTsyU3qd54JF9T37mUUEMtFI486FCOppEGp3G8L+hjXLs4bZ8kgfpokg1JFr+szwHViZKQCMrQHZS3fH/o4dIknMUNC9Aw9kFaMuKSYkaTYDwUJEJ6gEekp6iGXCCueZU9gVSlD6PhcPU/Cmbq4ESNXiMi11aSL5Fiseqn471UXTyHGrPglUia0IzhlyrV9Nkwn4b+2lE06V1ZMvSCUxMPzaE7IoPRhWh0cUk6wZJEiCHOqfgfxGHGEpSq4qHozVltaJ2ajfl037pqVVjMrsABOwCmoAQNcgha4BW1gAgym4BW8gXftQ/vUvrWf+WhOy3aOwRK03z9kiKQ0</latexit><latexit sha1_base64="kU6EjjvpTTe503rfevILGVIoHcA=">AAACLHicZVDLSsNAFJ3UqrW+Wl26GSyFClKSWlB3BTcuKxhbaGOZTCft2MmDmYk1hHyKW136NS5E3PodTtogfRwYOJxzL/fMsQNGhdT1Ly23kd/c2i7sFHf39g8OS+WjB+GHHBMT+8znXRsJwqhHTEklI92AE+TajHTsyU3qd54JF9T37mUUEMtFI486FCOppEGp3G8L+hjXLs4bZ8kgfpokg1JFr+szwHViZKQCMrQHZS3fH/o4dIknMUNC9Aw9kFaMuKSYkaTYDwUJEJ6gEekp6iGXCCueZU9gVSlD6PhcPU/Cmbq4ESNXiMi11aSL5Fiseqn471UXTyHGrPglUia0IzhlyrV9Nkwn4b+2lE06V1ZMvSCUxMPzaE7IoPRhWh0cUk6wZJEiCHOqfgfxGHGEpSq4qHozVltaJ2ajfl037pqVVjMrsABOwCmoAQNcgha4BW1gAgym4BW8gXftQ/vUvrWf+WhOy3aOwRK03z9kiKQ0</latexit><latexit sha1_base64="kU6EjjvpTTe503rfevILGVIoHcA=">AAACLHicZVDLSsNAFJ3UqrW+Wl26GSyFClKSWlB3BTcuKxhbaGOZTCft2MmDmYk1hHyKW136NS5E3PodTtogfRwYOJxzL/fMsQNGhdT1Ly23kd/c2i7sFHf39g8OS+WjB+GHHBMT+8znXRsJwqhHTEklI92AE+TajHTsyU3qd54JF9T37mUUEMtFI486FCOppEGp3G8L+hjXLs4bZ8kgfpokg1JFr+szwHViZKQCMrQHZS3fH/o4dIknMUNC9Aw9kFaMuKSYkaTYDwUJEJ6gEekp6iGXCCueZU9gVSlD6PhcPU/Cmbq4ESNXiMi11aSL5Fiseqn471UXTyHGrPglUia0IzhlyrV9Nkwn4b+2lE06V1ZMvSCUxMPzaE7IoPRhWh0cUk6wZJEiCHOqfgfxGHGEpSq4qHozVltaJ2ajfl037pqVVjMrsABOwCmoAQNcgha4BW1gAgym4BW8gXftQ/vUvrWf+WhOy3aOwRK03z9kiKQ0</latexit><latexit sha1_base64="kU6EjjvpTTe503rfevILGVIoHcA=">AAACLHicZVDLSsNAFJ3UqrW+Wl26GSyFClKSWlB3BTcuKxhbaGOZTCft2MmDmYk1hHyKW136NS5E3PodTtogfRwYOJxzL/fMsQNGhdT1Ly23kd/c2i7sFHf39g8OS+WjB+GHHBMT+8znXRsJwqhHTEklI92AE+TajHTsyU3qd54JF9T37mUUEMtFI486FCOppEGp3G8L+hjXLs4bZ8kgfpokg1JFr+szwHViZKQCMrQHZS3fH/o4dIknMUNC9Aw9kFaMuKSYkaTYDwUJEJ6gEekp6iGXCCueZU9gVSlD6PhcPU/Cmbq4ESNXiMi11aSL5Fiseqn471UXTyHGrPglUia0IzhlyrV9Nkwn4b+2lE06V1ZMvSCUxMPzaE7IoPRhWh0cUk6wZJEiCHOqfgfxGHGEpSq4qHozVltaJ2ajfl037pqVVjMrsABOwCmoAQNcgha4BW1gAgym4BW8gXftQ/vUvrWf+WhOy3aOwRK03z9kiKQ0</latexit>

 (2,1)
jk

<latexit sha1_base64="cBqheK3y5QnnxF1fMqj/gvo6qBY=">AAACLHicZVBPSwJBHJ01K7N/WscuQyIYhOyKUN2ELh0NMgXdZHZ2VidnZ5eZ2WxZ/Chd69in6RDRtc/RrIr458HA473fj9+b54SMSmWa30ZmK7u9s5vby+8fHB4dF4onjzKIBCYtHLBAdBwkCaOctBRVjHRCQZDvMNJ2Rrep334hQtKAP6g4JLaPBpx6FCOlpX6h2GtK+pRUapfWxaSfPI8m/ULJrJpTwE1izUkJzNHsF41szw1w5BOuMENSdi0zVHaChKKYkUm+F0kSIjxCA9LVlCOfSDuZZp/AslZc6AVCP67gVF3eSJAvZew7etJHaijXvVRceOXlU4gxO3mNtQmdGI6Zdp2AuekkXGgr2ZR3bSeUh5EiHM+ieRGDKoBpddClgmDFYk0QFlT/DuIhEggrXXBe92att7RJWrXqTdW6r5ca9XmBOXAGzkEFWOAKNMAdaIIWwGAM3sA7+DA+jS/jx/idjWaM+c4pWIHx9w9hDKQy</latexit><latexit sha1_base64="cBqheK3y5QnnxF1fMqj/gvo6qBY=">AAACLHicZVBPSwJBHJ01K7N/WscuQyIYhOyKUN2ELh0NMgXdZHZ2VidnZ5eZ2WxZ/Chd69in6RDRtc/RrIr458HA473fj9+b54SMSmWa30ZmK7u9s5vby+8fHB4dF4onjzKIBCYtHLBAdBwkCaOctBRVjHRCQZDvMNJ2Rrep334hQtKAP6g4JLaPBpx6FCOlpX6h2GtK+pRUapfWxaSfPI8m/ULJrJpTwE1izUkJzNHsF41szw1w5BOuMENSdi0zVHaChKKYkUm+F0kSIjxCA9LVlCOfSDuZZp/AslZc6AVCP67gVF3eSJAvZew7etJHaijXvVRceOXlU4gxO3mNtQmdGI6Zdp2AuekkXGgr2ZR3bSeUh5EiHM+ieRGDKoBpddClgmDFYk0QFlT/DuIhEggrXXBe92att7RJWrXqTdW6r5ca9XmBOXAGzkEFWOAKNMAdaIIWwGAM3sA7+DA+jS/jx/idjWaM+c4pWIHx9w9hDKQy</latexit><latexit sha1_base64="cBqheK3y5QnnxF1fMqj/gvo6qBY=">AAACLHicZVBPSwJBHJ01K7N/WscuQyIYhOyKUN2ELh0NMgXdZHZ2VidnZ5eZ2WxZ/Chd69in6RDRtc/RrIr458HA473fj9+b54SMSmWa30ZmK7u9s5vby+8fHB4dF4onjzKIBCYtHLBAdBwkCaOctBRVjHRCQZDvMNJ2Rrep334hQtKAP6g4JLaPBpx6FCOlpX6h2GtK+pRUapfWxaSfPI8m/ULJrJpTwE1izUkJzNHsF41szw1w5BOuMENSdi0zVHaChKKYkUm+F0kSIjxCA9LVlCOfSDuZZp/AslZc6AVCP67gVF3eSJAvZew7etJHaijXvVRceOXlU4gxO3mNtQmdGI6Zdp2AuekkXGgr2ZR3bSeUh5EiHM+ieRGDKoBpddClgmDFYk0QFlT/DuIhEggrXXBe92att7RJWrXqTdW6r5ca9XmBOXAGzkEFWOAKNMAdaIIWwGAM3sA7+DA+jS/jx/idjWaM+c4pWIHx9w9hDKQy</latexit><latexit sha1_base64="cBqheK3y5QnnxF1fMqj/gvo6qBY=">AAACLHicZVBPSwJBHJ01K7N/WscuQyIYhOyKUN2ELh0NMgXdZHZ2VidnZ5eZ2WxZ/Chd69in6RDRtc/RrIr458HA473fj9+b54SMSmWa30ZmK7u9s5vby+8fHB4dF4onjzKIBCYtHLBAdBwkCaOctBRVjHRCQZDvMNJ2Rrep334hQtKAP6g4JLaPBpx6FCOlpX6h2GtK+pRUapfWxaSfPI8m/ULJrJpTwE1izUkJzNHsF41szw1w5BOuMENSdi0zVHaChKKYkUm+F0kSIjxCA9LVlCOfSDuZZp/AslZc6AVCP67gVF3eSJAvZew7etJHaijXvVRceOXlU4gxO3mNtQmdGI6Zdp2AuekkXGgr2ZR3bSeUh5EiHM+ieRGDKoBpddClgmDFYk0QFlT/DuIhEggrXXBe92att7RJWrXqTdW6r5ca9XmBOXAGzkEFWOAKNMAdaIIWwGAM3sA7+DA+jS/jx/idjWaM+c4pWIHx9w9hDKQy</latexit>

 (1,1)
ijk

<latexit sha1_base64="XtNwNmQqRSXQsZqK1VrgwsyC5Ck=">AAACLXicZVDdSgJBGJ01K7M/tctuhkQwCNkNoboTuunSIFPQTWZnZ3VydnaZmS2XxVfpti57miCIbnuNZlXEnwMDh3O+j+/McUJGpTLNbyOzld3e2c3t5fcPDo+OC8XSowwigUkLBywQHQdJwignLUUVI51QEOQ7jLSd0W3qt1+IkDTgDyoOie2jAacexUhpqV8o9ZqSPiVV68I6n/QT+jya9Atls2ZOATeJNSdlMEezXzSyPTfAkU+4wgxJ2bXMUNkJEopiRib5XiRJiPAIDUhXU458Iu1kGn4CK1pxoRcI/biCU3V5I0G+lLHv6EkfqaFc91Jx4VWWTyHG7GQcaxM6MXxl2nUC5qaTcKGtZFPetZ1QHkaKcDyL5kUMqgCm3UGXCoIVizVBWFD9O4iHSCCsdMN53Zu13tImaV3WbmrWfb3cqM8LzIFTcAaqwAJXoAHuQBO0AAZj8AbewYfxaXwZP8bvbDRjzHdOwAqMv38+KaSk</latexit><latexit sha1_base64="XtNwNmQqRSXQsZqK1VrgwsyC5Ck=">AAACLXicZVDdSgJBGJ01K7M/tctuhkQwCNkNoboTuunSIFPQTWZnZ3VydnaZmS2XxVfpti57miCIbnuNZlXEnwMDh3O+j+/McUJGpTLNbyOzld3e2c3t5fcPDo+OC8XSowwigUkLBywQHQdJwignLUUVI51QEOQ7jLSd0W3qt1+IkDTgDyoOie2jAacexUhpqV8o9ZqSPiVV68I6n/QT+jya9Atls2ZOATeJNSdlMEezXzSyPTfAkU+4wgxJ2bXMUNkJEopiRib5XiRJiPAIDUhXU458Iu1kGn4CK1pxoRcI/biCU3V5I0G+lLHv6EkfqaFc91Jx4VWWTyHG7GQcaxM6MXxl2nUC5qaTcKGtZFPetZ1QHkaKcDyL5kUMqgCm3UGXCoIVizVBWFD9O4iHSCCsdMN53Zu13tImaV3WbmrWfb3cqM8LzIFTcAaqwAJXoAHuQBO0AAZj8AbewYfxaXwZP8bvbDRjzHdOwAqMv38+KaSk</latexit><latexit sha1_base64="XtNwNmQqRSXQsZqK1VrgwsyC5Ck=">AAACLXicZVDdSgJBGJ01K7M/tctuhkQwCNkNoboTuunSIFPQTWZnZ3VydnaZmS2XxVfpti57miCIbnuNZlXEnwMDh3O+j+/McUJGpTLNbyOzld3e2c3t5fcPDo+OC8XSowwigUkLBywQHQdJwignLUUVI51QEOQ7jLSd0W3qt1+IkDTgDyoOie2jAacexUhpqV8o9ZqSPiVV68I6n/QT+jya9Atls2ZOATeJNSdlMEezXzSyPTfAkU+4wgxJ2bXMUNkJEopiRib5XiRJiPAIDUhXU458Iu1kGn4CK1pxoRcI/biCU3V5I0G+lLHv6EkfqaFc91Jx4VWWTyHG7GQcaxM6MXxl2nUC5qaTcKGtZFPetZ1QHkaKcDyL5kUMqgCm3UGXCoIVizVBWFD9O4iHSCCsdMN53Zu13tImaV3WbmrWfb3cqM8LzIFTcAaqwAJXoAHuQBO0AAZj8AbewYfxaXwZP8bvbDRjzHdOwAqMv38+KaSk</latexit><latexit sha1_base64="XtNwNmQqRSXQsZqK1VrgwsyC5Ck=">AAACLXicZVDdSgJBGJ01K7M/tctuhkQwCNkNoboTuunSIFPQTWZnZ3VydnaZmS2XxVfpti57miCIbnuNZlXEnwMDh3O+j+/McUJGpTLNbyOzld3e2c3t5fcPDo+OC8XSowwigUkLBywQHQdJwignLUUVI51QEOQ7jLSd0W3qt1+IkDTgDyoOie2jAacexUhpqV8o9ZqSPiVV68I6n/QT+jya9Atls2ZOATeJNSdlMEezXzSyPTfAkU+4wgxJ2bXMUNkJEopiRib5XiRJiPAIDUhXU458Iu1kGn4CK1pxoRcI/biCU3V5I0G+lLHv6EkfqaFc91Jx4VWWTyHG7GQcaxM6MXxl2nUC5qaTcKGtZFPetZ1QHkaKcDyL5kUMqgCm3UGXCoIVizVBWFD9O4iHSCCsdMN53Zu13tImaV3WbmrWfb3cqM8LzIFTcAaqwAJXoAHuQBO0AAZj8AbewYfxaXwZP8bvbDRjzHdOwAqMv38+KaSk</latexit>

 (2,2)
ijk

<latexit sha1_base64="rx6aH0deu914CSUovef5i75Qyi4=">AAACLXicZVDLSsNAFJ3UqrW+2rp0M1gKFaQkpaDuCm5cVrC20MYwmUzasZMHMxNtCPkVt7r0awRB3PobTtoifRwYOJxzL/fMsUNGhdT1Ly23ld/e2S3sFfcPDo+OS+XKgwgijkkXByzgfRsJwqhPupJKRvohJ8izGenZk5vM7z0TLmjg38s4JKaHRj51KUZSSVapMuwI+pjUmxfN89RK6NMktUpVvaHPADeJsSBVsEDHKmv5oRPgyCO+xAwJMTD0UJoJ4pJiRtLiMBIkRHiCRmSgqI88IsxkFj6FNaU40A24er6EM3V5I0GeELFnq0kPybFY9zLx36stn0KMmck0Via0Y/jClGsHzMkm4b+2kk26V2ZC/TCSxMfzaG7EoAxg1h10KCdYslgRhDlVv4N4jDjCUjVcVL0Z6y1tkm6zcd0w7lrVdmtRYAGcgjNQBwa4BG1wCzqgCzCYglfwBt61D+1T+9Z+5qM5bbFzAlag/f4BQaekpg==</latexit><latexit sha1_base64="rx6aH0deu914CSUovef5i75Qyi4=">AAACLXicZVDLSsNAFJ3UqrW+2rp0M1gKFaQkpaDuCm5cVrC20MYwmUzasZMHMxNtCPkVt7r0awRB3PobTtoifRwYOJxzL/fMsUNGhdT1Ly23ld/e2S3sFfcPDo+OS+XKgwgijkkXByzgfRsJwqhPupJKRvohJ8izGenZk5vM7z0TLmjg38s4JKaHRj51KUZSSVapMuwI+pjUmxfN89RK6NMktUpVvaHPADeJsSBVsEDHKmv5oRPgyCO+xAwJMTD0UJoJ4pJiRtLiMBIkRHiCRmSgqI88IsxkFj6FNaU40A24er6EM3V5I0GeELFnq0kPybFY9zLx36stn0KMmck0Via0Y/jClGsHzMkm4b+2kk26V2ZC/TCSxMfzaG7EoAxg1h10KCdYslgRhDlVv4N4jDjCUjVcVL0Z6y1tkm6zcd0w7lrVdmtRYAGcgjNQBwa4BG1wCzqgCzCYglfwBt61D+1T+9Z+5qM5bbFzAlag/f4BQaekpg==</latexit><latexit sha1_base64="rx6aH0deu914CSUovef5i75Qyi4=">AAACLXicZVDLSsNAFJ3UqrW+2rp0M1gKFaQkpaDuCm5cVrC20MYwmUzasZMHMxNtCPkVt7r0awRB3PobTtoifRwYOJxzL/fMsUNGhdT1Ly23ld/e2S3sFfcPDo+OS+XKgwgijkkXByzgfRsJwqhPupJKRvohJ8izGenZk5vM7z0TLmjg38s4JKaHRj51KUZSSVapMuwI+pjUmxfN89RK6NMktUpVvaHPADeJsSBVsEDHKmv5oRPgyCO+xAwJMTD0UJoJ4pJiRtLiMBIkRHiCRmSgqI88IsxkFj6FNaU40A24er6EM3V5I0GeELFnq0kPybFY9zLx36stn0KMmck0Via0Y/jClGsHzMkm4b+2kk26V2ZC/TCSxMfzaG7EoAxg1h10KCdYslgRhDlVv4N4jDjCUjVcVL0Z6y1tkm6zcd0w7lrVdmtRYAGcgjNQBwa4BG1wCzqgCzCYglfwBt61D+1T+9Z+5qM5bbFzAlag/f4BQaekpg==</latexit><latexit sha1_base64="rx6aH0deu914CSUovef5i75Qyi4=">AAACLXicZVDLSsNAFJ3UqrW+2rp0M1gKFaQkpaDuCm5cVrC20MYwmUzasZMHMxNtCPkVt7r0awRB3PobTtoifRwYOJxzL/fMsUNGhdT1Ly23ld/e2S3sFfcPDo+OS+XKgwgijkkXByzgfRsJwqhPupJKRvohJ8izGenZk5vM7z0TLmjg38s4JKaHRj51KUZSSVapMuwI+pjUmxfN89RK6NMktUpVvaHPADeJsSBVsEDHKmv5oRPgyCO+xAwJMTD0UJoJ4pJiRtLiMBIkRHiCRmSgqI88IsxkFj6FNaU40A24er6EM3V5I0GeELFnq0kPybFY9zLx36stn0KMmck0Via0Y/jClGsHzMkm4b+2kk26V2ZC/TCSxMfzaG7EoAxg1h10KCdYslgRhDlVv4N4jDjCUjVcVL0Z6y1tkm6zcd0w7lrVdmtRYAGcgjNQBwa4BG1wCzqgCzCYglfwBt61D+1T+9Z+5qM5bbFzAlag/f4BQaekpg==</latexit>

