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Wing imaginal disk
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Dynamics in the pupal wing
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Tissue size and shape
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Self organization of growth
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Tissue dynamics and patterning

cell division
cell extrusion
cellular force generation

Active mechanical properties Force dipoles

Chemical signals

morphogen gradients
cell-cell signaling
cell polarity

force 
generation

chemical
signals

cell rearrangements, flows

activation



cell division
cell extrusion
cellular force generation

Active mechanical properties

cell rearrangements, flows

Tissues as active materials

Tissue deformations generated by cellular processes

Active visco-elastic material properties: elastic stresses and 
cells flows

Active and passive cell rearrangements

Etournay et al.  eLife.07090 (2015)

Etournay et al.  eLife.14334 (2016)
Dye et al.  Development 144, 4406 (2017)
Merkel et al.  Phys. Rev. E 95 (2017)

Popovic et al. New J. Physics 19 (2017)

Force dipoles



Quantification of tissue dynamics
Image analysis: segmentation of cellular network

track the positions and shapes of all cells















Cell and tissue deformations
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ũ
<latexit sha1_base64="q6kL2VQDsJSM9By1ZLoGHYYZM1c=">AAAB9XicbVDLSgNBEJz1GeMr6tHLYBA8hd0o6DHoxWME84DsGmZne5Mhsw9mepWw5D+8eFDEq//izb9xkuxBEwsaiqpuurv8VAqNtv1trayurW9slrbK2zu7e/uVg8O2TjLFocUTmaiuzzRIEUMLBUropgpY5Evo+KObqd95BKVFEt/jOAUvYoNYhIIzNNKDi0IGQHPXD2k26Veqds2egS4TpyBVUqDZr3y5QcKzCGLkkmndc+wUvZwpFFzCpOxmGlLGR2wAPUNjFoH28tnVE3pqlICGiTIVI52pvydyFmk9jnzTGTEc6kVvKv7n9TIMr7xcxGmGEPP5ojCTFBM6jYAGQgFHOTaEcSXMrZQPmWIcTVBlE4Kz+PIyaddrznmtfndRbVwXcZTIMTkhZ8Qhl6RBbkmTtAgnijyTV/JmPVkv1rv1MW9dsYqZI/IH1ucPKGmSSQ==</latexit>

triangle deformation



Cell shape dynamics
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T1 relax cell elongation

R
<latexit sha1_base64="tNhCy/+gTtEI9kUVdYTD25RPmZ0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF49V7Ae0oWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ildtYLQvIw7ZcrbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/d0rOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4bWfCZWkyBVbLApTSTAms9/JQGjOUE4soUwLeythI6opQ5tQyYbgLb+8Slq1qndRrd1fVuo3eRxFOIFTOAcPrqAOd9CAJjAYwzO8wpuTOC/Ou/OxaC04+cwx/IHz+QP2i49S</latexit>

�Q
<latexit sha1_base64="vKSB8QnFlybM5k/OKYk9A3caVYM=">AAAB9XicbVDLSgNBEJz1GeMr6tHLYBA8hd0o6DGoB48JmAdk1zA76U2GzD6Y6VXCkv/w4kERr/6LN//GSbIHTSxoKKq66e7yEyk02va3tbK6tr6xWdgqbu/s7u2XDg5bOk4VhyaPZaw6PtMgRQRNFCihkyhgoS+h7Y9upn77EZQWcXSP4wS8kA0iEQjO0EgP7i1IZDRz/YA2Jr1S2a7YM9Bl4uSkTHLUe6Uvtx/zNIQIuWRadx07QS9jCgWXMCm6qYaE8REbQNfQiIWgvWx29YSeGqVPg1iZipDO1N8TGQu1Hoe+6QwZDvWiNxX/87opBldeJqIkRYj4fFGQSooxnUZA+0IBRzk2hHElzK2UD5liHE1QRROCs/jyMmlVK855pdq4KNeu8zgK5JickDPikEtSI3ekTpqEE0WeySt5s56sF+vd+pi3rlj5zBH5A+vzB7MKkf0=</latexit>
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<latexit sha1_base64="uKulP2LGALc13lDbwl0UQd43uKg=">AAACE3icbVC7SgNBFJ31GeNr1dJmMAiiEHajoI0QNIVlIuYB2RBmJ7PJkNkHM3cDYdl/sPFXbCwUsbWx82+cbFJo4oGBc8+5lzv3uJHgCizr21haXlldW89t5De3tnd2zb39hgpjSVmdhiKULZcoJnjA6sBBsFYkGfFdwZru8HbiN0dMKh4GDzCOWMcn/YB7nBLQUtc8dYCLHsOJ43p4lF47niQ0qWRlLU2TCqRnWXGfds2CVbQy4EViz0gBzVDtml9OL6SxzwKggijVtq0IOgmRwKlgad6JFYsIHZI+a2saEJ+pTpLdlOJjrfSwF0r9AsCZ+nsiIb5SY9/VnT6BgZr3JuJ/XjsG76qT8CCKgQV0usiLBYYQTwLCPS4ZBTHWhFDJ9V8xHRCdCugY8zoEe/7kRdIoFe3zYql2USjfzOLIoUN0hE6QjS5RGd2hKqojih7RM3pFb8aT8WK8Gx/T1iVjNnOA/sD4/AGZGp36</latexit>

R
<latexit sha1_base64="tNhCy/+gTtEI9kUVdYTD25RPmZ0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF49V7Ae0oWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ildtYLQvIw7ZcrbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/d0rOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4bWfCZWkyBVbLApTSTAms9/JQGjOUE4soUwLeythI6opQ5tQyYbgLb+8Slq1qndRrd1fVuo3eRxFOIFTOAcPrqAOd9CAJjAYwzO8wpuTOC/Ou/OxaC04+cwx/IHz+QP2i49S</latexit>

�Q
<latexit sha1_base64="vKSB8QnFlybM5k/OKYk9A3caVYM=">AAAB9XicbVDLSgNBEJz1GeMr6tHLYBA8hd0o6DGoB48JmAdk1zA76U2GzD6Y6VXCkv/w4kERr/6LN//GSbIHTSxoKKq66e7yEyk02va3tbK6tr6xWdgqbu/s7u2XDg5bOk4VhyaPZaw6PtMgRQRNFCihkyhgoS+h7Y9upn77EZQWcXSP4wS8kA0iEQjO0EgP7i1IZDRz/YA2Jr1S2a7YM9Bl4uSkTHLUe6Uvtx/zNIQIuWRadx07QS9jCgWXMCm6qYaE8REbQNfQiIWgvWx29YSeGqVPg1iZipDO1N8TGQu1Hoe+6QwZDvWiNxX/87opBldeJqIkRYj4fFGQSooxnUZA+0IBRzk2hHElzK2UD5liHE1QRROCs/jyMmlVK855pdq4KNeu8zgK5JickDPikEtSI3ekTpqEE0WeySt5s56sF+vd+pi3rlj5zBH5A+vzB7MKkf0=</latexit>

Later times

T1 relax cell elongation



A�

Lij

cell area

cell boundary length

vertex force

fi = � �E

�Ri

cell 

vertex 

� cell boundary 
< i, j >

i j

Work function

i j
lij

�

i j

Network mechanics

W (Ri) =
X

↵

K

2
(A↵ �A(0))2 +

X

hi,ji

⇤ijLij +
X

↵

�

2
L2
↵

<latexit sha1_base64="QyhfObJmpIu4n222IJK4J4lZjyQ="></latexit>

area elasticity K
<latexit sha1_base64="HQfadDQrozr2PpvG928HQmjcOjI=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexGQY9BL4KXBMwDkiXMTnqTMbOzy8ysEEK+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDvzW0+oNI/lgxkn6Ed0IHnIGTVWqt/3iiW37M5BVomXkRJkqPWKX91+zNIIpWGCat3x3MT4E6oMZwKnhW6qMaFsRAfYsVTSCLU/mR86JWdW6ZMwVrakIXP198SERlqPo8B2RtQM9bI3E//zOqkJr/0Jl0lqULLFojAVxMRk9jXpc4XMiLEllClubyVsSBVlxmZTsCF4yy+vkmal7F2UK/XLUvUmiyMPJ3AK5+DBFVThDmrQAAYIz/AKb86j8+K8Ox+L1pyTzRzDHzifP6NTjNM=</latexit>

cell bond tension ⇤ij
<latexit sha1_base64="4BJp5Sn71SdZXKuPrkE3ZjIGNFE=">AAAB83icbVDLSgMxFL3js9ZX1aWbYBFclZkq6LLoxoWLCvYBnaFkMpk2NpMMSUYoQ3/DjQtF3Poz7vwb03YW2nogcDjnXO7NCVPOtHHdb2dldW19Y7O0Vd7e2d3brxwctrXMFKEtIrlU3RBrypmgLcMMp91UUZyEnHbC0c3U7zxRpZkUD2ac0iDBA8FiRrCxku/f2WiE+zl7nPQrVbfmzoCWiVeQKhRo9itffiRJllBhCMda9zw3NUGOlWGE00nZzzRNMRnhAe1ZKnBCdZDPbp6gU6tEKJbKPmHQTP09keNE63ES2mSCzVAvelPxP6+XmfgqyJlIM0MFmS+KM46MRNMCUMQUJYaPLcFEMXsrIkOsMDG2prItwVv88jJp12veea1+f1FtXBd1lOAYTuAMPLiEBtxCE1pAIIVneIU3J3NenHfnYx5dcYqZI/gD5/MHHtWRvQ==</latexit>



Network shear stress

Elastic shear stress associated 
with cell shape change

Q = 0
<latexit sha1_base64="NALJkRYB6NNClrNUPcIdoiwHy68=">AAAB8HicbVBNSwMxEJ2tX7V+rXr0EiyCp7JbBb0IRS8eW7Af0i4lm2bb0CS7JFmhLP0VXjwo4tWf481/Y9ruQVsfDDzem2FmXphwpo3nfTuFtfWNza3idmlnd2//wD08auk4VYQ2Scxj1QmxppxJ2jTMcNpJFMUi5LQdju9mfvuJKs1i+WAmCQ0EHkoWMYKNlR6zXhihxvTG67tlr+LNgVaJn5My5Kj33a/eICapoNIQjrXu+l5iggwrwwin01Iv1TTBZIyHtGupxILqIJsfPEVnVhmgKFa2pEFz9fdEhoXWExHaToHNSC97M/E/r5ua6DrImExSQyVZLIpSjkyMZt+jAVOUGD6xBBPF7K2IjLDCxNiMSjYEf/nlVdKqVvyLSrVxWa7d5nEU4QRO4Rx8uIIa3EMdmkBAwDO8wpujnBfn3flYtBacfOYY/sD5/AHpgo/S</latexit>

Q
<latexit sha1_base64="YKOQgHZVByrJHRIySqUAM/nagbk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2A9oQ9lsJ+3SzSbsboQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ/dzvPKHSPJaPZpqgH9GR5CFn1Fipk/WDkDRng3LFrboLkHXi5aQCORqD8ld/GLM0QmmYoFr3PDcxfkaV4UzgrNRPNSaUTegIe5ZKGqH2s8W5M3JhlSEJY2VLGrJQf09kNNJ6GgW2M6JmrFe9ufif10tNeOtnXCapQcmWi8JUEBOT+e9kyBUyI6aWUKa4vZWwMVWUGZtQyYbgrb68Ttq1qndVrTWvK/W7PI4inME5XIIHN1CHB2hACxhM4Ble4c1JnBfn3flYthacfOYU/sD5/AH1Bo9R</latexit>

�̃ = KQ
<latexit sha1_base64="3DKoslZDNg7I0HeyOUc/9jik/a4=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaL4KokVdCNUHQjuGnBPqAJZTKZtENnJmFmIpSQjb/ixoUibv0Md/6N0zYLbT1w4XDOvdx7T5AwqrTjfFulldW19Y3yZmVre2d3z94/6Kg4lZi0ccxi2QuQIowK0tZUM9JLJEE8YKQbjG+nfveRSEVj8aAnCfE5GgoaUYy0kQb2EfQ0ZSHxFB1ydA3vMy+IYCsf2FWn5swAl4lbkCoo0BzYX14Y45QToTFDSvVdJ9F+hqSmmJG84qWKJAiP0ZD0DRWIE+VnswdyeGqUEEaxNCU0nKm/JzLElZrwwHRypEdq0ZuK/3n9VEdXfkZFkmoi8HxRlDKoYzhNA4ZUEqzZxBCEJTW3QjxCEmFtMquYENzFl5dJp15zz2v11kW1cVPEUQbH4AScARdcgga4A03QBhjk4Bm8gjfryXqx3q2PeWvJKmYOwR9Ynz+cmJXF</latexit>

tissue shear
stress

elastic 
stress



Cell elongation drives cell rearrangement

R =
1

⌧
Q

<latexit sha1_base64="sEsbfYFGyXWy3TJzlH9Eu1q2is4=">AAACBnicbVBNS8NAEJ3Ur1q/oh5FWCyCp5JUQS9C0YvHVmwrNKFstpt26eaD3Y1QQk5e/CtePCji1d/gzX/jNs1BWx8MPN6bYWaeF3MmlWV9G6Wl5ZXVtfJ6ZWNza3vH3N3ryCgRhLZJxCNx72FJOQtpWzHF6X0sKA48Trve+Hrqdx+okCwK79Qkpm6AhyHzGcFKS33zMHU8H91ml44vMEntLHUUTrJcbWV9s2rVrBxokdgFqUKBZt/8cgYRSQIaKsKxlD3bipWbYqEY4TSrOImkMSZjPKQ9TUMcUOmm+RsZOtbKAPmR0BUqlKu/J1IcSDkJPN0ZYDWS895U/M/rJcq/cFMWxomiIZkt8hOOVISmmaABE5QoPtEEE8H0rYiMsM5D6eQqOgR7/uVF0qnX7NNavXVWbVwVcZThAI7gBGw4hwbcQBPaQOARnuEV3own48V4Nz5mrSWjmNmHPzA+fwAgn5jo</latexit>

T1

Q
<latexit sha1_base64="YKOQgHZVByrJHRIySqUAM/nagbk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2A9oQ9lsJ+3SzSbsboQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ/dzvPKHSPJaPZpqgH9GR5CFn1Fipk/WDkDRng3LFrboLkHXi5aQCORqD8ld/GLM0QmmYoFr3PDcxfkaV4UzgrNRPNSaUTegIe5ZKGqH2s8W5M3JhlSEJY2VLGrJQf09kNNJ6GgW2M6JmrFe9ufif10tNeOtnXCapQcmWi8JUEBOT+e9kyBUyI6aWUKa4vZWwMVWUGZtQyYbgrb68Ttq1qndVrTWvK/W7PI4inME5XIIHN1CHB2hACxhM4Ble4c1JnBfn3flYthacfOYU/sD5/AH1Bo9R</latexit>

R
<latexit sha1_base64="tNhCy/+gTtEI9kUVdYTD25RPmZ0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF49V7Ae0oWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ildtYLQvIw7ZcrbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/d0rOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4bWfCZWkyBVbLApTSTAms9/JQGjOUE4soUwLeythI6opQ5tQyYbgLb+8Slq1qndRrd1fVuo3eRxFOIFTOAcPrqAOd9CAJjAYwzO8wpuTOC/Ou/OxaC04+cwx/IHz+QP2i49S</latexit>

Q = 0
<latexit sha1_base64="NALJkRYB6NNClrNUPcIdoiwHy68=">AAAB8HicbVBNSwMxEJ2tX7V+rXr0EiyCp7JbBb0IRS8eW7Af0i4lm2bb0CS7JFmhLP0VXjwo4tWf481/Y9ruQVsfDDzem2FmXphwpo3nfTuFtfWNza3idmlnd2//wD08auk4VYQ2Scxj1QmxppxJ2jTMcNpJFMUi5LQdju9mfvuJKs1i+WAmCQ0EHkoWMYKNlR6zXhihxvTG67tlr+LNgVaJn5My5Kj33a/eICapoNIQjrXu+l5iggwrwwin01Iv1TTBZIyHtGupxILqIJsfPEVnVhmgKFa2pEFz9fdEhoXWExHaToHNSC97M/E/r5ua6DrImExSQyVZLIpSjkyMZt+jAVOUGD6xBBPF7K2IjLDCxNiMSjYEf/nlVdKqVvyLSrVxWa7d5nEU4QRO4Rx8uIIa3EMdmkBAwDO8wpujnBfn3flYtBacfOYY/sD5/AHpgo/S</latexit>

�̃ = KQ
<latexit sha1_base64="3DKoslZDNg7I0HeyOUc/9jik/a4=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaL4KokVdCNUHQjuGnBPqAJZTKZtENnJmFmIpSQjb/ixoUibv0Md/6N0zYLbT1w4XDOvdx7T5AwqrTjfFulldW19Y3yZmVre2d3z94/6Kg4lZi0ccxi2QuQIowK0tZUM9JLJEE8YKQbjG+nfveRSEVj8aAnCfE5GgoaUYy0kQb2EfQ0ZSHxFB1ydA3vMy+IYCsf2FWn5swAl4lbkCoo0BzYX14Y45QToTFDSvVdJ9F+hqSmmJG84qWKJAiP0ZD0DRWIE+VnswdyeGqUEEaxNCU0nKm/JzLElZrwwHRypEdq0ZuK/3n9VEdXfkZFkmoi8HxRlDKoYzhNA4ZUEqzZxBCEJTW3QjxCEmFtMquYENzFl5dJp15zz2v11kW1cVPEUQbH4AScARdcgga4A03QBhjk4Bm8gjfryXqx3q2PeWvJKmYOwR9Ynz+cmJXF</latexit>

tissue shear
stress

elastic 
stress

Relaxation of shear stress

T1 transitions biased by cell shape



R =
1

⌧
Q

<latexit sha1_base64="sEsbfYFGyXWy3TJzlH9Eu1q2is4=">AAACBnicbVBNS8NAEJ3Ur1q/oh5FWCyCp5JUQS9C0YvHVmwrNKFstpt26eaD3Y1QQk5e/CtePCji1d/gzX/jNs1BWx8MPN6bYWaeF3MmlWV9G6Wl5ZXVtfJ6ZWNza3vH3N3ryCgRhLZJxCNx72FJOQtpWzHF6X0sKA48Trve+Hrqdx+okCwK79Qkpm6AhyHzGcFKS33zMHU8H91ml44vMEntLHUUTrJcbWV9s2rVrBxokdgFqUKBZt/8cgYRSQIaKsKxlD3bipWbYqEY4TSrOImkMSZjPKQ9TUMcUOmm+RsZOtbKAPmR0BUqlKu/J1IcSDkJPN0ZYDWS895U/M/rJcq/cFMWxomiIZkt8hOOVISmmaABE5QoPtEEE8H0rYiMsM5D6eQqOgR7/uVF0qnX7NNavXVWbVwVcZThAI7gBGw4hwbcQBPaQOARnuEV3own48V4Nz5mrSWjmNmHPzA+fwAgn5jo</latexit>

�̃ = KQ
<latexit sha1_base64="3DKoslZDNg7I0HeyOUc/9jik/a4=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaL4KokVdCNUHQjuGnBPqAJZTKZtENnJmFmIpSQjb/ixoUibv0Md/6N0zYLbT1w4XDOvdx7T5AwqrTjfFulldW19Y3yZmVre2d3z94/6Kg4lZi0ccxi2QuQIowK0tZUM9JLJEE8YKQbjG+nfveRSEVj8aAnCfE5GgoaUYy0kQb2EfQ0ZSHxFB1ydA3vMy+IYCsf2FWn5swAl4lbkCoo0BzYX14Y45QToTFDSvVdJ9F+hqSmmJG84qWKJAiP0ZD0DRWIE+VnswdyeGqUEEaxNCU0nKm/JzLElZrwwHRypEdq0ZuK/3n9VEdXfkZFkmoi8HxRlDKoYzhNA4ZUEqzZxBCEJTW3QjxCEmFtMquYENzFl5dJp15zz2v11kW1cVPEUQbH4AScARdcgga4A03QBhjk4Bm8gjfryXqx3q2PeWvJKmYOwR9Ynz+cmJXF</latexit>

tissue shear
shear by cell re- 
arrangements

cell elongation

T1 transition relax tissue stress

ṽ =
DQ

Dt
+R

<latexit sha1_base64="uKulP2LGALc13lDbwl0UQd43uKg=">AAACE3icbVC7SgNBFJ31GeNr1dJmMAiiEHajoI0QNIVlIuYB2RBmJ7PJkNkHM3cDYdl/sPFXbCwUsbWx82+cbFJo4oGBc8+5lzv3uJHgCizr21haXlldW89t5De3tnd2zb39hgpjSVmdhiKULZcoJnjA6sBBsFYkGfFdwZru8HbiN0dMKh4GDzCOWMcn/YB7nBLQUtc8dYCLHsOJ43p4lF47niQ0qWRlLU2TCqRnWXGfds2CVbQy4EViz0gBzVDtml9OL6SxzwKggijVtq0IOgmRwKlgad6JFYsIHZI+a2saEJ+pTpLdlOJjrfSwF0r9AsCZ+nsiIb5SY9/VnT6BgZr3JuJ/XjsG76qT8CCKgQV0usiLBYYQTwLCPS4ZBTHWhFDJ9V8xHRCdCugY8zoEe/7kRdIoFe3zYql2USjfzOLIoUN0hE6QjS5RGd2hKqojih7RM3pFb8aT8WK8Gx/T1iVjNnOA/sD4/AGZGp36</latexit>

ṽ
<latexit sha1_base64="8ZOtOGE7KeaSdHSZ/fCUx3Pab20=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoPgKexGQY9BLx4jmAcka5id7U2GzD6YmY2EJf/hxYMiXv0Xb/6Nk2QPmljQUFR1093lJYIrbdvfVmFtfWNzq7hd2tnd2z8oHx61VJxKhk0Wi1h2PKpQ8AibmmuBnUQiDT2BbW90O/PbY5SKx9GDniTohnQQ8YAzqo302NNc+EiynheQ8bRfrthVew6ySpycVCBHo1/+6vkxS0OMNBNUqa5jJ9rNqNScCZyWeqnChLIRHWDX0IiGqNxsfvWUnBnFJ0EsTUWazNXfExkNlZqEnukMqR6qZW8m/ud1Ux1cuxmPklRjxBaLglQQHZNZBMTnEpkWE0Mok9zcStiQSsq0CapkQnCWX14lrVrVuajW7i8r9Zs8jiKcwCmcgwNXUIc7aEATGEh4hld4s56sF+vd+li0Fqx85hj+wPr8ASnukko=</latexit>

Q
<latexit sha1_base64="YKOQgHZVByrJHRIySqUAM/nagbk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2A9oQ9lsJ+3SzSbsboQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ/dzvPKHSPJaPZpqgH9GR5CFn1Fipk/WDkDRng3LFrboLkHXi5aQCORqD8ld/GLM0QmmYoFr3PDcxfkaV4UzgrNRPNSaUTegIe5ZKGqH2s8W5M3JhlSEJY2VLGrJQf09kNNJ6GgW2M6JmrFe9ufif10tNeOtnXCapQcmWi8JUEBOT+e9kyBUyI6aWUKa4vZWwMVWUGZtQyYbgrb68Ttq1qndVrTWvK/W7PI4inME5XIIHN1CHB2hACxhM4Ble4c1JnBfn3flYthacfOYU/sD5/AH1Bo9R</latexit>

R
<latexit sha1_base64="tNhCy/+gTtEI9kUVdYTD25RPmZ0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF49V7Ae0oWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ildtYLQvIw7ZcrbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/d0rOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4bWfCZWkyBVbLApTSTAms9/JQGjOUE4soUwLeythI6opQ5tQyYbgLb+8Slq1qndRrd1fVuo3eRxFOIFTOAcPrqAOd9CAJjAYwzO8wpuTOC/Ou/OxaC04+cwx/IHz+QP2i49S</latexit>

T1 transitions biased by cell shape

Joris Paijmans, Mandar Inamdar



cell elongation Qxx

shear by cell
rearrangements

tissue shear

no shear

cell elongation

R =
1

⌧
Q

<latexit sha1_base64="sEsbfYFGyXWy3TJzlH9Eu1q2is4=">AAACBnicbVBNS8NAEJ3Ur1q/oh5FWCyCp5JUQS9C0YvHVmwrNKFstpt26eaD3Y1QQk5e/CtePCji1d/gzX/jNs1BWx8MPN6bYWaeF3MmlWV9G6Wl5ZXVtfJ6ZWNza3vH3N3ryCgRhLZJxCNx72FJOQtpWzHF6X0sKA48Trve+Hrqdx+okCwK79Qkpm6AhyHzGcFKS33zMHU8H91ml44vMEntLHUUTrJcbWV9s2rVrBxokdgFqUKBZt/8cgYRSQIaKsKxlD3bipWbYqEY4TSrOImkMSZjPKQ9TUMcUOmm+RsZOtbKAPmR0BUqlKu/J1IcSDkJPN0ZYDWS895U/M/rJcq/cFMWxomiIZkt8hOOVISmmaABE5QoPtEEE8H0rYiMsM5D6eQqOgR7/uVF0qnX7NNavXVWbVwVcZThAI7gBGw4hwbcQBPaQOARnuEV3own48V4Nz5mrSWjmNmHPzA+fwAgn5jo</latexit>

ṽ =
DQ

Dt
+R

<latexit sha1_base64="uKulP2LGALc13lDbwl0UQd43uKg=">AAACE3icbVC7SgNBFJ31GeNr1dJmMAiiEHajoI0QNIVlIuYB2RBmJ7PJkNkHM3cDYdl/sPFXbCwUsbWx82+cbFJo4oGBc8+5lzv3uJHgCizr21haXlldW89t5De3tnd2zb39hgpjSVmdhiKULZcoJnjA6sBBsFYkGfFdwZru8HbiN0dMKh4GDzCOWMcn/YB7nBLQUtc8dYCLHsOJ43p4lF47niQ0qWRlLU2TCqRnWXGfds2CVbQy4EViz0gBzVDtml9OL6SxzwKggijVtq0IOgmRwKlgad6JFYsIHZI+a2saEJ+pTpLdlOJjrfSwF0r9AsCZ+nsiIb5SY9/VnT6BgZr3JuJ/XjsG76qT8CCKgQV0usiLBYYQTwLCPS4ZBTHWhFDJ9V8xHRCdCugY8zoEe/7kRdIoFe3zYql2USjfzOLIoUN0hE6QjS5RGd2hKqojih7RM3pFb8aT8WK8Gx/T1iVjNnOA/sD4/AGZGp36</latexit>

ṽ = 0
<latexit sha1_base64="aw2/zV3JGi/lE4TgirZlkj3t/Uc=">AAAB+XicbVDLSgNBEJz1GeNr1aOXwSB4CrtR0IsQ9OIxgnlAdgmzk95kyOyDmd5AWPInXjwo4tU/8ebfOEn2oIkFDUVVN91dQSqFRsf5ttbWNza3tks75d29/YND++i4pZNMcWjyRCaqEzANUsTQRIESOqkCFgUS2sHofua3x6C0SOInnKTgR2wQi1Bwhkbq2baHQvaB5l4Q0vH01unZFafqzEFXiVuQCinQ6NlfXj/hWQQxcsm07rpOin7OFAouYVr2Mg0p4yM2gK6hMYtA+/n88ik9N0qfhokyFSOdq78nchZpPYkC0xkxHOplbyb+53UzDG/8XMRphhDzxaIwkxQTOouB9oUCjnJiCONKmFspHzLFOJqwyiYEd/nlVdKqVd3Lau3xqlK/K+IokVNyRi6IS65JnTyQBmkSTsbkmbySNyu3Xqx362PRumYVMyfkD6zPH5vAkvw=</latexit>

�̃ = KQ
<latexit sha1_base64="3DKoslZDNg7I0HeyOUc/9jik/a4=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaL4KokVdCNUHQjuGnBPqAJZTKZtENnJmFmIpSQjb/ixoUibv0Md/6N0zYLbT1w4XDOvdx7T5AwqrTjfFulldW19Y3yZmVre2d3z94/6Kg4lZi0ccxi2QuQIowK0tZUM9JLJEE8YKQbjG+nfveRSEVj8aAnCfE5GgoaUYy0kQb2EfQ0ZSHxFB1ydA3vMy+IYCsf2FWn5swAl4lbkCoo0BzYX14Y45QToTFDSvVdJ9F+hqSmmJG84qWKJAiP0ZD0DRWIE+VnswdyeGqUEEaxNCU0nKm/JzLElZrwwHRypEdq0ZuK/3n9VEdXfkZFkmoi8HxRlDKoYzhNA4ZUEqzZxBCEJTW3QjxCEmFtMquYENzFl5dJp15zz2v11kW1cVPEUQbH4AScARdcgga4A03QBhjk4Bm8gjfryXqx3q2PeWvJKmYOwR9Ynz+cmJXF</latexit>

T1 transition relax tissue stress

T1 transitions biased by cell shape



cell elongation

shear by cell
rearrangements

tissue shear

no shear

cell elongation

R =
1

⌧
Q

<latexit sha1_base64="sEsbfYFGyXWy3TJzlH9Eu1q2is4=">AAACBnicbVBNS8NAEJ3Ur1q/oh5FWCyCp5JUQS9C0YvHVmwrNKFstpt26eaD3Y1QQk5e/CtePCji1d/gzX/jNs1BWx8MPN6bYWaeF3MmlWV9G6Wl5ZXVtfJ6ZWNza3vH3N3ryCgRhLZJxCNx72FJOQtpWzHF6X0sKA48Trve+Hrqdx+okCwK79Qkpm6AhyHzGcFKS33zMHU8H91ml44vMEntLHUUTrJcbWV9s2rVrBxokdgFqUKBZt/8cgYRSQIaKsKxlD3bipWbYqEY4TSrOImkMSZjPKQ9TUMcUOmm+RsZOtbKAPmR0BUqlKu/J1IcSDkJPN0ZYDWS895U/M/rJcq/cFMWxomiIZkt8hOOVISmmaABE5QoPtEEE8H0rYiMsM5D6eQqOgR7/uVF0qnX7NNavXVWbVwVcZThAI7gBGw4hwbcQBPaQOARnuEV3own48V4Nz5mrSWjmNmHPzA+fwAgn5jo</latexit>

ṽ =
DQ

Dt
+R

<latexit sha1_base64="uKulP2LGALc13lDbwl0UQd43uKg=">AAACE3icbVC7SgNBFJ31GeNr1dJmMAiiEHajoI0QNIVlIuYB2RBmJ7PJkNkHM3cDYdl/sPFXbCwUsbWx82+cbFJo4oGBc8+5lzv3uJHgCizr21haXlldW89t5De3tnd2zb39hgpjSVmdhiKULZcoJnjA6sBBsFYkGfFdwZru8HbiN0dMKh4GDzCOWMcn/YB7nBLQUtc8dYCLHsOJ43p4lF47niQ0qWRlLU2TCqRnWXGfds2CVbQy4EViz0gBzVDtml9OL6SxzwKggijVtq0IOgmRwKlgad6JFYsIHZI+a2saEJ+pTpLdlOJjrfSwF0r9AsCZ+nsiIb5SY9/VnT6BgZr3JuJ/XjsG76qT8CCKgQV0usiLBYYQTwLCPS4ZBTHWhFDJ9V8xHRCdCugY8zoEe/7kRdIoFe3zYql2USjfzOLIoUN0hE6QjS5RGd2hKqojih7RM3pFb8aT8WK8Gx/T1iVjNnOA/sD4/AGZGp36</latexit>