 (3,3)
ijk

<latexit sha1_base64="R/kXpHp+0dkB0ASG44QtQFHrp8Y=">AAACLXicZVDdSgJBGJ01K7M/tctuhkQwCNlNoboTuunSoE1BN5kdR52cnV1mZstl8VW6rcueJgii216jWRXx58DA4Zzv4ztz3IBRqUzz20htpbd3djN72f2Dw6PjXL7wKP1QYGJjn/mi5SJJGOXEVlQx0goEQZ7LSNMd3SZ+84UISX3+oKKAOB4acNqnGCktdXOFTkPSp7hcvaieT7oxfR5NurmiWTGngJvEmpMimKPRzRvpTs/HoUe4wgxJ2bbMQDkxEopiRibZTihJgPAIDUhbU448Ip14Gn4CS1rpwb4v9OMKTtXljRh5Ukaeqyc9pIZy3UvEhVdaPoUYc+JxpE3oRvCVadf1WS+ZhAttJZvqXzsx5UGoCMezaP2QQeXDpDvYo4JgxSJNEBZU/w7iIRIIK91wVvdmrbe0SezLyk3Fuq8V67V5gRlwCs5AGVjgCtTBHWgAG2AwBm/gHXwYn8aX8WP8zkZTxnznBKzA+PsHRSWkqA==</latexit><latexit sha1_base64="R/kXpHp+0dkB0ASG44QtQFHrp8Y=">AAACLXicZVDdSgJBGJ01K7M/tctuhkQwCNlNoboTuunSoE1BN5kdR52cnV1mZstl8VW6rcueJgii216jWRXx58DA4Zzv4ztz3IBRqUzz20htpbd3djN72f2Dw6PjXL7wKP1QYGJjn/mi5SJJGOXEVlQx0goEQZ7LSNMd3SZ+84UISX3+oKKAOB4acNqnGCktdXOFTkPSp7hcvaieT7oxfR5NurmiWTGngJvEmpMimKPRzRvpTs/HoUe4wgxJ2bbMQDkxEopiRibZTihJgPAIDUhbU448Ip14Gn4CS1rpwb4v9OMKTtXljRh5Ukaeqyc9pIZy3UvEhVdaPoUYc+JxpE3oRvCVadf1WS+ZhAttJZvqXzsx5UGoCMezaP2QQeXDpDvYo4JgxSJNEBZU/w7iIRIIK91wVvdmrbe0SezLyk3Fuq8V67V5gRlwCs5AGVjgCtTBHWgAG2AwBm/gHXwYn8aX8WP8zkZTxnznBKzA+PsHRSWkqA==</latexit><latexit sha1_base64="R/kXpHp+0dkB0ASG44QtQFHrp8Y=">AAACLXicZVDdSgJBGJ01K7M/tctuhkQwCNlNoboTuunSoE1BN5kdR52cnV1mZstl8VW6rcueJgii216jWRXx58DA4Zzv4ztz3IBRqUzz20htpbd3djN72f2Dw6PjXL7wKP1QYGJjn/mi5SJJGOXEVlQx0goEQZ7LSNMd3SZ+84UISX3+oKKAOB4acNqnGCktdXOFTkPSp7hcvaieT7oxfR5NurmiWTGngJvEmpMimKPRzRvpTs/HoUe4wgxJ2bbMQDkxEopiRibZTihJgPAIDUhbU448Ip14Gn4CS1rpwb4v9OMKTtXljRh5Ukaeqyc9pIZy3UvEhVdaPoUYc+JxpE3oRvCVadf1WS+ZhAttJZvqXzsx5UGoCMezaP2QQeXDpDvYo4JgxSJNEBZU/w7iIRIIK91wVvdmrbe0SezLyk3Fuq8V67V5gRlwCs5AGVjgCtTBHWgAG2AwBm/gHXwYn8aX8WP8zkZTxnznBKzA+PsHRSWkqA==</latexit><latexit sha1_base64="R/kXpHp+0dkB0ASG44QtQFHrp8Y=">AAACLXicZVDdSgJBGJ01K7M/tctuhkQwCNlNoboTuunSoE1BN5kdR52cnV1mZstl8VW6rcueJgii216jWRXx58DA4Zzv4ztz3IBRqUzz20htpbd3djN72f2Dw6PjXL7wKP1QYGJjn/mi5SJJGOXEVlQx0goEQZ7LSNMd3SZ+84UISX3+oKKAOB4acNqnGCktdXOFTkPSp7hcvaieT7oxfR5NurmiWTGngJvEmpMimKPRzRvpTs/HoUe4wgxJ2bbMQDkxEopiRibZTihJgPAIDUhbU448Ip14Gn4CS1rpwb4v9OMKTtXljRh5Ukaeqyc9pIZy3UvEhVdaPoUYc+JxpE3oRvCVadf1WS+ZhAttJZvqXzsx5UGoCMezaP2QQeXDpDvYo4JgxSJNEBZU/w7iIRIIK91wVvdmrbe0SezLyk3Fuq8V67V5gRlwCs5AGVjgCtTBHWgAG2AwBm/gHXwYn8aX8WP8zkZTxnznBKzA+PsHRSWkqA==</latexit>

Again, the issue is to determine the flattening, 
moduli dependent renormalisation factor g(t)

Solving the proposed “relative bulk-boundary” diffeqs yields

g(t) = ⌘(q)1/3, q = e2⇡it
<latexit sha1_base64="H77YbUakUv1HgouizLknTtiZmJg="></latexit><latexit sha1_base64="H77YbUakUv1HgouizLknTtiZmJg="></latexit><latexit sha1_base64="H77YbUakUv1HgouizLknTtiZmJg="></latexit><latexit sha1_base64="H77YbUakUv1HgouizLknTtiZmJg="></latexit>

 
(A,A+1)
1 = g(t)

✓
0 q0
q1 0

◆

<latexit sha1_base64="GfbmktAtPOTuzwfjo3n9BAk23tM="></latexit><latexit sha1_base64="GfbmktAtPOTuzwfjo3n9BAk23tM="></latexit><latexit sha1_base64="GfbmktAtPOTuzwfjo3n9BAk23tM="></latexit><latexit sha1_base64="GfbmktAtPOTuzwfjo3n9BAk23tM="></latexit>

q0 =

0

BB@

1 0 0 0
3
2
x3z(t) 3x1 0 0

3
2
x2z(t) 0 3x1 0
0 3

2
x2z(t) �3

2
x3z(t) 1

1

CCA

<latexit sha1_base64="vouk78qvQ9yIz8sos1eVz84EOc4="></latexit><latexit sha1_base64="vouk78qvQ9yIz8sos1eVz84EOc4="></latexit><latexit sha1_base64="vouk78qvQ9yIz8sos1eVz84EOc4="></latexit><latexit sha1_base64="vouk78qvQ9yIz8sos1eVz84EOc4="></latexit>

q1 =

0

BB@

�3x1 0 0 0
3
2
x3z(t) �1 0 0

3
2
x2z(t) 0 �1 0
0 3

2
x2z(t) �3

2
x3z(t) �3x1

1

CCA

<latexit sha1_base64="N1wk7EQ+iGJPOod1JkBUg5RuOvg="></latexit><latexit sha1_base64="N1wk7EQ+iGJPOod1JkBUg5RuOvg="></latexit><latexit sha1_base64="N1wk7EQ+iGJPOod1JkBUg5RuOvg="></latexit><latexit sha1_base64="N1wk7EQ+iGJPOod1JkBUg5RuOvg="></latexit>

[Q, (⇤,⇤)
a ] = 0

<latexit sha1_base64="QIMvgZXXQ7YYZsH6p4TWNYA2l14="></latexit><latexit sha1_base64="QIMvgZXXQ7YYZsH6p4TWNYA2l14="></latexit><latexit sha1_base64="QIMvgZXXQ7YYZsH6p4TWNYA2l14="></latexit><latexit sha1_base64="QIMvgZXXQ7YYZsH6p4TWNYA2l14="></latexit>



A-model instantons

D1

D2

D3

 (31)
a

 (12)
b  (23)

c

This defines via open string mirror symmetry the quantum Fukaya product m2:

Phys. interpretation in A-model:  3-point function counts disk instantons

        minimal area: 
1/24 of fundamental domain

32

Cabc(t) = hh (1,2)
a ,m2( 

(2,3)
b  (3,1)

c )ii = ✏abc ⌘(q)

⌘(q) ⌘ q1/24
Y

n>0

(1 � qn)
<latexit sha1_base64="aM0iMOgFdt0V+04t1zeyHkqtDsk="></latexit><latexit sha1_base64="aM0iMOgFdt0V+04t1zeyHkqtDsk="></latexit><latexit sha1_base64="aM0iMOgFdt0V+04t1zeyHkqtDsk="></latexit><latexit sha1_base64="Xo736ngeeH6Nzuq+aR14uy0soA4=">AAACCnicbZDNSsNAFIVv6l+NVdu1m8EiuCqJG10KblxWsD/QhjKZTNqhk5kwM1FD6Au4deXTuBNfwbdxkhasrRcGDufcgXO/MOVMG8/7dmo7u3v7B/VD96jhHp+cNht9LTNFaI9ILtUwxJpyJmjPMMPpMFUUJyGng3B+V+aDJ6o0k+LR5CkNEjwVLGYEG2t1J8221/GqQdvCX4k2rGbScmrjSJIsocIQjrUe+V5qggIrwwinC3ecaZpiMsdTOrJS4ITqoKh6LtCFdSIUS2WfMKhy138UONE6T0K7mWAz05tZaf6XjTDnQfGS2wyFOXrm7jiUPCr30K+13szEN0HBRJoZKsiyWJxxZCQqIaGIKUoMz63ARDF7GyIzrDAxFqVrofmbiLZF/6rjex3/wYM6nME5XIIP13AL99CFHhCI4BXenHfnw/lcwq05K8ot+DPO1w/6uJre</latexit><latexit sha1_base64="GNLshnPiZMyWYyyONEd2JI8756I="></latexit><latexit sha1_base64="qte96/zhE/XkvufTEHa8pKQciWY="></latexit><latexit sha1_base64="HW1L9gazU/y8IeEHPrk1JY2MRfA="></latexit><latexit sha1_base64="aM0iMOgFdt0V+04t1zeyHkqtDsk="></latexit><latexit sha1_base64="aM0iMOgFdt0V+04t1zeyHkqtDsk="></latexit><latexit sha1_base64="aM0iMOgFdt0V+04t1zeyHkqtDsk="></latexit><latexit sha1_base64="aM0iMOgFdt0V+04t1zeyHkqtDsk="></latexit><latexit sha1_base64="aM0iMOgFdt0V+04t1zeyHkqtDsk="></latexit><latexit sha1_base64="Xo736ngeeH6Nzuq+aR14uy0soA4=">AAACCnicbZDNSsNAFIVv6l+NVdu1m8EiuCqJG10KblxWsD/QhjKZTNqhk5kwM1FD6Au4deXTuBNfwbdxkhasrRcGDufcgXO/MOVMG8/7dmo7u3v7B/VD96jhHp+cNht9LTNFaI9ILtUwxJpyJmjPMMPpMFUUJyGng3B+V+aDJ6o0k+LR5CkNEjwVLGYEG2t1J8221/GqQdvCX4k2rGbScmrjSJIsocIQjrUe+V5qggIrwwinC3ecaZpiMsdTOrJS4ITqoKh6LtCFdSIUS2WfMKhy138UONE6T0K7mWAz05tZaf6XjTDnQfGS2wyFOXrm7jiUPCr30K+13szEN0HBRJoZKsiyWJxxZCQqIaGIKUoMz63ARDF7GyIzrDAxFqVrofmbiLZF/6rjex3/wYM6nME5XIIP13AL99CFHhCI4BXenHfnw/lcwq05K8ot+DPO1w/6uJre</latexit><latexit sha1_base64="GNLshnPiZMyWYyyONEd2JI8756I="></latexit><latexit sha1_base64="qte96/zhE/XkvufTEHa8pKQciWY="></latexit><latexit sha1_base64="HW1L9gazU/y8IeEHPrk1JY2MRfA="></latexit><latexit sha1_base64="aM0iMOgFdt0V+04t1zeyHkqtDsk="></latexit><latexit sha1_base64="aM0iMOgFdt0V+04t1zeyHkqtDsk="></latexit><latexit sha1_base64="aM0iMOgFdt0V+04t1zeyHkqtDsk="></latexit><latexit sha1_base64="aM0iMOgFdt0V+04t1zeyHkqtDsk="></latexit><latexit sha1_base64="aM0iMOgFdt0V+04t1zeyHkqtDsk="></latexit><latexit sha1_base64="aM0iMOgFdt0V+04t1zeyHkqtDsk="></latexit>

A-Model
<latexit sha1_base64="G5H1SSt+FAT6g6huJR7eVTQna+k=">AAACIHicbVBPS8MwHE3n1Fn/bXr0EhwDL452COpt4sWLMMG6wVZGmqZbWNqUJFVL2Yfwqkc/jSfxqJ/GdFaYmw8Cj/d+78cvz4sZlcqyPo3SSnl1bb2yYW5ube/sVmt7d5InAhMHc8ZFz0OSMBoRR1HFSC8WBIUeI11vcpn73XsiJOXRrUpj4oZoFNGAYqS01L04vuY+YcNq3WpaM8BlYhekDgp0hjWjPPA5TkISKcyQlH3bipWbIaEoZmRqDhJJYoQnaET6mkYoJNLNZvdOYUMrPgy40C9ScKbOJzIUSpmGnp4MkRrLRS8X//P6iQrO3IxGcaJIhKfQbMy7iDE3e0x1EnopfGDmwOPMz7fAXym/LEgYVBzmbUGfCoIVSzVBWFD9OYjHSCCsdKemqXuzF1taJk6red60b1r19klRYAUcgENwBGxwCtrgCnSAAzCYgCfwDF6MV+PNeDc+fkZLRpHZB39gfH0DfUaf9Q==</latexit><latexit sha1_base64="G5H1SSt+FAT6g6huJR7eVTQna+k=">AAACIHicbVBPS8MwHE3n1Fn/bXr0EhwDL452COpt4sWLMMG6wVZGmqZbWNqUJFVL2Yfwqkc/jSfxqJ/GdFaYmw8Cj/d+78cvz4sZlcqyPo3SSnl1bb2yYW5ube/sVmt7d5InAhMHc8ZFz0OSMBoRR1HFSC8WBIUeI11vcpn73XsiJOXRrUpj4oZoFNGAYqS01L04vuY+YcNq3WpaM8BlYhekDgp0hjWjPPA5TkISKcyQlH3bipWbIaEoZmRqDhJJYoQnaET6mkYoJNLNZvdOYUMrPgy40C9ScKbOJzIUSpmGnp4MkRrLRS8X//P6iQrO3IxGcaJIhKfQbMy7iDE3e0x1EnopfGDmwOPMz7fAXym/LEgYVBzmbUGfCoIVSzVBWFD9OYjHSCCsdKemqXuzF1taJk6red60b1r19klRYAUcgENwBGxwCtrgCnSAAzCYgCfwDF6MV+PNeDc+fkZLRpHZB39gfH0DfUaf9Q==</latexit><latexit sha1_base64="G5H1SSt+FAT6g6huJR7eVTQna+k=">AAACIHicbVBPS8MwHE3n1Fn/bXr0EhwDL452COpt4sWLMMG6wVZGmqZbWNqUJFVL2Yfwqkc/jSfxqJ/GdFaYmw8Cj/d+78cvz4sZlcqyPo3SSnl1bb2yYW5ube/sVmt7d5InAhMHc8ZFz0OSMBoRR1HFSC8WBIUeI11vcpn73XsiJOXRrUpj4oZoFNGAYqS01L04vuY+YcNq3WpaM8BlYhekDgp0hjWjPPA5TkISKcyQlH3bipWbIaEoZmRqDhJJYoQnaET6mkYoJNLNZvdOYUMrPgy40C9ScKbOJzIUSpmGnp4MkRrLRS8X//P6iQrO3IxGcaJIhKfQbMy7iDE3e0x1EnopfGDmwOPMz7fAXym/LEgYVBzmbUGfCoIVSzVBWFD9OYjHSCCsdKemqXuzF1taJk6red60b1r19klRYAUcgENwBGxwCtrgCnSAAzCYgCfwDF6MV+PNeDc+fkZLRpHZB39gfH0DfUaf9Q==</latexit><latexit sha1_base64="G5H1SSt+FAT6g6huJR7eVTQna+k=">AAACIHicbVBPS8MwHE3n1Fn/bXr0EhwDL452COpt4sWLMMG6wVZGmqZbWNqUJFVL2Yfwqkc/jSfxqJ/GdFaYmw8Cj/d+78cvz4sZlcqyPo3SSnl1bb2yYW5ube/sVmt7d5InAhMHc8ZFz0OSMBoRR1HFSC8WBIUeI11vcpn73XsiJOXRrUpj4oZoFNGAYqS01L04vuY+YcNq3WpaM8BlYhekDgp0hjWjPPA5TkISKcyQlH3bipWbIaEoZmRqDhJJYoQnaET6mkYoJNLNZvdOYUMrPgy40C9ScKbOJzIUSpmGnp4MkRrLRS8X//P6iQrO3IxGcaJIhKfQbMy7iDE3e0x1EnopfGDmwOPMz7fAXym/LEgYVBzmbUGfCoIVSzVBWFD9OYjHSCCsdKemqXuzF1taJk6red60b1r19klRYAUcgENwBGxwCtrgCnSAAzCYgCfwDF6MV+PNeDc+fkZLRpHZB39gfH0DfUaf9Q==</latexit>

B-Model
<latexit sha1_base64="RGkyCNfitwZHuruz4auV7APR1/Q=">AAACIHicbVBPS8MwHE3n1Fn/bXr0EhwDL452COpt6MWLMMG6wVZGmqZbWNqUJFVL2Yfwqkc/jSfxqJ/GdFaYmw8Cj/d+78cvz4sZlcqyPo3SSnl1bb2yYW5ube/sVmt7d5InAhMHc8ZFz0OSMBoRR1HFSC8WBIUeI11vcpn73XsiJOXRrUpj4oZoFNGAYqS01L04vuY+YcNq3WpaM8BlYhekDgp0hjWjPPA5TkISKcyQlH3bipWbIaEoZmRqDhJJYoQnaET6mkYoJNLNZvdOYUMrPgy40C9ScKbOJzIUSpmGnp4MkRrLRS8X//P6iQrO3IxGcaJIhKfQbMy7iDE3e0x1EnopfGDmwOPMz7fAXym/LEgYVBzmbUGfCoIVSzVBWFD9OYjHSCCsdKemqXuzF1taJk6red60b1r19klRYAUcgENwBGxwCtrgCnSAAzCYgCfwDF6MV+PNeDc+fkZLRpHZB39gfH0DfwKf9g==</latexit><latexit sha1_base64="RGkyCNfitwZHuruz4auV7APR1/Q=">AAACIHicbVBPS8MwHE3n1Fn/bXr0EhwDL452COpt6MWLMMG6wVZGmqZbWNqUJFVL2Yfwqkc/jSfxqJ/GdFaYmw8Cj/d+78cvz4sZlcqyPo3SSnl1bb2yYW5ube/sVmt7d5InAhMHc8ZFz0OSMBoRR1HFSC8WBIUeI11vcpn73XsiJOXRrUpj4oZoFNGAYqS01L04vuY+YcNq3WpaM8BlYhekDgp0hjWjPPA5TkISKcyQlH3bipWbIaEoZmRqDhJJYoQnaET6mkYoJNLNZvdOYUMrPgy40C9ScKbOJzIUSpmGnp4MkRrLRS8X//P6iQrO3IxGcaJIhKfQbMy7iDE3e0x1EnopfGDmwOPMz7fAXym/LEgYVBzmbUGfCoIVSzVBWFD9OYjHSCCsdKemqXuzF1taJk6red60b1r19klRYAUcgENwBGxwCtrgCnSAAzCYgCfwDF6MV+PNeDc+fkZLRpHZB39gfH0DfwKf9g==</latexit><latexit sha1_base64="RGkyCNfitwZHuruz4auV7APR1/Q=">AAACIHicbVBPS8MwHE3n1Fn/bXr0EhwDL452COpt6MWLMMG6wVZGmqZbWNqUJFVL2Yfwqkc/jSfxqJ/GdFaYmw8Cj/d+78cvz4sZlcqyPo3SSnl1bb2yYW5ube/sVmt7d5InAhMHc8ZFz0OSMBoRR1HFSC8WBIUeI11vcpn73XsiJOXRrUpj4oZoFNGAYqS01L04vuY+YcNq3WpaM8BlYhekDgp0hjWjPPA5TkISKcyQlH3bipWbIaEoZmRqDhJJYoQnaET6mkYoJNLNZvdOYUMrPgy40C9ScKbOJzIUSpmGnp4MkRrLRS8X//P6iQrO3IxGcaJIhKfQbMy7iDE3e0x1EnopfGDmwOPMz7fAXym/LEgYVBzmbUGfCoIVSzVBWFD9OYjHSCCsdKemqXuzF1taJk6red60b1r19klRYAUcgENwBGxwCtrgCnSAAzCYgCfwDF6MV+PNeDc+fkZLRpHZB39gfH0DfwKf9g==</latexit><latexit sha1_base64="RGkyCNfitwZHuruz4auV7APR1/Q=">AAACIHicbVBPS8MwHE3n1Fn/bXr0EhwDL452COpt6MWLMMG6wVZGmqZbWNqUJFVL2Yfwqkc/jSfxqJ/GdFaYmw8Cj/d+78cvz4sZlcqyPo3SSnl1bb2yYW5ube/sVmt7d5InAhMHc8ZFz0OSMBoRR1HFSC8WBIUeI11vcpn73XsiJOXRrUpj4oZoFNGAYqS01L04vuY+YcNq3WpaM8BlYhekDgp0hjWjPPA5TkISKcyQlH3bipWbIaEoZmRqDhJJYoQnaET6mkYoJNLNZvdOYUMrPgy40C9ScKbOJzIUSpmGnp4MkRrLRS8X//P6iQrO3IxGcaJIhKfQbMy7iDE3e0x1EnopfGDmwOPMz7fAXym/LEgYVBzmbUGfCoIVSzVBWFD9OYjHSCCsdKemqXuzF1taJk6red60b1r19klRYAUcgENwBGxwCtrgCnSAAzCYgCfwDF6MV+PNeDc+fkZLRpHZB39gfH0DfwKf9g==</latexit>

⌘�1/3 (A,C)
ij

<latexit sha1_base64="696BTsmB0Aqvd7GcSfhCBrlWeR8="></latexit><latexit sha1_base64="696BTsmB0Aqvd7GcSfhCBrlWeR8="></latexit><latexit sha1_base64="696BTsmB0Aqvd7GcSfhCBrlWeR8="></latexit><latexit sha1_base64="696BTsmB0Aqvd7GcSfhCBrlWeR8="></latexit>

⌘1/3 (A,B)
i

<latexit sha1_base64="ztO6n5RB6bEA9YFaBKd1Lzf5SGY="></latexit><latexit sha1_base64="ztO6n5RB6bEA9YFaBKd1Lzf5SGY="></latexit><latexit sha1_base64="ztO6n5RB6bEA9YFaBKd1Lzf5SGY="></latexit><latexit sha1_base64="ztO6n5RB6bEA9YFaBKd1Lzf5SGY="></latexit>

⇡(A,C)
ij

<latexit sha1_base64="28EBJPo1Gswe7LQrRcafylAx0gI=">AAACK3icZVDNTsJAGNwiKuJf0aOXjYQEE0NaL+oNw8UjJlZIoJLtssDKttvsbtGm6Zt41aNP40Xj1fdwgcbwM8kmk5nvyzc7XsioVJb1ZeQ28ptb24Wd4u7e/sGhWTp6kDwSmDiYMy7aHpKE0YA4iipG2qEgyPcYaXnjxtRvTYiQlAf3Kg6J66NhQAcUI6Wlnml2Q9pL6FP6mFRvzhtnac8sWzVrBrhO7IyUQYZmr2Tku32OI58ECjMkZce2QuUmSCiKGUmL3UiSEOExGpKOpgHyiXSTWfQUVrTShwMu9AsUnKmLGwnypYx9T0/6SI3kqjcV/73K4inEmJu8xNqEXgyfmXY9zvrTSfivLWVTgys3oUEYKRLgebRBxKDicNoc7FNBsGKxJggLqn8H8QgJhJXut6h7s1dbWifORe26Zt9Z5XotK7AATsApqAIbXII6uAVN4AAMJuAVvIF348P4NL6Nn/lozsh2jsESjN8/4Q2j6g==</latexit><latexit sha1_base64="28EBJPo1Gswe7LQrRcafylAx0gI=">AAACK3icZVDNTsJAGNwiKuJf0aOXjYQEE0NaL+oNw8UjJlZIoJLtssDKttvsbtGm6Zt41aNP40Xj1fdwgcbwM8kmk5nvyzc7XsioVJb1ZeQ28ptb24Wd4u7e/sGhWTp6kDwSmDiYMy7aHpKE0YA4iipG2qEgyPcYaXnjxtRvTYiQlAf3Kg6J66NhQAcUI6Wlnml2Q9pL6FP6mFRvzhtnac8sWzVrBrhO7IyUQYZmr2Tku32OI58ECjMkZce2QuUmSCiKGUmL3UiSEOExGpKOpgHyiXSTWfQUVrTShwMu9AsUnKmLGwnypYx9T0/6SI3kqjcV/73K4inEmJu8xNqEXgyfmXY9zvrTSfivLWVTgys3oUEYKRLgebRBxKDicNoc7FNBsGKxJggLqn8H8QgJhJXut6h7s1dbWifORe26Zt9Z5XotK7AATsApqAIbXII6uAVN4AAMJuAVvIF348P4NL6Nn/lozsh2jsESjN8/4Q2j6g==</latexit><latexit sha1_base64="28EBJPo1Gswe7LQrRcafylAx0gI=">AAACK3icZVDNTsJAGNwiKuJf0aOXjYQEE0NaL+oNw8UjJlZIoJLtssDKttvsbtGm6Zt41aNP40Xj1fdwgcbwM8kmk5nvyzc7XsioVJb1ZeQ28ptb24Wd4u7e/sGhWTp6kDwSmDiYMy7aHpKE0YA4iipG2qEgyPcYaXnjxtRvTYiQlAf3Kg6J66NhQAcUI6Wlnml2Q9pL6FP6mFRvzhtnac8sWzVrBrhO7IyUQYZmr2Tku32OI58ECjMkZce2QuUmSCiKGUmL3UiSEOExGpKOpgHyiXSTWfQUVrTShwMu9AsUnKmLGwnypYx9T0/6SI3kqjcV/73K4inEmJu8xNqEXgyfmXY9zvrTSfivLWVTgys3oUEYKRLgebRBxKDicNoc7FNBsGKxJggLqn8H8QgJhJXut6h7s1dbWifORe26Zt9Z5XotK7AATsApqAIbXII6uAVN4AAMJuAVvIF348P4NL6Nn/lozsh2jsESjN8/4Q2j6g==</latexit><latexit sha1_base64="28EBJPo1Gswe7LQrRcafylAx0gI=">AAACK3icZVDNTsJAGNwiKuJf0aOXjYQEE0NaL+oNw8UjJlZIoJLtssDKttvsbtGm6Zt41aNP40Xj1fdwgcbwM8kmk5nvyzc7XsioVJb1ZeQ28ptb24Wd4u7e/sGhWTp6kDwSmDiYMy7aHpKE0YA4iipG2qEgyPcYaXnjxtRvTYiQlAf3Kg6J66NhQAcUI6Wlnml2Q9pL6FP6mFRvzhtnac8sWzVrBrhO7IyUQYZmr2Tku32OI58ECjMkZce2QuUmSCiKGUmL3UiSEOExGpKOpgHyiXSTWfQUVrTShwMu9AsUnKmLGwnypYx9T0/6SI3kqjcV/73K4inEmJu8xNqEXgyfmXY9zvrTSfivLWVTgys3oUEYKRLgebRBxKDicNoc7FNBsGKxJggLqn8H8QgJhJXut6h7s1dbWifORe26Zt9Z5XotK7AATsApqAIbXII6uAVN4AAMJuAVvIF348P4NL6Nn/lozsh2jsESjN8/4Q2j6g==</latexit>

⇡(A,B)
i

<latexit sha1_base64="XcePW7WtQWEUdE+0L0wOekoVPwM=">AAACKnicZVDNTsJAGNwiKuIPoEcvGwkJJoa0XtQb6sUjJlZIoDbbZYEN226zu1WbhifxqkefxhPx6oO4hYbwM8kmk5nvyzc7XsioVKY5NXJb+e2d3cJecf/g8KhUrhw/Sx4JTGzMGRcdD0nCaEBsRRUjnVAQ5HuMtL3xfeq3X4mQlAdPKg6J46NhQAcUI6Ult1zqhdRN6OQlqd9e3J1P3HLVbJgzwE1iZaQKMrTcipHv9TmOfBIozJCUXcsMlZMgoShmZFLsRZKECI/RkHQ1DZBPpJPMkk9gTSt9OOBCv0DBmbq8kSBfytj39KSP1Eiue6m48GrLpxBjTvIeaxN6MXxj2vU466eTcKGtZFODayehQRgpEuB5tEHEoOIwLQ72qSBYsVgThAXVv4N4hATCStdb1L1Z6y1tEvuycdOwHs1qs5EVWACn4AzUgQWuQBM8gBawAQYR+ACf4Mv4Nn6MqfE7H80Z2c4JWIHx9w/+Z6N1</latexit><latexit sha1_base64="XcePW7WtQWEUdE+0L0wOekoVPwM=">AAACKnicZVDNTsJAGNwiKuIPoEcvGwkJJoa0XtQb6sUjJlZIoDbbZYEN226zu1WbhifxqkefxhPx6oO4hYbwM8kmk5nvyzc7XsioVKY5NXJb+e2d3cJecf/g8KhUrhw/Sx4JTGzMGRcdD0nCaEBsRRUjnVAQ5HuMtL3xfeq3X4mQlAdPKg6J46NhQAcUI6Ult1zqhdRN6OQlqd9e3J1P3HLVbJgzwE1iZaQKMrTcipHv9TmOfBIozJCUXcsMlZMgoShmZFLsRZKECI/RkHQ1DZBPpJPMkk9gTSt9OOBCv0DBmbq8kSBfytj39KSP1Eiue6m48GrLpxBjTvIeaxN6MXxj2vU466eTcKGtZFODayehQRgpEuB5tEHEoOIwLQ72qSBYsVgThAXVv4N4hATCStdb1L1Z6y1tEvuycdOwHs1qs5EVWACn4AzUgQWuQBM8gBawAQYR+ACf4Mv4Nn6MqfE7H80Z2c4JWIHx9w/+Z6N1</latexit><latexit sha1_base64="XcePW7WtQWEUdE+0L0wOekoVPwM=">AAACKnicZVDNTsJAGNwiKuIPoEcvGwkJJoa0XtQb6sUjJlZIoDbbZYEN226zu1WbhifxqkefxhPx6oO4hYbwM8kmk5nvyzc7XsioVKY5NXJb+e2d3cJecf/g8KhUrhw/Sx4JTGzMGRcdD0nCaEBsRRUjnVAQ5HuMtL3xfeq3X4mQlAdPKg6J46NhQAcUI6Ult1zqhdRN6OQlqd9e3J1P3HLVbJgzwE1iZaQKMrTcipHv9TmOfBIozJCUXcsMlZMgoShmZFLsRZKECI/RkHQ1DZBPpJPMkk9gTSt9OOBCv0DBmbq8kSBfytj39KSP1Eiue6m48GrLpxBjTvIeaxN6MXxj2vU466eTcKGtZFODayehQRgpEuB5tEHEoOIwLQ72qSBYsVgThAXVv4N4hATCStdb1L1Z6y1tEvuycdOwHs1qs5EVWACn4AzUgQWuQBM8gBawAQYR+ACf4Mv4Nn6MqfE7H80Z2c4JWIHx9w/+Z6N1</latexit><latexit sha1_base64="XcePW7WtQWEUdE+0L0wOekoVPwM=">AAACKnicZVDNTsJAGNwiKuIPoEcvGwkJJoa0XtQb6sUjJlZIoDbbZYEN226zu1WbhifxqkefxhPx6oO4hYbwM8kmk5nvyzc7XsioVKY5NXJb+e2d3cJecf/g8KhUrhw/Sx4JTGzMGRcdD0nCaEBsRRUjnVAQ5HuMtL3xfeq3X4mQlAdPKg6J46NhQAcUI6Ult1zqhdRN6OQlqd9e3J1P3HLVbJgzwE1iZaQKMrTcipHv9TmOfBIozJCUXcsMlZMgoShmZFLsRZKECI/RkHQ1DZBPpJPMkk9gTSt9OOBCv0DBmbq8kSBfytj39KSP1Eiue6m48GrLpxBjTvIeaxN6MXxj2vU466eTcKGtZFODayehQRgpEuB5tEHEoOIwLQ72qSBYsVgThAXVv4N4hATCStdb1L1Z6y1tEvuycdOwHs1qs5EVWACn4AzUgQWuQBM8gBawAQYR+ACf4Mv4Nn6MqfE7H80Z2c4JWIHx9w/+Z6N1</latexit>