ṽ = 0
<latexit sha1_base64="aw2/zV3JGi/lE4TgirZlkj3t/Uc=">AAAB+XicbVDLSgNBEJz1GeNr1aOXwSB4CrtR0IsQ9OIxgnlAdgmzk95kyOyDmd5AWPInXjwo4tU/8ebfOEn2oIkFDUVVN91dQSqFRsf5ttbWNza3tks75d29/YND++i4pZNMcWjyRCaqEzANUsTQRIESOqkCFgUS2sHofua3x6C0SOInnKTgR2wQi1Bwhkbq2baHQvaB5l4Q0vH01unZFafqzEFXiVuQCinQ6NlfXj/hWQQxcsm07rpOin7OFAouYVr2Mg0p4yM2gK6hMYtA+/n88ik9N0qfhokyFSOdq78nchZpPYkC0xkxHOplbyb+53UzDG/8XMRphhDzxaIwkxQTOouB9oUCjnJiCONKmFspHzLFOJqwyiYEd/nlVdKqVd3Lau3xqlK/K+IokVNyRi6IS65JnTyQBmkSTsbkmbySNyu3Xqx362PRumYVMyfkD6zPH5vAkvw=</latexit>

dQ

dt
= �1

⌧
Q

<latexit sha1_base64="P5NcPJ+A+WrGqO0IHfbWpYyNtVI=">AAACE3icbVDLSsNAFJ34rPUVdelmsAgiWJIq6EYounHZgn1AE8pkMmmHTh7M3Agl5B/c+CtuXCji1o07/8Zpm4W2HrhwOOde7r3HSwRXYFnfxtLyyuraemmjvLm1vbNr7u23VZxKylo0FrHsekQxwSPWAg6CdRPJSOgJ1vFGtxO/88Ck4nF0D+OEuSEZRDzglICW+uapE0hCMz9zvAA38zzzIb8+m4l2njlA0rzw+mbFqlpT4EViF6SCCjT65pfjxzQNWQRUEKV6tpWAmxEJnAqWl51UsYTQERmwnqYRCZlys+lPOT7Wio+DWOqKAE/V3xMZCZUah57uDAkM1bw3Ef/zeikEV27GoyQFFtHZoiAVGGI8CQj7XDIKYqwJoZLrWzEdEp0H6BjLOgR7/uVF0q5V7fNqrXlRqd8UcZTQITpCJ8hGl6iO7lADtRBFj+gZvaI348l4Md6Nj1nrklHMHKA/MD5/AMt4nro=</latexit>

T1 transition relax tissue stress

T1 transitions biased by cell shape

Qxx = Q0e
�t/⌧

<latexit sha1_base64="qSZuGKzWEhn00dkRXONNDWLMRW8=">AAAB/3icbVDLSgNBEJyNrxhfq4IXL4NB8GLcjYJehKAXjwmYByTrMjuZJENmH8z0SsK6B3/FiwdFvPob3vwbJ8keNFrQUFR1093lRYIrsKwvI7ewuLS8kl8trK1vbG6Z2zsNFcaSsjoNRShbHlFM8IDVgYNgrUgy4nuCNb3h9cRv3jOpeBjcwjhijk/6Ae9xSkBLrrlXc5PRKL2suRZmd8kxnHSAxKlrFq2SNQX+S+yMFFGGqmt+drohjX0WABVEqbZtReAkRAKngqWFTqxYROiQ9Flb04D4TDnJ9P4UH2qli3uh1BUAnqo/JxLiKzX2Pd3pExioeW8i/ue1Y+hdOAkPohhYQGeLerHAEOJJGLjLJaMgxpoQKrm+FdMBkYSCjqygQ7DnX/5LGuWSfVoq186KlassjjzaRwfoCNnoHFXQDaqiOqLoAT2hF/RqPBrPxpvxPmvNGdnMLvoF4+MbMGyVkQ==</latexit>



Anisotropic cell bond tension

local cell anisotropy

contractile
tension

high tension of vertical bonds
low tension of horizontal bonds

q
<latexit sha1_base64="fvc48FuBjS43/7Q04OBUI4FKvvw=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Ae0oWy2k3bpZhN3N0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHssHM0nQj+hQ8pAzaqzUznpBSB6n/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/m5U3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2e9kwBUyIyaWUKa4vZWwEVWUGZtQyYbgLb+8Slq1qndRrd1fVuo3eRxFOIFTOAcPrqAOd9CAJjAYwzO8wpuTOC/Ou/OxaC04+cwx/IHz+QMltY9x</latexit>

Q = 0
<latexit sha1_base64="NALJkRYB6NNClrNUPcIdoiwHy68=">AAAB8HicbVBNSwMxEJ2tX7V+rXr0EiyCp7JbBb0IRS8eW7Af0i4lm2bb0CS7JFmhLP0VXjwo4tWf481/Y9ruQVsfDDzem2FmXphwpo3nfTuFtfWNza3idmlnd2//wD08auk4VYQ2Scxj1QmxppxJ2jTMcNpJFMUi5LQdju9mfvuJKs1i+WAmCQ0EHkoWMYKNlR6zXhihxvTG67tlr+LNgVaJn5My5Kj33a/eICapoNIQjrXu+l5iggwrwwin01Iv1TTBZIyHtGupxILqIJsfPEVnVhmgKFa2pEFz9fdEhoXWExHaToHNSC97M/E/r5ua6DrImExSQyVZLIpSjkyMZt+jAVOUGD6xBBPF7K2IjLDCxNiMSjYEf/nlVdKqVvyLSrVxWa7d5nEU4QRO4Rx8uIIa3EMdmkBAwDO8wpujnBfn3flYtBacfOYY/sD5/AHpgo/S</latexit>

Q
<latexit sha1_base64="YKOQgHZVByrJHRIySqUAM/nagbk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2A9oQ9lsJ+3SzSbsboQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ/dzvPKHSPJaPZpqgH9GR5CFn1Fipk/WDkDRng3LFrboLkHXi5aQCORqD8ld/GLM0QmmYoFr3PDcxfkaV4UzgrNRPNSaUTegIe5ZKGqH2s8W5M3JhlSEJY2VLGrJQf09kNNJ6GgW2M6JmrFe9ufif10tNeOtnXCapQcmWi8JUEBOT+e9kyBUyI6aWUKa4vZWwMVWUGZtQyYbgrb68Ttq1qndVrTWvK/W7PI4inME5XIIHN1CHB2hACxhM4Ble4c1JnBfn3flYthacfOYU/sD5/AH1Bo9R</latexit>

�̃ = KQ+ ⇣q
<latexit sha1_base64="/0Pax2oZs+9iXJI2WYDnw1sinfc=">AAACD3icbVDJSgNBEO1xjXGLevTSGBRBCDNR0IsQ9CJ4UTALZELo6dQkjT2L3TVCHOYPvPgrXjwo4tWrN//GznLQxAcFr9+roqueF0uh0ba/rZnZufmFxdxSfnlldW29sLFZ01GiOFR5JCPV8JgGKUKookAJjVgBCzwJde/2fODX70FpEYU32I+hFbBuKHzBGRqpXdhzUcgOUFeLbsDo6SVNXc+n19mB+wDIRq+7rF0o2iV7CDpNnDEpkjGu2oUvtxPxJIAQuWRaNx07xlbKFAouIcu7iYaY8VvWhaahIQtAt9LhPRndNUqH+pEyFSIdqr8nUhZo3Q880xkw7OlJbyD+5zUT9E9aqQjjBCHko4/8RFKM6CAc2hEKOMq+IYwrYXalvMcU42gizJsQnMmTp0mtXHIOS+Xro2LlbBxHjmyTHbJPHHJMKuSCXJEq4eSRPJNX8mY9WS/Wu/Uxap2xxjNb5A+szx84qJuD</latexit>

tissue shear
stress

elastic 
stress

active shear 
stress

⇣ > 0
<latexit sha1_base64="2x7ZFmu2DFIKm021mQB/boyrL+4=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9CRFLx4r2A9oQ9lsJ+3SzSbsboQa+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj26nfekSleSwfzDhBP6IDyUPOqLFSq/uEhl67vVLZrbgzkGXi5aQMOeq90le3H7M0QmmYoFp3PDcxfkaV4UzgpNhNNSaUjegAO5ZKGqH2s9m5E3JqlT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6e+kzxUyI8aWUKa4vZWwIVWUGZtQ0YbgLb68TJrVindeqd5flGs3eRwFOIYTOAMPLqEGd1CHBjAYwTO8wpuTOC/Ou/Mxb11x8pkj+APn8wfey49C</latexit>



local cell anisotropy

� < 0
<latexit sha1_base64="PX76llCytfdFzU6m34rOqxMQNNA=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqszUgi5cFN24rGAf0g4lk8m0oUlmSDJCGfoVblwo4tbPceffmLaz0NYDgcM555J7T5Bwpo3rfjuFtfWNza3idmlnd2//oHx41NZxqghtkZjHqhtgTTmTtGWY4bSbKIpFwGknGN/O/M4TVZrF8sFMEuoLPJQsYgQbKz32uY2G+NodlCtu1Z0DrRIvJxXI0RyUv/phTFJBpSEca93z3MT4GVaGEU6npX6qaYLJGA9pz1KJBdV+Nl94is6sEqIoVvZJg+bq74kMC60nIrBJgc1IL3sz8T+vl5roys+YTFJDJVl8FKUcmRjNrkchU5QYPrEEE8XsroiMsMLE2I5KtgRv+eRV0q5VvYtq7b5eadzkdRThBE7hHDy4hAbcQRNaQEDAM7zCm6OcF+fd+VhEC04+cwx/4Hz+ADFqkAE=</latexit>

contractile
tension

high tension of vertical bonds
low tension of horizontal bonds

q
<latexit sha1_base64="fvc48FuBjS43/7Q04OBUI4FKvvw=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Ae0oWy2k3bpZhN3N0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHssHM0nQj+hQ8pAzaqzUznpBSB6n/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/m5U3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2e9kwBUyIyaWUKa4vZWwEVWUGZtQyYbgLb+8Slq1qndRrd1fVuo3eRxFOIFTOAcPrqAOd9CAJjAYwzO8wpuTOC/Ou/OxaC04+cwx/IHz+QMltY9x</latexit>

R
<latexit sha1_base64="tNhCy/+gTtEI9kUVdYTD25RPmZ0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF49V7Ae0oWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ildtYLQvIw7ZcrbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/d0rOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4bWfCZWkyBVbLApTSTAms9/JQGjOUE4soUwLeythI6opQ5tQyYbgLb+8Slq1qndRrd1fVuo3eRxFOIFTOAcPrqAOd9CAJjAYwzO8wpuTOC/Ou/OxaC04+cwx/IHz+QP2i49S</latexit>

Q
<latexit sha1_base64="YKOQgHZVByrJHRIySqUAM/nagbk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2A9oQ9lsJ+3SzSbsboQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ/dzvPKHSPJaPZpqgH9GR5CFn1Fipk/WDkDRng3LFrboLkHXi5aQCORqD8ld/GLM0QmmYoFr3PDcxfkaV4UzgrNRPNSaUTegIe5ZKGqH2s8W5M3JhlSEJY2VLGrJQf09kNNJ6GgW2M6JmrFe9ufif10tNeOtnXCapQcmWi8JUEBOT+e9kyBUyI6aWUKa4vZWwMVWUGZtQyYbgrb68Ttq1qndVrTWvK/W7PI4inME5XIIHN1CHB2hACxhM4Ble4c1JnBfn3flYthacfOYU/sD5/AH1Bo9R</latexit>

R = �q
<latexit sha1_base64="fEZTP+G9P83DmpmOMiR3u8n5M04=">AAACAXicbVDLSgMxFL3js9bXqBvBTbAIrspMFXQjFN24rGIf0BlKJpNpQzMPk4xQhnHjr7hxoYhb/8Kdf2PazkJbDwROzrmH5B4v4Uwqy/o2FhaXlldWS2vl9Y3NrW1zZ7cl41QQ2iQxj0XHw5JyFtGmYorTTiIoDj1O297wauy3H6iQLI7u1Cihboj7EQsYwUpLPXMfZY4XoNv8wuE65ePp/T7vmRWrak2A5oldkAoUaPTML8ePSRrSSBGOpezaVqLcDAvFCKd52UklTTAZ4j7tahrhkEo3m2yQoyOt+CiIhT6RQhP1dyLDoZSj0NOTIVYDOeuNxf+8bqqCczdjUZIqGpHpQ0HKkYrRuA7kM0GJ4iNNMBFM/xWRARaYKF1aWZdgz648T1q1qn1Srd2cVuqXRR0lOIBDOAYbzqAO19CAJhB4hGd4hTfjyXgx3o2P6eiCUWT24A+Mzx8toZYU</latexit>

T1

T1 driven by cell bond tension



vertex force

fi = � �E

�Ri

cell 

vertex 

� cell boundary 
< i, j >

i j

Work function

i j
lij

�

i j

Network mechanics

W (Ri) =
X

↵

K

2
(A↵ �A(0))2 +

X

hi,ji

⇤ijLij +
X

↵

�

2
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↵

<latexit sha1_base64="QyhfObJmpIu4n222IJK4J4lZjyQ="></latexit>

anisotropic bond tension

�ij
<latexit sha1_base64="L1lgo9B4mXtHZz8CVb5nikagg8A=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHoxWME85BkCbOT2WTMPJaZWSEs+QovHhTx6ud482+cJHvQxIKGoqqb7q4o4cxY3//2VlbX1jc2C1vF7Z3dvf3SwWHTqFQT2iCKK92OsKGcSdqwzHLaTjTFIuK0FY1upn7riWrDlLy344SGAg8kixnB1kkP3WTIehl7nPRKZb/iz4CWSZCTMuSo90pf3b4iqaDSEo6N6QR+YsMMa8sIp5NiNzU0wWSEB7TjqMSCmjCbHTxBp07po1hpV9Kimfp7IsPCmLGIXKfAdmgWvan4n9dJbXwVZkwmqaWSzBfFKUdWoen3qM80JZaPHcFEM3crIkOsMbEuo6ILIVh8eZk0q5XgvFK9uyjXrvM4CnAMJ3AGAVxCDW6hDg0gIOAZXuHN096L9+59zFtXvHzmCP7A+/wBIZqQnw==</latexit>

local cell anisotropy

⇤ij = ⇤0 + ⇤1 cos(2�ij)
<latexit sha1_base64="bPIh7Dd0PggJWzLvpTRk9w2PTV4=">AAACGnicbVDNS8MwHE3n15xfVY9egkOYCKOdgl6EoRcPHia4D1hLSdNsi0vTkqTCKPs7vPivePGgiDfx4n9j1nWg0weBl/fej+T3/JhRqSzryygsLC4trxRXS2vrG5tb5vZOS0aJwKSJIxaJjo8kYZSTpqKKkU4sCAp9Rtr+8HLit++JkDTit2oUEzdEfU57FCOlJc+0nWsdDpCX0rvx+exiHc2YDR0cyUrNiQc0yxx6ZtmqWhngX2LnpAxyNDzzwwkinISEK8yQlF3bipWbIqEoZmRcchJJYoSHqE+6mnIUEumm2WpjeKCVAPYioQ9XMFN/TqQolHIU+joZIjWQ895E/M/rJqp35qaUx4kiHE8f6iUMqghOeoIBFQQrNtIEYUH1XyEeIIGw0m2WdAn2/Mp/SatWtY+rtZuTcv0ir6MI9sA+qAAbnII6uAIN0AQYPIAn8AJejUfj2Xgz3qfRgpHP7IJfMD6/AfBIoCw=</latexit>

q
<latexit sha1_base64="fvc48FuBjS43/7Q04OBUI4FKvvw=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Ae0oWy2k3bpZhN3N0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHssHM0nQj+hQ8pAzaqzUznpBSB6n/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/m5U3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2e9kwBUyIyaWUKa4vZWwEVWUGZtQyYbgLb+8Slq1qndRrd1fVuo3eRxFOIFTOAcPrqAOd9CAJjAYwzO8wpuTOC/Ou/OxaC04+cwx/IHz+QMltY9x</latexit>

q
<latexit sha1_base64="fvc48FuBjS43/7Q04OBUI4FKvvw=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Ae0oWy2k3bpZhN3N0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHssHM0nQj+hQ8pAzaqzUznpBSB6n/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/m5U3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2e9kwBUyIyaWUKa4vZWwEVWUGZtQyYbgLb+8Slq1qndRrd1fVuo3eRxFOIFTOAcPrqAOd9CAJjAYwzO8wpuTOC/Ou/OxaC04+cwx/IHz+QMltY9x</latexit>



local cell anisotropy cell rearrangementsq
<latexit sha1_base64="fvc48FuBjS43/7Q04OBUI4FKvvw=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Ae0oWy2k3bpZhN3N0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHssHM0nQj+hQ8pAzaqzUznpBSB6n/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/m5U3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2e9kwBUyIyaWUKa4vZWwEVWUGZtQyYbgLb+8Slq1qndRrd1fVuo3eRxFOIFTOAcPrqAOd9CAJjAYwzO8wpuTOC/Ou/OxaC04+cwx/IHz+QMltY9x</latexit>

R
<latexit sha1_base64="tNhCy/+gTtEI9kUVdYTD25RPmZ0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF49V7Ae0oWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ildtYLQvIw7ZcrbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/d0rOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4bWfCZWkyBVbLApTSTAms9/JQGjOUE4soUwLeythI6opQ5tQyYbgLb+8Slq1qndRrd1fVuo3eRxFOIFTOAcPrqAOd9CAJjAYwzO8wpuTOC/Ou/OxaC04+cwx/IHz+QP2i49S</latexit>

T1

ṽ =
DQ

Dt
+R

<latexit sha1_base64="uKulP2LGALc13lDbwl0UQd43uKg=">AAACE3icbVC7SgNBFJ31GeNr1dJmMAiiEHajoI0QNIVlIuYB2RBmJ7PJkNkHM3cDYdl/sPFXbCwUsbWx82+cbFJo4oGBc8+5lzv3uJHgCizr21haXlldW89t5De3tnd2zb39hgpjSVmdhiKULZcoJnjA6sBBsFYkGfFdwZru8HbiN0dMKh4GDzCOWMcn/YB7nBLQUtc8dYCLHsOJ43p4lF47niQ0qWRlLU2TCqRnWXGfds2CVbQy4EViz0gBzVDtml9OL6SxzwKggijVtq0IOgmRwKlgad6JFYsIHZI+a2saEJ+pTpLdlOJjrfSwF0r9AsCZ+nsiIb5SY9/VnT6BgZr3JuJ/XjsG76qT8CCKgQV0usiLBYYQTwLCPS4ZBTHWhFDJ9V8xHRCdCugY8zoEe/7kRdIoFe3zYql2USjfzOLIoUN0hE6QjS5RGd2hKqojih7RM3pFb8aT8WK8Gx/T1iVjNnOA/sD4/AGZGp36</latexit>

ṽ = 0
<latexit sha1_base64="aw2/zV3JGi/lE4TgirZlkj3t/Uc=">AAAB+XicbVDLSgNBEJz1GeNr1aOXwSB4CrtR0IsQ9OIxgnlAdgmzk95kyOyDmd5AWPInXjwo4tU/8ebfOEn2oIkFDUVVN91dQSqFRsf5ttbWNza3tks75d29/YND++i4pZNMcWjyRCaqEzANUsTQRIESOqkCFgUS2sHofua3x6C0SOInnKTgR2wQi1Bwhkbq2baHQvaB5l4Q0vH01unZFafqzEFXiVuQCinQ6NlfXj/hWQQxcsm07rpOin7OFAouYVr2Mg0p4yM2gK6hMYtA+/n88ik9N0qfhokyFSOdq78nchZpPYkC0xkxHOplbyb+53UzDG/8XMRphhDzxaIwkxQTOouB9oUCjnJiCONKmFspHzLFOJqwyiYEd/nlVdKqVd3Lau3xqlK/K+IokVNyRi6IS65JnTyQBmkSTsbkmbySNyu3Xqx362PRumYVMyfkD6zPH5vAkvw=</latexit>

no tissue 
shear

T1 driven by cell bond tension

Joris Paijmans, Mandar Inamdar



T1

average cell elongation�Q
<latexit sha1_base64="vKSB8QnFlybM5k/OKYk9A3caVYM=">AAAB9XicbVDLSgNBEJz1GeMr6tHLYBA8hd0o6DGoB48JmAdk1zA76U2GzD6Y6VXCkv/w4kERr/6LN//GSbIHTSxoKKq66e7yEyk02va3tbK6tr6xWdgqbu/s7u2XDg5bOk4VhyaPZaw6PtMgRQRNFCihkyhgoS+h7Y9upn77EZQWcXSP4wS8kA0iEQjO0EgP7i1IZDRz/YA2Jr1S2a7YM9Bl4uSkTHLUe6Uvtx/zNIQIuWRadx07QS9jCgWXMCm6qYaE8REbQNfQiIWgvWx29YSeGqVPg1iZipDO1N8TGQu1Hoe+6QwZDvWiNxX/87opBldeJqIkRYj4fFGQSooxnUZA+0IBRzk2hHElzK2UD5liHE1QRROCs/jyMmlVK855pdq4KNeu8zgK5JickDPikEtSI3ekTpqEE0WeySt5s56sF+vd+pi3rlj5zBH5A+vzB7MKkf0=</latexit>

Buildup of shear stress

ṽ =
DQ

Dt
+R

<latexit sha1_base64="uKulP2LGALc13lDbwl0UQd43uKg=">AAACE3icbVC7SgNBFJ31GeNr1dJmMAiiEHajoI0QNIVlIuYB2RBmJ7PJkNkHM3cDYdl/sPFXbCwUsbWx82+cbFJo4oGBc8+5lzv3uJHgCizr21haXlldW89t5De3tnd2zb39hgpjSVmdhiKULZcoJnjA6sBBsFYkGfFdwZru8HbiN0dMKh4GDzCOWMcn/YB7nBLQUtc8dYCLHsOJ43p4lF47niQ0qWRlLU2TCqRnWXGfds2CVbQy4EViz0gBzVDtml9OL6SxzwKggijVtq0IOgmRwKlgad6JFYsIHZI+a2saEJ+pTpLdlOJjrfSwF0r9AsCZ+nsiIb5SY9/VnT6BgZr3JuJ/XjsG76qT8CCKgQV0usiLBYYQTwLCPS4ZBTHWhFDJ9V8xHRCdCugY8zoEe/7kRdIoFe3zYql2USjfzOLIoUN0hE6QjS5RGd2hKqojih7RM3pFb8aT8WK8Gx/T1iVjNnOA/sD4/AGZGp36</latexit>

ṽ = 0
<latexit sha1_base64="aw2/zV3JGi/lE4TgirZlkj3t/Uc=">AAAB+XicbVDLSgNBEJz1GeNr1aOXwSB4CrtR0IsQ9OIxgnlAdgmzk95kyOyDmd5AWPInXjwo4tU/8ebfOEn2oIkFDUVVN91dQSqFRsf5ttbWNza3tks75d29/YND++i4pZNMcWjyRCaqEzANUsTQRIESOqkCFgUS2sHofua3x6C0SOInnKTgR2wQi1Bwhkbq2baHQvaB5l4Q0vH01unZFafqzEFXiVuQCinQ6NlfXj/hWQQxcsm07rpOin7OFAouYVr2Mg0p4yM2gK6hMYtA+/n88ik9N0qfhokyFSOdq78nchZpPYkC0xkxHOplbyb+53UzDG/8XMRphhDzxaIwkxQTOouB9oUCjnJiCONKmFspHzLFOJqwyiYEd/nlVdKqVd3Lau3xqlK/K+IokVNyRi6IS65JnTyQBmkSTsbkmbySNyu3Xqx362PRumYVMyfkD6zPH5vAkvw=</latexit>

no tissue 
shear

T1 driven by cell bond tension

local cell anisotropyq
<latexit sha1_base64="fvc48FuBjS43/7Q04OBUI4FKvvw=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Ae0oWy2k3bpZhN3N0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHssHM0nQj+hQ8pAzaqzUznpBSB6n/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/m5U3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2e9kwBUyIyaWUKa4vZWwEVWUGZtQyYbgLb+8Slq1qndRrd1fVuo3eRxFOIFTOAcPrqAOd9CAJjAYwzO8wpuTOC/Ou/OxaC04+cwx/IHz+QMltY9x</latexit>

Joris Paijmans, Mandar Inamdar

cell rearrangementsR
<latexit sha1_base64="tNhCy/+gTtEI9kUVdYTD25RPmZ0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF49V7Ae0oWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ildtYLQvIw7ZcrbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/d0rOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4bWfCZWkyBVbLApTSTAms9/JQGjOUE4soUwLeythI6opQ5tQyYbgLb+8Slq1qndRrd1fVuo3eRxFOIFTOAcPrqAOd9CAJjAYwzO8wpuTOC/Ou/OxaC04+cwx/IHz+QP2i49S</latexit>



cu
m

ul
at

iv
e 

sh
ea

r

shear decomposition

cell elongation

shear by cell
rearrangements

no tissue shear

no tissue
shear � < 0

<latexit sha1_base64="PX76llCytfdFzU6m34rOqxMQNNA=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqszUgi5cFN24rGAf0g4lk8m0oUlmSDJCGfoVblwo4tbPceffmLaz0NYDgcM555J7T5Bwpo3rfjuFtfWNza3idmlnd2//oHx41NZxqghtkZjHqhtgTTmTtGWY4bSbKIpFwGknGN/O/M4TVZrF8sFMEuoLPJQsYgQbKz32uY2G+NodlCtu1Z0DrRIvJxXI0RyUv/phTFJBpSEca93z3MT4GVaGEU6npX6qaYLJGA9pz1KJBdV+Nl94is6sEqIoVvZJg+bq74kMC60nIrBJgc1IL3sz8T+vl5roys+YTFJDJVl8FKUcmRjNrkchU5QYPrEEE8XsroiMsMLE2I5KtgRv+eRV0q5VvYtq7b5eadzkdRThBE7hHDy4hAbcQRNaQEDAM7zCm6OcF+fd+VhEC04+cwx/4Hz+ADFqkAE=</latexit>

time

local cell anisotropy

ṽ = 0
<latexit sha1_base64="aw2/zV3JGi/lE4TgirZlkj3t/Uc=">AAAB+XicbVDLSgNBEJz1GeNr1aOXwSB4CrtR0IsQ9OIxgnlAdgmzk95kyOyDmd5AWPInXjwo4tU/8ebfOEn2oIkFDUVVN91dQSqFRsf5ttbWNza3tks75d29/YND++i4pZNMcWjyRCaqEzANUsTQRIESOqkCFgUS2sHofua3x6C0SOInnKTgR2wQi1Bwhkbq2baHQvaB5l4Q0vH01unZFafqzEFXiVuQCinQ6NlfXj/hWQQxcsm07rpOin7OFAouYVr2Mg0p4yM2gK6hMYtA+/n88ik9N0qfhokyFSOdq78nchZpPYkC0xkxHOplbyb+53UzDG/8XMRphhDzxaIwkxQTOouB9oUCjnJiCONKmFspHzLFOJqwyiYEd/nlVdKqVd3Lau3xqlK/K+IokVNyRi6IS65JnTyQBmkSTsbkmbySNyu3Xqx362PRumYVMyfkD6zPH5vAkvw=</latexit> ṽ =

DQ

Dt
+R

<latexit sha1_base64="uKulP2LGALc13lDbwl0UQd43uKg=">AAACE3icbVC7SgNBFJ31GeNr1dJmMAiiEHajoI0QNIVlIuYB2RBmJ7PJkNkHM3cDYdl/sPFXbCwUsbWx82+cbFJo4oGBc8+5lzv3uJHgCizr21haXlldW89t5De3tnd2zb39hgpjSVmdhiKULZcoJnjA6sBBsFYkGfFdwZru8HbiN0dMKh4GDzCOWMcn/YB7nBLQUtc8dYCLHsOJ43p4lF47niQ0qWRlLU2TCqRnWXGfds2CVbQy4EViz0gBzVDtml9OL6SxzwKggijVtq0IOgmRwKlgad6JFYsIHZI+a2saEJ+pTpLdlOJjrfSwF0r9AsCZ+nsiIb5SY9/VnT6BgZr3JuJ/XjsG76qT8CCKgQV0usiLBYYQTwLCPS4ZBTHWhFDJ9V8xHRCdCugY8zoEe/7kRdIoFe3zYql2USjfzOLIoUN0hE6QjS5RGd2hKqojih7RM3pFb8aT8WK8Gx/T1iVjNnOA/sD4/AGZGp36</latexit>

q
<latexit sha1_base64="fvc48FuBjS43/7Q04OBUI4FKvvw=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Ae0oWy2k3bpZhN3N0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHssHM0nQj+hQ8pAzaqzUznpBSB6n/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/m5U3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2e9kwBUyIyaWUKa4vZWwEVWUGZtQyYbgLb+8Slq1qndRrd1fVuo3eRxFOIFTOAcPrqAOd9CAJjAYwzO8wpuTOC/Ou/OxaC04+cwx/IHz+QMltY9x</latexit>

R =
1

⌧
Q+ �q

<latexit sha1_base64="el9SH4OI00ZgnQ0Sb1456mz14aI=">AAACF3icbVDNS8MwHE3n15xfVY9egkMQhNFOQS/C0IvHTdwHrGWkabqFpWlNUmGU/hde/Fe8eFDEq978b8y6HnTzQeDx3vsl+T0vZlQqy/o2SkvLK6tr5fXKxubW9o65u9eRUSIwaeOIRaLnIUkY5aStqGKkFwuCQo+Rrje+nvrdByIkjfidmsTEDdGQ04BipLQ0MGswdbwA3maXTiAQTu0sdRRKslxtZScO03f5aJa6zwZm1apZOeAisQtSBQWaA/PL8SOchIQrzJCUfduKlZsioShmJKs4iSQxwmM0JH1NOQqJdNN8rwweacWHQST04Qrm6u+JFIVSTkJPJ0OkRnLem4r/ef1EBRduSnmcKMLx7KEgYVBFcFoS9KkgWLGJJggLqv8K8QjpfpSusqJLsOdXXiSdes0+rdVbZ9XGVVFHGRyAQ3AMbHAOGuAGNEEbYPAInsEreDOejBfj3fiYRUtGMbMP/sD4/AFSz59n</latexit>