⇡(B,C)
j

<latexit sha1_base64="0+WReebvJ/y35nKrz9jEN0hmsp0=">AAACKnicZVDLTsJAFJ0iKuID0KWbiYQEE9O0btQdkY1LTKyQQG2mwwAj00dmpmrT9Evc6tKvcUXc+iFOoTE8TjLJyTn35p45bsiokIYx0wpbxe2d3dJeef/g8KhSrR0/iiDimFg4YAHvuUgQRn1iSSoZ6YWcIM9lpOtO25nffSFc0MB/kHFIbA+NfTqiGEklOdXKIKRO8pw+Jc3bi/Z56lTrhm7MATeJmZM6yNFxalpxMAxw5BFfYoaE6JtGKO0EcUkxI2l5EAkSIjxFY9JX1EceEXYyT57ChlKGcBRw9XwJ5+ryRoI8IWLPVZMekhOx7mXiv9dYPoUYs5O3WJnQjeErU64bsGE2Cf+1lWxydG0n1A8jSXy8iDaKGJQBzIqDQ8oJlixWBGFO1e8gniCOsFT1llVv5npLm8S61G90896ot/S8wBI4BWegCUxwBVrgDnSABTCIwDv4AJ/al/atzbSfxWhBy3dOwAq03z8Dp6N4</latexit><latexit sha1_base64="0+WReebvJ/y35nKrz9jEN0hmsp0=">AAACKnicZVDLTsJAFJ0iKuID0KWbiYQEE9O0btQdkY1LTKyQQG2mwwAj00dmpmrT9Evc6tKvcUXc+iFOoTE8TjLJyTn35p45bsiokIYx0wpbxe2d3dJeef/g8KhSrR0/iiDimFg4YAHvuUgQRn1iSSoZ6YWcIM9lpOtO25nffSFc0MB/kHFIbA+NfTqiGEklOdXKIKRO8pw+Jc3bi/Z56lTrhm7MATeJmZM6yNFxalpxMAxw5BFfYoaE6JtGKO0EcUkxI2l5EAkSIjxFY9JX1EceEXYyT57ChlKGcBRw9XwJ5+ryRoI8IWLPVZMekhOx7mXiv9dYPoUYs5O3WJnQjeErU64bsGE2Cf+1lWxydG0n1A8jSXy8iDaKGJQBzIqDQ8oJlixWBGFO1e8gniCOsFT1llVv5npLm8S61G90896ot/S8wBI4BWegCUxwBVrgDnSABTCIwDv4AJ/al/atzbSfxWhBy3dOwAq03z8Dp6N4</latexit><latexit sha1_base64="0+WReebvJ/y35nKrz9jEN0hmsp0=">AAACKnicZVDLTsJAFJ0iKuID0KWbiYQEE9O0btQdkY1LTKyQQG2mwwAj00dmpmrT9Evc6tKvcUXc+iFOoTE8TjLJyTn35p45bsiokIYx0wpbxe2d3dJeef/g8KhSrR0/iiDimFg4YAHvuUgQRn1iSSoZ6YWcIM9lpOtO25nffSFc0MB/kHFIbA+NfTqiGEklOdXKIKRO8pw+Jc3bi/Z56lTrhm7MATeJmZM6yNFxalpxMAxw5BFfYoaE6JtGKO0EcUkxI2l5EAkSIjxFY9JX1EceEXYyT57ChlKGcBRw9XwJ5+ryRoI8IWLPVZMekhOx7mXiv9dYPoUYs5O3WJnQjeErU64bsGE2Cf+1lWxydG0n1A8jSXy8iDaKGJQBzIqDQ8oJlixWBGFO1e8gniCOsFT1llVv5npLm8S61G90896ot/S8wBI4BWegCUxwBVrgDnSABTCIwDv4AJ/al/atzbSfxWhBy3dOwAq03z8Dp6N4</latexit><latexit sha1_base64="0+WReebvJ/y35nKrz9jEN0hmsp0=">AAACKnicZVDLTsJAFJ0iKuID0KWbiYQEE9O0btQdkY1LTKyQQG2mwwAj00dmpmrT9Evc6tKvcUXc+iFOoTE8TjLJyTn35p45bsiokIYx0wpbxe2d3dJeef/g8KhSrR0/iiDimFg4YAHvuUgQRn1iSSoZ6YWcIM9lpOtO25nffSFc0MB/kHFIbA+NfTqiGEklOdXKIKRO8pw+Jc3bi/Z56lTrhm7MATeJmZM6yNFxalpxMAxw5BFfYoaE6JtGKO0EcUkxI2l5EAkSIjxFY9JX1EceEXYyT57ChlKGcBRw9XwJ5+ryRoI8IWLPVZMekhOx7mXiv9dYPoUYs5O3WJnQjeErU64bsGE2Cf+1lWxydG0n1A8jSXy8iDaKGJQBzIqDQ8oJlixWBGFO1e8gniCOsFT1llVv5npLm8S61G90896ot/S8wBI4BWegCUxwBVrgDnSABTCIwDv4AJ/al/atzbSfxWhBy3dOwAq03z8Dp6N4</latexit>

⌘(t)
<latexit sha1_base64="BtCMFssVHAi20ZGhjspKiammRRA=">AAACIHicZVBNT8JAFNwiKuIX6NHLRkKCl6b1ot5IvHjExAoJNGS73cKG7Ud2X9Wm4Ud41aO/xpPxqL/GLRAiMMkmk5n38mbHSwRXYFk/RmmrvL2zW9mr7h8cHh3X6iePKk4lZQ6NRSx7HlFM8Ig5wEGwXiIZCT3But7ktvC7T0wqHkcPkCXMDcko4gGnBLTUHTAgLbgY1hqWac2AN4m9IA20QGdYN8oDP6ZpyCKggijVt60E3JxI4FSwaXWQKpYQOiEj1tc0IiFTbj7LO8VNrfg4iKV+EeCZ+n8jJ6FSWejpyZDAWK17hbj0mv9PESHc/CXTJvYy/Cy068XCLybxUlvJBsG1m/MoSYFFdB4tSAWGGBd1YZ9LRkFkmhAquf4dpmMiCQVdalX3Zq+3tEmcS/PGtO+tRttcFFhBZ+gctZCNrlAb3aEOchBFE/SK3tC78WF8Gl/G93y0ZCx2TtEKjN8/L6mgBA==</latexit><latexit sha1_base64="BtCMFssVHAi20ZGhjspKiammRRA=">AAACIHicZVBNT8JAFNwiKuIX6NHLRkKCl6b1ot5IvHjExAoJNGS73cKG7Ud2X9Wm4Ud41aO/xpPxqL/GLRAiMMkmk5n38mbHSwRXYFk/RmmrvL2zW9mr7h8cHh3X6iePKk4lZQ6NRSx7HlFM8Ig5wEGwXiIZCT3But7ktvC7T0wqHkcPkCXMDcko4gGnBLTUHTAgLbgY1hqWac2AN4m9IA20QGdYN8oDP6ZpyCKggijVt60E3JxI4FSwaXWQKpYQOiEj1tc0IiFTbj7LO8VNrfg4iKV+EeCZ+n8jJ6FSWejpyZDAWK17hbj0mv9PESHc/CXTJvYy/Cy068XCLybxUlvJBsG1m/MoSYFFdB4tSAWGGBd1YZ9LRkFkmhAquf4dpmMiCQVdalX3Zq+3tEmcS/PGtO+tRttcFFhBZ+gctZCNrlAb3aEOchBFE/SK3tC78WF8Gl/G93y0ZCx2TtEKjN8/L6mgBA==</latexit><latexit sha1_base64="BtCMFssVHAi20ZGhjspKiammRRA=">AAACIHicZVBNT8JAFNwiKuIX6NHLRkKCl6b1ot5IvHjExAoJNGS73cKG7Ud2X9Wm4Ud41aO/xpPxqL/GLRAiMMkmk5n38mbHSwRXYFk/RmmrvL2zW9mr7h8cHh3X6iePKk4lZQ6NRSx7HlFM8Ig5wEGwXiIZCT3But7ktvC7T0wqHkcPkCXMDcko4gGnBLTUHTAgLbgY1hqWac2AN4m9IA20QGdYN8oDP6ZpyCKggijVt60E3JxI4FSwaXWQKpYQOiEj1tc0IiFTbj7LO8VNrfg4iKV+EeCZ+n8jJ6FSWejpyZDAWK17hbj0mv9PESHc/CXTJvYy/Cy068XCLybxUlvJBsG1m/MoSYFFdB4tSAWGGBd1YZ9LRkFkmhAquf4dpmMiCQVdalX3Zq+3tEmcS/PGtO+tRttcFFhBZ+gctZCNrlAb3aEOchBFE/SK3tC78WF8Gl/G93y0ZCx2TtEKjN8/L6mgBA==</latexit><latexit sha1_base64="BtCMFssVHAi20ZGhjspKiammRRA=">AAACIHicZVBNT8JAFNwiKuIX6NHLRkKCl6b1ot5IvHjExAoJNGS73cKG7Ud2X9Wm4Ud41aO/xpPxqL/GLRAiMMkmk5n38mbHSwRXYFk/RmmrvL2zW9mr7h8cHh3X6iePKk4lZQ6NRSx7HlFM8Ig5wEGwXiIZCT3But7ktvC7T0wqHkcPkCXMDcko4gGnBLTUHTAgLbgY1hqWac2AN4m9IA20QGdYN8oDP6ZpyCKggijVt60E3JxI4FSwaXWQKpYQOiEj1tc0IiFTbj7LO8VNrfg4iKV+EeCZ+n8jJ6FSWejpyZDAWK17hbj0mv9PESHc/CXTJvYy/Cy068XCLybxUlvJBsG1m/MoSYFFdB4tSAWGGBd1YZ9LRkFkmhAquf4dpmMiCQVdalX3Zq+3tEmcS/PGtO+tRttcFFhBZ+gctZCNrlAb3aEOchBFE/SK3tC78WF8Gl/G93y0ZCx2TtEKjN8/L6mgBA==</latexit>

q1/24 + . . .
<latexit sha1_base64="33PW8TwA6aslw1KVk5Mc1YtG7sk=">AAACJ3icZVDLSsNAFJ3UqrW+Wl26GSwFQYhJEdRdwY3LCsYW2rRMJpN26OThzEQNof/hVpd+jSvRpX/ipA2ljwsDh/Pg3jlOxKiQhvGrFTaKm1vbpZ3y7t7+wWGlevQowphjYuGQhbzjIEEYDYglqWSkE3GCfIeRtjO+zfT2M+GChsGDTCJi+2gYUI9iJBXVf+qn5kXjcnLec0MpBpWaoRvTgevAzEEN5NMaVLWiCuLYJ4HEDAnRNY1I2inikmJGJuVeLEiE8BgNSVfBAPlE2On07AmsK8aFXsjVCyScsouJFPlCJL6jnD6SI7GqZeRcqy+uQozZ6WuiROgk8IUp1QmZmznhnFu6TXrXdkqDKJYkwLPTvJhBGcKsNehSTrBkiQIIc6p+B/EIcYSl6rasejNXW1oHVkO/0c17o9bU8wJL4AScgjNggivQBHegBSyAAQdv4B18aJ/al/at/cysBS3PHIOl0f7+AXqkor0=</latexit><latexit sha1_base64="33PW8TwA6aslw1KVk5Mc1YtG7sk=">AAACJ3icZVDLSsNAFJ3UqrW+Wl26GSwFQYhJEdRdwY3LCsYW2rRMJpN26OThzEQNof/hVpd+jSvRpX/ipA2ljwsDh/Pg3jlOxKiQhvGrFTaKm1vbpZ3y7t7+wWGlevQowphjYuGQhbzjIEEYDYglqWSkE3GCfIeRtjO+zfT2M+GChsGDTCJi+2gYUI9iJBXVf+qn5kXjcnLec0MpBpWaoRvTgevAzEEN5NMaVLWiCuLYJ4HEDAnRNY1I2inikmJGJuVeLEiE8BgNSVfBAPlE2On07AmsK8aFXsjVCyScsouJFPlCJL6jnD6SI7GqZeRcqy+uQozZ6WuiROgk8IUp1QmZmznhnFu6TXrXdkqDKJYkwLPTvJhBGcKsNehSTrBkiQIIc6p+B/EIcYSl6rasejNXW1oHVkO/0c17o9bU8wJL4AScgjNggivQBHegBSyAAQdv4B18aJ/al/at/cysBS3PHIOl0f7+AXqkor0=</latexit><latexit sha1_base64="33PW8TwA6aslw1KVk5Mc1YtG7sk=">AAACJ3icZVDLSsNAFJ3UqrW+Wl26GSwFQYhJEdRdwY3LCsYW2rRMJpN26OThzEQNof/hVpd+jSvRpX/ipA2ljwsDh/Pg3jlOxKiQhvGrFTaKm1vbpZ3y7t7+wWGlevQowphjYuGQhbzjIEEYDYglqWSkE3GCfIeRtjO+zfT2M+GChsGDTCJi+2gYUI9iJBXVf+qn5kXjcnLec0MpBpWaoRvTgevAzEEN5NMaVLWiCuLYJ4HEDAnRNY1I2inikmJGJuVeLEiE8BgNSVfBAPlE2On07AmsK8aFXsjVCyScsouJFPlCJL6jnD6SI7GqZeRcqy+uQozZ6WuiROgk8IUp1QmZmznhnFu6TXrXdkqDKJYkwLPTvJhBGcKsNehSTrBkiQIIc6p+B/EIcYSl6rasejNXW1oHVkO/0c17o9bU8wJL4AScgjNggivQBHegBSyAAQdv4B18aJ/al/at/cysBS3PHIOl0f7+AXqkor0=</latexit><latexit sha1_base64="33PW8TwA6aslw1KVk5Mc1YtG7sk=">AAACJ3icZVDLSsNAFJ3UqrW+Wl26GSwFQYhJEdRdwY3LCsYW2rRMJpN26OThzEQNof/hVpd+jSvRpX/ipA2ljwsDh/Pg3jlOxKiQhvGrFTaKm1vbpZ3y7t7+wWGlevQowphjYuGQhbzjIEEYDYglqWSkE3GCfIeRtjO+zfT2M+GChsGDTCJi+2gYUI9iJBXVf+qn5kXjcnLec0MpBpWaoRvTgevAzEEN5NMaVLWiCuLYJ4HEDAnRNY1I2inikmJGJuVeLEiE8BgNSVfBAPlE2On07AmsK8aFXsjVCyScsouJFPlCJL6jnD6SI7GqZeRcqy+uQozZ6WuiROgk8IUp1QmZmznhnFu6TXrXdkqDKJYkwLPTvJhBGcKsNehSTrBkiQIIc6p+B/EIcYSl6rasejNXW1oHVkO/0c17o9bU8wJL4AScgjNggivQBHegBSyAAQdv4B18aJ/al/at/cysBS3PHIOl0f7+AXqkor0=</latexit>

⌘1/3 (B,C)
j

<latexit sha1_base64="aauwILngLGtc+lM7U7J0mGFm1VI="></latexit><latexit sha1_base64="dXge9Ps8/9B6oBXGiBM0qvUrhVs="></latexit><latexit sha1_base64="dXge9Ps8/9B6oBXGiBM0qvUrhVs="></latexit><latexit sha1_base64="/8zKEYxoW7OS+BkRAiGLQ5m6sA4="></latexit>

In B-model, the functional complexity 
is entirely due to the flattening 
renormalization factor g(t)!

It sums up infinitely many tree 
diagrams



Higher order B-model correlators: 4 pt function

Define “boundary chain” 

33

Cho, Hong, Lau, Oh…

…  = Maurer-Cartan equ, 
means that Seidel lagrangian on           is  “weakly obstructed”

 14

Mirror symmetry of A∞ products

A-Model B-Model
localizes on constant maps:localizes on holomorphic maps:

world-sheet instantons

Fukaya product Massey productclassical

 ̄(4,1)
<latexit sha1_base64="TDe9PyDSBuW12jSijLz/Wa9gZrk="></latexit><latexit sha1_base64="kUuWyKjw2XOfwa5DOLQhx/T2kh8="></latexit><latexit sha1_base64="kUuWyKjw2XOfwa5DOLQhx/T2kh8="></latexit><latexit sha1_base64="f/0sflxUJSzPqKjiSt+dG5n79KU=">AAACLHicbVBPS8MwHE2n01n/dXr0EhyDCTJaGai3gRePE6wbbHWkWbaFpU1J0mkp+yZe9eqn8SDi1c9hOivMzQeBx3u/9+OX50eMSmXb70Zhbb24sVnaMrd3dvf2rfLBneSxwMTFnHHR8ZEkjIbEVVQx0okEQYHPSNufXGV+e0qEpDy8VUlEvACNQjqkGCkt9S2r5yPRa0l6n9Yap87JrG9V7Lo9B1wlTk4qIEerXzaKvQHHcUBChRmSsuvYkfJSJBTFjMzMXixJhPAEjUhX0xAFRHrp/PQZrGplAIdc6BcqOFcXEykKpEwCX08GSI3lspeJ/3ndWA0vvJSGUaxIiGfQrC66iDEvfUx0EvoJfGDa9TkbZGvgr5adNowZVBxmzcEBFQQrlmiCsKD6dxCPkUBY6X5NUxfnLNe0Styz+mXdubErzUbeYAkcgWNQAw44B01wDVrABRhMwRN4Bi/Gq/FmfBifP6MFI88cgj8wvr4BEIKjmw==</latexit>

 (3,4)
<latexit sha1_base64="arUVzIT34/rfseKlM+hf4GAm2pY=">AAACJnicbVDLSgMxFL2p7/HV6tJNsBQUpMxoQV1ZcOOygrVCO0omk9HQzIMkow5Df0NwpVs/wa9wJeLOTzFTK2j1QOBwzj2Xm+Mlgitt2++oNDE5NT0zO2fNLywuLZcrK6cqTiVlbRqLWJ55RDHBI9bWXAt2lkhGQk+wjtc/LPzONZOKx9GJzhLmhuQy4gGnRBup12spfp5v7Gw1NgcX5apdt4fAf4kzItWD5/v7RwBoXVTQVM+PaRqySFNBlOo6dqLdnEjNqWADq5cqlhDaJ5esa2hEQqbcfHj0ANeM4uMgluZFGg/Vn4mchEploWcmQ6Kv1LhXiP953VQHe27OoyTVLKIDbNV+ukQIN7/NTBJ7Gb4RxvVi4Rdr8LdWnBakAusYF51hn0tGtcgMIVRy8ztMr4gkVJtmLcsU54zX9Je0t+v7defYrjYb8IVZWIN12AAHdqEJR9CCNlBI4A4e4BE9oRf0it6+RktolFmFX0Afn48lpH0=</latexit><latexit sha1_base64="3DTvXqN/E83+4J1hl82tMyBPN8w="></latexit><latexit sha1_base64="3DTvXqN/E83+4J1hl82tMyBPN8w="></latexit><latexit sha1_base64="LVsNWg6J1rq93pqulO3yZXJQi2g=">AAACJnicbVDNSsNAGNxUqzX+tXr0slgKFaQkWlBvBS8eKxhbaGPZbDbt0s0Puxs1hLyGV736NJ5EvPkobmqE2jqwMMx88/HtOBGjQhrGp1ZaWS2vrVc29M2t7Z3dam3vVoQxx8TCIQt530GCMBoQS1LJSD/iBPkOIz1nepn7vXvCBQ2DG5lExPbROKAexUgqaTjsCnqXNk+P20fZqFo3WsYMcJmYBamDAt1RTSsP3RDHPgkkZkiIgWlE0k4RlxQzkunDWJAI4Skak4GiAfKJsNPZ0RlsKMWFXsjVCyScqfOJFPlCJL6jJn0kJ2LRy8X/vEEsvXM7pUEUSxLgDOqNeRcxZqePiUpCJ4EPTLlOyNx8DfzV8tO8mEEZwrwz6FJOsGSJIghzqn4H8QRxhKVqVtdVceZiTcvEOmldtMxro95pFw1WwAE4BE1ggjPQAVegCyyAQQSewDN40V61N+1d+/gZLWlFZh/8gfb1DTxJobM=</latexit>

 (2,3)
<latexit sha1_base64="dLbEyUkWaYzQQe38X6QLW+5dvWA="></latexit><latexit sha1_base64="TAG2YcaTJ3pL9o6oGQRQx1RS+h4="></latexit><latexit sha1_base64="TAG2YcaTJ3pL9o6oGQRQx1RS+h4="></latexit><latexit sha1_base64="+srTCJ/jF39/+kwyT/6OD5B7Nns=">AAACJnicbVDNSsNAGNxUqzX+tXr0slgKFaQkVVBvBS8eKxhbaGPZbDbt0s0Puxs1hLyGV736NJ5EvPkobmqE2jqwMMx88/HtOBGjQhrGp1ZaWS2vrVc29M2t7Z3dam3vVoQxx8TCIQt530GCMBoQS1LJSD/iBPkOIz1nepn7vXvCBQ2DG5lExPbROKAexUgqaTjsCnqXNtvHJ0fZqFo3WsYMcJmYBamDAt1RTSsP3RDHPgkkZkiIgWlE0k4RlxQzkunDWJAI4Skak4GiAfKJsNPZ0RlsKMWFXsjVCyScqfOJFPlCJL6jJn0kJ2LRy8X/vEEsvXM7pUEUSxLgDOqNeRcxZqePiUpCJ4EPTLlOyNx8DfzV8tO8mEEZwrwz6FJOsGSJIghzqn4H8QRxhKVqVtdVceZiTcvEarcuWua1Ue+cFg1WwAE4BE1ggjPQAVegCyyAQQSewDN40V61N+1d+/gZLWlFZh/8gfb1DTjVobE=</latexit>

 (1,2)
<latexit sha1_base64="e6LAQP5sB0etCj9PK+eJGM2mNOc=">AAACJnicbVDLSsNAFL1RqzW+delmsBQUpCRFUFcW3LisYKzQRJlMpu3QyYOZiRpCf0Poym79BL/ClYg7P8VJq6DVAwOHc+653Dl+wplUlvVuzMzOleYXyovm0vLK6tr6xualjFNBqENiHosrH0vKWUQdxRSnV4mgOPQ5bfn908Jv3VIhWRxdqCyhXoi7EeswgpWWXLcp2XW+a+/X9wY36xWrZo2B/hL7i1ROnofDEQA0bzaMkhvEJA1ppAjHUrZtK1FejoVihNOB6aaSJpj0cZe2NY1wSKWXj48eoKpWAtSJhX6RQmP1ZyLHoZRZ6OvJEKuenPYK8T+vnarOkZezKEkVjcgAmdWfLubcy+8znUR+hu64dv2YB8Ua9K0Vp3VSjlSMis5QwAQlimeaYCKY/h0iPSwwUbpZ09TF2dM1/SVOvXZcs8+tSuMAJijDNuzALthwCA04gyY4QCCBB3iEkfFkvBivxttkdMb4ymzBLxgfn4g9pHk=</latexit><latexit sha1_base64="sfnY8obDxt97M/OO4PIie3wLJrI="></latexit><latexit sha1_base64="sfnY8obDxt97M/OO4PIie3wLJrI="></latexit><latexit sha1_base64="//OjAzNrImJZ+ESez2YEBQaFG28=">AAACJnicbVDNSsNAGNyo1Rr/Wj16WSyFClKSIqi3ghePFYwtNLFsNpt26eaH3Y0aQl7Dq159Gk8i3nwUNzVCbR1YGGa++fh23JhRIQ3jU1tZXausb1Q39a3tnd29Wn3/VkQJx8TCEYv4wEWCMBoSS1LJyCDmBAUuI313eln4/XvCBY3CG5nGxAnQOKQ+xUgqybZ7gt5lLfOkc5yPag2jbcwAl4lZkgYo0RvVtYrtRTgJSCgxQ0IMTSOWToa4pJiRXLcTQWKEp2hMhoqGKCDCyWZH57CpFA/6EVcvlHCmzicyFAiRBq6aDJCciEWvEP/zhon0z52MhnEiSYhzqDfnXcSYkz2mKgndFD4w5boR84o18FcrTvMTBmUEi86gRznBkqWKIMyp+h3EE8QRlqpZXVfFmYs1LROr075om9dGo3taNlgFh+AItIAJzkAXXIEesAAGMXgCz+BFe9XetHft42d0RSszB+APtK9vNWGhrw==</latexit>

 ̄(4,1)
<latexit sha1_base64="TDe9PyDSBuW12jSijLz/Wa9gZrk="></latexit><latexit sha1_base64="kUuWyKjw2XOfwa5DOLQhx/T2kh8="></latexit><latexit sha1_base64="kUuWyKjw2XOfwa5DOLQhx/T2kh8="></latexit><latexit sha1_base64="f/0sflxUJSzPqKjiSt+dG5n79KU=">AAACLHicbVBPS8MwHE2n01n/dXr0EhyDCTJaGai3gRePE6wbbHWkWbaFpU1J0mkp+yZe9eqn8SDi1c9hOivMzQeBx3u/9+OX50eMSmXb70Zhbb24sVnaMrd3dvf2rfLBneSxwMTFnHHR8ZEkjIbEVVQx0okEQYHPSNufXGV+e0qEpDy8VUlEvACNQjqkGCkt9S2r5yPRa0l6n9Yap87JrG9V7Lo9B1wlTk4qIEerXzaKvQHHcUBChRmSsuvYkfJSJBTFjMzMXixJhPAEjUhX0xAFRHrp/PQZrGplAIdc6BcqOFcXEykKpEwCX08GSI3lspeJ/3ndWA0vvJSGUaxIiGfQrC66iDEvfUx0EvoJfGDa9TkbZGvgr5adNowZVBxmzcEBFQQrlmiCsKD6dxCPkUBY6X5NUxfnLNe0Styz+mXdubErzUbeYAkcgWNQAw44B01wDVrABRhMwRN4Bi/Gq/FmfBifP6MFI88cgj8wvr4BEIKjmw==</latexit>

 (1,2)
<latexit sha1_base64="e6LAQP5sB0etCj9PK+eJGM2mNOc=">AAACJnicbVDLSsNAFL1RqzW+delmsBQUpCRFUFcW3LisYKzQRJlMpu3QyYOZiRpCf0Poym79BL/ClYg7P8VJq6DVAwOHc+653Dl+wplUlvVuzMzOleYXyovm0vLK6tr6xualjFNBqENiHosrH0vKWUQdxRSnV4mgOPQ5bfn908Jv3VIhWRxdqCyhXoi7EeswgpWWXLcp2XW+a+/X9wY36xWrZo2B/hL7i1ROnofDEQA0bzaMkhvEJA1ppAjHUrZtK1FejoVihNOB6aaSJpj0cZe2NY1wSKWXj48eoKpWAtSJhX6RQmP1ZyLHoZRZ6OvJEKuenPYK8T+vnarOkZezKEkVjcgAmdWfLubcy+8znUR+hu64dv2YB8Ua9K0Vp3VSjlSMis5QwAQlimeaYCKY/h0iPSwwUbpZ09TF2dM1/SVOvXZcs8+tSuMAJijDNuzALthwCA04gyY4QCCBB3iEkfFkvBivxttkdMb4ymzBLxgfn4g9pHk=</latexit><latexit sha1_base64="sfnY8obDxt97M/OO4PIie3wLJrI="></latexit><latexit sha1_base64="sfnY8obDxt97M/OO4PIie3wLJrI="></latexit><latexit sha1_base64="//OjAzNrImJZ+ESez2YEBQaFG28=">AAACJnicbVDNSsNAGNyo1Rr/Wj16WSyFClKSIqi3ghePFYwtNLFsNpt26eaH3Y0aQl7Dq159Gk8i3nwUNzVCbR1YGGa++fh23JhRIQ3jU1tZXausb1Q39a3tnd29Wn3/VkQJx8TCEYv4wEWCMBoSS1LJyCDmBAUuI313eln4/XvCBY3CG5nGxAnQOKQ+xUgqybZ7gt5lLfOkc5yPag2jbcwAl4lZkgYo0RvVtYrtRTgJSCgxQ0IMTSOWToa4pJiRXLcTQWKEp2hMhoqGKCDCyWZH57CpFA/6EVcvlHCmzicyFAiRBq6aDJCciEWvEP/zhon0z52MhnEiSYhzqDfnXcSYkz2mKgndFD4w5boR84o18FcrTvMTBmUEi86gRznBkqWKIMyp+h3EE8QRlqpZXVfFmYs1LROr075om9dGo3taNlgFh+AItIAJzkAXXIEesAAGMXgCz+BFe9XetHft42d0RSszB+APtK9vNWGhrw==</latexit>

 (2,3)
<latexit sha1_base64="dLbEyUkWaYzQQe38X6QLW+5dvWA="></latexit><latexit sha1_base64="TAG2YcaTJ3pL9o6oGQRQx1RS+h4="></latexit><latexit sha1_base64="TAG2YcaTJ3pL9o6oGQRQx1RS+h4="></latexit><latexit sha1_base64="+srTCJ/jF39/+kwyT/6OD5B7Nns=">AAACJnicbVDNSsNAGNxUqzX+tXr0slgKFaQkVVBvBS8eKxhbaGPZbDbt0s0Puxs1hLyGV736NJ5EvPkobmqE2jqwMMx88/HtOBGjQhrGp1ZaWS2vrVc29M2t7Z3dam3vVoQxx8TCIQt530GCMBoQS1LJSD/iBPkOIz1nepn7vXvCBQ2DG5lExPbROKAexUgqaTjsCnqXNtvHJ0fZqFo3WsYMcJmYBamDAt1RTSsP3RDHPgkkZkiIgWlE0k4RlxQzkunDWJAI4Skak4GiAfKJsNPZ0RlsKMWFXsjVCyScqfOJFPlCJL6jJn0kJ2LRy8X/vEEsvXM7pUEUSxLgDOqNeRcxZqePiUpCJ4EPTLlOyNx8DfzV8tO8mEEZwrwz6FJOsGSJIghzqn4H8QRxhKVqVtdVceZiTcvEarcuWua1Ue+cFg1WwAE4BE1ggjPQAVegCyyAQQSewDN40V61N+1d+/gZLWlFZh/8gfb1DTjVobE=</latexit>

 (3,4)
<latexit sha1_base64="arUVzIT34/rfseKlM+hf4GAm2pY=">AAACJnicbVDLSgMxFL2p7/HV6tJNsBQUpMxoQV1ZcOOygrVCO0omk9HQzIMkow5Df0NwpVs/wa9wJeLOTzFTK2j1QOBwzj2Xm+Mlgitt2++oNDE5NT0zO2fNLywuLZcrK6cqTiVlbRqLWJ55RDHBI9bWXAt2lkhGQk+wjtc/LPzONZOKx9GJzhLmhuQy4gGnRBup12spfp5v7Gw1NgcX5apdt4fAf4kzItWD5/v7RwBoXVTQVM+PaRqySFNBlOo6dqLdnEjNqWADq5cqlhDaJ5esa2hEQqbcfHj0ANeM4uMgluZFGg/Vn4mchEploWcmQ6Kv1LhXiP953VQHe27OoyTVLKIDbNV+ukQIN7/NTBJ7Gb4RxvVi4Rdr8LdWnBakAusYF51hn0tGtcgMIVRy8ztMr4gkVJtmLcsU54zX9Je0t+v7defYrjYb8IVZWIN12AAHdqEJR9CCNlBI4A4e4BE9oRf0it6+RktolFmFX0Afn48lpH0=</latexit><latexit sha1_base64="3DTvXqN/E83+4J1hl82tMyBPN8w="></latexit><latexit sha1_base64="3DTvXqN/E83+4J1hl82tMyBPN8w="></latexit><latexit sha1_base64="LVsNWg6J1rq93pqulO3yZXJQi2g=">AAACJnicbVDNSsNAGNxUqzX+tXr0slgKFaQkWlBvBS8eKxhbaGPZbDbt0s0Puxs1hLyGV736NJ5EvPkobmqE2jqwMMx88/HtOBGjQhrGp1ZaWS2vrVc29M2t7Z3dam3vVoQxx8TCIQt530GCMBoQS1LJSD/iBPkOIz1nepn7vXvCBQ2DG5lExPbROKAexUgqaTjsCnqXNk+P20fZqFo3WsYMcJmYBamDAt1RTSsP3RDHPgkkZkiIgWlE0k4RlxQzkunDWJAI4Skak4GiAfKJsNPZ0RlsKMWFXsjVCyScqfOJFPlCJL6jJn0kJ2LRy8X/vEEsvXM7pUEUSxLgDOqNeRcxZqePiUpCJ4EPTLlOyNx8DfzV8tO8mEEZwrwz6FJOsGSJIghzqn4H8QRxhKVqVtdVceZiTcvEOmldtMxro95pFw1WwAE4BE1ggjPQAVegCyyAQQSewDN40V61N+1d+/gZLWlFZh/8gfb1DTxJobM=</latexit>

 ̄(4,1)
<latexit sha1_base64="TDe9PyDSBuW12jSijLz/Wa9gZrk="></latexit><latexit sha1_base64="kUuWyKjw2XOfwa5DOLQhx/T2kh8="></latexit><latexit sha1_base64="kUuWyKjw2XOfwa5DOLQhx/T2kh8="></latexit><latexit sha1_base64="f/0sflxUJSzPqKjiSt+dG5n79KU=">AAACLHicbVBPS8MwHE2n01n/dXr0EhyDCTJaGai3gRePE6wbbHWkWbaFpU1J0mkp+yZe9eqn8SDi1c9hOivMzQeBx3u/9+OX50eMSmXb70Zhbb24sVnaMrd3dvf2rfLBneSxwMTFnHHR8ZEkjIbEVVQx0okEQYHPSNufXGV+e0qEpDy8VUlEvACNQjqkGCkt9S2r5yPRa0l6n9Yap87JrG9V7Lo9B1wlTk4qIEerXzaKvQHHcUBChRmSsuvYkfJSJBTFjMzMXixJhPAEjUhX0xAFRHrp/PQZrGplAIdc6BcqOFcXEykKpEwCX08GSI3lspeJ/3ndWA0vvJSGUaxIiGfQrC66iDEvfUx0EvoJfGDa9TkbZGvgr5adNowZVBxmzcEBFQQrlmiCsKD6dxCPkUBY6X5NUxfnLNe0Styz+mXdubErzUbeYAkcgWNQAw44B01wDVrABRhMwRN4Bi/Gq/FmfBifP6MFI88cgj8wvr4BEIKjmw==</latexit>