T1 driven by cell bond tension



active T1

passive T1tissue

ẆT1 < 0
<latexit sha1_base64="TqTCXVCPWrygc54ZVJUBHEsMGfQ=">AAAB+XicbVDLSgNBEOyNrxhfqx69DAbBU9iNgh48BL14jJAXJMsyO5kkQ2YfzPQGwpI/8eJBEa/+iTf/xkmyB00saCiqume6K0ik0Og431ZhY3Nre6e4W9rbPzg8so9PWjpOFeNNFstYdQKquRQRb6JAyTuJ4jQMJG8H44e5355wpUUcNXCacC+kw0gMBKNoJN+2e/0YSdvPGu6M3BGH+HbZqTgLkHXi5qQMOeq+/WWeYGnII2SSat11nQS9jCoUTPJZqZdqnlA2pkPeNTSiIddetth8Ri6M0ieDWJmKkCzU3xMZDbWehoHpDCmO9Ko3F//zuikObr1MREmKPGLLjwapJBiTeQykLxRnKKeGUKaE2ZWwEVWUoQmrZEJwV09eJ61qxb2qVJ+uy7X7PI4inME5XIILN1CDR6hDExhM4Ble4c3KrBfr3fpYthasfOYU/sD6/AEzspIR</latexit>

ẆT1 > 0
<latexit sha1_base64="6ROuLXU+bThkubzjtCbgmn/RtwY=">AAAB+XicbVDLSgNBEOyNrxhfqx69DAbBU9iNgp4k6MVjhLwgWZbZySQZMvtgpjcQlvyJFw+KePVPvPk3TpI9aGJBQ1HVPdNdQSKFRsf5tgobm1vbO8Xd0t7+weGRfXzS0nGqGG+yWMaqE1DNpYh4EwVK3kkUp2EgeTsYP8z99oQrLeKogdOEeyEdRmIgGEUj+bbd68dI2n7WcGfkjjjEt8tOxVmArBM3J2XIUfftL/MES0MeIZNU667rJOhlVKFgks9KvVTzhLIxHfKuoRENufayxeYzcmGUPhnEylSEZKH+nshoqPU0DExnSHGkV725+J/XTXFw62UiSlLkEVt+NEglwZjMYyB9oThDOTWEMiXMroSNqKIMTVglE4K7evI6aVUr7lWl+nRdrt3ncRThDM7hEly4gRo8Qh2awGACz/AKb1ZmvVjv1seytWDlM6fwB9bnDzbAkhM=</latexit>

Work performed on tissue from outside 

Work performed by T1 on tissue

Q̇
<latexit sha1_base64="CPABdRSEzVvaRPs51q6O2BldQ0o=">AAAB7XicbVBNTwIxFHyLX4hfqEcvjcTEE9lFEz0SvXiERJAENqRbulDpdjftWxOy4T948aAxXv0/3vw3FtiDgpM0mcy8Sd+bIJHCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNnGqGW+xWMa6E1DDpVC8hQIl7ySa0yiQ/CEY3878hyeujYjVPU4S7kd0qEQoGEUrtXuDGEmzX664VXcOskq8nFQgR6Nf/rJBlkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKupYpG3PjZfNspObPKgISxtk8hmau/ExmNjJlEgZ2MKI7MsjcT//O6KYbXfiZUkiJXbPFRmEqCMZmdTgZCc4ZyYgllWthdCRtRTRnagkq2BG/55FXSrlW9i2qteVmp3+R1FOEETuEcPLiCOtxBA1rA4BGe4RXenNh5cd6dj8Vowckzx/AHzucPFmyOzg==</latexit>

Heat flow Q̇
<latexit sha1_base64="CPABdRSEzVvaRPs51q6O2BldQ0o=">AAAB7XicbVBNTwIxFHyLX4hfqEcvjcTEE9lFEz0SvXiERJAENqRbulDpdjftWxOy4T948aAxXv0/3vw3FtiDgpM0mcy8Sd+bIJHCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNnGqGW+xWMa6E1DDpVC8hQIl7ySa0yiQ/CEY3878hyeujYjVPU4S7kd0qEQoGEUrtXuDGEmzX664VXcOskq8nFQgR6Nf/rJBlkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKupYpG3PjZfNspObPKgISxtk8hmau/ExmNjJlEgZ2MKI7MsjcT//O6KYbXfiZUkiJXbPFRmEqCMZmdTgZCc4ZyYgllWthdCRtRTRnagkq2BG/55FXSrlW9i2qteVmp3+R1FOEETuEcPLiCOtxBA1rA4BGe4RXenNh5cd6dj8Vowckzx/AHzucPFmyOzg==</latexit>

elastic work chemical work Ẇc
<latexit sha1_base64="z979NETDw4N1qdIPOkolG/Lle+g=">AAAB9XicbVBNSwMxEJ31s9avqkcvwSJ4KrtV0GPRi8cK9gPatWTTbBua7C7JrFKW/g8vHhTx6n/x5r8xbfegrQ8GHu/NJDMvSKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmjjVjDdYLGPdDqjhUkS8gQIlbyeaUxVI3gpGN1O/9ci1EXF0j+OE+4oOIhEKRtFKD91+jKTVy7paETbplcpuxZ2BLBMvJ2XIUe+VvuwDLFU8QiapMR3PTdDPqEbBJJ8Uu6nhCWUjOuAdSyOquPGz2dYTcmqVPgljbStCMlN/T2RUGTNWge1UFIdm0ZuK/3mdFMMrPxNRkiKP2PyjMJUEYzKNgPSF5gzl2BLKtLC7EjakmjK0QRVtCN7iycukWa1455Xq3UW5dp3HUYBjOIEz8OASanALdWgAAw3P8ApvzpPz4rw7H/PWFSefOYI/cD5/AA8jkjk=</latexit>

Ẇin = � : v
<latexit sha1_base64="vxolM7xRxVgQ2HSAZgGd1W6jTRI=">AAACCXicbVDLSgMxFM3UV62vUZdugkVwVWaqoAhC0Y3LCvYBnWHIpJk2NMkMSaZQhtm68VfcuFDErX/gzr8xbWehrQcuHM65N7n3hAmjSjvOt1VaWV1b3yhvVra2d3b37P2DtopTiUkLxyyW3RApwqggLU01I91EEsRDRjrh6Hbqd8ZEKhqLBz1JiM/RQNCIYqSNFNjQ68cadoLMkxxSkV97ig44glcw88IIjvPArjo1Zwa4TNyCVEGBZmB/mSdxyonQmCGleq6TaD9DUlPMSF7xUkUShEdoQHqGCsSJ8rPZJTk8MUofRrE0JTScqb8nMsSVmvDQdHKkh2rRm4r/eb1UR5d+RkWSaiLw/KMoZVDHcBoL7FNJsGYTQxCW1OwK8RBJhLUJr2JCcBdPXibtes09q9Xvz6uNmyKOMjgCx+AUuOACNMAdaIIWwOARPINX8GY9WS/Wu/Uxby1Zxcwh+APr8wc/7Zlo</latexit>

Ẇin = � : v
<latexit sha1_base64="vxolM7xRxVgQ2HSAZgGd1W6jTRI=">AAACCXicbVDLSgMxFM3UV62vUZdugkVwVWaqoAhC0Y3LCvYBnWHIpJk2NMkMSaZQhtm68VfcuFDErX/gzr8xbWehrQcuHM65N7n3hAmjSjvOt1VaWV1b3yhvVra2d3b37P2DtopTiUkLxyyW3RApwqggLU01I91EEsRDRjrh6Hbqd8ZEKhqLBz1JiM/RQNCIYqSNFNjQ68cadoLMkxxSkV97ig44glcw88IIjvPArjo1Zwa4TNyCVEGBZmB/mSdxyonQmCGleq6TaD9DUlPMSF7xUkUShEdoQHqGCsSJ8rPZJTk8MUofRrE0JTScqb8nMsSVmvDQdHKkh2rRm4r/eb1UR5d+RkWSaiLw/KMoZVDHcBoL7FNJsGYTQxCW1OwK8RBJhLUJr2JCcBdPXibtes09q9Xvz6uNmyKOMjgCx+AUuOACNMAdaIIWwOARPINX8GY9WS/Wu/Uxby1Zxcwh+APr8wc/7Zlo</latexit>

ẆT1 = �� : R
<latexit sha1_base64="p56i8k13v1TLaXy5oaAO9V2dI3I=">AAACCnicbVDLSgMxFM34rPU16tJNtAhuLDNVUASh6MZllb6gMwyZNNOGJpkhyQhlmLUbf8WNC0Xc+gXu/BvTx0JbD1w4nHNvcu8JE0aVdpxva2FxaXlltbBWXN/Y3Nq2d3abKk4lJg0cs1i2Q6QIo4I0NNWMtBNJEA8ZaYWDm5HfeiBS0VjU9TAhPkc9QSOKkTZSYB943VjDVpB5ksO6m1+deIr2OIKXMPPCCN7ngV1yys4YcJ64U1ICU9QC+8u8iVNOhMYMKdVxnUT7GZKaYkbyopcqkiA8QD3SMVQgTpSfjU/J4ZFRujCKpSmh4Vj9PZEhrtSQh6aTI91Xs95I/M/rpDq68DMqklQTgScfRSmDOoajXGCXSoI1GxqCsKRmV4j7SCKsTXpFE4I7e/I8aVbK7mm5cndWql5P4yiAfXAIjoELzkEV3IIaaAAMHsEzeAVv1pP1Yr1bH5PWBWs6swf+wPr8AfjcmSk=</latexit>

ẆT1
<latexit sha1_base64="WMinMic2VJeNLY1bDlyX1Wo19+U=">AAAB+HicbVDLSgMxFL1TX7U+WnXpJlgEV2WmCrosunFZoS9ohyGTZtrQJDMkGaEO/RI3LhRx66e4829M21lo64ELh3PuTe49YcKZNq777RQ2Nre2d4q7pb39g8Ny5ei4o+NUEdomMY9VL8SaciZp2zDDaS9RFIuQ0244uZv73UeqNItly0wT6gs8kixiBBsrBZXyYBgb1A2ygRKo5c2CStWtuQugdeLlpAo5mkHly75AUkGlIRxr3ffcxPgZVoYRTmelQappgskEj2jfUokF1X62WHyGzq0yRFGsbEmDFurviQwLracitJ0Cm7Fe9ebif14/NdGNnzGZpIZKsvwoSjkyMZqngIZMUWL41BJMFLO7IjLGChNjsyrZELzVk9dJp17zLmv1h6tq4zaPowincAYX4ME1NOAemtAGAik8wyu8OU/Oi/PufCxbC04+cwJ/4Hz+AOQjkpY=</latexit>

Ẇel = � : v � � : R
<latexit sha1_base64="jX4Cp6kCVxTPQHbnRj6EnkYbNH4=">AAACGnicbVDLSsNAFJ34rPUVdelmsAhuLEkVFEEounFZxT6gCWUynbRDZyZhZlIoId/hxl9x40IRd+LGv3HaZmFbD1w4nHMv994TxIwq7Tg/1tLyyuraemGjuLm1vbNr7+03VJRITOo4YpFsBUgRRgWpa6oZacWSIB4w0gwGt2O/OSRS0Ug86lFMfI56goYUI22kju163UjDZif1JIeEZdepp2iPo+wq9YIQDrPTWeEh69glp+xMABeJm5MSyFHr2F9mB044ERozpFTbdWLtp0hqihnJil6iSIzwAPVI21CBOFF+Onktg8dG6cIwkqaEhhP170SKuFIjHphOjnRfzXtj8T+vnejw0k+piBNNBJ4uChMGdQTHOcEulQRrNjIEYUnNrRD3kURYmzSLJgR3/uVF0qiU3bNy5f68VL3J4yiAQ3AEToALLkAV3IEaqAMMnsALeAPv1rP1an1Yn9PWJSufOQAzsL5/AXGRoR4=</latexit>

Ẇ = Ẇel + Ẇc � Q̇
<latexit sha1_base64="4masZKmN5XU0P9hTicIUxK9AHQA=">AAACEHicbVDLSgMxFM3UV62vUZdugkUUxDJTBd0IRTcuW7APaIchk2ba0CQzJBmhDP0EN/6KGxeKuHXpzr8xnc5CWw+EnJx7Dzf3BDGjSjvOt1VYWl5ZXSuulzY2t7Z37N29looSiUkTRyySnQApwqggTU01I51YEsQDRtrB6HZabz8QqWgk7vU4Jh5HA0FDipE2km8f9/qRhu3r2eWnPckhYZPT/I3hWcYavl12Kk4GuEjcnJRBjrpvfxkjTjgRGjOkVNd1Yu2lSGqKGZmUeokiMcIjNCBdQwXiRHlpttAEHhmlD8NImiM0zNTfjhRxpcY8MJ0c6aGar03F/2rdRIdXXkpFnGgi8GxQmDCoIzhNB/apJFizsSEIS2r+CvEQSYS1ybBkQnDnV14krWrFPa9UGxfl2k0eRxEcgENwAlxwCWrgDtRBE2DwCJ7BK3iznqwX6936mLUWrNyzD/7A+vwBcMabkQ==</latexit>

Ẇel
<latexit sha1_base64="3jzFQFnd+i3zD3jbAgcsQPHCGTc=">AAAB+HicbVDLSgMxFM34rPXRUZdugkVwVWaqoMuiG5cV7APaYcikd9rQJDMkGaEO/RI3LhRx66e4829M21lo64ELh3PuTe49UcqZNp737aytb2xubZd2yrt7+wcV9/CorZNMUWjRhCeqGxENnEloGWY4dFMFREQcOtH4duZ3HkFplsgHM0khEGQoWcwoMVYK3Up/kBjcCfO+Ehj4NHSrXs2bA68SvyBVVKAZul/2BZoJkIZyonXP91IT5EQZRjlMy/1MQ0romAyhZ6kkAnSQzxef4jOrDHCcKFvS4Ln6eyInQuuJiGynIGakl72Z+J/Xy0x8HeRMppkBSRcfxRnHJsGzFPCAKaCGTywhVDG7K6Yjogg1NquyDcFfPnmVtOs1/6JWv7+sNm6KOEroBJ2ic+SjK9RAd6iJWoiiDD2jV/TmPDkvzrvzsWhdc4qZY/QHzucPV7+S4g==</latexit>

ẆT1 = �� : R
<latexit sha1_base64="p56i8k13v1TLaXy5oaAO9V2dI3I=">AAACCnicbVDLSgMxFM34rPU16tJNtAhuLDNVUASh6MZllb6gMwyZNNOGJpkhyQhlmLUbf8WNC0Xc+gXu/BvTx0JbD1w4nHNvcu8JE0aVdpxva2FxaXlltbBWXN/Y3Nq2d3abKk4lJg0cs1i2Q6QIo4I0NNWMtBNJEA8ZaYWDm5HfeiBS0VjU9TAhPkc9QSOKkTZSYB943VjDVpB5ksO6m1+deIr2OIKXMPPCCN7ngV1yys4YcJ64U1ICU9QC+8u8iVNOhMYMKdVxnUT7GZKaYkbyopcqkiA8QD3SMVQgTpSfjU/J4ZFRujCKpSmh4Vj9PZEhrtSQh6aTI91Xs95I/M/rpDq68DMqklQTgScfRSmDOoajXGCXSoI1GxqCsKRmV4j7SCKsTXpFE4I7e/I8aVbK7mm5cndWql5P4yiAfXAIjoELzkEV3IIaaAAMHsEzeAVv1pP1Yr1bH5PWBWs6swf+wPr8AfjcmSk=</latexit>

Work and energy balance in the tissue



Active and passive T1 transitions

ṽ =
DQ

Dt
+R

<latexit sha1_base64="uKulP2LGALc13lDbwl0UQd43uKg=">AAACE3icbVC7SgNBFJ31GeNr1dJmMAiiEHajoI0QNIVlIuYB2RBmJ7PJkNkHM3cDYdl/sPFXbCwUsbWx82+cbFJo4oGBc8+5lzv3uJHgCizr21haXlldW89t5De3tnd2zb39hgpjSVmdhiKULZcoJnjA6sBBsFYkGfFdwZru8HbiN0dMKh4GDzCOWMcn/YB7nBLQUtc8dYCLHsOJ43p4lF47niQ0qWRlLU2TCqRnWXGfds2CVbQy4EViz0gBzVDtml9OL6SxzwKggijVtq0IOgmRwKlgad6JFYsIHZI+a2saEJ+pTpLdlOJjrfSwF0r9AsCZ+nsiIb5SY9/VnT6BgZr3JuJ/XjsG76qT8CCKgQV0usiLBYYQTwLCPS4ZBTHWhFDJ9V8xHRCdCugY8zoEe/7kRdIoFe3zYql2USjfzOLIoUN0hE6QjS5RGd2hKqojih7RM3pFb8aT8WK8Gx/T1iVjNnOA/sD4/AGZGp36</latexit>

T1

T1 transition biased by cell shape

T1 transition driven by bond tension

T1

stress relaxation

stress buildup
(active)

R =
1

⌧
Q

<latexit sha1_base64="sEsbfYFGyXWy3TJzlH9Eu1q2is4=">AAACBnicbVBNS8NAEJ3Ur1q/oh5FWCyCp5JUQS9C0YvHVmwrNKFstpt26eaD3Y1QQk5e/CtePCji1d/gzX/jNs1BWx8MPN6bYWaeF3MmlWV9G6Wl5ZXVtfJ6ZWNza3vH3N3ryCgRhLZJxCNx72FJOQtpWzHF6X0sKA48Trve+Hrqdx+okCwK79Qkpm6AhyHzGcFKS33zMHU8H91ml44vMEntLHUUTrJcbWV9s2rVrBxokdgFqUKBZt/8cgYRSQIaKsKxlD3bipWbYqEY4TSrOImkMSZjPKQ9TUMcUOmm+RsZOtbKAPmR0BUqlKu/J1IcSDkJPN0ZYDWS895U/M/rJcq/cFMWxomiIZkt8hOOVISmmaABE5QoPtEEE8H0rYiMsM5D6eQqOgR7/uVF0qnX7NNavXVWbVwVcZThAI7gBGw4hwbcQBPaQOARnuEV3own48V4Nz5mrSWjmNmHPzA+fwAgn5jo</latexit>

R = �q
<latexit sha1_base64="E28i3+YWRJdYv7YSIGBOVY3K7/w=">AAACAHicbVC7TsMwFL0pr1JeAQYGFosKialKChIsSBUsjAXRh9REleM4rVXnge0gVVEWfoWFAYRY+Qw2/ga3zQAtR7J0fM49su/xEs6ksqxvo7S0vLK6Vl6vbGxube+Yu3ttGaeC0BaJeSy6HpaUs4i2FFOcdhNBcehx2vFG1xO/80iFZHF0r8YJdUM8iFjACFZa6psHmeMF6C6/dLgO+RhN7w9536xaNWsKtEjsglShQLNvfjl+TNKQRopwLGXPthLlZlgoRjjNK04qaYLJCA9oT9MIh1S62XSBHB1rxUdBLPSJFJqqvxMZDqUch56eDLEaynlvIv7n9VIVXLgZi5JU0YjMHgpSjlSMJm0gnwlKFB9rgolg+q+IDLHAROnOKroEe37lRdKu1+zTWv32rNq4KuoowyEcwQnYcA4NuIEmtIBADs/wCm/Gk/FivBsfs9GSUWT24Q+Mzx/VA5Xq</latexit>

�̃ = KQ
<latexit sha1_base64="GG9D3QmVmN9PE2rNO6ewZzIie5k=">AAAB/3icbVBNS8NAEN3Ur1q/ooIXL4tF8FSSKuhFKHoRvLRgW6EJZbPZtEt3k7A7EUrswb/ixYMiXv0b3vw3bj8O2vpg4PHeDDPzglRwDY7zbRWWlldW14rrpY3Nre0de3evpZNMUdakiUjUfUA0EzxmTeAg2H2qGJGBYO1gcD322w9MaZ7EdzBMmS9JL+YRpwSM1LUPPOAiZNjTvCfJ5W3uBRFujLp22ak4E+BF4s5IGc1Q79pfXpjQTLIYqCBad1wnBT8nCjgVbFTyMs1SQgekxzqGxkQy7eeT+0f42CghjhJlKgY8UX9P5ERqPZSB6ZQE+nreG4v/eZ0Mogs/53GaAYvpdFGUCQwJHoeBQ64YBTE0hFDFza2Y9okiFExkJROCO//yImlVK+5ppdo4K9euZnEU0SE6QifIReeohm5QHTURRY/oGb2iN+vJerHerY9pa8GazeyjP7A+fwBCYZWb</latexit>

ẆT1 = �R : �
<latexit sha1_base64="JA53IbwladeMPBEaTUT+70mjbjY=">AAACCXicbVDLSgMxFM3UV62vUZdugkVwY5mpgiIIRTcuq/QFnaFk0kwbmmSGJCOUYbZu/BU3LhRx6x+4829M21lo64ELh3PuTe49Qcyo0o7zbRWWlldW14rrpY3Nre0de3evpaJEYtLEEYtkJ0CKMCpIU1PNSCeWBPGAkXYwupn47QciFY1EQ49j4nM0EDSkGGkj9Wzo9SMN27204Wbw6iT1ghDeZ/ASpp6iA46ynl12Ks4UcJG4OSmDHPWe/WWexAknQmOGlOq6Tqz9FElNMSNZyUsUiREeoQHpGioQJ8pPp5dk8MgofRhG0pTQcKr+nkgRV2rMA9PJkR6qeW8i/ud1Ex1e+CkVcaKJwLOPwoRBHcFJLLBPJcGajQ1BWFKzK8RDJBHWJrySCcGdP3mRtKoV97RSvTsr167zOIrgAByCY+CCc1ADt6AOmgCDR/AMXsGb9WS9WO/Wx6y1YOUz++APrM8fXLWY3A==</latexit>

< 0
<latexit sha1_base64="c6AXgs6keUomTbalvdBC3fB8NAw=">AAAB6XicbVA9SwNBEJ3zM8avqKXNYhCswl0UtLAI2lhGMR+QHGFvs5cs2ds7dueEcOQf2FgoYus/svPfuEmu0MQHA4/3ZpiZFyRSGHTdb2dldW19Y7OwVdze2d3bLx0cNk2casYbLJaxbgfUcCkUb6BAyduJ5jQKJG8Fo9up33ri2ohYPeI44X5EB0qEglG00sO12yuV3Yo7A1kmXk7KkKPeK311+zFLI66QSWpMx3MT9DOqUTDJJ8VuanhC2YgOeMdSRSNu/Gx26YScWqVPwljbUkhm6u+JjEbGjKPAdkYUh2bRm4r/eZ0Uwys/EypJkSs2XxSmkmBMpm+TvtCcoRxbQpkW9lbChlRThjacog3BW3x5mTSrFe+8Ur2/KNdu8jgKcAwncAYeXEIN7qAODWAQwjO8wpszcl6cd+dj3rri5DNH8AfO5w/6d4z+</latexit>

passive T1



Active and passive T1 transitions

T1

T1 transition biased by cell shape

T1 transition driven by bond tension

T1

stress relaxation
passive T1

stress buildup
active T1

R =
1

⌧
Q

<latexit sha1_base64="sEsbfYFGyXWy3TJzlH9Eu1q2is4=">AAACBnicbVBNS8NAEJ3Ur1q/oh5FWCyCp5JUQS9C0YvHVmwrNKFstpt26eaD3Y1QQk5e/CtePCji1d/gzX/jNs1BWx8MPN6bYWaeF3MmlWV9G6Wl5ZXVtfJ6ZWNza3vH3N3ryCgRhLZJxCNx72FJOQtpWzHF6X0sKA48Trve+Hrqdx+okCwK79Qkpm6AhyHzGcFKS33zMHU8H91ml44vMEntLHUUTrJcbWV9s2rVrBxokdgFqUKBZt/8cgYRSQIaKsKxlD3bipWbYqEY4TSrOImkMSZjPKQ9TUMcUOmm+RsZOtbKAPmR0BUqlKu/J1IcSDkJPN0ZYDWS895U/M/rJcq/cFMWxomiIZkt8hOOVISmmaABE5QoPtEEE8H0rYiMsM5D6eQqOgR7/uVF0qnX7NNavXVWbVwVcZThAI7gBGw4hwbcQBPaQOARnuEV3own48V4Nz5mrSWjmNmHPzA+fwAgn5jo</latexit>

R = �q
<latexit sha1_base64="E28i3+YWRJdYv7YSIGBOVY3K7/w=">AAACAHicbVC7TsMwFL0pr1JeAQYGFosKialKChIsSBUsjAXRh9REleM4rVXnge0gVVEWfoWFAYRY+Qw2/ga3zQAtR7J0fM49su/xEs6ksqxvo7S0vLK6Vl6vbGxube+Yu3ttGaeC0BaJeSy6HpaUs4i2FFOcdhNBcehx2vFG1xO/80iFZHF0r8YJdUM8iFjACFZa6psHmeMF6C6/dLgO+RhN7w9536xaNWsKtEjsglShQLNvfjl+TNKQRopwLGXPthLlZlgoRjjNK04qaYLJCA9oT9MIh1S62XSBHB1rxUdBLPSJFJqqvxMZDqUch56eDLEaynlvIv7n9VIVXLgZi5JU0YjMHgpSjlSMJm0gnwlKFB9rgolg+q+IDLHAROnOKroEe37lRdKu1+zTWv32rNq4KuoowyEcwQnYcA4NuIEmtIBADs/wCm/Gk/FivBsfs9GSUWT24Q+Mzx/VA5Xq</latexit>

�̃ = KQ
<latexit sha1_base64="GG9D3QmVmN9PE2rNO6ewZzIie5k=">AAAB/3icbVBNS8NAEN3Ur1q/ooIXL4tF8FSSKuhFKHoRvLRgW6EJZbPZtEt3k7A7EUrswb/ixYMiXv0b3vw3bj8O2vpg4PHeDDPzglRwDY7zbRWWlldW14rrpY3Nre0de3evpZNMUdakiUjUfUA0EzxmTeAg2H2qGJGBYO1gcD322w9MaZ7EdzBMmS9JL+YRpwSM1LUPPOAiZNjTvCfJ5W3uBRFujLp22ak4E+BF4s5IGc1Q79pfXpjQTLIYqCBad1wnBT8nCjgVbFTyMs1SQgekxzqGxkQy7eeT+0f42CghjhJlKgY8UX9P5ERqPZSB6ZQE+nreG4v/eZ0Mogs/53GaAYvpdFGUCQwJHoeBQ64YBTE0hFDFza2Y9okiFExkJROCO//yImlVK+5ppdo4K9euZnEU0SE6QifIReeohm5QHTURRY/oGb2iN+vJerHerY9pa8GazeyjP7A+fwBCYZWb</latexit>

ẆT1 = �R : �
<latexit sha1_base64="JA53IbwladeMPBEaTUT+70mjbjY=">AAACCXicbVDLSgMxFM3UV62vUZdugkVwY5mpgiIIRTcuq/QFnaFk0kwbmmSGJCOUYbZu/BU3LhRx6x+4829M21lo64ELh3PuTe49Qcyo0o7zbRWWlldW14rrpY3Nre0de3evpaJEYtLEEYtkJ0CKMCpIU1PNSCeWBPGAkXYwupn47QciFY1EQ49j4nM0EDSkGGkj9Wzo9SMN27204Wbw6iT1ghDeZ/ASpp6iA46ynl12Ks4UcJG4OSmDHPWe/WWexAknQmOGlOq6Tqz9FElNMSNZyUsUiREeoQHpGioQJ8pPp5dk8MgofRhG0pTQcKr+nkgRV2rMA9PJkR6qeW8i/ud1Ex1e+CkVcaKJwLOPwoRBHcFJLLBPJcGajQ1BWFKzK8RDJBHWJrySCcGdP3mRtKoV97RSvTsr167zOIrgAByCY+CCc1ADt6AOmgCDR/AMXsGb9WS9WO/Wx6y1YOUz++APrM8fXLWY3A==</latexit>

> 0
<latexit sha1_base64="9aJPAixNravfIc4KD3LajPYzoLE=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9CRFLx6r2A9oQ9lsN+3SzSbsToQS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8IJHCoOt+Oyura+sbm4Wt4vbO7t5+6eCwaeJUM95gsYx1O6CGS6F4AwVK3k40p1EgeSsY3U791hPXRsTqEccJ9yM6UCIUjKKVHq7dXqnsVtwZyDLxclKGHPVe6avbj1kacYVMUmM6npugn1GNgkk+KXZTwxPKRnTAO5YqGnHjZ7NLJ+TUKn0SxtqWQjJTf09kNDJmHAW2M6I4NIveVPzP66QYXvmZUEmKXLH5ojCVBGMyfZv0heYM5dgSyrSwtxI2pJoytOEUbQje4svLpFmteOeV6v1FuXaTx1GAYziBM/DgEmpwB3VoAIMQnuEV3pyR8+K8Ox/z1hUnnzmCP3A+fwD9gY0A</latexit>

⇣� < 0
<latexit sha1_base64="qqDHMQl6ARnmXp+zwP8Q8uj50FE=">AAAB9XicbVC7SgNBFJ31GeMramkzGASrsBsFLSyCNpYRzAOya5idvUmGzD6YuavEJf9hY6GIrf9i5984SbbQxAMDh3PO5d45fiKFRtv+tpaWV1bX1gsbxc2t7Z3d0t5+U8ep4tDgsYxV22capIiggQIltBMFLPQltPzh9cRvPYDSIo7ucJSAF7J+JHqCMzTSvfsEyFxp8gG7tLulsl2xp6CLxMlJmeSod0tfbhDzNIQIuWRadxw7QS9jCgWXMC66qYaE8SHrQ8fQiIWgvWx69ZgeGyWgvViZFyGdqr8nMhZqPQp9kwwZDvS8NxH/8zop9i68TERJihDx2aJeKinGdFIBDYQCjnJkCONKmFspHzDFOJqiiqYEZ/7Li6RZrTinlertWbl2lddRIIfkiJwQh5yTGrkhddIgnCjyTF7Jm/VovVjv1scsumTlMwfkD6zPHyFqkkM=</latexit>active T1

�̃ = ⇣q
<latexit sha1_base64="8bZjSPDoS6LZ9gpnhBI6VLaorH0=">AAACBXicbVDJSgNBEO1xjXEb9aiHxiB4CjNR0IsQ9OIxglkgE0JPpyZp0rPYXSPEIRcv/ooXD4p49R+8+Td2loMmPih4vFdFVT0/kUKj43xbC4tLyyurubX8+sbm1ra9s1vTcao4VHksY9XwmQYpIqiiQAmNRAELfQl1v3818uv3oLSIo1scJNAKWTcSgeAMjdS2DzwUsgPU06IbMnrhPQAymnl+QO+GbbvgFJ0x6Dxxp6RApqi07S+vE/M0hAi5ZFo3XSfBVsYUCi5hmPdSDQnjfdaFpqERC0G3svEXQ3pklA4NYmUqQjpWf09kLNR6EPqmM2TY07PeSPzPa6YYnLcyESUpQsQni4JUUozpKBLaEQo4yoEhjCthbqW8xxTjaILLmxDc2ZfnSa1UdE+KpZvTQvlyGkeO7JNDckxcckbK5JpUSJVw8kieySt5s56sF+vd+pi0LljTmT3yB9bnD5Y/l/w=</latexit>