 (1,2)
<latexit sha1_base64="e6LAQP5sB0etCj9PK+eJGM2mNOc=">AAACJnicbVDLSsNAFL1RqzW+delmsBQUpCRFUFcW3LisYKzQRJlMpu3QyYOZiRpCf0Poym79BL/ClYg7P8VJq6DVAwOHc+653Dl+wplUlvVuzMzOleYXyovm0vLK6tr6xualjFNBqENiHosrH0vKWUQdxRSnV4mgOPQ5bfn908Jv3VIhWRxdqCyhXoi7EeswgpWWXLcp2XW+a+/X9wY36xWrZo2B/hL7i1ROnofDEQA0bzaMkhvEJA1ppAjHUrZtK1FejoVihNOB6aaSJpj0cZe2NY1wSKWXj48eoKpWAtSJhX6RQmP1ZyLHoZRZ6OvJEKuenPYK8T+vnarOkZezKEkVjcgAmdWfLubcy+8znUR+hu64dv2YB8Ua9K0Vp3VSjlSMis5QwAQlimeaYCKY/h0iPSwwUbpZ09TF2dM1/SVOvXZcs8+tSuMAJijDNuzALthwCA04gyY4QCCBB3iEkfFkvBivxttkdMb4ymzBLxgfn4g9pHk=</latexit><latexit sha1_base64="sfnY8obDxt97M/OO4PIie3wLJrI="></latexit><latexit sha1_base64="sfnY8obDxt97M/OO4PIie3wLJrI="></latexit><latexit sha1_base64="//OjAzNrImJZ+ESez2YEBQaFG28=">AAACJnicbVDNSsNAGNyo1Rr/Wj16WSyFClKSIqi3ghePFYwtNLFsNpt26eaH3Y0aQl7Dq159Gk8i3nwUNzVCbR1YGGa++fh23JhRIQ3jU1tZXausb1Q39a3tnd29Wn3/VkQJx8TCEYv4wEWCMBoSS1LJyCDmBAUuI313eln4/XvCBY3CG5nGxAnQOKQ+xUgqybZ7gt5lLfOkc5yPag2jbcwAl4lZkgYo0RvVtYrtRTgJSCgxQ0IMTSOWToa4pJiRXLcTQWKEp2hMhoqGKCDCyWZH57CpFA/6EVcvlHCmzicyFAiRBq6aDJCciEWvEP/zhon0z52MhnEiSYhzqDfnXcSYkz2mKgndFD4w5boR84o18FcrTvMTBmUEi86gRznBkqWKIMyp+h3EE8QRlqpZXVfFmYs1LROr075om9dGo3taNlgFh+AItIAJzkAXXIEesAAGMXgCz+BFe9XetHft42d0RSszB+APtK9vNWGhrw==</latexit>

 (2,3)
<latexit sha1_base64="dLbEyUkWaYzQQe38X6QLW+5dvWA="></latexit><latexit sha1_base64="TAG2YcaTJ3pL9o6oGQRQx1RS+h4="></latexit><latexit sha1_base64="TAG2YcaTJ3pL9o6oGQRQx1RS+h4="></latexit><latexit sha1_base64="+srTCJ/jF39/+kwyT/6OD5B7Nns=">AAACJnicbVDNSsNAGNxUqzX+tXr0slgKFaQkVVBvBS8eKxhbaGPZbDbt0s0Puxs1hLyGV736NJ5EvPkobmqE2jqwMMx88/HtOBGjQhrGp1ZaWS2vrVc29M2t7Z3dam3vVoQxx8TCIQt530GCMBoQS1LJSD/iBPkOIz1nepn7vXvCBQ2DG5lExPbROKAexUgqaTjsCnqXNtvHJ0fZqFo3WsYMcJmYBamDAt1RTSsP3RDHPgkkZkiIgWlE0k4RlxQzkunDWJAI4Skak4GiAfKJsNPZ0RlsKMWFXsjVCyScqfOJFPlCJL6jJn0kJ2LRy8X/vEEsvXM7pUEUSxLgDOqNeRcxZqePiUpCJ4EPTLlOyNx8DfzV8tO8mEEZwrwz6FJOsGSJIghzqn4H8QRxhKVqVtdVceZiTcvEarcuWua1Ue+cFg1WwAE4BE1ggjPQAVegCyyAQQSewDN40V61N+1d+/gZLWlFZh/8gfb1DTjVobE=</latexit>

 (3,4)
<latexit sha1_base64="arUVzIT34/rfseKlM+hf4GAm2pY=">AAACJnicbVDLSgMxFL2p7/HV6tJNsBQUpMxoQV1ZcOOygrVCO0omk9HQzIMkow5Df0NwpVs/wa9wJeLOTzFTK2j1QOBwzj2Xm+Mlgitt2++oNDE5NT0zO2fNLywuLZcrK6cqTiVlbRqLWJ55RDHBI9bWXAt2lkhGQk+wjtc/LPzONZOKx9GJzhLmhuQy4gGnRBup12spfp5v7Gw1NgcX5apdt4fAf4kzItWD5/v7RwBoXVTQVM+PaRqySFNBlOo6dqLdnEjNqWADq5cqlhDaJ5esa2hEQqbcfHj0ANeM4uMgluZFGg/Vn4mchEploWcmQ6Kv1LhXiP953VQHe27OoyTVLKIDbNV+ukQIN7/NTBJ7Gb4RxvVi4Rdr8LdWnBakAusYF51hn0tGtcgMIVRy8ztMr4gkVJtmLcsU54zX9Je0t+v7defYrjYb8IVZWIN12AAHdqEJR9CCNlBI4A4e4BE9oRf0it6+RktolFmFX0Afn48lpH0=</latexit><latexit sha1_base64="3DTvXqN/E83+4J1hl82tMyBPN8w="></latexit><latexit sha1_base64="3DTvXqN/E83+4J1hl82tMyBPN8w="></latexit><latexit sha1_base64="LVsNWg6J1rq93pqulO3yZXJQi2g=">AAACJnicbVDNSsNAGNxUqzX+tXr0slgKFaQkWlBvBS8eKxhbaGPZbDbt0s0Puxs1hLyGV736NJ5EvPkobmqE2jqwMMx88/HtOBGjQhrGp1ZaWS2vrVc29M2t7Z3dam3vVoQxx8TCIQt530GCMBoQS1LJSD/iBPkOIz1nepn7vXvCBQ2DG5lExPbROKAexUgqaTjsCnqXNk+P20fZqFo3WsYMcJmYBamDAt1RTSsP3RDHPgkkZkiIgWlE0k4RlxQzkunDWJAI4Skak4GiAfKJsNPZ0RlsKMWFXsjVCyScqfOJFPlCJL6jJn0kJ2LRy8X/vEEsvXM7pUEUSxLgDOqNeRcxZqePiUpCJ4EPTLlOyNx8DfzV8tO8mEEZwrwz6FJOsGSJIghzqn4H8QRxhKVqVtdVceZiTcvEOmldtMxro95pFw1WwAE4BE1ggjPQAVegCyyAQQSewDN40V61N+1d+/gZLWlFZh/8gfb1DTxJobM=</latexit>

±
<latexit sha1_base64="Ns0M0dxpl9nwxFtNuMjfXl+2gaY=">AAACHnicbVBNT8JAFHxFUayooEcvGwmJJ9J6EW8kcvCIiRUSaMh2u8CG7Ud2t2rT8Be86tVf48l41X/jFjBBcJJNJjNvXt6OF3MmlWV9G4Wt7eLObmnP3C8fHB5Vqsf3MkoEoQ6JeCR6HpaUs5A6iilOe7GgOPA47XrT69zvPlAhWRTeqTSmboDHIRsxglUuDeLAHFZqVsOaA20Se0lqrXK7CRqdYdUoDvyIJAENFeFYyr5txcrNsFCMcDozB4mkMSZTPKZ9TUMcUOlm82NnqK4VH40ioV+o0FxdTWQ4kDINPD0ZYDWR614u/uf1EzVquhkL40TRkMyQWV91Medu9pTqJPJS9Mi160Xcz9egXy0/bZRwpCKUd4V8JihRPNUEE8H07xCZYIGJ0o2aeXH2ek2bxLloXDXsW11gGxYowSmcwTnYcAktuIEOOEBgAs/wAq/Gm/FufBifi9GCscycwB8YXz/yPp+8</latexit><latexit sha1_base64="TuXw3jEaratnMMH4x4BdQw28L1I=">AAACHnicbVBBT8IwGO1QFCYq6NFLIyHxRDYv4o1EDh4xcUICi+m6DhrabWk7dVk4evWqV/+JN0/Gq/4bO8AEwZc0eXnve1++Pi9mVCrL+jYKG5vFre1S2dyp7O7tV2sHNzJKBCYOjlgk+h6ShNGQOIoqRvqxIIh7jPS8yUXu9+6IkDQKr1UaE5ejUUgDipHKpWHMzdtq3WpaM8B1Yi9IvV3ptEqP5bfubc0oDv0IJ5yECjMk5cC2YuVmSCiKGZmaw0SSGOEJGpGBpiHiRLrZ7NgpbGjFh0Ek9AsVnKnLiQxxKVPu6UmO1Fiuern4nzdIVNByMxrGiSIhnkKzsewixtzsIdVJ6KXwnmnXi5ifr4G/Wn5akDCoIph3BX0qCFYs1QRhQfXvIB4jgbDSjZp5cfZqTevEOW2eN+0rXWAHzFECR+AYnAAbnIE2uARd4AAMxuAJPIMX49V4Nz6Mz/lowVhkDsEfGF8//zehEg==</latexit><latexit sha1_base64="TuXw3jEaratnMMH4x4BdQw28L1I=">AAACHnicbVBBT8IwGO1QFCYq6NFLIyHxRDYv4o1EDh4xcUICi+m6DhrabWk7dVk4evWqV/+JN0/Gq/4bO8AEwZc0eXnve1++Pi9mVCrL+jYKG5vFre1S2dyp7O7tV2sHNzJKBCYOjlgk+h6ShNGQOIoqRvqxIIh7jPS8yUXu9+6IkDQKr1UaE5ejUUgDipHKpWHMzdtq3WpaM8B1Yi9IvV3ptEqP5bfubc0oDv0IJ5yECjMk5cC2YuVmSCiKGZmaw0SSGOEJGpGBpiHiRLrZ7NgpbGjFh0Ek9AsVnKnLiQxxKVPu6UmO1Fiuern4nzdIVNByMxrGiSIhnkKzsewixtzsIdVJ6KXwnmnXi5ifr4G/Wn5akDCoIph3BX0qCFYs1QRhQfXvIB4jgbDSjZp5cfZqTevEOW2eN+0rXWAHzFECR+AYnAAbnIE2uARd4AAMxuAJPIMX49V4Nz6Mz/lowVhkDsEfGF8//zehEg==</latexit><latexit sha1_base64="Hqw1ffXi/3oxMCFQ+1+INg4Y1AM=">AAACHnicbVBPS8MwHE2m01n/bXr0EhwDT6P1ot4GevA4wbrBVkaapltYmpYkVUvZV/CqVz+NJ/Gq38Z0VpibDwKP937vxy/PTzhT2ra/YGVtvbqxWduytnd29/brjYM7FaeSUJfEPJZ9HyvKmaCuZprTfiIpjnxOe/70svB791QqFotbnSXUi/BYsJARrAtpmETWqN602/YcaJU4JWmCEt1RA1aHQUzSiApNOFZq4NiJ9nIsNSOczqxhqmiCyRSP6cBQgSOqvHx+7Ay1jBKgMJbmCY3m6mIix5FSWeSbyQjriVr2CvE/b5Dq8NzLmUhSTQWZIau16GLOvfwxM0nkZ+iBG9ePeVCsQb9acVqYcqRjVHSFAiYp0TwzBBPJzO8QmWCJiTaNWkVxznJNq8Q9bV+0nRu72bkqG6yBI3AMToADzkAHXIMucAEBE/AEnsELfIVv8B1+/IxWYJk5BH8AP78Bu7Oe9A==</latexit>

m3 ⇠ e�Sinst
<latexit sha1_base64="O7cBRj7xq17UFYbCtcoMkt967Lw="></latexit><latexit sha1_base64="O7cBRj7xq17UFYbCtcoMkt967Lw="></latexit><latexit sha1_base64="O7cBRj7xq17UFYbCtcoMkt967Lw="></latexit><latexit sha1_base64="O7cBRj7xq17UFYbCtcoMkt967Lw="></latexit>

D ! Y
<latexit sha1_base64="J+0ulFeFGFaVCLjkyy2qI1UStQs=">AAACHnicbVDNS8MwHE3m16xfmx69BIfgabQiuONADx4nuA/ZykjTdIumTUlStZT9D1715F/jTbzqf2O6FZybDwKP994PXp4Xc6a0bX/D0srq2vpGedPa2t7Z3atU9ztKJJLQNhFcyJ6HFeUsom3NNKe9WFIcepx2vfuL3O8+UKmYiG50GlM3xKOIBYxgbaTO5UALdDus1Oy6PQVaJk5BaqBAa1iFpYEvSBLSSBOOleo7dqzdDEvNCKcTa5AoGmNyj0e0b2iEQ6rcbFp3go6N4qNASPMijabq/EWGQ6XS0DPJEOuxWvRy8T+vjzl3s6fUeMhL0SO3Bp7gfp5Dv9J8Mx003IxFcaJpRGbFgoQjs0m+FfKZpETz1BBMJDN/Q2SMJSbaLGqZ1ZzFjZZJ57Tu2HXn+qzWbBT7lcEhOAInwAHnoAmuQAu0AQF34Bm8gFf4Bt/hB/ycRUuwuDkAfwC/fgD5TJ9/</latexit><latexit sha1_base64="J+0ulFeFGFaVCLjkyy2qI1UStQs=">AAACHnicbVDNS8MwHE3m16xfmx69BIfgabQiuONADx4nuA/ZykjTdIumTUlStZT9D1715F/jTbzqf2O6FZybDwKP994PXp4Xc6a0bX/D0srq2vpGedPa2t7Z3atU9ztKJJLQNhFcyJ6HFeUsom3NNKe9WFIcepx2vfuL3O8+UKmYiG50GlM3xKOIBYxgbaTO5UALdDus1Oy6PQVaJk5BaqBAa1iFpYEvSBLSSBOOleo7dqzdDEvNCKcTa5AoGmNyj0e0b2iEQ6rcbFp3go6N4qNASPMijabq/EWGQ6XS0DPJEOuxWvRy8T+vjzl3s6fUeMhL0SO3Bp7gfp5Dv9J8Mx003IxFcaJpRGbFgoQjs0m+FfKZpETz1BBMJDN/Q2SMJSbaLGqZ1ZzFjZZJ57Tu2HXn+qzWbBT7lcEhOAInwAHnoAmuQAu0AQF34Bm8gFf4Bt/hB/ycRUuwuDkAfwC/fgD5TJ9/</latexit><latexit sha1_base64="J+0ulFeFGFaVCLjkyy2qI1UStQs=">AAACHnicbVDNS8MwHE3m16xfmx69BIfgabQiuONADx4nuA/ZykjTdIumTUlStZT9D1715F/jTbzqf2O6FZybDwKP994PXp4Xc6a0bX/D0srq2vpGedPa2t7Z3atU9ztKJJLQNhFcyJ6HFeUsom3NNKe9WFIcepx2vfuL3O8+UKmYiG50GlM3xKOIBYxgbaTO5UALdDus1Oy6PQVaJk5BaqBAa1iFpYEvSBLSSBOOleo7dqzdDEvNCKcTa5AoGmNyj0e0b2iEQ6rcbFp3go6N4qNASPMijabq/EWGQ6XS0DPJEOuxWvRy8T+vjzl3s6fUeMhL0SO3Bp7gfp5Dv9J8Mx003IxFcaJpRGbFgoQjs0m+FfKZpETz1BBMJDN/Q2SMJSbaLGqZ1ZzFjZZJ57Tu2HXn+qzWbBT7lcEhOAInwAHnoAmuQAu0AQF34Bm8gFf4Bt/hB/ycRUuwuDkAfwC/fgD5TJ9/</latexit><latexit sha1_base64="J+0ulFeFGFaVCLjkyy2qI1UStQs=">AAACHnicbVDNS8MwHE3m16xfmx69BIfgabQiuONADx4nuA/ZykjTdIumTUlStZT9D1715F/jTbzqf2O6FZybDwKP994PXp4Xc6a0bX/D0srq2vpGedPa2t7Z3atU9ztKJJLQNhFcyJ6HFeUsom3NNKe9WFIcepx2vfuL3O8+UKmYiG50GlM3xKOIBYxgbaTO5UALdDus1Oy6PQVaJk5BaqBAa1iFpYEvSBLSSBOOleo7dqzdDEvNCKcTa5AoGmNyj0e0b2iEQ6rcbFp3go6N4qNASPMijabq/EWGQ6XS0DPJEOuxWvRy8T+vjzl3s6fUeMhL0SO3Bp7gfp5Dv9J8Mx003IxFcaJpRGbFgoQjs0m+FfKZpETz1BBMJDN/Q2SMJSbaLGqZ1ZzFjZZJ57Tu2HXn+qzWbBT7lcEhOAInwAHnoAmuQAu0AQF34Bm8gFf4Bt/hB/ycRUuwuDkAfwC/fgD5TJ9/</latexit>

nested trees

 ̄(4,1)
<latexit sha1_base64="TDe9PyDSBuW12jSijLz/Wa9gZrk="></latexit><latexit sha1_base64="kUuWyKjw2XOfwa5DOLQhx/T2kh8="></latexit><latexit sha1_base64="kUuWyKjw2XOfwa5DOLQhx/T2kh8="></latexit><latexit sha1_base64="f/0sflxUJSzPqKjiSt+dG5n79KU=">AAACLHicbVBPS8MwHE2n01n/dXr0EhyDCTJaGai3gRePE6wbbHWkWbaFpU1J0mkp+yZe9eqn8SDi1c9hOivMzQeBx3u/9+OX50eMSmXb70Zhbb24sVnaMrd3dvf2rfLBneSxwMTFnHHR8ZEkjIbEVVQx0okEQYHPSNufXGV+e0qEpDy8VUlEvACNQjqkGCkt9S2r5yPRa0l6n9Yap87JrG9V7Lo9B1wlTk4qIEerXzaKvQHHcUBChRmSsuvYkfJSJBTFjMzMXixJhPAEjUhX0xAFRHrp/PQZrGplAIdc6BcqOFcXEykKpEwCX08GSI3lspeJ/3ndWA0vvJSGUaxIiGfQrC66iDEvfUx0EvoJfGDa9TkbZGvgr5adNowZVBxmzcEBFQQrlmiCsKD6dxCPkUBY6X5NUxfnLNe0Styz+mXdubErzUbeYAkcgWNQAw44B01wDVrABRhMwRN4Bi/Gq/FmfBifP6MFI88cgj8wvr4BEIKjmw==</latexit>

 (1,2)
<latexit sha1_base64="e6LAQP5sB0etCj9PK+eJGM2mNOc=">AAACJnicbVDLSsNAFL1RqzW+delmsBQUpCRFUFcW3LisYKzQRJlMpu3QyYOZiRpCf0Poym79BL/ClYg7P8VJq6DVAwOHc+653Dl+wplUlvVuzMzOleYXyovm0vLK6tr6xualjFNBqENiHosrH0vKWUQdxRSnV4mgOPQ5bfn908Jv3VIhWRxdqCyhXoi7EeswgpWWXLcp2XW+a+/X9wY36xWrZo2B/hL7i1ROnofDEQA0bzaMkhvEJA1ppAjHUrZtK1FejoVihNOB6aaSJpj0cZe2NY1wSKWXj48eoKpWAtSJhX6RQmP1ZyLHoZRZ6OvJEKuenPYK8T+vnarOkZezKEkVjcgAmdWfLubcy+8znUR+hu64dv2YB8Ua9K0Vp3VSjlSMis5QwAQlimeaYCKY/h0iPSwwUbpZ09TF2dM1/SVOvXZcs8+tSuMAJijDNuzALthwCA04gyY4QCCBB3iEkfFkvBivxttkdMb4ymzBLxgfn4g9pHk=</latexit><latexit sha1_base64="sfnY8obDxt97M/OO4PIie3wLJrI="></latexit><latexit sha1_base64="sfnY8obDxt97M/OO4PIie3wLJrI="></latexit><latexit sha1_base64="//OjAzNrImJZ+ESez2YEBQaFG28=">AAACJnicbVDNSsNAGNyo1Rr/Wj16WSyFClKSIqi3ghePFYwtNLFsNpt26eaH3Y0aQl7Dq159Gk8i3nwUNzVCbR1YGGa++fh23JhRIQ3jU1tZXausb1Q39a3tnd29Wn3/VkQJx8TCEYv4wEWCMBoSS1LJyCDmBAUuI313eln4/XvCBY3CG5nGxAnQOKQ+xUgqybZ7gt5lLfOkc5yPag2jbcwAl4lZkgYo0RvVtYrtRTgJSCgxQ0IMTSOWToa4pJiRXLcTQWKEp2hMhoqGKCDCyWZH57CpFA/6EVcvlHCmzicyFAiRBq6aDJCciEWvEP/zhon0z52MhnEiSYhzqDfnXcSYkz2mKgndFD4w5boR84o18FcrTvMTBmUEi86gRznBkqWKIMyp+h3EE8QRlqpZXVfFmYs1LROr075om9dGo3taNlgFh+AItIAJzkAXXIEesAAGMXgCz+BFe9XetHft42d0RSszB+APtK9vNWGhrw==</latexit>

 (3,4)
<latexit sha1_base64="arUVzIT34/rfseKlM+hf4GAm2pY=">AAACJnicbVDLSgMxFL2p7/HV6tJNsBQUpMxoQV1ZcOOygrVCO0omk9HQzIMkow5Df0NwpVs/wa9wJeLOTzFTK2j1QOBwzj2Xm+Mlgitt2++oNDE5NT0zO2fNLywuLZcrK6cqTiVlbRqLWJ55RDHBI9bWXAt2lkhGQk+wjtc/LPzONZOKx9GJzhLmhuQy4gGnRBup12spfp5v7Gw1NgcX5apdt4fAf4kzItWD5/v7RwBoXVTQVM+PaRqySFNBlOo6dqLdnEjNqWADq5cqlhDaJ5esa2hEQqbcfHj0ANeM4uMgluZFGg/Vn4mchEploWcmQ6Kv1LhXiP953VQHe27OoyTVLKIDbNV+ukQIN7/NTBJ7Gb4RxvVi4Rdr8LdWnBakAusYF51hn0tGtcgMIVRy8ztMr4gkVJtmLcsU54zX9Je0t+v7defYrjYb8IVZWIN12AAHdqEJR9CCNlBI4A4e4BE9oRf0it6+RktolFmFX0Afn48lpH0=</latexit><latexit sha1_base64="3DTvXqN/E83+4J1hl82tMyBPN8w="></latexit><latexit sha1_base64="3DTvXqN/E83+4J1hl82tMyBPN8w="></latexit><latexit sha1_base64="LVsNWg6J1rq93pqulO3yZXJQi2g=">AAACJnicbVDNSsNAGNxUqzX+tXr0slgKFaQkWlBvBS8eKxhbaGPZbDbt0s0Puxs1hLyGV736NJ5EvPkobmqE2jqwMMx88/HtOBGjQhrGp1ZaWS2vrVc29M2t7Z3dam3vVoQxx8TCIQt530GCMBoQS1LJSD/iBPkOIz1nepn7vXvCBQ2DG5lExPbROKAexUgqaTjsCnqXNk+P20fZqFo3WsYMcJmYBamDAt1RTSsP3RDHPgkkZkiIgWlE0k4RlxQzkunDWJAI4Skak4GiAfKJsNPZ0RlsKMWFXsjVCyScqfOJFPlCJL6jJn0kJ2LRy8X/vEEsvXM7pUEUSxLgDOqNeRcxZqePiUpCJ4EPTLlOyNx8DfzV8tO8mEEZwrwz6FJOsGSJIghzqn4H8QRxhKVqVtdVceZiTcvEOmldtMxro95pFw1WwAE4BE1ggjPQAVegCyyAQQSewDN40V61N+1d+/gZLWlFZh/8gfb1DTxJobM=</latexit>

m3( 
⌦3)

<latexit sha1_base64="3L9oG1QZzsE7pGn9UPu6auQ8FAc="></latexit><latexit sha1_base64="3L9oG1QZzsE7pGn9UPu6auQ8FAc="></latexit><latexit sha1_base64="3L9oG1QZzsE7pGn9UPu6auQ8FAc="></latexit><latexit sha1_base64="3L9oG1QZzsE7pGn9UPu6auQ8FAc="></latexit>

D1
<latexit sha1_base64="GTKrW1mvd7yA6to1S27SSvgMDCw=">AAACI3icbVBLS8NAGNy0Pmp8tXr0slgKnkpSBD0W9OCxgn1gE8pms2mXbjZhd6OG0H/hVW/+Gm/ixYP/xU0bxLYOLAwz88HseDGjUlnWl1Eqb2xubVd2zN29/YPDau2oJ6NEYNLFEYvEwEOSMMpJV1HFyCAWBIUeI31vepX7/QciJI34nUpj4oZozGlAMVJaus8cjBi8no3sUbVuNa054DqxC1IHBTqjmlF2/AgnIeEKMyTl0LZi5WZIKIoZmZlOIkmM8BSNyVBTjkIi3WxeeQYbWvFhEAn9uIJz9e9FhkIp09DTyRCpiVz1cvE/b4gYc7OnVHvQS+EjMxuOFzE/D8JfbamaCi7djPI4UYTjRbMgYVBFMB8M+lQQrFiqCcKC6s9BPEECYaVnNfVs9upI66TXatpW0749r7dbxYAVcAJOwRmwwQVogxvQAV2AAQfP4AW8Gm/Gu/FhfC6iJaO4OQZLML5/AK8YoUg=</latexit><latexit sha1_base64="GTKrW1mvd7yA6to1S27SSvgMDCw=">AAACI3icbVBLS8NAGNy0Pmp8tXr0slgKnkpSBD0W9OCxgn1gE8pms2mXbjZhd6OG0H/hVW/+Gm/ixYP/xU0bxLYOLAwz88HseDGjUlnWl1Eqb2xubVd2zN29/YPDau2oJ6NEYNLFEYvEwEOSMMpJV1HFyCAWBIUeI31vepX7/QciJI34nUpj4oZozGlAMVJaus8cjBi8no3sUbVuNa054DqxC1IHBTqjmlF2/AgnIeEKMyTl0LZi5WZIKIoZmZlOIkmM8BSNyVBTjkIi3WxeeQYbWvFhEAn9uIJz9e9FhkIp09DTyRCpiVz1cvE/b4gYc7OnVHvQS+EjMxuOFzE/D8JfbamaCi7djPI4UYTjRbMgYVBFMB8M+lQQrFiqCcKC6s9BPEECYaVnNfVs9upI66TXatpW0749r7dbxYAVcAJOwRmwwQVogxvQAV2AAQfP4AW8Gm/Gu/FhfC6iJaO4OQZLML5/AK8YoUg=</latexit><latexit sha1_base64="GTKrW1mvd7yA6to1S27SSvgMDCw=">AAACI3icbVBLS8NAGNy0Pmp8tXr0slgKnkpSBD0W9OCxgn1gE8pms2mXbjZhd6OG0H/hVW/+Gm/ixYP/xU0bxLYOLAwz88HseDGjUlnWl1Eqb2xubVd2zN29/YPDau2oJ6NEYNLFEYvEwEOSMMpJV1HFyCAWBIUeI31vepX7/QciJI34nUpj4oZozGlAMVJaus8cjBi8no3sUbVuNa054DqxC1IHBTqjmlF2/AgnIeEKMyTl0LZi5WZIKIoZmZlOIkmM8BSNyVBTjkIi3WxeeQYbWvFhEAn9uIJz9e9FhkIp09DTyRCpiVz1cvE/b4gYc7OnVHvQS+EjMxuOFzE/D8JfbamaCi7djPI4UYTjRbMgYVBFMB8M+lQQrFiqCcKC6s9BPEECYaVnNfVs9upI66TXatpW0749r7dbxYAVcAJOwRmwwQVogxvQAV2AAQfP4AW8Gm/Gu/FhfC6iJaO4OQZLML5/AK8YoUg=</latexit><latexit sha1_base64="GTKrW1mvd7yA6to1S27SSvgMDCw=">AAACI3icbVBLS8NAGNy0Pmp8tXr0slgKnkpSBD0W9OCxgn1gE8pms2mXbjZhd6OG0H/hVW/+Gm/ixYP/xU0bxLYOLAwz88HseDGjUlnWl1Eqb2xubVd2zN29/YPDau2oJ6NEYNLFEYvEwEOSMMpJV1HFyCAWBIUeI31vepX7/QciJI34nUpj4oZozGlAMVJaus8cjBi8no3sUbVuNa054DqxC1IHBTqjmlF2/AgnIeEKMyTl0LZi5WZIKIoZmZlOIkmM8BSNyVBTjkIi3WxeeQYbWvFhEAn9uIJz9e9FhkIp09DTyRCpiVz1cvE/b4gYc7OnVHvQS+EjMxuOFzE/D8JfbamaCi7djPI4UYTjRbMgYVBFMB8M+lQQrFiqCcKC6s9BPEECYaVnNfVs9upI66TXatpW0749r7dbxYAVcAJOwRmwwQVogxvQAV2AAQfP4AW8Gm/Gu/FhfC6iJaO4OQZLML5/AK8YoUg=</latexit>

D2
<latexit sha1_base64="KZtl4juKkISQrpZ9sLteis0/uSU=">AAACI3icbVBLS8NAGNy0Pmp8tXr0slgKnkpSBD0W9OCxgn1gE8pms2mXbjZhd6OG0H/hVW/+Gm/ixYP/xU0bxLYOLAwz88HseDGjUlnWl1Eqb2xubVd2zN29/YPDau2oJ6NEYNLFEYvEwEOSMMpJV1HFyCAWBIUeI31vepX7/QciJI34nUpj4oZozGlAMVJaus8cjBi8no1ao2rdalpzwHViF6QOCnRGNaPs+BFOQsIVZkjKoW3Fys2QUBQzMjOdRJIY4Skak6GmHIVEutm88gw2tOLDIBL6cQXn6t+LDIVSpqGnkyFSE7nq5eJ/3hAx5mZPqfagl8JHZjYcL2J+HoS/2lI1FVy6GeVxogjHi2ZBwqCKYD4Y9KkgWLFUE4QF1Z+DeIIEwkrPaurZ7NWR1kmv1bStpn17Xm+3igEr4AScgjNggwvQBjegA7oAAw6ewQt4Nd6Md+PD+FxES0ZxcwyWYHz/ALDOoUk=</latexit><latexit sha1_base64="KZtl4juKkISQrpZ9sLteis0/uSU=">AAACI3icbVBLS8NAGNy0Pmp8tXr0slgKnkpSBD0W9OCxgn1gE8pms2mXbjZhd6OG0H/hVW/+Gm/ixYP/xU0bxLYOLAwz88HseDGjUlnWl1Eqb2xubVd2zN29/YPDau2oJ6NEYNLFEYvEwEOSMMpJV1HFyCAWBIUeI31vepX7/QciJI34nUpj4oZozGlAMVJaus8cjBi8no1ao2rdalpzwHViF6QOCnRGNaPs+BFOQsIVZkjKoW3Fys2QUBQzMjOdRJIY4Skak6GmHIVEutm88gw2tOLDIBL6cQXn6t+LDIVSpqGnkyFSE7nq5eJ/3hAx5mZPqfagl8JHZjYcL2J+HoS/2lI1FVy6GeVxogjHi2ZBwqCKYD4Y9KkgWLFUE4QF1Z+DeIIEwkrPaurZ7NWR1kmv1bStpn17Xm+3igEr4AScgjNggwvQBjegA7oAAw6ewQt4Nd6Md+PD+FxES0ZxcwyWYHz/ALDOoUk=</latexit><latexit sha1_base64="KZtl4juKkISQrpZ9sLteis0/uSU=">AAACI3icbVBLS8NAGNy0Pmp8tXr0slgKnkpSBD0W9OCxgn1gE8pms2mXbjZhd6OG0H/hVW/+Gm/ixYP/xU0bxLYOLAwz88HseDGjUlnWl1Eqb2xubVd2zN29/YPDau2oJ6NEYNLFEYvEwEOSMMpJV1HFyCAWBIUeI31vepX7/QciJI34nUpj4oZozGlAMVJaus8cjBi8no1ao2rdalpzwHViF6QOCnRGNaPs+BFOQsIVZkjKoW3Fys2QUBQzMjOdRJIY4Skak6GmHIVEutm88gw2tOLDIBL6cQXn6t+LDIVSpqGnkyFSE7nq5eJ/3hAx5mZPqfagl8JHZjYcL2J+HoS/2lI1FVy6GeVxogjHi2ZBwqCKYD4Y9KkgWLFUE4QF1Z+DeIIEwkrPaurZ7NWR1kmv1bStpn17Xm+3igEr4AScgjNggwvQBjegA7oAAw6ewQt4Nd6Md+PD+FxES0ZxcwyWYHz/ALDOoUk=</latexit><latexit sha1_base64="KZtl4juKkISQrpZ9sLteis0/uSU=">AAACI3icbVBLS8NAGNy0Pmp8tXr0slgKnkpSBD0W9OCxgn1gE8pms2mXbjZhd6OG0H/hVW/+Gm/ixYP/xU0bxLYOLAwz88HseDGjUlnWl1Eqb2xubVd2zN29/YPDau2oJ6NEYNLFEYvEwEOSMMpJV1HFyCAWBIUeI31vepX7/QciJI34nUpj4oZozGlAMVJaus8cjBi8no1ao2rdalpzwHViF6QOCnRGNaPs+BFOQsIVZkjKoW3Fys2QUBQzMjOdRJIY4Skak6GmHIVEutm88gw2tOLDIBL6cQXn6t+LDIVSpqGnkyFSE7nq5eJ/3hAx5mZPqfagl8JHZjYcL2J+HoS/2lI1FVy6GeVxogjHi2ZBwqCKYD4Y9KkgWLFUE4QF1Z+DeIIEwkrPaurZ7NWR1kmv1bStpn17Xm+3igEr4AScgjNggwvQBjegA7oAAw6ewQt4Nd6Md+PD+FxES0ZxcwyWYHz/ALDOoUk=</latexit> D3