Tissue stresses
circular laser ablation

cell shear stress

anisotropic velocity 
component

�̃ = KQ+ ⇣q
<latexit sha1_base64="/0Pax2oZs+9iXJI2WYDnw1sinfc=">AAACD3icbVDJSgNBEO1xjXGLevTSGBRBCDNR0IsQ9CJ4UTALZELo6dQkjT2L3TVCHOYPvPgrXjwo4tWrN//GznLQxAcFr9+roqueF0uh0ba/rZnZufmFxdxSfnlldW29sLFZ01GiOFR5JCPV8JgGKUKookAJjVgBCzwJde/2fODX70FpEYU32I+hFbBuKHzBGRqpXdhzUcgOUFeLbsDo6SVNXc+n19mB+wDIRq+7rF0o2iV7CDpNnDEpkjGu2oUvtxPxJIAQuWRaNx07xlbKFAouIcu7iYaY8VvWhaahIQtAt9LhPRndNUqH+pEyFSIdqr8nUhZo3Q880xkw7OlJbyD+5zUT9E9aqQjjBCHko4/8RFKM6CAc2hEKOMq+IYwrYXalvMcU42gizJsQnMmTp0mtXHIOS+Xro2LlbBxHjmyTHbJPHHJMKuSCXJEq4eSRPJNX8mY9WS/Wu/Uxap2xxjNb5A+szx84qJuD</latexit>



Early times: active T1 ’s
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R
<latexit sha1_base64="tNhCy/+gTtEI9kUVdYTD25RPmZ0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF49V7Ae0oWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ildtYLQvIw7ZcrbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/d0rOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4bWfCZWkyBVbLApTSTAms9/JQGjOUE4soUwLeythI6opQ5tQyYbgLb+8Slq1qndRrd1fVuo3eRxFOIFTOAcPrqAOd9CAJjAYwzO8wpuTOC/Ou/OxaC04+cwx/IHz+QP2i49S</latexit>

�Q
<latexit sha1_base64="vKSB8QnFlybM5k/OKYk9A3caVYM=">AAAB9XicbVDLSgNBEJz1GeMr6tHLYBA8hd0o6DGoB48JmAdk1zA76U2GzD6Y6VXCkv/w4kERr/6LN//GSbIHTSxoKKq66e7yEyk02va3tbK6tr6xWdgqbu/s7u2XDg5bOk4VhyaPZaw6PtMgRQRNFCihkyhgoS+h7Y9upn77EZQWcXSP4wS8kA0iEQjO0EgP7i1IZDRz/YA2Jr1S2a7YM9Bl4uSkTHLUe6Uvtx/zNIQIuWRadx07QS9jCgWXMCm6qYaE8REbQNfQiIWgvWx29YSeGqVPg1iZipDO1N8TGQu1Hoe+6QwZDvWiNxX/87opBldeJqIkRYj4fFGQSooxnUZA+0IBRzk2hHElzK2UD5liHE1QRROCs/jyMmlVK855pdq4KNeu8zgK5JickDPikEtSI3ekTpqEE0WeySt5s56sF+vd+pi3rlj5zBH5A+vzB7MKkf0=</latexit>

q
<latexit sha1_base64="fvc48FuBjS43/7Q04OBUI4FKvvw=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Ae0oWy2k3bpZhN3N0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHssHM0nQj+hQ8pAzaqzUznpBSB6n/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/m5U3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2e9kwBUyIyaWUKa4vZWwEVWUGZtQyYbgLb+8Slq1qndRrd1fVuo3eRxFOIFTOAcPrqAOd9CAJjAYwzO8wpuTOC/Ou/OxaC04+cwx/IHz+QMltY9x</latexit>

R =
1

⌧
Q+ �q

<latexit sha1_base64="el9SH4OI00ZgnQ0Sb1456mz14aI=">AAACF3icbVDNS8MwHE3n15xfVY9egkMQhNFOQS/C0IvHTdwHrGWkabqFpWlNUmGU/hde/Fe8eFDEq978b8y6HnTzQeDx3vsl+T0vZlQqy/o2SkvLK6tr5fXKxubW9o65u9eRUSIwaeOIRaLnIUkY5aStqGKkFwuCQo+Rrje+nvrdByIkjfidmsTEDdGQ04BipLQ0MGswdbwA3maXTiAQTu0sdRRKslxtZScO03f5aJa6zwZm1apZOeAisQtSBQWaA/PL8SOchIQrzJCUfduKlZsioShmJKs4iSQxwmM0JH1NOQqJdNN8rwweacWHQST04Qrm6u+JFIVSTkJPJ0OkRnLem4r/ef1EBRduSnmcKMLx7KEgYVBFcFoS9KkgWLGJJggLqv8K8QjpfpSusqJLsOdXXiSdes0+rdVbZ9XGVVFHGRyAQ3AMbHAOGuAGNEEbYPAInsEreDOejBfj3fiYRUtGMbMP/sD4/AFSz59n</latexit>

� < 0
<latexit sha1_base64="i8D1+qMwL0QW78JgdrdBf4V5g84=">AAAB8XicbVC7SgNBFL3rM8ZX1NJmMAhWYTcKWlgEbSwjmAcmS5idvZsMmZ1dZmaFEPIXNhaK2Po3dv6Nk2QLTTwwcDjnXObeE6SCa+O6387K6tr6xmZhq7i9s7u3Xzo4bOokUwwbLBGJagdUo+ASG4Ybge1UIY0Dga1geDv1W0+oNE/kgxml6Me0L3nEGTVWeuwKGw0puXZ7pbJbcWcgy8TLSRly1Hulr26YsCxGaZigWnc8NzX+mCrDmcBJsZtpTCkb0j52LJU0Ru2PZxtPyKlVQhIlyj5pyEz9PTGmsdajOLDJmJqBXvSm4n9eJzPRlT/mMs0MSjb/KMoEMQmZnk9CrpAZMbKEMsXtroQNqKLM2JKKtgRv8eRl0qxWvPNK9f6iXLvJ6yjAMZzAGXhwCTW4gzo0gIGEZ3iFN0c7L8678zGPrjj5zBH8gfP5A4nbkCs=</latexit>

�̃ = KQ+ ⇣q
<latexit sha1_base64="/0Pax2oZs+9iXJI2WYDnw1sinfc=">AAACD3icbVDJSgNBEO1xjXGLevTSGBRBCDNR0IsQ9CJ4UTALZELo6dQkjT2L3TVCHOYPvPgrXjwo4tWrN//GznLQxAcFr9+roqueF0uh0ba/rZnZufmFxdxSfnlldW29sLFZ01GiOFR5JCPV8JgGKUKookAJjVgBCzwJde/2fODX70FpEYU32I+hFbBuKHzBGRqpXdhzUcgOUFeLbsDo6SVNXc+n19mB+wDIRq+7rF0o2iV7CDpNnDEpkjGu2oUvtxPxJIAQuWRaNx07xlbKFAouIcu7iYaY8VvWhaahIQtAt9LhPRndNUqH+pEyFSIdqr8nUhZo3Q880xkw7OlJbyD+5zUT9E9aqQjjBCHko4/8RFKM6CAc2hEKOMq+IYwrYXalvMcU42gizJsQnMmTp0mtXHIOS+Xro2LlbBxHjmyTHbJPHHJMKuSCXJEq4eSRPJNX8mY9WS/Wu/Uxap2xxjNb5A+szx84qJuD</latexit>

ẆT1 > 0
<latexit sha1_base64="6ROuLXU+bThkubzjtCbgmn/RtwY=">AAAB+XicbVDLSgNBEOyNrxhfqx69DAbBU9iNgp4k6MVjhLwgWZbZySQZMvtgpjcQlvyJFw+KePVPvPk3TpI9aGJBQ1HVPdNdQSKFRsf5tgobm1vbO8Xd0t7+weGRfXzS0nGqGG+yWMaqE1DNpYh4EwVK3kkUp2EgeTsYP8z99oQrLeKogdOEeyEdRmIgGEUj+bbd68dI2n7WcGfkjjjEt8tOxVmArBM3J2XIUfftL/MES0MeIZNU667rJOhlVKFgks9KvVTzhLIxHfKuoRENufayxeYzcmGUPhnEylSEZKH+nshoqPU0DExnSHGkV725+J/XTXFw62UiSlLkEVt+NEglwZjMYyB9oThDOTWEMiXMroSNqKIMTVglE4K7evI6aVUr7lWl+nRdrt3ncRThDM7hEly4gRo8Qh2awGACz/AKb1ZmvVjv1seytWDlM6fwB9bnDzbAkhM=</latexit>

ẆT1 = �� : R
<latexit sha1_base64="p56i8k13v1TLaXy5oaAO9V2dI3I=">AAACCnicbVDLSgMxFM34rPU16tJNtAhuLDNVUASh6MZllb6gMwyZNNOGJpkhyQhlmLUbf8WNC0Xc+gXu/BvTx0JbD1w4nHNvcu8JE0aVdpxva2FxaXlltbBWXN/Y3Nq2d3abKk4lJg0cs1i2Q6QIo4I0NNWMtBNJEA8ZaYWDm5HfeiBS0VjU9TAhPkc9QSOKkTZSYB943VjDVpB5ksO6m1+deIr2OIKXMPPCCN7ngV1yys4YcJ64U1ICU9QC+8u8iVNOhMYMKdVxnUT7GZKaYkbyopcqkiA8QD3SMVQgTpSfjU/J4ZFRujCKpSmh4Vj9PZEhrtSQh6aTI91Xs95I/M/rpDq68DMqklQTgScfRSmDOoajXGCXSoI1GxqCsKRmV4j7SCKsTXpFE4I7e/I8aVbK7mm5cndWql5P4yiAfXAIjoELzkEV3IIaaAAMHsEzeAVv1pP1Yr1bH5PWBWs6swf+wPr8AfjcmSk=</latexit>
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<latexit sha1_base64="tNhCy/+gTtEI9kUVdYTD25RPmZ0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF49V7Ae0oWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ildtYLQvIw7ZcrbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/d0rOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4bWfCZWkyBVbLApTSTAms9/JQGjOUE4soUwLeythI6opQ5tQyYbgLb+8Slq1qndRrd1fVuo3eRxFOIFTOAcPrqAOd9CAJjAYwzO8wpuTOC/Ou/OxaC04+cwx/IHz+QP2i49S</latexit>

�Q
<latexit sha1_base64="vKSB8QnFlybM5k/OKYk9A3caVYM=">AAAB9XicbVDLSgNBEJz1GeMr6tHLYBA8hd0o6DGoB48JmAdk1zA76U2GzD6Y6VXCkv/w4kERr/6LN//GSbIHTSxoKKq66e7yEyk02va3tbK6tr6xWdgqbu/s7u2XDg5bOk4VhyaPZaw6PtMgRQRNFCihkyhgoS+h7Y9upn77EZQWcXSP4wS8kA0iEQjO0EgP7i1IZDRz/YA2Jr1S2a7YM9Bl4uSkTHLUe6Uvtx/zNIQIuWRadx07QS9jCgWXMCm6qYaE8REbQNfQiIWgvWx29YSeGqVPg1iZipDO1N8TGQu1Hoe+6QwZDvWiNxX/87opBldeJqIkRYj4fFGQSooxnUZA+0IBRzk2hHElzK2UD5liHE1QRROCs/jyMmlVK855pdq4KNeu8zgK5JickDPikEtSI3ekTpqEE0WeySt5s56sF+vd+pi3rlj5zBH5A+vzB7MKkf0=</latexit>

Later times: passive T1

T1 relax cell elongation

R =
1

⌧
Q+ �q

<latexit sha1_base64="el9SH4OI00ZgnQ0Sb1456mz14aI=">AAACF3icbVDNS8MwHE3n15xfVY9egkMQhNFOQS/C0IvHTdwHrGWkabqFpWlNUmGU/hde/Fe8eFDEq978b8y6HnTzQeDx3vsl+T0vZlQqy/o2SkvLK6tr5fXKxubW9o65u9eRUSIwaeOIRaLnIUkY5aStqGKkFwuCQo+Rrje+nvrdByIkjfidmsTEDdGQ04BipLQ0MGswdbwA3maXTiAQTu0sdRRKslxtZScO03f5aJa6zwZm1apZOeAisQtSBQWaA/PL8SOchIQrzJCUfduKlZsioShmJKs4iSQxwmM0JH1NOQqJdNN8rwweacWHQST04Qrm6u+JFIVSTkJPJ0OkRnLem4r/ef1EBRduSnmcKMLx7KEgYVBFcFoS9KkgWLGJJggLqv8K8QjpfpSusqJLsOdXXiSdes0+rdVbZ9XGVVFHGRyAQ3AMbHAOGuAGNEEbYPAInsEreDOejBfj3fiYRUtGMbMP/sD4/AFSz59n</latexit>

Q
<latexit sha1_base64="YKOQgHZVByrJHRIySqUAM/nagbk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2A9oQ9lsJ+3SzSbsboQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ/dzvPKHSPJaPZpqgH9GR5CFn1Fipk/WDkDRng3LFrboLkHXi5aQCORqD8ld/GLM0QmmYoFr3PDcxfkaV4UzgrNRPNSaUTegIe5ZKGqH2s8W5M3JhlSEJY2VLGrJQf09kNNJ6GgW2M6JmrFe9ufif10tNeOtnXCapQcmWi8JUEBOT+e9kyBUyI6aWUKa4vZWwMVWUGZtQyYbgrb68Ttq1qndVrTWvK/W7PI4inME5XIIHN1CHB2hACxhM4Ble4c1JnBfn3flYthacfOYU/sD5/AH1Bo9R</latexit>

�̃ = KQ+ ⇣q
<latexit sha1_base64="/0Pax2oZs+9iXJI2WYDnw1sinfc=">AAACD3icbVDJSgNBEO1xjXGLevTSGBRBCDNR0IsQ9CJ4UTALZELo6dQkjT2L3TVCHOYPvPgrXjwo4tWrN//GznLQxAcFr9+roqueF0uh0ba/rZnZufmFxdxSfnlldW29sLFZ01GiOFR5JCPV8JgGKUKookAJjVgBCzwJde/2fODX70FpEYU32I+hFbBuKHzBGRqpXdhzUcgOUFeLbsDo6SVNXc+n19mB+wDIRq+7rF0o2iV7CDpNnDEpkjGu2oUvtxPxJIAQuWRaNx07xlbKFAouIcu7iYaY8VvWhaahIQtAt9LhPRndNUqH+pEyFSIdqr8nUhZo3Q880xkw7OlJbyD+5zUT9E9aqQjjBCHko4/8RFKM6CAc2hEKOMq+IYwrYXalvMcU42gizJsQnMmTp0mtXHIOS+Xro2LlbBxHjmyTHbJPHHJMKuSCXJEq4eSRPJNX8mY9WS/Wu/Uxap2xxjNb5A+szx84qJuD</latexit>

ẆT1 = �� : R
<latexit sha1_base64="p56i8k13v1TLaXy5oaAO9V2dI3I=">AAACCnicbVDLSgMxFM34rPU16tJNtAhuLDNVUASh6MZllb6gMwyZNNOGJpkhyQhlmLUbf8WNC0Xc+gXu/BvTx0JbD1w4nHNvcu8JE0aVdpxva2FxaXlltbBWXN/Y3Nq2d3abKk4lJg0cs1i2Q6QIo4I0NNWMtBNJEA8ZaYWDm5HfeiBS0VjU9TAhPkc9QSOKkTZSYB943VjDVpB5ksO6m1+deIr2OIKXMPPCCN7ngV1yys4YcJ64U1ICU9QC+8u8iVNOhMYMKdVxnUT7GZKaYkbyopcqkiA8QD3SMVQgTpSfjU/J4ZFRujCKpSmh4Vj9PZEhrtSQh6aTI91Xs95I/M/rpDq68DMqklQTgScfRSmDOoajXGCXSoI1GxqCsKRmV4j7SCKsTXpFE4I7e/I8aVbK7mm5cndWql5P4yiAfXAIjoELzkEV3IIaaAAMHsEzeAVv1pP1Yr1bH5PWBWs6swf+wPr8AfjcmSk=</latexit>

ũxx ẆT1 < 0
<latexit sha1_base64="TqTCXVCPWrygc54ZVJUBHEsMGfQ=">AAAB+XicbVDLSgNBEOyNrxhfqx69DAbBU9iNgh48BL14jJAXJMsyO5kkQ2YfzPQGwpI/8eJBEa/+iTf/xkmyB00saCiqume6K0ik0Og431ZhY3Nre6e4W9rbPzg8so9PWjpOFeNNFstYdQKquRQRb6JAyTuJ4jQMJG8H44e5355wpUUcNXCacC+kw0gMBKNoJN+2e/0YSdvPGu6M3BGH+HbZqTgLkHXi5qQMOeq+/WWeYGnII2SSat11nQS9jCoUTPJZqZdqnlA2pkPeNTSiIddetth8Ri6M0ieDWJmKkCzU3xMZDbWehoHpDCmO9Ko3F//zuikObr1MREmKPGLLjwapJBiTeQykLxRnKKeGUKaE2ZWwEVWUoQmrZEJwV09eJ61qxb2qVJ+uy7X7PI4inME5XIILN1CDR6hDExhM4Ble4c3KrBfr3fpYthasfOYU/sD6/AEzspIR</latexit>



Theory of tissue mechanics
Cell elongation

1

2

3

4
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4

elastic tissue stress

tissue shear rate

Cell rearrangements

active stress

elastic stress

force balance

shear by cell rearrangements

tissue pressure
P = �K̄ ln

✓
a

a0

◆

<latexit sha1_base64="62fLFPxfWgpmNDkPRjLQxawB6bs=">AAACEXicbVA9SwNBEN3zM8avqKXNYhCSwnAngloIQRvBJoLRQC6Euc1esri3d+zOCeHIb7Dxr9hYqNja2flv3MQrNPpg4PHeDDPzgkQKg6776czMzs0vLBaWissrq2vrpY3NaxOnmvEmi2WsWwEYLoXiTRQoeSvRHKJA8pvg9mzs39xxbUSsrnCY8E4EfSVCwQCt1C1VGyd7fgCaXlBfKl/yECvUDzWwDEYZdN2Rr0V/gLTaLZXdmjsB/Uu8nJRJjka39OH3YpZGXCGTYEzbcxPsZKBRMMlHRT81PAF2C33etlRBxE0nm7w0ortW6dEw1rYU0on6cyKDyJhhFNjOCHBgpr2x+J/XTjE86mRCJSlyxb4XhamkGNNxPrQnNGcoh5YA08LeStkAbB5oUyzaELzpl/+S5n7tuOZdHpTrp3kaBbJNdkiFeOSQ1Mk5aZAmYeSePJJn8uI8OE/Oq/P23Trj5DNb5Bec9y+oOpxw</latexit><latexit sha1_base64="62fLFPxfWgpmNDkPRjLQxawB6bs=">AAACEXicbVA9SwNBEN3zM8avqKXNYhCSwnAngloIQRvBJoLRQC6Euc1esri3d+zOCeHIb7Dxr9hYqNja2flv3MQrNPpg4PHeDDPzgkQKg6776czMzs0vLBaWissrq2vrpY3NaxOnmvEmi2WsWwEYLoXiTRQoeSvRHKJA8pvg9mzs39xxbUSsrnCY8E4EfSVCwQCt1C1VGyd7fgCaXlBfKl/yECvUDzWwDEYZdN2Rr0V/gLTaLZXdmjsB/Uu8nJRJjka39OH3YpZGXCGTYEzbcxPsZKBRMMlHRT81PAF2C33etlRBxE0nm7w0ortW6dEw1rYU0on6cyKDyJhhFNjOCHBgpr2x+J/XTjE86mRCJSlyxb4XhamkGNNxPrQnNGcoh5YA08LeStkAbB5oUyzaELzpl/+S5n7tuOZdHpTrp3kaBbJNdkiFeOSQ1Mk5aZAmYeSePJJn8uI8OE/Oq/P23Trj5DNb5Bec9y+oOpxw</latexit><latexit sha1_base64="62fLFPxfWgpmNDkPRjLQxawB6bs=">AAACEXicbVA9SwNBEN3zM8avqKXNYhCSwnAngloIQRvBJoLRQC6Euc1esri3d+zOCeHIb7Dxr9hYqNja2flv3MQrNPpg4PHeDDPzgkQKg6776czMzs0vLBaWissrq2vrpY3NaxOnmvEmi2WsWwEYLoXiTRQoeSvRHKJA8pvg9mzs39xxbUSsrnCY8E4EfSVCwQCt1C1VGyd7fgCaXlBfKl/yECvUDzWwDEYZdN2Rr0V/gLTaLZXdmjsB/Uu8nJRJjka39OH3YpZGXCGTYEzbcxPsZKBRMMlHRT81PAF2C33etlRBxE0nm7w0ortW6dEw1rYU0on6cyKDyJhhFNjOCHBgpr2x+J/XTjE86mRCJSlyxb4XhamkGNNxPrQnNGcoh5YA08LeStkAbB5oUyzaELzpl/+S5n7tuOZdHpTrp3kaBbJNdkiFeOSQ1Mk5aZAmYeSePJJn8uI8OE/Oq/P23Trj5DNb5Bec9y+oOpxw</latexit><latexit sha1_base64="62fLFPxfWgpmNDkPRjLQxawB6bs=">AAACEXicbVA9SwNBEN3zM8avqKXNYhCSwnAngloIQRvBJoLRQC6Euc1esri3d+zOCeHIb7Dxr9hYqNja2flv3MQrNPpg4PHeDDPzgkQKg6776czMzs0vLBaWissrq2vrpY3NaxOnmvEmi2WsWwEYLoXiTRQoeSvRHKJA8pvg9mzs39xxbUSsrnCY8E4EfSVCwQCt1C1VGyd7fgCaXlBfKl/yECvUDzWwDEYZdN2Rr0V/gLTaLZXdmjsB/Uu8nJRJjka39OH3YpZGXCGTYEzbcxPsZKBRMMlHRT81PAF2C33etlRBxE0nm7w0ortW6dEw1rYU0on6cyKDyJhhFNjOCHBgpr2x+J/XTjE86mRCJSlyxb4XhamkGNNxPrQnNGcoh5YA08LeStkAbB5oUyzaELzpl/+S5n7tuOZdHpTrp3kaBbJNdkiFeOSQ1Mk5aZAmYeSePJJn8uI8OE/Oq/P23Trj5DNb5Bec9y+oOpxw</latexit>

active T1

Q
<latexit sha1_base64="YKOQgHZVByrJHRIySqUAM/nagbk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2A9oQ9lsJ+3SzSbsboQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ/dzvPKHSPJaPZpqgH9GR5CFn1Fipk/WDkDRng3LFrboLkHXi5aQCORqD8ld/GLM0QmmYoFr3PDcxfkaV4UzgrNRPNSaUTegIe5ZKGqH2s8W5M3JhlSEJY2VLGrJQf09kNNJ6GgW2M6JmrFe9ufif10tNeOtnXCapQcmWi8JUEBOT+e9kyBUyI6aWUKa4vZWwMVWUGZtQyYbgrb68Ttq1qndVrTWvK/W7PI4inME5XIIHN1CHB2hACxhM4Ble4c1JnBfn3flYthacfOYU/sD5/AH1Bo9R</latexit>

�̃ = KQ+ ⇣q
<latexit sha1_base64="UklV4d7ikiLMdBCCRUixaJXh7LY=">AAACFHicbVDLSgNBEJyNrxhfUY9eBoMgCGE3CnoRgl4ELwkYFbJLmJ30xsHZhzO9Qlz2I7z4K148KOLVgzf/xkmyB18FA9VV3fR0+YkUGm370ypNTc/MzpXnKwuLS8sr1dW1cx2nikOHxzJWlz7TIEUEHRQo4TJRwEJfwoV/fTzyL25BaRFHZzhMwAvZIBKB4AyN1KvuuChkH2jm+gF1tRiELD88nZTtfMe9A2ST6ibvVWt23R6D/iVOQWqkQKtX/XD7MU9DiJBLpnXXsRP0MqZQcAl5xU01JIxfswF0DY1YCNrLxkfldMsofRrEyrwI6Vj9PpGxUOth6JvOkOGV/u2NxP+8borBgZeJKEkRIj5ZFKSSYkxHCdG+UMBRDg1hXAnzV8qvmGIcTY4VE4Lz++S/5LxRd3brjfZerXlUxFEmG2STbBOH7JMmOSEt0iGc3JNH8kxerAfryXq13iatJauYWSc/YL1/AXWyndE=</latexit>

ṽ =
DQ

Dt
+R

<latexit sha1_base64="uKulP2LGALc13lDbwl0UQd43uKg=">AAACE3icbVC7SgNBFJ31GeNr1dJmMAiiEHajoI0QNIVlIuYB2RBmJ7PJkNkHM3cDYdl/sPFXbCwUsbWx82+cbFJo4oGBc8+5lzv3uJHgCizr21haXlldW89t5De3tnd2zb39hgpjSVmdhiKULZcoJnjA6sBBsFYkGfFdwZru8HbiN0dMKh4GDzCOWMcn/YB7nBLQUtc8dYCLHsOJ43p4lF47niQ0qWRlLU2TCqRnWXGfds2CVbQy4EViz0gBzVDtml9OL6SxzwKggijVtq0IOgmRwKlgad6JFYsIHZI+a2saEJ+pTpLdlOJjrfSwF0r9AsCZ+nsiIb5SY9/VnT6BgZr3JuJ/XjsG76qT8CCKgQV0usiLBYYQTwLCPS4ZBTHWhFDJ9V8xHRCdCugY8zoEe/7kRdIoFe3zYql2USjfzOLIoUN0hE6QjS5RGd2hKqojih7RM3pFb8aT8WK8Gx/T1iVjNnOA/sD4/AGZGp36</latexit>

R
<latexit sha1_base64="G7E3CqJKsSl9vxbibkkPGRgePvE=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj04rGK/YA2lM120y7dbOLuRCihf8KLB0W8+ne8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXFtRKwecJxwP6IDJULBKFqpTbJuEJL7Sa9UdivuDGSZeDkpQ456r/TV7ccsjbhCJqkxHc9N0M+oRsEknxS7qeEJZSM64B1LFY248bPZvRNyapU+CWNtSyGZqb8nMhoZM44C2xlRHJpFbyr+53VSDK/8TKgkRa7YfFGYSoIxmT5P+kJzhnJsCWVa2FsJG1JNGdqIijYEb/HlZdKsVrzzSvXuoly7zuMowDGcwBl4cAk1uIU6NICBhGd4hTfn0Xlx3p2PeeuKk88cwR84nz9M6o98</latexit>

R =
1

⌧
Q+ �q

<latexit sha1_base64="el9SH4OI00ZgnQ0Sb1456mz14aI=">AAACF3icbVDNS8MwHE3n15xfVY9egkMQhNFOQS/C0IvHTdwHrGWkabqFpWlNUmGU/hde/Fe8eFDEq978b8y6HnTzQeDx3vsl+T0vZlQqy/o2SkvLK6tr5fXKxubW9o65u9eRUSIwaeOIRaLnIUkY5aStqGKkFwuCQo+Rrje+nvrdByIkjfidmsTEDdGQ04BipLQ0MGswdbwA3maXTiAQTu0sdRRKslxtZScO03f5aJa6zwZm1apZOeAisQtSBQWaA/PL8SOchIQrzJCUfduKlZsioShmJKs4iSQxwmM0JH1NOQqJdNN8rwweacWHQST04Qrm6u+JFIVSTkJPJ0OkRnLem4r/ef1EBRduSnmcKMLx7KEgYVBFcFoS9KkgWLGJJggLqv8K8QjpfpSusqJLsOdXXiSdes0+rdVbZ9XGVVFHGRyAQ3AMbHAOGuAGNEEbYPAInsEreDOejBfj3fiYRUtGMbMP/sD4/AFSz59n</latexit>

r · (�̃ � P I) = fext
<latexit sha1_base64="Mbm/hXzGkffG9BNIUedlE2Jh6PE="></latexit>