<latexit sha1_base64="kOObJNHNXIJhUMhf9SgcKk+tuuk=">AAACI3icbVBLS8NAGNxYHzW+Wj16WSwFTyWpgh4LevBYwT6wCWWz2bRLN5uwu1FD6L/wqjd/jTfx4sH/4qYNYlsHFoaZ+WB2vJhRqSzry1grrW9sbpW3zZ3dvf2DSvWwK6NEYNLBEYtE30OSMMpJR1HFSD8WBIUeIz1vcpX7vQciJI34nUpj4oZoxGlAMVJaus8cjBi8ng7PhpWa1bBmgKvELkgNFGgPq0bJ8SOchIQrzJCUA9uKlZshoShmZGo6iSQxwhM0IgNNOQqJdLNZ5Smsa8WHQST04wrO1L8XGQqlTENPJ0OkxnLZy8X/vAFizM2eUu1BL4WPzKw7XsT8PAh/tYVqKrh0M8rjRBGO582ChEEVwXww6FNBsGKpJggLqj8H8RgJhJWe1dSz2csjrZJus2FbDfv2vNZqFgOWwTE4AafABhegBW5AG3QABhw8gxfwarwZ78aH8TmPrhnFzRFYgPH9A7KEoUo=</latexit><latexit sha1_base64="kOObJNHNXIJhUMhf9SgcKk+tuuk=">AAACI3icbVBLS8NAGNxYHzW+Wj16WSwFTyWpgh4LevBYwT6wCWWz2bRLN5uwu1FD6L/wqjd/jTfx4sH/4qYNYlsHFoaZ+WB2vJhRqSzry1grrW9sbpW3zZ3dvf2DSvWwK6NEYNLBEYtE30OSMMpJR1HFSD8WBIUeIz1vcpX7vQciJI34nUpj4oZoxGlAMVJaus8cjBi8ng7PhpWa1bBmgKvELkgNFGgPq0bJ8SOchIQrzJCUA9uKlZshoShmZGo6iSQxwhM0IgNNOQqJdLNZ5Smsa8WHQST04wrO1L8XGQqlTENPJ0OkxnLZy8X/vAFizM2eUu1BL4WPzKw7XsT8PAh/tYVqKrh0M8rjRBGO582ChEEVwXww6FNBsGKpJggLqj8H8RgJhJWe1dSz2csjrZJus2FbDfv2vNZqFgOWwTE4AafABhegBW5AG3QABhw8gxfwarwZ78aH8TmPrhnFzRFYgPH9A7KEoUo=</latexit><latexit sha1_base64="kOObJNHNXIJhUMhf9SgcKk+tuuk=">AAACI3icbVBLS8NAGNxYHzW+Wj16WSwFTyWpgh4LevBYwT6wCWWz2bRLN5uwu1FD6L/wqjd/jTfx4sH/4qYNYlsHFoaZ+WB2vJhRqSzry1grrW9sbpW3zZ3dvf2DSvWwK6NEYNLBEYtE30OSMMpJR1HFSD8WBIUeIz1vcpX7vQciJI34nUpj4oZoxGlAMVJaus8cjBi8ng7PhpWa1bBmgKvELkgNFGgPq0bJ8SOchIQrzJCUA9uKlZshoShmZGo6iSQxwhM0IgNNOQqJdLNZ5Smsa8WHQST04wrO1L8XGQqlTENPJ0OkxnLZy8X/vAFizM2eUu1BL4WPzKw7XsT8PAh/tYVqKrh0M8rjRBGO582ChEEVwXww6FNBsGKpJggLqj8H8RgJhJWe1dSz2csjrZJus2FbDfv2vNZqFgOWwTE4AafABhegBW5AG3QABhw8gxfwarwZ78aH8TmPrhnFzRFYgPH9A7KEoUo=</latexit><latexit sha1_base64="kOObJNHNXIJhUMhf9SgcKk+tuuk=">AAACI3icbVBLS8NAGNxYHzW+Wj16WSwFTyWpgh4LevBYwT6wCWWz2bRLN5uwu1FD6L/wqjd/jTfx4sH/4qYNYlsHFoaZ+WB2vJhRqSzry1grrW9sbpW3zZ3dvf2DSvWwK6NEYNLBEYtE30OSMMpJR1HFSD8WBIUeIz1vcpX7vQciJI34nUpj4oZoxGlAMVJaus8cjBi8ng7PhpWa1bBmgKvELkgNFGgPq0bJ8SOchIQrzJCUA9uKlZshoShmZGo6iSQxwhM0IgNNOQqJdLNZ5Smsa8WHQST04wrO1L8XGQqlTENPJ0OkxnLZy8X/vAFizM2eUu1BL4WPzKw7XsT8PAh/tYVqKrh0M8rjRBGO582ChEEVwXww6FNBsGKpJggLqj8H8RgJhJWe1dSz2csjrZJus2FbDfv2vNZqFgOWwTE4AafABhegBW5AG3QABhw8gxfwarwZ78aH8TmPrhnFzRFYgPH9A7KEoUo=</latexit>

D4
<latexit sha1_base64="+5a/W9yE1Mf8zO3UTqd6YDpmt98=">AAACI3icbVBLS8NAGNxYHzW+Wj16WSwFTyUpBT0W9OCxgn1gE8pms2mXbjZhd6OG0H/hVW/+Gm/ixYP/xU0bxLYOLAwz88HseDGjUlnWl7FR2tza3invmnv7B4dHlepxT0aJwKSLIxaJgYckYZSTrqKKkUEsCAo9Rvre9Cr3+w9ESBrxO5XGxA3RmNOAYqS0dJ85GDF4PRu1RpWa1bDmgOvELkgNFOiMqkbJ8SOchIQrzJCUQ9uKlZshoShmZGY6iSQxwlM0JkNNOQqJdLN55Rmsa8WHQST04wrO1b8XGQqlTENPJ0OkJnLVy8X/vCFizM2eUu1BL4WPzKw7XsT8PAh/taVqKrh0M8rjRBGOF82ChEEVwXww6FNBsGKpJggLqj8H8QQJhJWe1dSz2asjrZNes2FbDfu2VWs3iwHL4BScgXNggwvQBjegA7oAAw6ewQt4Nd6Md+PD+FxEN4zi5gQswfj+AbQ6oUs=</latexit><latexit sha1_base64="+5a/W9yE1Mf8zO3UTqd6YDpmt98=">AAACI3icbVBLS8NAGNxYHzW+Wj16WSwFTyUpBT0W9OCxgn1gE8pms2mXbjZhd6OG0H/hVW/+Gm/ixYP/xU0bxLYOLAwz88HseDGjUlnWl7FR2tza3invmnv7B4dHlepxT0aJwKSLIxaJgYckYZSTrqKKkUEsCAo9Rvre9Cr3+w9ESBrxO5XGxA3RmNOAYqS0dJ85GDF4PRu1RpWa1bDmgOvELkgNFOiMqkbJ8SOchIQrzJCUQ9uKlZshoShmZGY6iSQxwlM0JkNNOQqJdLN55Rmsa8WHQST04wrO1b8XGQqlTENPJ0OkJnLVy8X/vCFizM2eUu1BL4WPzKw7XsT8PAh/taVqKrh0M8rjRBGOF82ChEEVwXww6FNBsGKpJggLqj8H8QQJhJWe1dSz2asjrZNes2FbDfu2VWs3iwHL4BScgXNggwvQBjegA7oAAw6ewQt4Nd6Md+PD+FxEN4zi5gQswfj+AbQ6oUs=</latexit><latexit sha1_base64="+5a/W9yE1Mf8zO3UTqd6YDpmt98=">AAACI3icbVBLS8NAGNxYHzW+Wj16WSwFTyUpBT0W9OCxgn1gE8pms2mXbjZhd6OG0H/hVW/+Gm/ixYP/xU0bxLYOLAwz88HseDGjUlnWl7FR2tza3invmnv7B4dHlepxT0aJwKSLIxaJgYckYZSTrqKKkUEsCAo9Rvre9Cr3+w9ESBrxO5XGxA3RmNOAYqS0dJ85GDF4PRu1RpWa1bDmgOvELkgNFOiMqkbJ8SOchIQrzJCUQ9uKlZshoShmZGY6iSQxwlM0JkNNOQqJdLN55Rmsa8WHQST04wrO1b8XGQqlTENPJ0OkJnLVy8X/vCFizM2eUu1BL4WPzKw7XsT8PAh/taVqKrh0M8rjRBGOF82ChEEVwXww6FNBsGKpJggLqj8H8QQJhJWe1dSz2asjrZNes2FbDfu2VWs3iwHL4BScgXNggwvQBjegA7oAAw6ewQt4Nd6Md+PD+FxEN4zi5gQswfj+AbQ6oUs=</latexit><latexit sha1_base64="+5a/W9yE1Mf8zO3UTqd6YDpmt98=">AAACI3icbVBLS8NAGNxYHzW+Wj16WSwFTyUpBT0W9OCxgn1gE8pms2mXbjZhd6OG0H/hVW/+Gm/ixYP/xU0bxLYOLAwz88HseDGjUlnWl7FR2tza3invmnv7B4dHlepxT0aJwKSLIxaJgYckYZSTrqKKkUEsCAo9Rvre9Cr3+w9ESBrxO5XGxA3RmNOAYqS0dJ85GDF4PRu1RpWa1bDmgOvELkgNFOiMqkbJ8SOchIQrzJCUQ9uKlZshoShmZGY6iSQxwlM0JkNNOQqJdLN55Rmsa8WHQST04wrO1b8XGQqlTENPJ0OkJnLVy8X/vCFizM2eUu1BL4WPzKw7XsT8PAh/taVqKrh0M8rjRBGOF82ChEEVwXww6FNBsGKpJggLqj8H8QQJhJWe1dSz2asjrZNes2FbDfu2VWs3iwHL4BScgXNggwvQBjegA7oAAw6ewQt4Nd6Md+PD+FxEN4zi5gQswfj+AbQ6oUs=</latexit>

R
 (2,3)

<latexit sha1_base64="X6N+smcOnSvIlKHNL+DHyRzKxXI=">AAACLHicbVBLS8NAGNy0Pmp8tXr0slgKFaQk9aAHDwUvHivYBzSxbDabdunmwe7GGkJ/ile9+Wu8iHj1d7hpg9jWgYVhZj6YHSdiVEjD+NAKxY3Nre3Sjr67t39wWK4cdUUYc0w6OGQh7ztIEEYD0pFUMtKPOEG+w0jPmdxkfu+RcEHD4F4mEbF9NAqoRzGSShqWKxYNJLTagj6k9eb5xdlsWK4aDWMOuE7MnFRBjvawohUtN8SxTwKJGRJiYBqRtFPEJcWMzHQrFiRCeIJGZKBogHwi7HTefQZrSnGhF3L1VJO5+vciRb4Qie+opI/kWKx6mfifN0CM2elTojzoJHDK9JrlhMzNgvBXW6omvSs7pUEUSxLgRTMvZlCGMFsOupQTLFmiCMKcqs9BPEYcYan21dVs5upI66TbbJhGw7wzq63rfMASOAGnoA5McAla4Ba0QQdgMAXP4AW8am/au/apfS2iBS2/OQZL0L5/ANhAo9U=</latexit><latexit sha1_base64="X6N+smcOnSvIlKHNL+DHyRzKxXI=">AAACLHicbVBLS8NAGNy0Pmp8tXr0slgKFaQk9aAHDwUvHivYBzSxbDabdunmwe7GGkJ/ile9+Wu8iHj1d7hpg9jWgYVhZj6YHSdiVEjD+NAKxY3Nre3Sjr67t39wWK4cdUUYc0w6OGQh7ztIEEYD0pFUMtKPOEG+w0jPmdxkfu+RcEHD4F4mEbF9NAqoRzGSShqWKxYNJLTagj6k9eb5xdlsWK4aDWMOuE7MnFRBjvawohUtN8SxTwKJGRJiYBqRtFPEJcWMzHQrFiRCeIJGZKBogHwi7HTefQZrSnGhF3L1VJO5+vciRb4Qie+opI/kWKx6mfifN0CM2elTojzoJHDK9JrlhMzNgvBXW6omvSs7pUEUSxLgRTMvZlCGMFsOupQTLFmiCMKcqs9BPEYcYan21dVs5upI66TbbJhGw7wzq63rfMASOAGnoA5McAla4Ba0QQdgMAXP4AW8am/au/apfS2iBS2/OQZL0L5/ANhAo9U=</latexit><latexit sha1_base64="X6N+smcOnSvIlKHNL+DHyRzKxXI=">AAACLHicbVBLS8NAGNy0Pmp8tXr0slgKFaQk9aAHDwUvHivYBzSxbDabdunmwe7GGkJ/ile9+Wu8iHj1d7hpg9jWgYVhZj6YHSdiVEjD+NAKxY3Nre3Sjr67t39wWK4cdUUYc0w6OGQh7ztIEEYD0pFUMtKPOEG+w0jPmdxkfu+RcEHD4F4mEbF9NAqoRzGSShqWKxYNJLTagj6k9eb5xdlsWK4aDWMOuE7MnFRBjvawohUtN8SxTwKJGRJiYBqRtFPEJcWMzHQrFiRCeIJGZKBogHwi7HTefQZrSnGhF3L1VJO5+vciRb4Qie+opI/kWKx6mfifN0CM2elTojzoJHDK9JrlhMzNgvBXW6omvSs7pUEUSxLgRTMvZlCGMFsOupQTLFmiCMKcqs9BPEYcYan21dVs5upI66TbbJhGw7wzq63rfMASOAGnoA5McAla4Ba0QQdgMAXP4AW8am/au/apfS2iBS2/OQZL0L5/ANhAo9U=</latexit><latexit sha1_base64="X6N+smcOnSvIlKHNL+DHyRzKxXI=">AAACLHicbVBLS8NAGNy0Pmp8tXr0slgKFaQk9aAHDwUvHivYBzSxbDabdunmwe7GGkJ/ile9+Wu8iHj1d7hpg9jWgYVhZj6YHSdiVEjD+NAKxY3Nre3Sjr67t39wWK4cdUUYc0w6OGQh7ztIEEYD0pFUMtKPOEG+w0jPmdxkfu+RcEHD4F4mEbF9NAqoRzGSShqWKxYNJLTagj6k9eb5xdlsWK4aDWMOuE7MnFRBjvawohUtN8SxTwKJGRJiYBqRtFPEJcWMzHQrFiRCeIJGZKBogHwi7HTefQZrSnGhF3L1VJO5+vciRb4Qie+opI/kWKx6mfifN0CM2elTojzoJHDK9JrlhMzNgvBXW6omvSs7pUEUSxLgRTMvZlCGMFsOupQTLFmiCMKcqs9BPEYcYan21dVs5upI66TbbJhGw7wzq63rfMASOAGnoA5McAla4Ba0QQdgMAXP4AW8am/au/apfS2iBS2/OQZL0L5/ANhAo9U=</latexit>

quantum

U U

mirror symmetry

Compute m3 via nested trees and propagators:

Matches results on the A-model side

 s  s  s  s  s  s

m2 m2

P 1
3,3,3

<latexit sha1_base64="LSDs2jRkRt2W4h30xv0C+1ml6FI=">AAACJHicZVA7T8MwGHQojxJeLYwsFlUlBlQl7QADQyUWxiLRh9SGynHc1qoTR7YDRFF+Bits/Bo2xMDCb8FpI+jjLEunu++Tz+eGjEplWd/GRmFza3unuGvu7R8cHpXKxx3JI4FJG3PGRc9FkjAakLaiipFeKAjyXUa67vQm87uPREjKg3sVh8Tx0TigI4qR0lK/9WAPk8aFPumwVLFq1gxwndg5qYAcrWHZKAw8jiOfBAozJGXftkLlJEgoihlJzUEkSYjwFI1JX9MA+UQ6ySxzCqta8eCIC30DBWfq4kaCfClj39WTPlITuepl4r/ncuZlFMIqdGP4xMzq4uuIMSd5jtM/dymaGl05CQ3CSJEAz5ONIgYVh1lj0KOCYMViTRAWVH8O4gkSCCvdq6lrs1dLWiedes1u1Op3VqV5nRdYBKfgDJwDG1yCJrgFLdAGGHDwAl7Bm/FufBifxtd8dMPId07AEoyfXy+poQs=</latexit>

m3( 
⌦3) ⇠ W1

<latexit sha1_base64="Z5gPU6ZRAM6bDxFpQpNRmuF8pM0="></latexit>

fundamental period

FOOO

⇣(t) =

s
z0(t)

z3(t) � 1
<latexit sha1_base64="PCYNtzF21Y6Ohkt3WAJWcilrjkk="></latexit>
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Summary and Outlook

Field theoretical LG model allows to explicitly compute non-
trivial correlation functions also for intersecting branes

Main issue: find suitable Gauss-Manin type differential eqs that 
determine the proper flat operator bases

math:    Cat of matrix factorizations             D(Coh(M))

phys:      Boundary B-type TCFT                   B-type D-branes

Generalization to M = CY 3-folds, eg. for quintic?

t... Kähler modulus

... expect infinitely many new results in enumerative geometry

Weff = CXXY (t) TrXXY + CXXY XXY (t) Tr(XXY )2 + ...Xi

Yij
Xi

Main tool: matrix analogs for higher residue pairings