Wing imaginal disk dynamics

automated image analysisNatalie Dye



Decomposition of growth
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divisions

cell area change
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<latexit sha1_base64="dY3foPkExa04hZ/dYTbKKKDlEro=">AAACE3icbZDLSsNAFIYnXmu9RV26GSyCIJZEBHUhtLpxWcHaQlPKZDJph04mYeakUEIewo2v4saFils37nwbp5eFtv4w8PGfczhzfj8RXIPjfFsLi0vLK6uFteL6xubWtr2z+6DjVFFWp7GIVdMnmgkuWR04CNZMFCORL1jD79+M6o0BU5rH8h6GCWtHpCt5yCkBY3XsYy9UhGZunlXzCQbVPAsgvzrxJPEF8WgQA/b8EA86dskpO2PheXCnUEJT1Tr2lxfENI2YBCqI1i3XSaCdEQWcCpYXvVSzhNA+6bKWQUkiptvZ+KgcHxonwGGszJOAx+7viYxEWg8j33RGBHp6tjYy/6u1Uggv2hmXSQpM0smiMBUYYjxKCAdcMQpiaIBQxc1fMe0REw2YHIsmBHf25Hmon5Yvy+7dWalyPU2jgPbRATpCLjpHFXSLaqiOKHpEz+gVvVlP1ov1bn1MWhes6cwe+iPr8wdXVZ6Q</latexit><latexit sha1_base64="dY3foPkExa04hZ/dYTbKKKDlEro=">AAACE3icbZDLSsNAFIYnXmu9RV26GSyCIJZEBHUhtLpxWcHaQlPKZDJph04mYeakUEIewo2v4saFils37nwbp5eFtv4w8PGfczhzfj8RXIPjfFsLi0vLK6uFteL6xubWtr2z+6DjVFFWp7GIVdMnmgkuWR04CNZMFCORL1jD79+M6o0BU5rH8h6GCWtHpCt5yCkBY3XsYy9UhGZunlXzCQbVPAsgvzrxJPEF8WgQA/b8EA86dskpO2PheXCnUEJT1Tr2lxfENI2YBCqI1i3XSaCdEQWcCpYXvVSzhNA+6bKWQUkiptvZ+KgcHxonwGGszJOAx+7viYxEWg8j33RGBHp6tjYy/6u1Uggv2hmXSQpM0smiMBUYYjxKCAdcMQpiaIBQxc1fMe0REw2YHIsmBHf25Hmon5Yvy+7dWalyPU2jgPbRATpCLjpHFXSLaqiOKHpEz+gVvVlP1ov1bn1MWhes6cwe+iPr8wdXVZ6Q</latexit><latexit sha1_base64="dY3foPkExa04hZ/dYTbKKKDlEro=">AAACE3icbZDLSsNAFIYnXmu9RV26GSyCIJZEBHUhtLpxWcHaQlPKZDJph04mYeakUEIewo2v4saFils37nwbp5eFtv4w8PGfczhzfj8RXIPjfFsLi0vLK6uFteL6xubWtr2z+6DjVFFWp7GIVdMnmgkuWR04CNZMFCORL1jD79+M6o0BU5rH8h6GCWtHpCt5yCkBY3XsYy9UhGZunlXzCQbVPAsgvzrxJPEF8WgQA/b8EA86dskpO2PheXCnUEJT1Tr2lxfENI2YBCqI1i3XSaCdEQWcCpYXvVSzhNA+6bKWQUkiptvZ+KgcHxonwGGszJOAx+7viYxEWg8j33RGBHp6tjYy/6u1Uggv2hmXSQpM0smiMBUYYjxKCAdcMQpiaIBQxc1fMe0REw2YHIsmBHf25Hmon5Yvy+7dWalyPU2jgPbRATpCLjpHFXSLaqiOKHpEz+gVvVlP1ov1bn1MWhes6cwe+iPr8wdXVZ6Q</latexit><latexit sha1_base64="dY3foPkExa04hZ/dYTbKKKDlEro=">AAACE3icbZDLSsNAFIYnXmu9RV26GSyCIJZEBHUhtLpxWcHaQlPKZDJph04mYeakUEIewo2v4saFils37nwbp5eFtv4w8PGfczhzfj8RXIPjfFsLi0vLK6uFteL6xubWtr2z+6DjVFFWp7GIVdMnmgkuWR04CNZMFCORL1jD79+M6o0BU5rH8h6GCWtHpCt5yCkBY3XsYy9UhGZunlXzCQbVPAsgvzrxJPEF8WgQA/b8EA86dskpO2PheXCnUEJT1Tr2lxfENI2YBCqI1i3XSaCdEQWcCpYXvVSzhNA+6bKWQUkiptvZ+KgcHxonwGGszJOAx+7viYxEWg8j33RGBHp6tjYy/6u1Uggv2hmXSQpM0smiMBUYYjxKCAdcMQpiaIBQxc1fMe0REw2YHIsmBHf25Hmon5Yvy+7dWalyPU2jgPbRATpCLjpHFXSLaqiOKHpEz+gVvVlP1ov1bn1MWhes6cwe+iPr8wdXVZ6Q</latexit>

g = Ȧ/A



Average wing disk shear

tissue shear

T1 transitions
cell divisions

correlations

cell elongation

ṽ↵� =
DQ↵�

Dt
+R↵�

R↵� = T↵� + C↵� +D↵�

decomposition of average tissue 
shear

Qxx

uxxcumulative shear

[h]

x

y



Radial shear decomposition

y

polar coordinates

ṽrr =
DQrr

Dt
+ Trr + Crr

<latexit sha1_base64="fltIdWVDSoHO+qinCon0Q5Ka6qc=">AAACF3icbVDLSgMxFM34rPVVdekmWAShUGdEUBdCsV24bKFjC51SMmmmDc08SO4UyjCf4cZfceNCxa3u/BvTaRfaeiDk5Jx7ubnHjQRXYJrfxsrq2vrGZm4rv72zu7dfODh8UGEsKbNpKELZdoliggfMBg6CtSPJiO8K1nJH1anfGjOpeBg0YRKxrk8GAfc4JaClXuHcAS76DI97iZTpreNJQpMabmTPNKlBWmpmvFTNrl6haJbNDHiZWHNSRHPUe4Uvpx/S2GcBUEGU6lhmBN2ESOBUsDTvxIpFhI7IgHU0DYjPVDfJFkvxqVb62AulPgHgTP3dkRBfqYnv6kqfwFAtelPxP68Tg3fdTXgQxcACOhvkxQJDiKcp4T6XjIKYaEKo5PqvmA6JzgZ0lnkdgrW48jKxL8o3ZatxWazczdPIoWN0gs6Qha5QBd2jOrIRRY/oGb2iN+PJeDHejY9Z6Yox7zlCf2B8/gBHxaDE</latexit><latexit sha1_base64="fltIdWVDSoHO+qinCon0Q5Ka6qc=">AAACF3icbVDLSgMxFM34rPVVdekmWAShUGdEUBdCsV24bKFjC51SMmmmDc08SO4UyjCf4cZfceNCxa3u/BvTaRfaeiDk5Jx7ubnHjQRXYJrfxsrq2vrGZm4rv72zu7dfODh8UGEsKbNpKELZdoliggfMBg6CtSPJiO8K1nJH1anfGjOpeBg0YRKxrk8GAfc4JaClXuHcAS76DI97iZTpreNJQpMabmTPNKlBWmpmvFTNrl6haJbNDHiZWHNSRHPUe4Uvpx/S2GcBUEGU6lhmBN2ESOBUsDTvxIpFhI7IgHU0DYjPVDfJFkvxqVb62AulPgHgTP3dkRBfqYnv6kqfwFAtelPxP68Tg3fdTXgQxcACOhvkxQJDiKcp4T6XjIKYaEKo5PqvmA6JzgZ0lnkdgrW48jKxL8o3ZatxWazczdPIoWN0gs6Qha5QBd2jOrIRRY/oGb2iN+PJeDHejY9Z6Yox7zlCf2B8/gBHxaDE</latexit><latexit sha1_base64="fltIdWVDSoHO+qinCon0Q5Ka6qc=">AAACF3icbVDLSgMxFM34rPVVdekmWAShUGdEUBdCsV24bKFjC51SMmmmDc08SO4UyjCf4cZfceNCxa3u/BvTaRfaeiDk5Jx7ubnHjQRXYJrfxsrq2vrGZm4rv72zu7dfODh8UGEsKbNpKELZdoliggfMBg6CtSPJiO8K1nJH1anfGjOpeBg0YRKxrk8GAfc4JaClXuHcAS76DI97iZTpreNJQpMabmTPNKlBWmpmvFTNrl6haJbNDHiZWHNSRHPUe4Uvpx/S2GcBUEGU6lhmBN2ESOBUsDTvxIpFhI7IgHU0DYjPVDfJFkvxqVb62AulPgHgTP3dkRBfqYnv6kqfwFAtelPxP68Tg3fdTXgQxcACOhvkxQJDiKcp4T6XjIKYaEKo5PqvmA6JzgZ0lnkdgrW48jKxL8o3ZatxWazczdPIoWN0gs6Qha5QBd2jOrIRRY/oGb2iN+PJeDHejY9Z6Yox7zlCf2B8/gBHxaDE</latexit><latexit sha1_base64="fltIdWVDSoHO+qinCon0Q5Ka6qc=">AAACF3icbVDLSgMxFM34rPVVdekmWAShUGdEUBdCsV24bKFjC51SMmmmDc08SO4UyjCf4cZfceNCxa3u/BvTaRfaeiDk5Jx7ubnHjQRXYJrfxsrq2vrGZm4rv72zu7dfODh8UGEsKbNpKELZdoliggfMBg6CtSPJiO8K1nJH1anfGjOpeBg0YRKxrk8GAfc4JaClXuHcAS76DI97iZTpreNJQpMabmTPNKlBWmpmvFTNrl6haJbNDHiZWHNSRHPUe4Uvpx/S2GcBUEGU6lhmBN2ESOBUsDTvxIpFhI7IgHU0DYjPVDfJFkvxqVb62AulPgHgTP3dkRBfqYnv6kqfwFAtelPxP68Tg3fdTXgQxcACOhvkxQJDiKcp4T6XjIKYaEKo5PqvmA6JzgZ0lnkdgrW48jKxL8o3ZatxWazczdPIoWN0gs6Qha5QBd2jOrIRRY/oGb2iN+PJeDHejY9Z6Yox7zlCf2B8/gBHxaDE</latexit>

shear decomposition in radial components

cell elongation pattern radial cell elongation

Qrr < 0
<latexit sha1_base64="bjeK9X0qk0e1mh0LQucHFDY3r38=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUMFD0YvHFowttKFsttt26WYTdydCCf0TXjyoePX3ePPfuG1z0NYHA4/3ZpiZFyZSGHTdb6ewsrq2vlHcLG1t7+zulfcPHkycasZ9FstYt0JquBSK+yhQ8laiOY1CyZvh6HbqN5+4NiJW9zhOeBDRgRJ9wShaqdXoZlpPrt1uueJW3RnIMvFyUoEc9W75q9OLWRpxhUxSY9qem2CQUY2CST4pdVLDE8pGdMDblioacRNks3sn5MQqPdKPtS2FZKb+nshoZMw4Cm1nRHFoFr2p+J/XTrF/GWRCJSlyxeaL+qkkGJPp86QnNGcox5ZQpoW9lbAh1ZShjahkQ/AWX14m/ln1quo1ziu1mzyNIhzBMZyCBxdQgzuogw8MJDzDK7w5j86L8+58zFsLTj5zCH/gfP4AKfWPlg==</latexit><latexit sha1_base64="bjeK9X0qk0e1mh0LQucHFDY3r38=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUMFD0YvHFowttKFsttt26WYTdydCCf0TXjyoePX3ePPfuG1z0NYHA4/3ZpiZFyZSGHTdb6ewsrq2vlHcLG1t7+zulfcPHkycasZ9FstYt0JquBSK+yhQ8laiOY1CyZvh6HbqN5+4NiJW9zhOeBDRgRJ9wShaqdXoZlpPrt1uueJW3RnIMvFyUoEc9W75q9OLWRpxhUxSY9qem2CQUY2CST4pdVLDE8pGdMDblioacRNks3sn5MQqPdKPtS2FZKb+nshoZMw4Cm1nRHFoFr2p+J/XTrF/GWRCJSlyxeaL+qkkGJPp86QnNGcox5ZQpoW9lbAh1ZShjahkQ/AWX14m/ln1quo1ziu1mzyNIhzBMZyCBxdQgzuogw8MJDzDK7w5j86L8+58zFsLTj5zCH/gfP4AKfWPlg==</latexit><latexit sha1_base64="bjeK9X0qk0e1mh0LQucHFDY3r38=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUMFD0YvHFowttKFsttt26WYTdydCCf0TXjyoePX3ePPfuG1z0NYHA4/3ZpiZFyZSGHTdb6ewsrq2vlHcLG1t7+zulfcPHkycasZ9FstYt0JquBSK+yhQ8laiOY1CyZvh6HbqN5+4NiJW9zhOeBDRgRJ9wShaqdXoZlpPrt1uueJW3RnIMvFyUoEc9W75q9OLWRpxhUxSY9qem2CQUY2CST4pdVLDE8pGdMDblioacRNks3sn5MQqPdKPtS2FZKb+nshoZMw4Cm1nRHFoFr2p+J/XTrF/GWRCJSlyxeaL+qkkGJPp86QnNGcox5ZQpoW9lbAh1ZShjahkQ/AWX14m/ln1quo1ziu1mzyNIhzBMZyCBxdQgzuogw8MJDzDK7w5j86L8+58zFsLTj5zCH/gfP4AKfWPlg==</latexit><latexit sha1_base64="bjeK9X0qk0e1mh0LQucHFDY3r38=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUMFD0YvHFowttKFsttt26WYTdydCCf0TXjyoePX3ePPfuG1z0NYHA4/3ZpiZFyZSGHTdb6ewsrq2vlHcLG1t7+zulfcPHkycasZ9FstYt0JquBSK+yhQ8laiOY1CyZvh6HbqN5+4NiJW9zhOeBDRgRJ9wShaqdXoZlpPrt1uueJW3RnIMvFyUoEc9W75q9OLWRpxhUxSY9qem2CQUY2CST4pdVLDE8pGdMDblioacRNks3sn5MQqPdKPtS2FZKb+nshoZMw4Cm1nRHFoFr2p+J/XTrF/GWRCJSlyxeaL+qkkGJPp86QnNGcox5ZQpoW9lbAh1ZShjahkQ/AWX14m/ln1quo1ziu1mzyNIhzBMZyCBxdQgzuogw8MJDzDK7w5j86L8+58zFsLTj5zCH/gfP4AKfWPlg==</latexit>

Trr > 0
<latexit sha1_base64="ZiN/qUHlyb5aCVxLQJuTR2vrAbw=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUC9S9OKxQmsLbSib7aRdutnE3Y1QQv+EFw8qXv093vw3btsctPXBwOO9GWbmBYng2rjut1NYWV1b3yhulra2d3b3yvsHDzpOFcMmi0Ws2gHVKLjEpuFGYDtRSKNAYCsY3U791hMqzWPZMOME/YgOJA85o8ZK7UYvU2py7fbKFbfqzkCWiZeTCuSo98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYKmmE2s9m907IiVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGln3GZpAYlmy8KU0FMTKbPkz5XyIwYW0KZ4vZWwoZUUWZsRCUbgrf48jJpnlWvqt79eaV2k6dRhCM4hlPw4AJqcAd1aAIDAc/wCm/Oo/PivDsf89aCk88cwh84nz8xm4+b</latexit><latexit sha1_base64="ZiN/qUHlyb5aCVxLQJuTR2vrAbw=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUC9S9OKxQmsLbSib7aRdutnE3Y1QQv+EFw8qXv093vw3btsctPXBwOO9GWbmBYng2rjut1NYWV1b3yhulra2d3b3yvsHDzpOFcMmi0Ws2gHVKLjEpuFGYDtRSKNAYCsY3U791hMqzWPZMOME/YgOJA85o8ZK7UYvU2py7fbKFbfqzkCWiZeTCuSo98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYKmmE2s9m907IiVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGln3GZpAYlmy8KU0FMTKbPkz5XyIwYW0KZ4vZWwoZUUWZsRCUbgrf48jJpnlWvqt79eaV2k6dRhCM4hlPw4AJqcAd1aAIDAc/wCm/Oo/PivDsf89aCk88cwh84nz8xm4+b</latexit><latexit sha1_base64="ZiN/qUHlyb5aCVxLQJuTR2vrAbw=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUC9S9OKxQmsLbSib7aRdutnE3Y1QQv+EFw8qXv093vw3btsctPXBwOO9GWbmBYng2rjut1NYWV1b3yhulra2d3b3yvsHDzpOFcMmi0Ws2gHVKLjEpuFGYDtRSKNAYCsY3U791hMqzWPZMOME/YgOJA85o8ZK7UYvU2py7fbKFbfqzkCWiZeTCuSo98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYKmmE2s9m907IiVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGln3GZpAYlmy8KU0FMTKbPkz5XyIwYW0KZ4vZWwoZUUWZsRCUbgrf48jJpnlWvqt79eaV2k6dRhCM4hlPw4AJqcAd1aAIDAc/wCm/Oo/PivDsf89aCk88cwh84nz8xm4+b</latexit><latexit sha1_base64="ZiN/qUHlyb5aCVxLQJuTR2vrAbw=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUC9S9OKxQmsLbSib7aRdutnE3Y1QQv+EFw8qXv093vw3btsctPXBwOO9GWbmBYng2rjut1NYWV1b3yhulra2d3b3yvsHDzpOFcMmi0Ws2gHVKLjEpuFGYDtRSKNAYCsY3U791hMqzWPZMOME/YgOJA85o8ZK7UYvU2py7fbKFbfqzkCWiZeTCuSo98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYKmmE2s9m907IiVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGln3GZpAYlmy8KU0FMTKbPkz5XyIwYW0KZ4vZWwoZUUWZsRCUbgrf48jJpnlWvqt79eaV2k6dRhCM4hlPw4AJqcAd1aAIDAc/wCm/Oo/PivDsf89aCk88cwh84nz8xm4+b</latexit>



Radial shear pattern

radial cell elongation

decomposition of radial tissue 
shear

[h]

radial shear

radial T1 transitions

< Qrr >

< urr >

radially oriented active T1 drive radial pattern of cell elongation

cumulative shear

ṽrr =
DQrr

Dt
+ Trr + Crr

<latexit sha1_base64="fltIdWVDSoHO+qinCon0Q5Ka6qc=">AAACF3icbVDLSgMxFM34rPVVdekmWAShUGdEUBdCsV24bKFjC51SMmmmDc08SO4UyjCf4cZfceNCxa3u/BvTaRfaeiDk5Jx7ubnHjQRXYJrfxsrq2vrGZm4rv72zu7dfODh8UGEsKbNpKELZdoliggfMBg6CtSPJiO8K1nJH1anfGjOpeBg0YRKxrk8GAfc4JaClXuHcAS76DI97iZTpreNJQpMabmTPNKlBWmpmvFTNrl6haJbNDHiZWHNSRHPUe4Uvpx/S2GcBUEGU6lhmBN2ESOBUsDTvxIpFhI7IgHU0DYjPVDfJFkvxqVb62AulPgHgTP3dkRBfqYnv6kqfwFAtelPxP68Tg3fdTXgQxcACOhvkxQJDiKcp4T6XjIKYaEKo5PqvmA6JzgZ0lnkdgrW48jKxL8o3ZatxWazczdPIoWN0gs6Qha5QBd2jOrIRRY/oGb2iN+PJeDHejY9Z6Yox7zlCf2B8/gBHxaDE</latexit><latexit sha1_base64="fltIdWVDSoHO+qinCon0Q5Ka6qc=">AAACF3icbVDLSgMxFM34rPVVdekmWAShUGdEUBdCsV24bKFjC51SMmmmDc08SO4UyjCf4cZfceNCxa3u/BvTaRfaeiDk5Jx7ubnHjQRXYJrfxsrq2vrGZm4rv72zu7dfODh8UGEsKbNpKELZdoliggfMBg6CtSPJiO8K1nJH1anfGjOpeBg0YRKxrk8GAfc4JaClXuHcAS76DI97iZTpreNJQpMabmTPNKlBWmpmvFTNrl6haJbNDHiZWHNSRHPUe4Uvpx/S2GcBUEGU6lhmBN2ESOBUsDTvxIpFhI7IgHU0DYjPVDfJFkvxqVb62AulPgHgTP3dkRBfqYnv6kqfwFAtelPxP68Tg3fdTXgQxcACOhvkxQJDiKcp4T6XjIKYaEKo5PqvmA6JzgZ0lnkdgrW48jKxL8o3ZatxWazczdPIoWN0gs6Qha5QBd2jOrIRRY/oGb2iN+PJeDHejY9Z6Yox7zlCf2B8/gBHxaDE</latexit><latexit sha1_base64="fltIdWVDSoHO+qinCon0Q5Ka6qc=">AAACF3icbVDLSgMxFM34rPVVdekmWAShUGdEUBdCsV24bKFjC51SMmmmDc08SO4UyjCf4cZfceNCxa3u/BvTaRfaeiDk5Jx7ubnHjQRXYJrfxsrq2vrGZm4rv72zu7dfODh8UGEsKbNpKELZdoliggfMBg6CtSPJiO8K1nJH1anfGjOpeBg0YRKxrk8GAfc4JaClXuHcAS76DI97iZTpreNJQpMabmTPNKlBWmpmvFTNrl6haJbNDHiZWHNSRHPUe4Uvpx/S2GcBUEGU6lhmBN2ESOBUsDTvxIpFhI7IgHU0DYjPVDfJFkvxqVb62AulPgHgTP3dkRBfqYnv6kqfwFAtelPxP68Tg3fdTXgQxcACOhvkxQJDiKcp4T6XjIKYaEKo5PqvmA6JzgZ0lnkdgrW48jKxL8o3ZatxWazczdPIoWN0gs6Qha5QBd2jOrIRRY/oGb2iN+PJeDHejY9Z6Yox7zlCf2B8/gBHxaDE</latexit><latexit sha1_base64="fltIdWVDSoHO+qinCon0Q5Ka6qc=">AAACF3icbVDLSgMxFM34rPVVdekmWAShUGdEUBdCsV24bKFjC51SMmmmDc08SO4UyjCf4cZfceNCxa3u/BvTaRfaeiDk5Jx7ubnHjQRXYJrfxsrq2vrGZm4rv72zu7dfODh8UGEsKbNpKELZdoliggfMBg6CtSPJiO8K1nJH1anfGjOpeBg0YRKxrk8GAfc4JaClXuHcAS76DI97iZTpreNJQpMabmTPNKlBWmpmvFTNrl6haJbNDHiZWHNSRHPUe4Uvpx/S2GcBUEGU6lhmBN2ESOBUsDTvxIpFhI7IgHU0DYjPVDfJFkvxqVb62AulPgHgTP3dkRBfqYnv6kqfwFAtelPxP68Tg3fdTXgQxcACOhvkxQJDiKcp4T6XjIKYaEKo5PqvmA6JzgZ0lnkdgrW48jKxL8o3ZatxWazczdPIoWN0gs6Qha5QBd2jOrIRRY/oGb2iN+PJeDHejY9Z6Yox7zlCf2B8/gBHxaDE</latexit>

Qrr < 0
<latexit sha1_base64="bjeK9X0qk0e1mh0LQucHFDY3r38=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUMFD0YvHFowttKFsttt26WYTdydCCf0TXjyoePX3ePPfuG1z0NYHA4/3ZpiZFyZSGHTdb6ewsrq2vlHcLG1t7+zulfcPHkycasZ9FstYt0JquBSK+yhQ8laiOY1CyZvh6HbqN5+4NiJW9zhOeBDRgRJ9wShaqdXoZlpPrt1uueJW3RnIMvFyUoEc9W75q9OLWRpxhUxSY9qem2CQUY2CST4pdVLDE8pGdMDblioacRNks3sn5MQqPdKPtS2FZKb+nshoZMw4Cm1nRHFoFr2p+J/XTrF/GWRCJSlyxeaL+qkkGJPp86QnNGcox5ZQpoW9lbAh1ZShjahkQ/AWX14m/ln1quo1ziu1mzyNIhzBMZyCBxdQgzuogw8MJDzDK7w5j86L8+58zFsLTj5zCH/gfP4AKfWPlg==</latexit><latexit sha1_base64="bjeK9X0qk0e1mh0LQucHFDY3r38=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUMFD0YvHFowttKFsttt26WYTdydCCf0TXjyoePX3ePPfuG1z0NYHA4/3ZpiZFyZSGHTdb6ewsrq2vlHcLG1t7+zulfcPHkycasZ9FstYt0JquBSK+yhQ8laiOY1CyZvh6HbqN5+4NiJW9zhOeBDRgRJ9wShaqdXoZlpPrt1uueJW3RnIMvFyUoEc9W75q9OLWRpxhUxSY9qem2CQUY2CST4pdVLDE8pGdMDblioacRNks3sn5MQqPdKPtS2FZKb+nshoZMw4Cm1nRHFoFr2p+J/XTrF/GWRCJSlyxeaL+qkkGJPp86QnNGcox5ZQpoW9lbAh1ZShjahkQ/AWX14m/ln1quo1ziu1mzyNIhzBMZyCBxdQgzuogw8MJDzDK7w5j86L8+58zFsLTj5zCH/gfP4AKfWPlg==</latexit><latexit sha1_base64="bjeK9X0qk0e1mh0LQucHFDY3r38=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUMFD0YvHFowttKFsttt26WYTdydCCf0TXjyoePX3ePPfuG1z0NYHA4/3ZpiZFyZSGHTdb6ewsrq2vlHcLG1t7+zulfcPHkycasZ9FstYt0JquBSK+yhQ8laiOY1CyZvh6HbqN5+4NiJW9zhOeBDRgRJ9wShaqdXoZlpPrt1uueJW3RnIMvFyUoEc9W75q9OLWRpxhUxSY9qem2CQUY2CST4pdVLDE8pGdMDblioacRNks3sn5MQqPdKPtS2FZKb+nshoZMw4Cm1nRHFoFr2p+J/XTrF/GWRCJSlyxeaL+qkkGJPp86QnNGcox5ZQpoW9lbAh1ZShjahkQ/AWX14m/ln1quo1ziu1mzyNIhzBMZyCBxdQgzuogw8MJDzDK7w5j86L8+58zFsLTj5zCH/gfP4AKfWPlg==</latexit><latexit sha1_base64="bjeK9X0qk0e1mh0LQucHFDY3r38=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUMFD0YvHFowttKFsttt26WYTdydCCf0TXjyoePX3ePPfuG1z0NYHA4/3ZpiZFyZSGHTdb6ewsrq2vlHcLG1t7+zulfcPHkycasZ9FstYt0JquBSK+yhQ8laiOY1CyZvh6HbqN5+4NiJW9zhOeBDRgRJ9wShaqdXoZlpPrt1uueJW3RnIMvFyUoEc9W75q9OLWRpxhUxSY9qem2CQUY2CST4pdVLDE8pGdMDblioacRNks3sn5MQqPdKPtS2FZKb+nshoZMw4Cm1nRHFoFr2p+J/XTrF/GWRCJSlyxeaL+qkkGJPp86QnNGcox5ZQpoW9lbAh1ZShjahkQ/AWX14m/ln1quo1ziu1mzyNIhzBMZyCBxdQgzuogw8MJDzDK7w5j86L8+58zFsLTj5zCH/gfP4AKfWPlg==</latexit>

Trr > 0
<latexit sha1_base64="ZiN/qUHlyb5aCVxLQJuTR2vrAbw=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUC9S9OKxQmsLbSib7aRdutnE3Y1QQv+EFw8qXv093vw3btsctPXBwOO9GWbmBYng2rjut1NYWV1b3yhulra2d3b3yvsHDzpOFcMmi0Ws2gHVKLjEpuFGYDtRSKNAYCsY3U791hMqzWPZMOME/YgOJA85o8ZK7UYvU2py7fbKFbfqzkCWiZeTCuSo98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYKmmE2s9m907IiVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGln3GZpAYlmy8KU0FMTKbPkz5XyIwYW0KZ4vZWwoZUUWZsRCUbgrf48jJpnlWvqt79eaV2k6dRhCM4hlPw4AJqcAd1aAIDAc/wCm/Oo/PivDsf89aCk88cwh84nz8xm4+b</latexit><latexit sha1_base64="ZiN/qUHlyb5aCVxLQJuTR2vrAbw=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUC9S9OKxQmsLbSib7aRdutnE3Y1QQv+EFw8qXv093vw3btsctPXBwOO9GWbmBYng2rjut1NYWV1b3yhulra2d3b3yvsHDzpOFcMmi0Ws2gHVKLjEpuFGYDtRSKNAYCsY3U791hMqzWPZMOME/YgOJA85o8ZK7UYvU2py7fbKFbfqzkCWiZeTCuSo98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYKmmE2s9m907IiVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGln3GZpAYlmy8KU0FMTKbPkz5XyIwYW0KZ4vZWwoZUUWZsRCUbgrf48jJpnlWvqt79eaV2k6dRhCM4hlPw4AJqcAd1aAIDAc/wCm/Oo/PivDsf89aCk88cwh84nz8xm4+b</latexit><latexit sha1_base64="ZiN/qUHlyb5aCVxLQJuTR2vrAbw=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUC9S9OKxQmsLbSib7aRdutnE3Y1QQv+EFw8qXv093vw3btsctPXBwOO9GWbmBYng2rjut1NYWV1b3yhulra2d3b3yvsHDzpOFcMmi0Ws2gHVKLjEpuFGYDtRSKNAYCsY3U791hMqzWPZMOME/YgOJA85o8ZK7UYvU2py7fbKFbfqzkCWiZeTCuSo98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYKmmE2s9m907IiVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGln3GZpAYlmy8KU0FMTKbPkz5XyIwYW0KZ4vZWwoZUUWZsRCUbgrf48jJpnlWvqt79eaV2k6dRhCM4hlPw4AJqcAd1aAIDAc/wCm/Oo/PivDsf89aCk88cwh84nz8xm4+b</latexit><latexit sha1_base64="ZiN/qUHlyb5aCVxLQJuTR2vrAbw=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUC9S9OKxQmsLbSib7aRdutnE3Y1QQv+EFw8qXv093vw3btsctPXBwOO9GWbmBYng2rjut1NYWV1b3yhulra2d3b3yvsHDzpOFcMmi0Ws2gHVKLjEpuFGYDtRSKNAYCsY3U791hMqzWPZMOME/YgOJA85o8ZK7UYvU2py7fbKFbfqzkCWiZeTCuSo98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYKmmE2s9m907IiVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGln3GZpAYlmy8KU0FMTKbPkz5XyIwYW0KZ4vZWwoZUUWZsRCUbgrf48jJpnlWvqt79eaV2k6dRhCM4hlPw4AJqcAd1aAIDAc/wCm/Oo/PivDsf89aCk88cwh84nz8xm4+b</latexit>



Radial shear pattern

radial cell elongation

decomposition of radial tissue 
shear

[h]

radial shear

radial T1 transitions

< Qrr >

< urr >

radially oriented active T1 drive radial pattern of cell elongation

cumulative shear
Qrr < 0
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From 50 to 50,000 cells within 5 days 
(10 rounds of cell division).
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Wing disc growth
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Dpp-GFP ✏ ' 0.7
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g ' g0 exp

✓
� t� t0

⌧

◆

A(t) ' A0 exp[g0⌧(1� e�(t�t0)/⌧ )]



Wing disc growth

50 cells
50000 cells

10 rounds of
cell division

Anterior Posterior
Wing imaginal disk

Area growth rate

L
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dividing cells

time

g = Ȧ/A

Spatially homogeneous tissue growth



Self-Organisation of
tissue growth

growth

How does a collection of cells organize homogeneous
tissue growth up to a finite size?



Kicheva, Pantazis, Bollenbach, Kalaidizis, Bittig, Jülicher, Gonzalez-Gaitan, Science (2007)

concentration
gradient

Dpp source

C(x) ⇠ e�x/�

C(x)

Dpp: graded concentration 
profiles

transport, internalization and 
degradation in target tissue

Dpp-GFP



GFP-Dpp

GFP-Wingless

� � 22µm
� � 6µm

Kicheva, Pantazis, Bollenbach, Kalaidizis, Bittig, Jülicher, Gonzalez-Gaitan, Science (2007)

concentration
gradient

Dpp source

C(x) ⇠ e�x/�

C(x)

Dpp: graded concentration 
profiles

transport, internalization and 
degradation in target tissue



Growth factors stimulate growth
Secreted growth factors regulate 
growth

 concentration 

source

C(x) ' C0e
�x/�

effective
diffusion

localized
source

cell velocity

effective degradation

Diffusion-degradation-convection

@tC +r · (vC) = Dr2C � kC + ⌫(x)
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Area growth rate generates cell flow

r · v = g

tissue

tissue

� ' (D/k)1/2
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decay length



Growth control scenarios

Dpp gradient slope (spatial control)

Mechanical stress (mechanical control)

Relative increase of Dpp levels (temporal control)
Wartlick et al., Science (2011)

Rogulja and Irvine, Cell (2005)

Hufnagel,...,Cohen, Shraiman, PNAS (2007)

growth chemical
signals

stimulation

cell flows



Scaling during tissue growth

x

x

L

x

�

�

Ben-Zvi, Pyrowolakis, Barkai, Shilo, Curr. Biol (2011) 

= x/L
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⇠(r)
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C0 ⇠ A�

� ' 0.6

C0

A [µm2]

scaling of concentration profile

Ben-Zvi, Shilo, Fainsod, Barkai, Nature (2008) 

Wartlick, Mumcu, Kicheva, Bittig, Seum, Jülicher, Gonzalez-Gaitan, Science (2011)

C(x, t) = C0(t)⇠(x/L(t))
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Scaling during tissue growth

Scalable 
pattern generator

x

x

L

x

�

�

scaling of concentration profile

Ben-Zvi, Pyrowolakis, Barkai, Shilo, Curr. Biol (2011) 

Ben-Zvi, Shilo, Fainsod, Barkai, Nature (2008) 

Wartlick, Mumcu, Kicheva, Bittig, Seum, Jülicher, Gonzalez-Gaitan, Science (2011)

C(x, t) = C0(t)⇠(x/L(t))
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Ben-Zvi and Barkai, PNAS 107 (2010) 

see also:

Ben-Zvi, Shilo, Fainsod, Barkai, Nature (2008) 

Expansion - repression

Expander - dilution
Ben-Zvi and Barkai, PNAS 107 (2010) 

Wartlick, Mumcu et al., Science (2011)

Scaling via growth control
Aberbukh, Ben-Zwi, Mishra, Barkai, Development (2014)

Key players:

Ben-Zvi, Pyrowolakis, Barkai, Shilo,  Curr. Biol (2011) 
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talk by Marcos Gonzalez-Gaitan



Scaling and growth
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Wartlick, Mumcu, Kicheva, Bittig, Seum, Jülicher, Gonzalez-Gaitan, Science (2011)

C = C0⇠(x/L)
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Signal received by cell during growth C(t) = C0(t)⇠(x(t)/L(t))
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Wartlick, Mumcu, Kicheva, Bittig, Seum, Jülicher, Gonzalez-Gaitan, Science (2011)

Scaling morphogen profile C = C0⇠(x/L)
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Signal received by cell during growth C(t) = C0(t)⇠(x(t)/L(t))
<latexit sha1_base64="oVB7eFjYdcbrET/W+BTdKVjgVao=">AAACAnicbVDLSgMxFM3UV62vUVfiJliEdlNnRNCNUOzGhYsK9gHtMGTSTBvMPEjuSMtQ3Pgrblwo4tavcOffmLaz0NYDyT2ccy/JPV4suALL+jZyS8srq2v59cLG5tb2jrm711RRIilr0EhEsu0RxQQPWQM4CNaOJSOBJ1jLu69N/NYDk4pH4R2MYuYEpB9yn1MCWnLNg1oJypc119KlO+Sloa4nN/oqu2bRqlhT4EViZ6SIMtRd86vbi2gSsBCoIEp1bCsGJyUSOBVsXOgmisWE3pM+62gakoApJ52uMMbHWulhP5L6hICn6u+JlARKjQJPdwYEBmrem4j/eZ0E/Asn5WGcAAvp7CE/ERgiPMkD97hkFMRIE0Il13/FdEAkoaBTK+gQ7PmVF0nztGJbFfv2rFi9yuLIo0N0hErIRueoiq5RHTUQRY/oGb2iN+PJeDHejY9Za87IZvbRHxifP+uxlIw=</latexit><latexit sha1_base64="oVB7eFjYdcbrET/W+BTdKVjgVao=">AAACAnicbVDLSgMxFM3UV62vUVfiJliEdlNnRNCNUOzGhYsK9gHtMGTSTBvMPEjuSMtQ3Pgrblwo4tavcOffmLaz0NYDyT2ccy/JPV4suALL+jZyS8srq2v59cLG5tb2jrm711RRIilr0EhEsu0RxQQPWQM4CNaOJSOBJ1jLu69N/NYDk4pH4R2MYuYEpB9yn1MCWnLNg1oJypc119KlO+Sloa4nN/oqu2bRqlhT4EViZ6SIMtRd86vbi2gSsBCoIEp1bCsGJyUSOBVsXOgmisWE3pM+62gakoApJ52uMMbHWulhP5L6hICn6u+JlARKjQJPdwYEBmrem4j/eZ0E/Asn5WGcAAvp7CE/ERgiPMkD97hkFMRIE0Il13/FdEAkoaBTK+gQ7PmVF0nztGJbFfv2rFi9yuLIo0N0hErIRueoiq5RHTUQRY/oGb2iN+PJeDHejY9Za87IZvbRHxifP+uxlIw=</latexit><latexit sha1_base64="oVB7eFjYdcbrET/W+BTdKVjgVao=">AAACAnicbVDLSgMxFM3UV62vUVfiJliEdlNnRNCNUOzGhYsK9gHtMGTSTBvMPEjuSMtQ3Pgrblwo4tavcOffmLaz0NYDyT2ccy/JPV4suALL+jZyS8srq2v59cLG5tb2jrm711RRIilr0EhEsu0RxQQPWQM4CNaOJSOBJ1jLu69N/NYDk4pH4R2MYuYEpB9yn1MCWnLNg1oJypc119KlO+Sloa4nN/oqu2bRqlhT4EViZ6SIMtRd86vbi2gSsBCoIEp1bCsGJyUSOBVsXOgmisWE3pM+62gakoApJ52uMMbHWulhP5L6hICn6u+JlARKjQJPdwYEBmrem4j/eZ0E/Asn5WGcAAvp7CE/ERgiPMkD97hkFMRIE0Il13/FdEAkoaBTK+gQ7PmVF0nztGJbFfv2rFi9yuLIo0N0hErIRueoiq5RHTUQRY/oGb2iN+PJeDHejY9Za87IZvbRHxifP+uxlIw=</latexit><latexit sha1_base64="oVB7eFjYdcbrET/W+BTdKVjgVao=">AAACAnicbVDLSgMxFM3UV62vUVfiJliEdlNnRNCNUOzGhYsK9gHtMGTSTBvMPEjuSMtQ3Pgrblwo4tavcOffmLaz0NYDyT2ccy/JPV4suALL+jZyS8srq2v59cLG5tb2jrm711RRIilr0EhEsu0RxQQPWQM4CNaOJSOBJ1jLu69N/NYDk4pH4R2MYuYEpB9yn1MCWnLNg1oJypc119KlO+Sloa4nN/oqu2bRqlhT4EViZ6SIMtRd86vbi2gSsBCoIEp1bCsGJyUSOBVsXOgmisWE3pM+62gakoApJ52uMMbHWulhP5L6hICn6u+JlARKjQJPdwYEBmrem4j/eZ0E/Asn5WGcAAvp7CE/ERgiPMkD97hkFMRIE0Il13/FdEAkoaBTK+gQ7PmVF0nztGJbFfv2rFi9yuLIo0N0hErIRueoiq5RHTUQRY/oGb2iN+PJeDHejY9Za87IZvbRHxifP+uxlIw=</latexit>

constant during
homogeneous
growth
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<latexit sha1_base64="ge4v2ihyr4BEfwHuDC3RUTNt7d8=">AAACDnicbVDLSgMxFL1TX7W+Rl26CZaCqzIjgm6UYkFcVrAPaIchk2ba0ExmSDJCGfoFbvwEf8GNC0Xcunbn35g+FrX1QMLhnHtvck+QcKa04/xYuZXVtfWN/GZha3tnd8/eP2ioOJWE1knMY9kKsKKcCVrXTHPaSiTFUcBpMxhUx37zgUrFYnGvhwn1ItwTLGQEayP5dqkTSkyyTjfWqDrKqqPLecF3jGQu3y46ZWcCtEzcGSlWrm7OngGg5tvfZgBJIyo04Viptusk2suw1IxwOip0UkUTTAa4R9uGChxR5WWTdUaoZJQuCmNpjtBoos53ZDhSahgFpjLCuq8WvbH4n9dOdXjhZUwkqaaCTB8KU450jMbZoC6TlGg+NAQTycxfEeljE4c2CRZMCO7iysukcVp2nbJ7Z9K4hinycATHcAIunEMFbqEGdSDwCC/wBu/Wk/VqfVif09KcNes5hD+wvn4B1sudbg==</latexit><latexit sha1_base64="l36fWjBbVX2+7IzZ2CgkohbXCOk=">AAACDnicbVDLSgMxFL1TX7W+Rl26CZaCqzIjgm6UakHEVQX7gHYYMmmmDc08SDJCGeYL3LjzO9woKOLWtTv/xvSxqNUDCYdz7r3JPV7MmVSW9W3kFhaXllfyq4W19Y3NLXN7pyGjRBBaJxGPRMvDknIW0rpiitNWLCgOPE6b3qA68pt3VEgWhbdqGFMnwL2Q+YxgpSXXLHV8gUna6UYKVbO0mp3OCq6lJX25ZtEqW2Ogv8SekmLl7PLo8eX8uuaaX3oASQIaKsKxlG3bipWTYqEY4TQrdBJJY0wGuEfbmoY4oNJJx+tkqKSVLvIjoU+o0Fid7UhxIOUw8HRlgFVfznsj8T+vnSj/xElZGCeKhmTykJ9wpCI0ygZ1maBE8aEmmAim/4pIH+s4lE6woEOw51f+SxqHZdsq2zc6jQuYIA97sA8HYMMxVOAKalAHAvfwBK/wZjwYz8a78TEpzRnTnl34BePzB3lqnqc=</latexit><latexit sha1_base64="l36fWjBbVX2+7IzZ2CgkohbXCOk=">AAACDnicbVDLSgMxFL1TX7W+Rl26CZaCqzIjgm6UakHEVQX7gHYYMmmmDc08SDJCGeYL3LjzO9woKOLWtTv/xvSxqNUDCYdz7r3JPV7MmVSW9W3kFhaXllfyq4W19Y3NLXN7pyGjRBBaJxGPRMvDknIW0rpiitNWLCgOPE6b3qA68pt3VEgWhbdqGFMnwL2Q+YxgpSXXLHV8gUna6UYKVbO0mp3OCq6lJX25ZtEqW2Ogv8SekmLl7PLo8eX8uuaaX3oASQIaKsKxlG3bipWTYqEY4TQrdBJJY0wGuEfbmoY4oNJJx+tkqKSVLvIjoU+o0Fid7UhxIOUw8HRlgFVfznsj8T+vnSj/xElZGCeKhmTykJ9wpCI0ygZ1maBE8aEmmAim/4pIH+s4lE6woEOw51f+SxqHZdsq2zc6jQuYIA97sA8HYMMxVOAKalAHAvfwBK/wZjwYz8a78TEpzRnTnl34BePzB3lqnqc=</latexit><latexit sha1_base64="jr8OetRdidLmh+QH+GwMx0bh6TI=">AAACDnicbVC7TsMwFHXKq5RXgJHFoqrEVCUssCBVdGEsEn1IbRQ5rtNadZzIvkGqonwBC7/CwgBCrMxs/A1um6G0HMnW0Tn3XvueIBFcg+P8WKWNza3tnfJuZW//4PDIPj7p6DhVlLVpLGLVC4hmgkvWBg6C9RLFSBQI1g0mzZnffWRK81g+wDRhXkRGkoecEjCSb9cGoSI0GwxjwM08a+Y3y4LvGMlcvl116s4ceJ24BamiAi3f/jYDaBoxCVQQrfuuk4CXEQWcCpZXBqlmCaETMmJ9QyWJmPay+To5rhlliMNYmSMBz9XljoxEWk+jwFRGBMZ61ZuJ/3n9FMJrL+MySYFJungoTAWGGM+ywUOuGAUxNYRQxc1fMR0TEweYBCsmBHd15XXSuay7Tt29d6qN2yKOMjpD5+gCuegKNdAdaqE2ougJvaA39G49W6/Wh/W5KC1ZRc8p+gPr6xev85vW</latexit>
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Wartlick, Mumcu, Kicheva, Bittig, Seum, Jülicher, Gonzalez-Gaitan, Science (2011)

g = ��1 Ċ

C
<latexit sha1_base64="Fl/nPPxJf309sW1pDUI3wHGVa8s=">AAACBXicbVC7SgNBFL0bXzG+opZaDAbBxrBrYxohmMYygnlAEsPsZDYZMvtg5q4Qlm1s/BUbC0Vs/QWxs/JXnDwKTTwwcDjnHu7c40ZSaLTtLyuztLyyupZdz21sbm3v5Hf36jqMFeM1FspQNV2quRQBr6FAyZuR4tR3JW+4w8rYb9xxpUUY3OAo4h2f9gPhCUbRSN38Yf+i7XKkt8mpk7Y9RVnS7oVIKmlSSbv5gl20JyCLxJmRQrn0/UEAoNrNf5owi30eIJNU65ZjR9hJqELBJE9z7VjziLIh7fOWoQH1ue4kkytScmyUHvFCZV6AZKL+TiTU13rku2bSpzjQ895Y/M9rxeiVOokIohh5wKaLvFgSDMm4EtITijOUI0MoU8L8lbABNVWgKS5nSnDmT14k9bOiYxeda9PGJUyRhQM4ghNw4BzKcAVVqAGDe3iEZ3ixHqwn69V6m45mrFlmH/7Aev8BG3qahw==</latexit><latexit sha1_base64="E43v2nRnS+zDOSUGtxUKvOy2ARc=">AAACBXicbVC7SgNBFJ2NrxhfqxYiWgwGwcawa2MaIZjGMoJ5QLKG2clsMmT2wcxdISzb2PgrNhaK2PoLYqeNrZ/h5FFo4oGBwzn3cOceNxJcgWV9GJm5+YXFpexybmV1bX3D3NyqqTCWlFVpKELZcIliggesChwEa0SSEd8VrO72y0O/fsOk4mFwBYOIOT7pBtzjlICW2uZ+96zlMiDXybGdtjxJaNLqhIDLaVJO22beKlgj4FliT0i+VPx62/n83q20zXcdprHPAqCCKNW0rQichEjgVLA014oViwjtky5rahoQnyknGV2R4kOtdLAXSv0CwCP1dyIhvlID39WTPoGemvaG4n9eMwav6CQ8iGJgAR0v8mKBIcTDSnCHS0ZBDDQhVHL9V0x7RFcBuricLsGePnmW1E4KtlWwL3Ub52iMLNpDB+gI2egUldAFqqAqougW3aNH9GTcGQ/Gs/EyHs0Yk8w2+gPj9QeK05xZ</latexit><latexit sha1_base64="E43v2nRnS+zDOSUGtxUKvOy2ARc=">AAACBXicbVC7SgNBFJ2NrxhfqxYiWgwGwcawa2MaIZjGMoJ5QLKG2clsMmT2wcxdISzb2PgrNhaK2PoLYqeNrZ/h5FFo4oGBwzn3cOceNxJcgWV9GJm5+YXFpexybmV1bX3D3NyqqTCWlFVpKELZcIliggesChwEa0SSEd8VrO72y0O/fsOk4mFwBYOIOT7pBtzjlICW2uZ+96zlMiDXybGdtjxJaNLqhIDLaVJO22beKlgj4FliT0i+VPx62/n83q20zXcdprHPAqCCKNW0rQichEjgVLA014oViwjtky5rahoQnyknGV2R4kOtdLAXSv0CwCP1dyIhvlID39WTPoGemvaG4n9eMwav6CQ8iGJgAR0v8mKBIcTDSnCHS0ZBDDQhVHL9V0x7RFcBuricLsGePnmW1E4KtlWwL3Ub52iMLNpDB+gI2egUldAFqqAqougW3aNH9GTcGQ/Gs/EyHs0Yk8w2+gPj9QeK05xZ</latexit><latexit sha1_base64="waMYDUR7DehejNQzSF3k8PzW74I=">AAACBXicbVC7TsMwFHV4lvIKMMJgUSGxUCUssCBVdGEsEn1ITagc12mtOk5k3yBVURYWfoWFAYRY+Qc2/ga3zQAtR7J0dM49ur4nSATX4Djf1tLyyuraemmjvLm1vbNr7+23dJwqypo0FrHqBEQzwSVrAgfBOoliJAoEawej+sRvPzCleSzvYJwwPyIDyUNOCRipZx8NrryAAbnPztzcCxWhmdePAdfzrJ737IpTdabAi8QtSAUVaPTsLxOmacQkUEG07rpOAn5GFHAqWF72Us0SQkdkwLqGShIx7WfTK3J8YpQ+DmNlngQ8VX8nMhJpPY4CMxkRGOp5byL+53VTCC/9jMskBSbpbFGYCgwxnlSC+1wxCmJsCKGKm79iOiSmCjDFlU0J7vzJi6R1XnWdqnvrVGrXRR0ldIiO0Sly0QWqoRvUQE1E0SN6Rq/ozXqyXqx362M2umQVmQP0B9bnDwevmEA=</latexit>
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Ȧ

A
<latexit sha1_base64="dv9cXawmqfrxAq5smpCDBmfG97U=">AAAB+3icbVC7SgNBFL0bXzG+1ljaDAbBKuzamEZItLGMYB6QhDA7mU2GzD6YuSuGZX/FxkIRW/9D7Kz8FSePQhMPDBzOuYd753ixFBod58vKra1vbG7ltws7u3v7B/ZhsamjRDHeYJGMVNujmksR8gYKlLwdK04DT/KWN76e+q17rrSIwjucxLwX0GEofMEoGqlvF4eXXV9RlnYHEZJaltayvl1yys4MZJW4C1KqVr4/CADU+/anCbMk4CEySbXuuE6MvZQqFEzyrNBNNI8pG9Mh7xga0oDrXjq7PSOnRhkQP1LmhUhm6u9ESgOtJ4FnJgOKI73sTcX/vE6CfqWXijBOkIdsvshPJMGITIsgA6E4QzkxhDIlzK2EjaipAk1dBVOCu/zlVdI8L7tO2b01bVzBHHk4hhM4AxcuoAo3UIcGMHiAR3iGFyuznqxX620+mrMWmSP4A+v9B74klnM=</latexit><latexit sha1_base64="8hXwKlk2bHUbyG2neoi+OVLFsiw=">AAAB+3icbVC7SgNBFL0bXzG+1liI2AwGwSrs2phGSLSxjGAekIQwO5lNhszOLjOzYlj2V2wsFLH1P8ROG1s/w8mj0MQDA4dz7uHeOV7EmdKO82FllpZXVtey67mNza3tHXs3X1dhLAmtkZCHsulhRTkTtKaZ5rQZSYoDj9OGN7wc+41bKhULxY0eRbQT4L5gPiNYG6lr5/vnbV9ikrR7oUaVNKmkXbvgFJ0J0CJxZ6RQLn297X9+H1S79rsJkzigQhOOlWq5TqQ7CZaaEU7TXDtWNMJkiPu0ZajAAVWdZHJ7io6N0kN+KM0TGk3U34kEB0qNAs9MBlgP1Lw3Fv/zWrH2S52EiSjWVJDpIj/mSIdoXATqMUmJ5iNDMJHM3IrIAJsqtKkrZ0pw57+8SOqnRdcputemjQuYIguHcAQn4MIZlOEKqlADAndwD4/wZKXWg/VsvUxHM9Ysswd/YL3+AC2MmEU=</latexit><latexit sha1_base64="8hXwKlk2bHUbyG2neoi+OVLFsiw=">AAAB+3icbVC7SgNBFL0bXzG+1liI2AwGwSrs2phGSLSxjGAekIQwO5lNhszOLjOzYlj2V2wsFLH1P8ROG1s/w8mj0MQDA4dz7uHeOV7EmdKO82FllpZXVtey67mNza3tHXs3X1dhLAmtkZCHsulhRTkTtKaZ5rQZSYoDj9OGN7wc+41bKhULxY0eRbQT4L5gPiNYG6lr5/vnbV9ikrR7oUaVNKmkXbvgFJ0J0CJxZ6RQLn297X9+H1S79rsJkzigQhOOlWq5TqQ7CZaaEU7TXDtWNMJkiPu0ZajAAVWdZHJ7io6N0kN+KM0TGk3U34kEB0qNAs9MBlgP1Lw3Fv/zWrH2S52EiSjWVJDpIj/mSIdoXATqMUmJ5iNDMJHM3IrIAJsqtKkrZ0pw57+8SOqnRdcputemjQuYIguHcAQn4MIZlOEKqlADAndwD4/wZKXWg/VsvUxHM9Ysswd/YL3+AC2MmEU=</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="sVaDzGZHA6gOEYcQ/inUwhCmpOQ=">AAAB8HicbZBLSwMxFIXv1FetVcdu3QSL4KrMuNGNYHHjsoJ9QDuUTJppQzOZIbkjlmH+ihsXivhr3PlvTB8LbT0QOJyTS26+MJXCoOd9O6Wt7Z3dvfJ+5aB6eHTsnlQ7Jsk0422WyET3Qmq4FIq3UaDkvVRzGoeSd8Pp3bzvPnFtRKIecZbyIKZjJSLBKNpo6NbGN4NIU5YPRgmSZpE3i6Fb9xreQmTT+CtTh5VaQ/fLDrMs5gqZpMb0fS/FIKcaBZO8qAwyw1PKpnTM+9YqGnMT5IvdC3JukxGJEm2PQrJIf0/kNDZmFof2ZkxxYta7efhf188wug5yodIMuWLLh6JMEkzIHAQZCc0Zypk1lGlhdyVsQi0KtLgqFoK//uVN07ls+F7Df/CgDKdwBhfgwxXcwj20oA0MnuEF3uDdKZxX52OJq+SsuNXgj5zPH0shkso=</latexit><latexit sha1_base64="sVaDzGZHA6gOEYcQ/inUwhCmpOQ=">AAAB8HicbZBLSwMxFIXv1FetVcdu3QSL4KrMuNGNYHHjsoJ9QDuUTJppQzOZIbkjlmH+ihsXivhr3PlvTB8LbT0QOJyTS26+MJXCoOd9O6Wt7Z3dvfJ+5aB6eHTsnlQ7Jsk0422WyET3Qmq4FIq3UaDkvVRzGoeSd8Pp3bzvPnFtRKIecZbyIKZjJSLBKNpo6NbGN4NIU5YPRgmSZpE3i6Fb9xreQmTT+CtTh5VaQ/fLDrMs5gqZpMb0fS/FIKcaBZO8qAwyw1PKpnTM+9YqGnMT5IvdC3JukxGJEm2PQrJIf0/kNDZmFof2ZkxxYta7efhf188wug5yodIMuWLLh6JMEkzIHAQZCc0Zypk1lGlhdyVsQi0KtLgqFoK//uVN07ls+F7Df/CgDKdwBhfgwxXcwj20oA0MnuEF3uDdKZxX52OJq+SsuNXgj5zPH0shkso=</latexit><latexit sha1_base64="4StZcISXGfgQHcugpfUCgpwaT8s=">AAAB+3icbVC7SgNBFL0bXzG+1ljaDAbBKuzaaCMk2lhGMDGQLGF2MpsMmX0wc1cMy/6KjYUitv6InX/jJNlCEw8MHM65h3vn+IkUGh3n2yqtrW9sbpW3Kzu7e/sH9mG1o+NUMd5msYxV16eaSxHxNgqUvJsoTkNf8gd/cjPzHx650iKO7nGacC+ko0gEglE00sCujq76gaIs6w9jJM08a+YDu+bUnTnIKnELUoMCrYH9ZcIsDXmETFKte66ToJdRhYJJnlf6qeYJZRM64j1DIxpy7WXz23NyapQhCWJlXoRkrv5OZDTUehr6ZjKkONbL3kz8z+ulGFx6mYiSFHnEFouCVBKMyawIMhSKM5RTQyhTwtxK2JiaKtDUVTEluMtfXiWd87rr1N07p9a4LuoowzGcwBm4cAENuIUWtIHBEzzDK7xZufVivVsfi9GSVWSO4A+szx+qWZQs</latexit><latexit sha1_base64="4StZcISXGfgQHcugpfUCgpwaT8s=">AAAB+3icbVC7SgNBFL0bXzG+1ljaDAbBKuzaaCMk2lhGMDGQLGF2MpsMmX0wc1cMy/6KjYUitv6InX/jJNlCEw8MHM65h3vn+IkUGh3n2yqtrW9sbpW3Kzu7e/sH9mG1o+NUMd5msYxV16eaSxHxNgqUvJsoTkNf8gd/cjPzHx650iKO7nGacC+ko0gEglE00sCujq76gaIs6w9jJM08a+YDu+bUnTnIKnELUoMCrYH9ZcIsDXmETFKte66ToJdRhYJJnlf6qeYJZRM64j1DIxpy7WXz23NyapQhCWJlXoRkrv5OZDTUehr6ZjKkONbL3kz8z+ulGFx6mYiSFHnEFouCVBKMyawIMhSKM5RTQyhTwtxK2JiaKtDUVTEluMtfXiWd87rr1N07p9a4LuoowzGcwBm4cAENuIUWtIHBEzzDK7xZufVivVsfi9GSVWSO4A+szx+qWZQs</latexit><latexit sha1_base64="8hXwKlk2bHUbyG2neoi+OVLFsiw=">AAAB+3icbVC7SgNBFL0bXzG+1liI2AwGwSrs2phGSLSxjGAekIQwO5lNhszOLjOzYlj2V2wsFLH1P8ROG1s/w8mj0MQDA4dz7uHeOV7EmdKO82FllpZXVtey67mNza3tHXs3X1dhLAmtkZCHsulhRTkTtKaZ5rQZSYoDj9OGN7wc+41bKhULxY0eRbQT4L5gPiNYG6lr5/vnbV9ikrR7oUaVNKmkXbvgFJ0J0CJxZ6RQLn297X9+H1S79rsJkzigQhOOlWq5TqQ7CZaaEU7TXDtWNMJkiPu0ZajAAVWdZHJ7io6N0kN+KM0TGk3U34kEB0qNAs9MBlgP1Lw3Fv/zWrH2S52EiSjWVJDpIj/mSIdoXATqMUmJ5iNDMJHM3IrIAJsqtKkrZ0pw57+8SOqnRdcputemjQuYIguHcAQn4MIZlOEKqlADAndwD4/wZKXWg/VsvUxHM9Ysswd/YL3+AC2MmEU=</latexit><latexit sha1_base64="8hXwKlk2bHUbyG2neoi+OVLFsiw=">AAAB+3icbVC7SgNBFL0bXzG+1liI2AwGwSrs2phGSLSxjGAekIQwO5lNhszOLjOzYlj2V2wsFLH1P8ROG1s/w8mj0MQDA4dz7uHeOV7EmdKO82FllpZXVtey67mNza3tHXs3X1dhLAmtkZCHsulhRTkTtKaZ5rQZSYoDj9OGN7wc+41bKhULxY0eRbQT4L5gPiNYG6lr5/vnbV9ikrR7oUaVNKmkXbvgFJ0J0CJxZ6RQLn297X9+H1S79rsJkzigQhOOlWq5TqQ7CZaaEU7TXDtWNMJkiPu0ZajAAVWdZHJ7io6N0kN+KM0TGk3U34kEB0qNAs9MBlgP1Lw3Fv/zWrH2S52EiSjWVJDpIj/mSIdoXATqMUmJ5iNDMJHM3IrIAJsqtKkrZ0pw57+8SOqnRdcputemjQuYIguHcAQn4MIZlOEKqlADAndwD4/wZKXWg/VsvUxHM9Ysswd/YL3+AC2MmEU=</latexit><latexit sha1_base64="8hXwKlk2bHUbyG2neoi+OVLFsiw=">AAAB+3icbVC7SgNBFL0bXzG+1liI2AwGwSrs2phGSLSxjGAekIQwO5lNhszOLjOzYlj2V2wsFLH1P8ROG1s/w8mj0MQDA4dz7uHeOV7EmdKO82FllpZXVtey67mNza3tHXs3X1dhLAmtkZCHsulhRTkTtKaZ5rQZSYoDj9OGN7wc+41bKhULxY0eRbQT4L5gPiNYG6lr5/vnbV9ikrR7oUaVNKmkXbvgFJ0J0CJxZ6RQLn297X9+H1S79rsJkzigQhOOlWq5TqQ7CZaaEU7TXDtWNMJkiPu0ZajAAVWdZHJ7io6N0kN+KM0TGk3U34kEB0qNAs9MBlgP1Lw3Fv/zWrH2S52EiSjWVJDpIj/mSIdoXATqMUmJ5iNDMJHM3IrIAJsqtKkrZ0pw57+8SOqnRdcputemjQuYIguHcAQn4MIZlOEKqlADAndwD4/wZKXWg/VsvUxHM9Ysswd/YL3+AC2MmEU=</latexit><latexit sha1_base64="8hXwKlk2bHUbyG2neoi+OVLFsiw=">AAAB+3icbVC7SgNBFL0bXzG+1liI2AwGwSrs2phGSLSxjGAekIQwO5lNhszOLjOzYlj2V2wsFLH1P8ROG1s/w8mj0MQDA4dz7uHeOV7EmdKO82FllpZXVtey67mNza3tHXs3X1dhLAmtkZCHsulhRTkTtKaZ5rQZSYoDj9OGN7wc+41bKhULxY0eRbQT4L5gPiNYG6lr5/vnbV9ikrR7oUaVNKmkXbvgFJ0J0CJxZ6RQLn297X9+H1S79rsJkzigQhOOlWq5TqQ7CZaaEU7TXDtWNMJkiPu0ZajAAVWdZHJ7io6N0kN+KM0TGk3U34kEB0qNAs9MBlgP1Lw3Fv/zWrH2S52EiSjWVJDpIj/mSIdoXATqMUmJ5iNDMJHM3IrIAJsqtKkrZ0pw57+8SOqnRdcputemjQuYIguHcAQn4MIZlOEKqlADAndwD4/wZKXWg/VsvUxHM9Ysswd/YL3+AC2MmEU=</latexit><latexit sha1_base64="4StZcISXGfgQHcugpfUCgpwaT8s=">AAAB+3icbVC7SgNBFL0bXzG+1ljaDAbBKuzaaCMk2lhGMDGQLGF2MpsMmX0wc1cMy/6KjYUitv6InX/jJNlCEw8MHM65h3vn+IkUGh3n2yqtrW9sbpW3Kzu7e/sH9mG1o+NUMd5msYxV16eaSxHxNgqUvJsoTkNf8gd/cjPzHx650iKO7nGacC+ko0gEglE00sCujq76gaIs6w9jJM08a+YDu+bUnTnIKnELUoMCrYH9ZcIsDXmETFKte66ToJdRhYJJnlf6qeYJZRM64j1DIxpy7WXz23NyapQhCWJlXoRkrv5OZDTUehr6ZjKkONbL3kz8z+ulGFx6mYiSFHnEFouCVBKMyawIMhSKM5RTQyhTwtxK2JiaKtDUVTEluMtfXiWd87rr1N07p9a4LuoowzGcwBm4cAENuIUWtIHBEzzDK7xZufVivVsfi9GSVWSO4A+szx+qWZQs</latexit>
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Ma, Zhou, Beachy, Moses, Cell 75 (1993)



Cell division wave in the eye
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Wartlick, Jülicher, Gonzalez-Gaitan, Development 141 (2014) 
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signal output 

Adaptive morphogen sensor
Dpp

Mad PMadp

Tkv
fold change detection

Shoval,.., Alon, PNAS 107 (2010)

example: chemotactic signaling

Barkai Leibler, Nature (1997)

Friedrich, Jülicher, PNAS (2007)
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Self-organization of growth

morphogen source
effective
diffusion

localized
source

cell velocity

Morphogens regulate growth

effective degradation

Morphogen dynamics

morphogen 
concentration
increase

Growth regulation

material time 
derivative

growth chemical
signals

stimulation

@tC +r · (vC) = Dr2C � kC + ⌫(x)
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Auguilar-Hidalgo, Werner, Wartlick, Gonzalez-Gaitan, Friedrich, Jülicher, Phys. Rev. Lett. (2018)
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cell flows

Ċ = @tC + v ·rC
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Morphogens regulate growth Morphogen dynamics
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increase

Growth regulation

growth chemical
signals

stimulation

@tC +r · (vC) = Dr2C � kC + ⌫(x)
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growth

Auguilar-Hidalgo, Werner, Wartlick, Gonzalez-Gaitan, Friedrich, Jülicher, Phys. Rev. Lett. (2018)
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cell flows

Ċ = @tC + v ·rC
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Ċ = @tC + v ·rC
<latexit sha1_base64="1V860JgJ2fgWpznILDzsd9keo/I=">AAACE3icbVA9SwNBEJ3z2/h1KtjYLAZBFMKdjTaCmMYyAaOBXIhzmz1d3Ns7dvcC4ch/sPGv2FgoYmtjZ+NvcS+x0MQHC2/fm9nZeWEquDae9+lMTc/Mzs0vLJaWlldW19z1jUudZIqyBk1Eopohaia4ZA3DjWDNVDGMQ8Guwrtq4V/1mNI8kRemn7J2jDeSR5yisVLH3Q+6iSHVkyBFZTiKjr2QgzwII9IbBLQwA4mhQFLtuGWv4g1BJon/Q8qnW/WvawCoddwP+zjNYiYNFah1y/dS086LQVSwQSnINEuR3uENa1kqMWa6nQ93GpBdq3RJlCh7pCFD9XdHjrHW/Ti0lTGaWz3uFeJ/Xisz0XE75zLNDJN0NCjKBDEJKQIiXa4YNaJvCVLF7V8JvUWF1NgYSzYEf3zlSXJ5WPG9il+3aZzBCAuwDTuwBz4cwSmcQw0aQOEeHuEZXpwH58l5dd5GpVPOT88m/IHz/g2FpZ7S</latexit><latexit sha1_base64="bHgOTmBCcPHZRXMJ/Oso0rh+l/k=">AAACE3icbVC7SgNBFJ2NrxhfUcHGZjAIohB2bbQRQtJYJmAekA3h7mQ2GTI7u8zMBsKSf7DxM2xtLBRJa2Nn47c4m1ho4oGBM+fcO3fu8SLOlLbtTyuzsrq2vpHdzG1t7+zu5fcPGiqMJaF1EvJQtjxQlDNB65ppTluRpBB4nDa9YSX1myMqFQvFnR5HtBNAXzCfEdBG6ubP3V6oceXGjUBqBrxrLvgicT0fjyYuSU1XgMcBV7r5gl20Z8DLxPkhhdJR7Ys9lqfVbv7DPE7igApNOCjVduxId5J0EOF0knNjRSMgQ+jTtqECAqo6yWynCT41Sg/7oTRHaDxTf3ckECg1DjxTGYAeqEUvFf/z2rH2rzsJE1GsqSDzQX7MsQ5xGhDuMUmJ5mNDgEhm/orJACQQbWLMmRCcxZWXSeOy6NhFp2bSKKM5sugYnaAz5KArVEK3qIrqiKB79IRe0Kv1YD1bb9Z0XpqxfnoO0R9Y79/W5qCO</latexit><latexit sha1_base64="bHgOTmBCcPHZRXMJ/Oso0rh+l/k=">AAACE3icbVC7SgNBFJ2NrxhfUcHGZjAIohB2bbQRQtJYJmAekA3h7mQ2GTI7u8zMBsKSf7DxM2xtLBRJa2Nn47c4m1ho4oGBM+fcO3fu8SLOlLbtTyuzsrq2vpHdzG1t7+zu5fcPGiqMJaF1EvJQtjxQlDNB65ppTluRpBB4nDa9YSX1myMqFQvFnR5HtBNAXzCfEdBG6ubP3V6oceXGjUBqBrxrLvgicT0fjyYuSU1XgMcBV7r5gl20Z8DLxPkhhdJR7Ys9lqfVbv7DPE7igApNOCjVduxId5J0EOF0knNjRSMgQ+jTtqECAqo6yWynCT41Sg/7oTRHaDxTf3ckECg1DjxTGYAeqEUvFf/z2rH2rzsJE1GsqSDzQX7MsQ5xGhDuMUmJ5mNDgEhm/orJACQQbWLMmRCcxZWXSeOy6NhFp2bSKKM5sugYnaAz5KArVEK3qIrqiKB79IRe0Kv1YD1bb9Z0XpqxfnoO0R9Y79/W5qCO</latexit><latexit sha1_base64="rJLzYI0ljvzMdANP6BAXLBLoCaQ=">AAACE3icbVDLSgMxFM34rPU16tJNsAiiUGbc6EYoduOygn1AZyh30kwbmskMSaZQhv6DG3/FjQtF3Lpx59+YaWehrQcCJ+fcm5t7goQzpR3n21pZXVvf2Cxtlbd3dvf27YPDlopTSWiTxDyWnQAU5UzQpmaa004iKUQBp+1gVM/99phKxWLxoCcJ9SMYCBYyAtpIPfvc68ca12+8BKRmwHvmgi8yLwjxeOqR3PQEBBxwvWdXnKozA14mbkEqqECjZ3+Zx0kaUaEJB6W6rpNoP8sHEU6nZS9VNAEyggHtGiogosrPZjtN8alR+jiMpTlC45n6uyODSKlJFJjKCPRQLXq5+J/XTXV47WdMJKmmgswHhSnHOsZ5QLjPJCWaTwwBIpn5KyZDkEC0ibFsQnAXV14mrcuq61Tde6dSuy3iKKFjdILOkIuuUA3doQZqIoIe0TN6RW/Wk/VivVsf89IVq+g5Qn9gff4A9v6c7Q==</latexit>

g = r · v
<latexit sha1_base64="1Jue+04sPmK9XbpbwR8mC56iK94=">AAAB/nicbVBNS8NAEN34WetXVDx5WSyCp5JUQS9C0YvHCvYDmlA2m027dLMJu5NCCQX/ihcPinj1d3jz37htc9DWBwOP92aYmRekgmtwnG9rZXVtfWOztFXe3tnd27cPDls6yRRlTZqIRHUCopngkjWBg2CdVDESB4K1g+Hd1G+PmNI8kY8wTpkfk77kEacEjNSzj/s3niSBIB4NE8C5F0R4NOnZFafqzICXiVuQCirQ6NlfXpjQLGYSqCBad10nBT8nCjgVbFL2Ms1SQoekz7qGShIz7eez8yf4zCghjhJlSgKeqb8nchJrPY4D0xkTGOhFbyr+53UziK79nMs0AybpfFGUCQwJnmaBQ64YBTE2hFDFza2YDogiFExiZROCu/jyMmnVqu5FtfZwWanfFnGU0Ak6RefIRVeoju5RAzURRTl6Rq/ozXqyXqx362PeumIVM0foD6zPH7yVlVc=</latexit>
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2

1 + ✏
<latexit sha1_base64="CgRUnjv5jFKHfV2LUGi1RyHswmE=">AAACBXicbVBNS8NAEN3Ur1q/oh71ECyCIJSkCnoRil48VrAf0ISw2U7apZtN2N0IJeTixb/ixYMiXv0P3vw3btsctPXBwOO9GWbmBQmjUtn2t1FaWl5ZXSuvVzY2t7Z3zN29toxTQaBFYhaLboAlMMqhpahi0E0E4Chg0AlGNxO/8wBC0pjfq3ECXoQHnIaUYKUl3zx0A1DYJ1duKDDJ6nnmnLqQSMpinvtm1a7ZU1iLxClIFRVo+uaX249JGgFXhGEpe46dKC/DQlHCIK+4qYQEkxEeQE9TjiOQXjb9IreOtdK3wljo4sqaqr8nMhxJOY4C3RlhNZTz3kT8z+ulKrz0MsqTVAEns0VhyiwVW5NIrD4VQBQba4KJoPpWiwyxjkPp4Co6BGf+5UXSrtecs1r97rzauC7iKKMDdIROkIMuUAPdoiZqIYIe0TN6RW/Gk/FivBsfs9aSUczsoz8wPn8AcKSYig==</latexit>

Critical value

@tC +r · (vC) = Dr2C � kC + ⌫(x)
<latexit sha1_base64="8oHpwQMlH7n1yU4Ji/g/JhpflDw="></latexit><latexit sha1_base64="QVh2n7uHOt0SZ1BnlfG606ycP90="></latexit><latexit sha1_base64="ZL6SgUKIbryezKO3ji9SSdIgzVc="></latexit><latexit sha1_base64="ZL6SgUKIbryezKO3ji9SSdIgzVc="></latexit><latexit sha1_base64="ZL6SgUKIbryezKO3ji9SSdIgzVc="></latexit>

g =
1

�

Ċ

C
<latexit sha1_base64="CvNBvW2J15V22lt/t1efB4WWQzM=">AAACCnicbVDLSgMxFM3UV62vUZduokVwVWaqoBuh2I3LCvYBnVIyaaYNzWSG5I5Qhlm78VfcuFDErV/gzr8xbWehrQcCJ+fcQ3KPHwuuwXG+rcLK6tr6RnGztLW9s7tn7x+0dJQoypo0EpHq+EQzwSVrAgfBOrFiJPQFa/vj+tRvPzCleSTvYRKzXkiGkgecEjBS3z4eXnuBIjR1s9TzGZBsfvUGEeB6ltazvl12Ks4MeJm4OSmjHI2+/WXCNAmZBCqI1l3XiaGXEgWcCpaVvESzmNAxGbKuoZKETPfS2SoZPjXKAAeRMkcCnqm/EykJtZ6EvpkMCYz0ojcV//O6CQRXvZTLOAEm6fyhIBEYIjztBQ+4YhTExBBCFTd/xXRETBVg2iuZEtzFlZdJq1pxzyvVu4ty7Savo4iO0Ak6Qy66RDV0ixqoiSh6RM/oFb1ZT9aL9W59zEcLVp45RH9gff4Ap62a3w==</latexit>

� = �c
<latexit sha1_base64="4rAS4AYQp0n9pYNsxe9Jz0Rn8u4=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoPgKexGQS9C0IvHCOYByRJmJ7PJkNmHM72BsOQ7vHhQxKsf482/cbLZgyYWdFNUdTM95cVSaLTtb6uwtr6xuVXcLu3s7u0flA+PWjpKFONNFslIdTyquRQhb6JAyTux4jTwJG9747u5355wpUUUPuI05m5Ah6HwBaNoJLfncaQ3We+zfrliV+0MZJU4OalAjka//NUbRCwJeIhMUq27jh2jm1KFgkk+K/USzWPKxnTIu4aGNODaTbOjZ+TMKAPiR8pUiCRTf2+kNNB6GnhmMqA40sveXPzP6yboX7upCOMEecgWD/mJJBiReQJkIBRnKKeGUKaEuZWwEVWUocmpZEJwlr+8Slq1qnNRrT1cVuq3eRxFOIFTOAcHrqAO99CAJjB4gmd4hTdrYr1Y79bHYrRg5TvH8AfW5w+FAJHv</latexit>

�2 =
D

(1 + �)g
<latexit sha1_base64="4BpCMYD8YJ10ri60NHli5iLow0A=">AAACB3icbVDLSsNAFJ3UV62vqEtBBotQEUpSBd0IRV24rGAf0MQymUzaoZNJmJkIJWTnxl9x40IRt/6CO//GaZuFth4YOJxzLnfu8WJGpbKsb6OwsLi0vFJcLa2tb2xumds7LRklApMmjlgkOh6ShFFOmooqRjqxICj0GGl7w6ux334gQtKI36lRTNwQ9TkNKEZKSz1z32E67KP72oUTCITT6yyt2MeORxQ66mc9s2xVrQngPLFzUgY5Gj3zy/EjnISEK8yQlF3bipWbIqEoZiQrOYkkMcJD1CddTTkKiXTTyR0ZPNSKD4NI6McVnKi/J1IUSjkKPZ0MkRrIWW8s/ud1ExWcuynlcaIIx9NFQcKgiuC4FOhTQbBiI00QFlT/FeIB0nUoXV1Jl2DPnjxPWrWqfVKt3Z6W65d5HUWwBw5ABdjgDNTBDWiAJsDgETyDV/BmPBkvxrvxMY0WjHxmF/yB8fkDyWyYnQ==</latexit>

homogeneous
           growth

L
<latexit sha1_base64="QE9oDXOSeRcavWmZZHNQHB2S4vk=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe6ioGXQxsIiAfMByRH2NnPJmr29Y3dPCCG/wMZCEVt/kp3/xk1yhSY+GHi8N8PMvCARXBvX/XZya+sbm1v57cLO7t7+QfHwqKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0e3Mbz2h0jyWD2acoB/RgeQhZ9RYqX7fK5bcsjsHWSVeRkqQodYrfnX7MUsjlIYJqnXHcxPjT6gynAmcFrqpxoSyER1gx1JJI9T+ZH7olJxZpU/CWNmShszV3xMTGmk9jgLbGVEz1MveTPzP66QmvPYnXCapQckWi8JUEBOT2dekzxUyI8aWUKa4vZWwIVWUGZtNwYbgLb+8SpqVsndRrtQvS9WbLI48nMApnIMHV1CFO6hBAxggPMMrvDmPzovz7nwsWnNONnMMf+B8/gCk14zU</latexit>

L2
<latexit sha1_base64="1HppAkrMV2HSjSo3Yg7exL6+xzA=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe6ioGXQxsIiovmAJIa9zVyyZG/v2N0TwpGfYGOhiK2/yM5/4ya5QhMfDDzem2Fmnh8Lro3rfju5ldW19Y38ZmFre2d3r7h/0NBRohjWWSQi1fKpRsEl1g03AluxQhr6Apv+6HrqN59QaR7JBzOOsRvSgeQBZ9RY6f72sdIrltyyOwNZJl5GSpCh1it+dfoRS0KUhgmqddtzY9NNqTKcCZwUOonGmLIRHWDbUklD1N10duqEnFilT4JI2ZKGzNTfEykNtR6Hvu0MqRnqRW8q/ue1ExNcdlMu48SgZPNFQSKIicj0b9LnCpkRY0soU9zeStiQKsqMTadgQ/AWX14mjUrZOytX7s5L1assjjwcwTGcggcXUIUbqEEdGAzgGV7hzRHOi/PufMxbc042cwh/4Hz+AMnmjXg=</latexit>

x/L
<latexit sha1_base64="ulWmQ9FRxkgfATSZ9bor8U2shaw=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8xd0o6DHoxYOHiOYByRJmJ73JkNnZZWZWDEs+wYsHRbz6Rd78GyePgyYWNBRV3XR3BYng2rjut7O0vLK6tp7byG9ube/sFvb26zpOFcMai0WsmgHVKLjEmuFGYDNRSKNAYCMYXI/9xiMqzWP5YIYJ+hHtSR5yRo2V7p9ObzuFoltyJyCLxJuRIsxQ7RS+2t2YpRFKwwTVuuW5ifEzqgxnAkf5dqoxoWxAe9iyVNIItZ9NTh2RY6t0SRgrW9KQifp7IqOR1sMosJ0RNX09743F/7xWasJLP+MySQ1KNl0UpoKYmIz/Jl2ukBkxtIQyxe2thPWposzYdPI2BG/+5UVSL5e8s1L57rxYuZrFkYNDOIIT8OACKnADVagBgx48wyu8OcJ5cd6dj2nrkjObOYA/cD5/AOzrjY8=</latexit>

C ' ⌫�2

D
e�x/�

<latexit sha1_base64="1e35hSM+We7KueTXMtw8LJvsmbY=">AAACFnicbVC7TsMwFHV4U14BRhaLComlJSlIMFaUgREkSis1aeW4N62F4wTbQVRRvoKFX2FhACFWxMbf4JYMvI5k6eice3R9T5BwprTjfFhT0zOzc/MLi6Wl5ZXVNXt941LFqaTQpDGPZTsgCjgT0NRMc2gnEkgUcGgFV42x37oBqVgsLvQoAT8iA8FCRok2Us+uNDzFIrjGXigJzTyRYo+beJ90a3l2kkM3q9zuFVLes8tO1ZkA/yVuQcqowFnPfvf6MU0jEJpyolTHdRLtZ0RqRjnkJS9VkBB6RQbQMVSQCJSfTc7K8Y5R+jiMpXlC44n6PZGRSKlRFJjJiOih+u2Nxf+8TqrDIz9jIkk1CPq1KEw51jEed4T7TALVfGQIoZKZv2I6JKYfbZosmRLc3yf/JZe1qrtfrZ0flOvHRR0LaAtto13kokNUR6foDDURRXfoAT2hZ+veerRerNev0SmryGyiH7DePgFHxp9z</latexit>

L(t) ⇠ t1/2
<latexit sha1_base64="H1LxfNJbd9YuBnYu8mLY8ZujISs=">AAAB+XicbVDJSgNBEK2JW4zbqEcvTYIQEeJMLnoMevHgIYJZIBNDT6eTNOlZ6K4JhCF/4kEPinj1T7z5N3aWgyY+KHi8V0VVPT+WQqPjfFuZtfWNza3sdm5nd2//wD48qusoUYzXWCQj1fSp5lKEvIYCJW/GitPAl7zhD2+mfmPElRZR+IDjmLcD2g9FTzCKRurY9l0RzzwtAoKPqXtRnnTsglNyZiCrxF2QQiXvnT8DQLVjf3ndiCUBD5FJqnXLdWJsp1ShYJJPcl6ieUzZkPZ5y9CQBly309nlE3JqlC7pRcpUiGSm/p5IaaD1OPBNZ0BxoJe9qfif10qwd9VORRgnyEM2X9RLJMGITGMgXaE4Qzk2hDIlzK2EDaiiDE1YOROCu/zyKqmXS65Tcu9NGtcwRxZOIA9FcOESKnALVagBgxE8wSu8Wan1Yr1bH/PWjLWYOYY/sD5/AOp0lAI=</latexit><latexit sha1_base64="5cDPMbipTs7GBaJcCSCgt/A5VAE=">AAAB+XicbVDLSsNAFJ3UV62vqEs3Q4tQEWrSjS6Lbly4qGAf0MQymU7awckkzNwUSuhfuHTjQhG3/om7/o3Tx0JbD1w4nHMv994TJIJrcJyJlVtb39jcym8Xdnb39g/sw6OmjlNFWYPGIlbtgGgmuGQN4CBYO1GMRIFgreDpZuq3hkxpHssHGCXMj0hf8pBTAkbq2vZdGc48zSMMj5l7UR137ZJTcWbAq8RdkFKt6J0/T2qjetf+9noxTSMmgQqidcd1EvAzooBTwcYFL9UsIfSJ9FnHUEkipv1sdvkYnxqlh8NYmZKAZ+rviYxEWo+iwHRGBAZ62ZuK/3mdFMIrP+MySYFJOl8UpgJDjKcx4B5XjIIYGUKo4uZWTAdEEQomrIIJwV1+eZU0qxXXqbj3Jo1rNEcenaAiKiMXXaIaukV11EAUDdELekPvVma9Wh/W57w1Zy1mjtEfWF8/896ViA==</latexit><latexit sha1_base64="5cDPMbipTs7GBaJcCSCgt/A5VAE=">AAAB+XicbVDLSsNAFJ3UV62vqEs3Q4tQEWrSjS6Lbly4qGAf0MQymU7awckkzNwUSuhfuHTjQhG3/om7/o3Tx0JbD1w4nHMv994TJIJrcJyJlVtb39jcym8Xdnb39g/sw6OmjlNFWYPGIlbtgGgmuGQN4CBYO1GMRIFgreDpZuq3hkxpHssHGCXMj0hf8pBTAkbq2vZdGc48zSMMj5l7UR137ZJTcWbAq8RdkFKt6J0/T2qjetf+9noxTSMmgQqidcd1EvAzooBTwcYFL9UsIfSJ9FnHUEkipv1sdvkYnxqlh8NYmZKAZ+rviYxEWo+iwHRGBAZ62ZuK/3mdFMIrP+MySYFJOl8UpgJDjKcx4B5XjIIYGUKo4uZWTAdEEQomrIIJwV1+eZU0qxXXqbj3Jo1rNEcenaAiKiMXXaIaukV11EAUDdELekPvVma9Wh/W57w1Zy1mjtEfWF8/896ViA==</latexit><latexit sha1_base64="T9DDznJbZeB0SqcD6ZBOK04c8G8=">AAAB+XicbVA9T8MwEHX4LOUrwMhiUSGVpSRdYKxgYWAoEv2Q2lA5rtNatZ3IvlSqov4TFgYQYuWfsPFvcNsM0PKkk57eu9PdvTAR3IDnfTtr6xubW9uFneLu3v7BoXt03DRxqilr0FjEuh0SwwRXrAEcBGsnmhEZCtYKR7czvzVm2vBYPcIkYYEkA8UjTglYqee692W46BouMTxl/mV12nNLXsWbA68SPycllKPec7+6/ZimkimgghjT8b0Egoxo4FSwabGbGpYQOiID1rFUEclMkM0vn+Jzq/RxFGtbCvBc/T2REWnMRIa2UxIYmmVvJv7ndVKIroOMqyQFpuhiUZQKDDGexYD7XDMKYmIJoZrbWzEdEk0o2LCKNgR/+eVV0qxWfK/iP3il2k0eRwGdojNURj66QjV0h+qogSgao2f0it6czHlx3p2PReuak8+coD9wPn8A1/WSeQ==</latexit>

g ⇠ t�1
<latexit sha1_base64="b9SdqHno11iYSi3gMzu8vVWnSKQ=">AAAB83icbVBNS8NAEJ34WetX1aOXxSJ4sSRV0GPRi8cK9gOaWjbbTbt0Nwm7E6GE/g0vHhTx6p/x5r9x2+agrQ8GHu/NMDMvSKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmjjVjDdYLGPdDqjhUkS8gQIlbyeaUxVI3gpGt1O/9cS1EXH0gOOEdxUdRCIUjKKV/IFvhCL4mJ17k16p7FbcGcgy8XJShhz1XunL78csVTxCJqkxHc9NsJtRjYJJPin6qeEJZSM64B1LI6q46Wazmyfk1Cp9EsbaVoRkpv6eyKgyZqwC26koDs2iNxX/8zophtfdTERJijxi80VhKgnGZBoA6QvNGcqxJZRpYW8lbEg1ZWhjKtoQvMWXl0mzWvEuKtX7y3LtJo+jAMdwAmfgwRXU4A7q0AAGCTzDK7w5qfPivDsf89YVJ585gj9wPn8AcHSRSg==</latexit>

unbounded
      growth

k = 0
<latexit sha1_base64="0ut+maMZ7UZsEZK+andb8u0Lemw=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9CIUvXisaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWMbqd+6wmV5rF8NOME/YgOJA85o8ZKD6Nrt1cquxV3BrJMvJyUIUe9V/rq9mOWRigNE1Trjucmxs+oMpwJnBS7qcaEshEdYMdSSSPUfjY7dUJOrdInYaxsSUNm6u+JjEZaj6PAdkbUDPWiNxX/8zqpCa/8jMskNSjZfFGYCmJiMv2b9LlCZsTYEsoUt7cSNqSKMmPTKdoQvMWXl0mzWvHOK9X7i3LtJo+jAMdwAmfgwSXU4A7q0AAGA3iGV3hzhPPivDsf89YVJ585gj9wPn8Aw/ONdA==</latexit>

g
<latexit sha1_base64="6CZoLmchak7PeUGdbOiCR035cyo=">AAAB6HicbVDLSgNBEOyNrxhfUY96GAyCp7DrJR6DXjwmYB6QLGF20puMmZ1dZmaFsOQLvHhQxKtf4Xd48+anOHkcNLGgoajqprsrSATXxnW/nNza+sbmVn67sLO7t39QPDxq6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/VbD6g0j+WdGSfoR3QgecgZNVaqD3rFklt2ZyCrxFuQUvX0o/4NALVe8bPbj1kaoTRMUK07npsYP6PKcCZwUuimGhPKRnSAHUsljVD72ezQCTm3Sp+EsbIlDZmpvycyGmk9jgLbGVEz1MveVPzP66QmvPIzLpPUoGTzRWEqiInJ9GvS5wqZEWNLKFPc3krYkCrKjM2mYEPwll9eJc3LsueWvbpN4xrmyMMJnMEFeFCBKtxCDRrAAOERnuHFuXeenFfnbd6acxYzx/AHzvsP2y+PLA==</latexit><latexit sha1_base64="QYiVIz1HWeqSAcfYlxshn5OrYrE=">AAAB6HicbVDLSgNBEOyNrxhfUY+KDAbBU9j1osegF48JmAckS5iddJIxs7PLzKwQlhw9efGgiFe/It/hzW/wJ5w8DppY0FBUddPdFcSCa+O6X05mZXVtfSO7mdva3tndy+8f1HSUKIZVFolINQKqUXCJVcONwEaskIaBwHowuJn49QdUmkfyzgxj9EPak7zLGTVWqvTa+YJbdKcgy8Sbk0LpeFz5fjwZl9v5z1YnYkmI0jBBtW56bmz8lCrDmcBRrpVojCkb0B42LZU0RO2n00NH5MwqHdKNlC1pyFT9PZHSUOthGNjOkJq+XvQm4n9eMzHdKz/lMk4MSjZb1E0EMRGZfE06XCEzYmgJZYrbWwnrU0WZsdnkbAje4svLpHZR9NyiV7FpXMMMWTiCUzgHDy6hBLdQhiowQHiCF3h17p1n5815n7VmnPnMIfyB8/EDuXSQkg==</latexit><latexit sha1_base64="QYiVIz1HWeqSAcfYlxshn5OrYrE=">AAAB6HicbVDLSgNBEOyNrxhfUY+KDAbBU9j1osegF48JmAckS5iddJIxs7PLzKwQlhw9efGgiFe/It/hzW/wJ5w8DppY0FBUddPdFcSCa+O6X05mZXVtfSO7mdva3tndy+8f1HSUKIZVFolINQKqUXCJVcONwEaskIaBwHowuJn49QdUmkfyzgxj9EPak7zLGTVWqvTa+YJbdKcgy8Sbk0LpeFz5fjwZl9v5z1YnYkmI0jBBtW56bmz8lCrDmcBRrpVojCkb0B42LZU0RO2n00NH5MwqHdKNlC1pyFT9PZHSUOthGNjOkJq+XvQm4n9eMzHdKz/lMk4MSjZb1E0EMRGZfE06XCEzYmgJZYrbWwnrU0WZsdnkbAje4svLpHZR9NyiV7FpXMMMWTiCUzgHDy6hBLdQhiowQHiCF3h17p1n5815n7VmnPnMIfyB8/EDuXSQkg==</latexit><latexit sha1_base64="/PJ7Z1iFzXuG81L8a5C962ANKKY=">AAAB6HicbVBNT8JAEJ3iF+IX6tHLRmLiibRe9Ej04hESCyTQkO0yhZXtttndmpCGX+DFg8Z49Sd589+4QA8KvmSSl/dmMjMvTAXXxnW/ndLG5tb2Tnm3srd/cHhUPT5p6yRTDH2WiER1Q6pRcIm+4UZgN1VI41BgJ5zczf3OEyrNE/lgpikGMR1JHnFGjZVao0G15tbdBcg68QpSgwLNQfWrP0xYFqM0TFCte56bmiCnynAmcFbpZxpTyiZ0hD1LJY1RB/ni0Bm5sMqQRImyJQ1ZqL8nchprPY1D2xlTM9ar3lz8z+tlJroJci7TzKBky0VRJohJyPxrMuQKmRFTSyhT3N5K2JgqyozNpmJD8FZfXiftq7rn1r2WW2vcFnGU4QzO4RI8uIYG3EMTfGCA8Ayv8OY8Oi/Ou/OxbC05xcwp/IHz+QPLNYzn</latexit>

g
<latexit sha1_base64="6CZoLmchak7PeUGdbOiCR035cyo=">AAAB6HicbVDLSgNBEOyNrxhfUY96GAyCp7DrJR6DXjwmYB6QLGF20puMmZ1dZmaFsOQLvHhQxKtf4Xd48+anOHkcNLGgoajqprsrSATXxnW/nNza+sbmVn67sLO7t39QPDxq6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/VbD6g0j+WdGSfoR3QgecgZNVaqD3rFklt2ZyCrxFuQUvX0o/4NALVe8bPbj1kaoTRMUK07npsYP6PKcCZwUuimGhPKRnSAHUsljVD72ezQCTm3Sp+EsbIlDZmpvycyGmk9jgLbGVEz1MveVPzP66QmvPIzLpPUoGTzRWEqiInJ9GvS5wqZEWNLKFPc3krYkCrKjM2mYEPwll9eJc3LsueWvbpN4xrmyMMJnMEFeFCBKtxCDRrAAOERnuHFuXeenFfnbd6acxYzx/AHzvsP2y+PLA==</latexit><latexit sha1_base64="QYiVIz1HWeqSAcfYlxshn5OrYrE=">AAAB6HicbVDLSgNBEOyNrxhfUY+KDAbBU9j1osegF48JmAckS5iddJIxs7PLzKwQlhw9efGgiFe/It/hzW/wJ5w8DppY0FBUddPdFcSCa+O6X05mZXVtfSO7mdva3tndy+8f1HSUKIZVFolINQKqUXCJVcONwEaskIaBwHowuJn49QdUmkfyzgxj9EPak7zLGTVWqvTa+YJbdKcgy8Sbk0LpeFz5fjwZl9v5z1YnYkmI0jBBtW56bmz8lCrDmcBRrpVojCkb0B42LZU0RO2n00NH5MwqHdKNlC1pyFT9PZHSUOthGNjOkJq+XvQm4n9eMzHdKz/lMk4MSjZb1E0EMRGZfE06XCEzYmgJZYrbWwnrU0WZsdnkbAje4svLpHZR9NyiV7FpXMMMWTiCUzgHDy6hBLdQhiowQHiCF3h17p1n5815n7VmnPnMIfyB8/EDuXSQkg==</latexit><latexit sha1_base64="QYiVIz1HWeqSAcfYlxshn5OrYrE=">AAAB6HicbVDLSgNBEOyNrxhfUY+KDAbBU9j1osegF48JmAckS5iddJIxs7PLzKwQlhw9efGgiFe/It/hzW/wJ5w8DppY0FBUddPdFcSCa+O6X05mZXVtfSO7mdva3tndy+8f1HSUKIZVFolINQKqUXCJVcONwEaskIaBwHowuJn49QdUmkfyzgxj9EPak7zLGTVWqvTa+YJbdKcgy8Sbk0LpeFz5fjwZl9v5z1YnYkmI0jBBtW56bmz8lCrDmcBRrpVojCkb0B42LZU0RO2n00NH5MwqHdKNlC1pyFT9PZHSUOthGNjOkJq+XvQm4n9eMzHdKz/lMk4MSjZb1E0EMRGZfE06XCEzYmgJZYrbWwnrU0WZsdnkbAje4svLpHZR9NyiV7FpXMMMWTiCUzgHDy6hBLdQhiowQHiCF3h17p1n5815n7VmnPnMIfyB8/EDuXSQkg==</latexit><latexit sha1_base64="/PJ7Z1iFzXuG81L8a5C962ANKKY=">AAAB6HicbVBNT8JAEJ3iF+IX6tHLRmLiibRe9Ej04hESCyTQkO0yhZXtttndmpCGX+DFg8Z49Sd589+4QA8KvmSSl/dmMjMvTAXXxnW/ndLG5tb2Tnm3srd/cHhUPT5p6yRTDH2WiER1Q6pRcIm+4UZgN1VI41BgJ5zczf3OEyrNE/lgpikGMR1JHnFGjZVao0G15tbdBcg68QpSgwLNQfWrP0xYFqM0TFCte56bmiCnynAmcFbpZxpTyiZ0hD1LJY1RB/ni0Bm5sMqQRImyJQ1ZqL8nchprPY1D2xlTM9ar3lz8z+tlJroJci7TzKBky0VRJohJyPxrMuQKmRFTSyhT3N5K2JgqyozNpmJD8FZfXiftq7rn1r2WW2vcFnGU4QzO4RI8uIYG3EMTfGCA8Ayv8OY8Oi/Ou/OxbC05xcwp/IHz+QPLNYzn</latexit>

C
<latexit sha1_base64="qitYjHnTvWLLMhbcMUcBblbEEo8=">AAAB6HicbZC7SwNBEMbnfMb4ilraLAbBKtzZaCMG01gmYB6QHGFvM5es2ds7dveEcATsbSwUsfWfsbfzv3HzKDTxg4Uf3zfDzkyQCK6N6347K6tr6xubua389s7u3n7h4LCh41QxrLNYxKoVUI2CS6wbbgS2EoU0CgQ2g2FlkjcfUGkeyzszStCPaF/ykDNqrFWrdAtFt+RORZbBm0Px+jN/9QgA1W7hq9OLWRqhNExQrduemxg/o8pwJnCc76QaE8qGtI9ti5JGqP1sOuiYnFqnR8JY2ScNmbq/OzIaaT2KAlsZUTPQi9nE/C9rpya89DMuk9SgZLOPwlQQE5PJ1qTHFTIjRhYoU9zOStiAKsqMvU3eHsFbXHkZGuclzy15NbdYvoGZcnAMJ3AGHlxAGW6hCnVggPAEL/Dq3DvPzpvzPitdceY9R/BHzscPA+yOkA==</latexit><latexit sha1_base64="EQAAM1j/Ie8eqC8qE7NRLV0Spmg=">AAAB6HicbZC7SgNBFIbPxltcb1FLm8UgWIVdG23EYBrLBMwFkiXMTs4mY2Znl5lZISx5AhsLRWz1YextxLdxcik08YeBj/8/hznnBAlnSrvut5VbWV1b38hv2lvbO7t7hf2DhopTSbFOYx7LVkAUciawrpnm2Eokkijg2AyGlUnevEepWCxu9ShBPyJ9wUJGiTZWrdItFN2SO5WzDN4cilcf9mXy/mVXu4XPTi+maYRCU06Uantuov2MSM0ox7HdSRUmhA5JH9sGBYlQ+dl00LFzYpyeE8bSPKGdqfu7IyORUqMoMJUR0QO1mE3M/7J2qsMLP2MiSTUKOvsoTLmjY2eytdNjEqnmIwOESmZmdeiASEK1uY1tjuAtrrwMjbOS55a8mlssX8NMeTiCYzgFD86hDDdQhTpQQHiAJ3i27qxH68V6nZXmrHnPIfyR9fYD9WyQBA==</latexit><latexit sha1_base64="EQAAM1j/Ie8eqC8qE7NRLV0Spmg=">AAAB6HicbZC7SgNBFIbPxltcb1FLm8UgWIVdG23EYBrLBMwFkiXMTs4mY2Znl5lZISx5AhsLRWz1YextxLdxcik08YeBj/8/hznnBAlnSrvut5VbWV1b38hv2lvbO7t7hf2DhopTSbFOYx7LVkAUciawrpnm2Eokkijg2AyGlUnevEepWCxu9ShBPyJ9wUJGiTZWrdItFN2SO5WzDN4cilcf9mXy/mVXu4XPTi+maYRCU06Uantuov2MSM0ox7HdSRUmhA5JH9sGBYlQ+dl00LFzYpyeE8bSPKGdqfu7IyORUqMoMJUR0QO1mE3M/7J2qsMLP2MiSTUKOvsoTLmjY2eytdNjEqnmIwOESmZmdeiASEK1uY1tjuAtrrwMjbOS55a8mlssX8NMeTiCYzgFD86hDDdQhTpQQHiAJ3i27qxH68V6nZXmrHnPIfyR9fYD9WyQBA==</latexit><latexit sha1_base64="n9q4lqwqCrBAGkuJ+w9AiHHXDD4=">AAAB6HicbVA9TwJBEJ3DL8Qv1NJmIzGxInc2UhJpLCGRjwQuZG+Zg5W9vcvungm58AtsLDTG1p9k579xgSsUfMkkL+/NZGZekAiujet+O4Wt7Z3dveJ+6eDw6PikfHrW0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8G0sfC7T6g0j+WDmSXoR3QsecgZNVZqNYblilt1lyCbxMtJBXI0h+WvwShmaYTSMEG17ntuYvyMKsOZwHlpkGpMKJvSMfYtlTRC7WfLQ+fkyiojEsbKljRkqf6eyGik9SwKbGdEzUSvewvxP6+fmrDmZ1wmqUHJVovCVBATk8XXZMQVMiNmllCmuL2VsAlVlBmbTcmG4K2/vEk6N1XPrXott1K/y+MowgVcwjV4cAt1uIcmtIEBwjO8wpvz6Lw4787HqrXg5DPn8AfO5w+UpYzD</latexit>
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<latexit sha1_base64="olH7zl76boTBzXmnnL5BEPeSUnU=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9FjsxWNF+wFtKJvtpF262YTdjVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WBcn/ntJ1Sax/LRTBL0IzqUPOSMGis91Ptuv1R2K+4cZJV4OSlDjka/9NUbxCyNUBomqNZdz02Mn1FlOBM4LfZSjQllYzrErqWSRqj9bH7qlJxbZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMT3vgZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTtCF4yy+vkla14l1WqvdX5dptHkcBTuEMLsCDa6jBHTSgCQyG8Ayv8OYI58V5dz4WrWtOPnMCf+B8/gC6rY1u</latexit>

k = 0
<latexit sha1_base64="0ut+maMZ7UZsEZK+andb8u0Lemw=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9CIUvXisaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWMbqd+6wmV5rF8NOME/YgOJA85o8ZKD6Nrt1cquxV3BrJMvJyUIUe9V/rq9mOWRigNE1Trjucmxs+oMpwJnBS7qcaEshEdYMdSSSPUfjY7dUJOrdInYaxsSUNm6u+JjEZaj6PAdkbUDPWiNxX/8zqpCa/8jMskNSjZfFGYCmJiMv2b9LlCZsTYEsoUt7cSNqSKMmPTKdoQvMWXl0mzWvHOK9X7i3LtJo+jAMdwAmfgwSXU4A7q0AAGA3iGV3hzhPPivDsf89YVJ585gj9wPn8Aw/ONdA==</latexit>



Anterior Posterior

L
<latexit sha1_base64="ZALPwuj1UkjISVhcyp9b9gQ+g5Q=">AAAB6HicbZC7SwNBEMbnfMbzFbW0WQyCVbiz0UYM2lhYJGAekBxhbzOXrNnbO3b3hBAC9jYWitj6z9jb+d+4eRSa+MHCj++bYWcmTAXXxvO+naXlldW19dyGu7m1vbOb39uv6SRTDKssEYlqhFSj4BKrhhuBjVQhjUOB9bB/Pc7rD6g0T+SdGaQYxLQrecQZNdaq3LbzBa/oTUQWwZ9B4fLTvXgEgHI7/9XqJCyLURomqNZN30tNMKTKcCZw5LYyjSllfdrFpkVJY9TBcDLoiBxbp0OiRNknDZm4vzuGNNZ6EIe2Mqamp+ezsflf1sxMdB4MuUwzg5JNP4oyQUxCxluTDlfIjBhYoExxOythPaooM/Y2rj2CP7/yItROi75X9CteoXQFU+XgEI7gBHw4gxLcQBmqwADhCV7g1bl3np03531auuTMeg7gj5yPHxGQjpk=</latexit><latexit sha1_base64="IdzJ30Fa5sMtczf/68r5ax7DR7s=">AAAB6HicbZC7SgNBFIbPxltcb1FLm8UgWIVdG23EoI2FRQLmAskSZidnkzGzs8vMrBCWPIGNhSK2+jD2NuLbOLkUmvjDwMf/n8Occ4KEM6Vd99vKLS2vrK7l1+2Nza3tncLuXl3FqaRYozGPZTMgCjkTWNNMc2wmEkkUcGwEg6tx3rhHqVgsbvUwQT8iPcFCRok2VvWmUyi6JXciZxG8GRQvPuzz5P3LrnQKn+1uTNMIhaacKNXy3ET7GZGaUY4ju50qTAgdkB62DAoSofKzyaAj58g4XSeMpXlCOxP3d0dGIqWGUWAqI6L7aj4bm/9lrVSHZ37GRJJqFHT6UZhyR8fOeGunyyRSzYcGCJXMzOrQPpGEanMb2xzBm195EeonJc8teVW3WL6EqfJwAIdwDB6cQhmuoQI1oIDwAE/wbN1Zj9aL9TotzVmznn34I+vtBwMfkA0=</latexit><latexit sha1_base64="IdzJ30Fa5sMtczf/68r5ax7DR7s=">AAAB6HicbZC7SgNBFIbPxltcb1FLm8UgWIVdG23EoI2FRQLmAskSZidnkzGzs8vMrBCWPIGNhSK2+jD2NuLbOLkUmvjDwMf/n8Occ4KEM6Vd99vKLS2vrK7l1+2Nza3tncLuXl3FqaRYozGPZTMgCjkTWNNMc2wmEkkUcGwEg6tx3rhHqVgsbvUwQT8iPcFCRok2VvWmUyi6JXciZxG8GRQvPuzz5P3LrnQKn+1uTNMIhaacKNXy3ET7GZGaUY4ju50qTAgdkB62DAoSofKzyaAj58g4XSeMpXlCOxP3d0dGIqWGUWAqI6L7aj4bm/9lrVSHZ37GRJJqFHT6UZhyR8fOeGunyyRSzYcGCJXMzOrQPpGEanMb2xzBm195EeonJc8teVW3WL6EqfJwAIdwDB6cQhmuoQI1oIDwAE/wbN1Zj9aL9TotzVmznn34I+vtBwMfkA0=</latexit><latexit sha1_base64="y2DS3aTqNu14XjeNZjMcJtj7lZg=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5sTBm0sbBIwHxAcoS9zVyyZm/v2N0TwpFfYGOhiK0/yc5/4ya5QhMfDDzem2FmXpAIro3rfjuFjc2t7Z3ibmlv/+DwqHx80tZxqhi2WCxi1Q2oRsEltgw3AruJQhoFAjvB5Hbud55QaR7LBzNN0I/oSPKQM2qs1LwflCtu1V2ArBMvJxXI0RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYs1TSCLWfLQ6dkQurDEkYK1vSkIX6eyKjkdbTKLCdETVjverNxf+8XmrCmp9xmaQGJVsuClNBTEzmX5MhV8iMmFpCmeL2VsLGVFFmbDYlG4K3+vI6aV9VPbfqNd1K/SaPowhncA6X4ME11OEOGtACBgjP8ApvzqPz4rw7H8vWgpPPnMIfOJ8/okmMzA==</latexit> �c =

2

1 + ✏
<latexit sha1_base64="CgRUnjv5jFKHfV2LUGi1RyHswmE=">AAACBXicbVBNS8NAEN3Ur1q/oh71ECyCIJSkCnoRil48VrAf0ISw2U7apZtN2N0IJeTixb/ixYMiXv0P3vw3btsctPXBwOO9GWbmBQmjUtn2t1FaWl5ZXSuvVzY2t7Z3zN29toxTQaBFYhaLboAlMMqhpahi0E0E4Chg0AlGNxO/8wBC0pjfq3ECXoQHnIaUYKUl3zx0A1DYJ1duKDDJ6nnmnLqQSMpinvtm1a7ZU1iLxClIFRVo+uaX249JGgFXhGEpe46dKC/DQlHCIK+4qYQEkxEeQE9TjiOQXjb9IreOtdK3wljo4sqaqr8nMhxJOY4C3RlhNZTz3kT8z+ulKrz0MsqTVAEns0VhyiwVW5NIrD4VQBQba4KJoPpWiwyxjkPp4Co6BGf+5UXSrtecs1r97rzauC7iKKMDdIROkIMuUAPdoiZqIYIe0TN6RW/Gk/FivBsfs9aSUczsoz8wPn8AcKSYig==</latexit>

Critical value

@tC +r · (vC) = Dr2C � kC + ⌫(x)
<latexit sha1_base64="8oHpwQMlH7n1yU4Ji/g/JhpflDw="></latexit><latexit sha1_base64="QVh2n7uHOt0SZ1BnlfG606ycP90="></latexit><latexit sha1_base64="ZL6SgUKIbryezKO3ji9SSdIgzVc="></latexit><latexit sha1_base64="ZL6SgUKIbryezKO3ji9SSdIgzVc="></latexit><latexit sha1_base64="ZL6SgUKIbryezKO3ji9SSdIgzVc="></latexit>
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1

�

Ċ

C
<latexit sha1_base64="CvNBvW2J15V22lt/t1efB4WWQzM=">AAACCnicbVDLSgMxFM3UV62vUZduokVwVWaqoBuh2I3LCvYBnVIyaaYNzWSG5I5Qhlm78VfcuFDErV/gzr8xbWehrQcCJ+fcQ3KPHwuuwXG+rcLK6tr6RnGztLW9s7tn7x+0dJQoypo0EpHq+EQzwSVrAgfBOrFiJPQFa/vj+tRvPzCleSTvYRKzXkiGkgecEjBS3z4eXnuBIjR1s9TzGZBsfvUGEeB6ltazvl12Ks4MeJm4OSmjHI2+/WXCNAmZBCqI1l3XiaGXEgWcCpaVvESzmNAxGbKuoZKETPfS2SoZPjXKAAeRMkcCnqm/EykJtZ6EvpkMCYz0ojcV//O6CQRXvZTLOAEm6fyhIBEYIjztBQ+4YhTExBBCFTd/xXRETBVg2iuZEtzFlZdJq1pxzyvVu4ty7Savo4iO0Ak6Qy66RDV0ixqoiSh6RM/oFb1ZT9aL9W59zEcLVp45RH9gff4Ap62a3w==</latexit>

� = �c
<latexit sha1_base64="4rAS4AYQp0n9pYNsxe9Jz0Rn8u4=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoPgKexGQS9C0IvHCOYByRJmJ7PJkNmHM72BsOQ7vHhQxKsf482/cbLZgyYWdFNUdTM95cVSaLTtb6uwtr6xuVXcLu3s7u0flA+PWjpKFONNFslIdTyquRQhb6JAyTux4jTwJG9747u5355wpUUUPuI05m5Ah6HwBaNoJLfncaQ3We+zfrliV+0MZJU4OalAjka//NUbRCwJeIhMUq27jh2jm1KFgkk+K/USzWPKxnTIu4aGNODaTbOjZ+TMKAPiR8pUiCRTf2+kNNB6GnhmMqA40sveXPzP6yboX7upCOMEecgWD/mJJBiReQJkIBRnKKeGUKaEuZWwEVWUocmpZEJwlr+8Slq1qnNRrT1cVuq3eRxFOIFTOAcHrqAO99CAJjB4gmd4hTdrYr1Y79bHYrRg5TvH8AfW5w+FAJHv</latexit>

k = 0
<latexit sha1_base64="0ut+maMZ7UZsEZK+andb8u0Lemw=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9CIUvXisaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWMbqd+6wmV5rF8NOME/YgOJA85o8ZKD6Nrt1cquxV3BrJMvJyUIUe9V/rq9mOWRigNE1Trjucmxs+oMpwJnBS7qcaEshEdYMdSSSPUfjY7dUJOrdInYaxsSUNm6u+JjEZaj6PAdkbUDPWiNxX/8zqpCa/8jMskNSjZfFGYCmJiMv2b9LlCZsTYEsoUt7cSNqSKMmPTKdoQvMWXl0mzWvHOK9X7i3LtJo+jAMdwAmfgwSXU4A7q0AAGA3iGV3hzhPPivDsf89YVJ585gj9wPn8Aw/ONdA==</latexit>

�2 =
D

(1 + �)g
<latexit sha1_base64="4BpCMYD8YJ10ri60NHli5iLow0A=">AAACB3icbVDLSsNAFJ3UV62vqEtBBotQEUpSBd0IRV24rGAf0MQymUzaoZNJmJkIJWTnxl9x40IRt/6CO//GaZuFth4YOJxzLnfu8WJGpbKsb6OwsLi0vFJcLa2tb2xumds7LRklApMmjlgkOh6ShFFOmooqRjqxICj0GGl7w6ux334gQtKI36lRTNwQ9TkNKEZKSz1z32E67KP72oUTCITT6yyt2MeORxQ66mc9s2xVrQngPLFzUgY5Gj3zy/EjnISEK8yQlF3bipWbIqEoZiQrOYkkMcJD1CddTTkKiXTTyR0ZPNSKD4NI6McVnKi/J1IUSjkKPZ0MkRrIWW8s/ud1ExWcuynlcaIIx9NFQcKgiuC4FOhTQbBiI00QFlT/FeIB0nUoXV1Jl2DPnjxPWrWqfVKt3Z6W65d5HUWwBw5ABdjgDNTBDWiAJsDgETyDV/BmPBkvxrvxMY0WjHxmF/yB8fkDyWyYnQ==</latexit>

homogeneous
           growth

L
<latexit sha1_base64="QE9oDXOSeRcavWmZZHNQHB2S4vk=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe6ioGXQxsIiAfMByRH2NnPJmr29Y3dPCCG/wMZCEVt/kp3/xk1yhSY+GHi8N8PMvCARXBvX/XZya+sbm1v57cLO7t7+QfHwqKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0e3Mbz2h0jyWD2acoB/RgeQhZ9RYqX7fK5bcsjsHWSVeRkqQodYrfnX7MUsjlIYJqnXHcxPjT6gynAmcFrqpxoSyER1gx1JJI9T+ZH7olJxZpU/CWNmShszV3xMTGmk9jgLbGVEz1MveTPzP66QmvPYnXCapQckWi8JUEBOT2dekzxUyI8aWUKa4vZWwIVWUGZtNwYbgLb+8SpqVsndRrtQvS9WbLI48nMApnIMHV1CFO6hBAxggPMMrvDmPzovz7nwsWnNONnMMf+B8/gCk14zU</latexit>

L2
<latexit sha1_base64="1HppAkrMV2HSjSo3Yg7exL6+xzA=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe6ioGXQxsIiovmAJIa9zVyyZG/v2N0TwpGfYGOhiK2/yM5/4ya5QhMfDDzem2Fmnh8Lro3rfju5ldW19Y38ZmFre2d3r7h/0NBRohjWWSQi1fKpRsEl1g03AluxQhr6Apv+6HrqN59QaR7JBzOOsRvSgeQBZ9RY6f72sdIrltyyOwNZJl5GSpCh1it+dfoRS0KUhgmqddtzY9NNqTKcCZwUOonGmLIRHWDbUklD1N10duqEnFilT4JI2ZKGzNTfEykNtR6Hvu0MqRnqRW8q/ue1ExNcdlMu48SgZPNFQSKIicj0b9LnCpkRY0soU9zeStiQKsqMTadgQ/AWX14mjUrZOytX7s5L1assjjwcwTGcggcXUIUbqEEdGAzgGV7hzRHOi/PufMxbc042cwh/4Hz+AMnmjXg=</latexit>

x/L
<latexit sha1_base64="ulWmQ9FRxkgfATSZ9bor8U2shaw=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8xd0o6DHoxYOHiOYByRJmJ73JkNnZZWZWDEs+wYsHRbz6Rd78GyePgyYWNBRV3XR3BYng2rjut7O0vLK6tp7byG9ube/sFvb26zpOFcMai0WsmgHVKLjEmuFGYDNRSKNAYCMYXI/9xiMqzWP5YIYJ+hHtSR5yRo2V7p9ObzuFoltyJyCLxJuRIsxQ7RS+2t2YpRFKwwTVuuW5ifEzqgxnAkf5dqoxoWxAe9iyVNIItZ9NTh2RY6t0SRgrW9KQifp7IqOR1sMosJ0RNX09743F/7xWasJLP+MySQ1KNl0UpoKYmIz/Jl2ukBkxtIQyxe2thPWposzYdPI2BG/+5UVSL5e8s1L57rxYuZrFkYNDOIIT8OACKnADVagBgx48wyu8OcJ5cd6dj2nrkjObOYA/cD5/AOzrjY8=</latexit>

C ' ⌫�2

D
e�x/�

<latexit sha1_base64="1e35hSM+We7KueTXMtw8LJvsmbY=">AAACFnicbVC7TsMwFHV4U14BRhaLComlJSlIMFaUgREkSis1aeW4N62F4wTbQVRRvoKFX2FhACFWxMbf4JYMvI5k6eice3R9T5BwprTjfFhT0zOzc/MLi6Wl5ZXVNXt941LFqaTQpDGPZTsgCjgT0NRMc2gnEkgUcGgFV42x37oBqVgsLvQoAT8iA8FCRok2Us+uNDzFIrjGXigJzTyRYo+beJ90a3l2kkM3q9zuFVLes8tO1ZkA/yVuQcqowFnPfvf6MU0jEJpyolTHdRLtZ0RqRjnkJS9VkBB6RQbQMVSQCJSfTc7K8Y5R+jiMpXlC44n6PZGRSKlRFJjJiOih+u2Nxf+8TqrDIz9jIkk1CPq1KEw51jEed4T7TALVfGQIoZKZv2I6JKYfbZosmRLc3yf/JZe1qrtfrZ0flOvHRR0LaAtto13kokNUR6foDDURRXfoAT2hZ+veerRerNev0SmryGyiH7DePgFHxp9z</latexit>

x/L
<latexit sha1_base64="ulWmQ9FRxkgfATSZ9bor8U2shaw=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8xd0o6DHoxYOHiOYByRJmJ73JkNnZZWZWDEs+wYsHRbz6Rd78GyePgyYWNBRV3XR3BYng2rjut7O0vLK6tp7byG9ube/sFvb26zpOFcMai0WsmgHVKLjEmuFGYDNRSKNAYCMYXI/9xiMqzWP5YIYJ+hHtSR5yRo2V7p9ObzuFoltyJyCLxJuRIsxQ7RS+2t2YpRFKwwTVuuW5ifEzqgxnAkf5dqoxoWxAe9iyVNIItZ9NTh2RY6t0SRgrW9KQifp7IqOR1sMosJ0RNX09743F/7xWasJLP+MySQ1KNl0UpoKYmIz/Jl2ukBkxtIQyxe2thPWposzYdPI2BG/+5UVSL5e8s1L57rxYuZrFkYNDOIIT8OACKnADVagBgx48wyu8OcJ5cd6dj2nrkjObOYA/cD5/AOzrjY8=</latexit>

scaling

unbounded
      growth

L(t) ⇠ t1/2
<latexit sha1_base64="H1LxfNJbd9YuBnYu8mLY8ZujISs=">AAAB+XicbVDJSgNBEK2JW4zbqEcvTYIQEeJMLnoMevHgIYJZIBNDT6eTNOlZ6K4JhCF/4kEPinj1T7z5N3aWgyY+KHi8V0VVPT+WQqPjfFuZtfWNza3sdm5nd2//wD48qusoUYzXWCQj1fSp5lKEvIYCJW/GitPAl7zhD2+mfmPElRZR+IDjmLcD2g9FTzCKRurY9l0RzzwtAoKPqXtRnnTsglNyZiCrxF2QQiXvnT8DQLVjf3ndiCUBD5FJqnXLdWJsp1ShYJJPcl6ieUzZkPZ5y9CQBly309nlE3JqlC7pRcpUiGSm/p5IaaD1OPBNZ0BxoJe9qfif10qwd9VORRgnyEM2X9RLJMGITGMgXaE4Qzk2hDIlzK2EDaiiDE1YOROCu/zyKqmXS65Tcu9NGtcwRxZOIA9FcOESKnALVagBgxE8wSu8Wan1Yr1bH/PWjLWYOYY/sD5/AOp0lAI=</latexit><latexit sha1_base64="5cDPMbipTs7GBaJcCSCgt/A5VAE=">AAAB+XicbVDLSsNAFJ3UV62vqEs3Q4tQEWrSjS6Lbly4qGAf0MQymU7awckkzNwUSuhfuHTjQhG3/om7/o3Tx0JbD1w4nHMv994TJIJrcJyJlVtb39jcym8Xdnb39g/sw6OmjlNFWYPGIlbtgGgmuGQN4CBYO1GMRIFgreDpZuq3hkxpHssHGCXMj0hf8pBTAkbq2vZdGc48zSMMj5l7UR137ZJTcWbAq8RdkFKt6J0/T2qjetf+9noxTSMmgQqidcd1EvAzooBTwcYFL9UsIfSJ9FnHUEkipv1sdvkYnxqlh8NYmZKAZ+rviYxEWo+iwHRGBAZ62ZuK/3mdFMIrP+MySYFJOl8UpgJDjKcx4B5XjIIYGUKo4uZWTAdEEQomrIIJwV1+eZU0qxXXqbj3Jo1rNEcenaAiKiMXXaIaukV11EAUDdELekPvVma9Wh/W57w1Zy1mjtEfWF8/896ViA==</latexit><latexit sha1_base64="5cDPMbipTs7GBaJcCSCgt/A5VAE=">AAAB+XicbVDLSsNAFJ3UV62vqEs3Q4tQEWrSjS6Lbly4qGAf0MQymU7awckkzNwUSuhfuHTjQhG3/om7/o3Tx0JbD1w4nHMv994TJIJrcJyJlVtb39jcym8Xdnb39g/sw6OmjlNFWYPGIlbtgGgmuGQN4CBYO1GMRIFgreDpZuq3hkxpHssHGCXMj0hf8pBTAkbq2vZdGc48zSMMj5l7UR137ZJTcWbAq8RdkFKt6J0/T2qjetf+9noxTSMmgQqidcd1EvAzooBTwcYFL9UsIfSJ9FnHUEkipv1sdvkYnxqlh8NYmZKAZ+rviYxEWo+iwHRGBAZ62ZuK/3mdFMIrP+MySYFJOl8UpgJDjKcx4B5XjIIYGUKo4uZWTAdEEQomrIIJwV1+eZU0qxXXqbj3Jo1rNEcenaAiKiMXXaIaukV11EAUDdELekPvVma9Wh/W57w1Zy1mjtEfWF8/896ViA==</latexit><latexit sha1_base64="T9DDznJbZeB0SqcD6ZBOK04c8G8=">AAAB+XicbVA9T8MwEHX4LOUrwMhiUSGVpSRdYKxgYWAoEv2Q2lA5rtNatZ3IvlSqov4TFgYQYuWfsPFvcNsM0PKkk57eu9PdvTAR3IDnfTtr6xubW9uFneLu3v7BoXt03DRxqilr0FjEuh0SwwRXrAEcBGsnmhEZCtYKR7czvzVm2vBYPcIkYYEkA8UjTglYqee692W46BouMTxl/mV12nNLXsWbA68SPycllKPec7+6/ZimkimgghjT8b0Egoxo4FSwabGbGpYQOiID1rFUEclMkM0vn+Jzq/RxFGtbCvBc/T2REWnMRIa2UxIYmmVvJv7ndVKIroOMqyQFpuhiUZQKDDGexYD7XDMKYmIJoZrbWzEdEk0o2LCKNgR/+eVV0qxWfK/iP3il2k0eRwGdojNURj66QjV0h+qogSgao2f0it6czHlx3p2PReuak8+coD9wPn8A1/WSeQ==</latexit>

g ⇠ t�1
<latexit sha1_base64="b9SdqHno11iYSi3gMzu8vVWnSKQ=">AAAB83icbVBNS8NAEJ34WetX1aOXxSJ4sSRV0GPRi8cK9gOaWjbbTbt0Nwm7E6GE/g0vHhTx6p/x5r9x2+agrQ8GHu/NMDMvSKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmjjVjDdYLGPdDqjhUkS8gQIlbyeaUxVI3gpGt1O/9cS1EXH0gOOEdxUdRCIUjKKV/IFvhCL4mJ17k16p7FbcGcgy8XJShhz1XunL78csVTxCJqkxHc9NsJtRjYJJPin6qeEJZSM64B1LI6q46Wazmyfk1Cp9EsbaVoRkpv6eyKgyZqwC26koDs2iNxX/8zophtfdTERJijxi80VhKgnGZBoA6QvNGcqxJZRpYW8lbEg1ZWhjKtoQvMWXl0mzWvEuKtX7y3LtJo+jAMdwAmfgwRXU4A7q0AAGCTzDK7w5qfPivDsf89YVJ585gj9wPn8AcHSRSg==</latexit>

k = 0
<latexit sha1_base64="0ut+maMZ7UZsEZK+andb8u0Lemw=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9CIUvXisaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWMbqd+6wmV5rF8NOME/YgOJA85o8ZKD6Nrt1cquxV3BrJMvJyUIUe9V/rq9mOWRigNE1Trjucmxs+oMpwJnBS7qcaEshEdYMdSSSPUfjY7dUJOrdInYaxsSUNm6u+JjEZaj6PAdkbUDPWiNxX/8zqpCa/8jMskNSjZfFGYCmJiMv2b9LlCZsTYEsoUt7cSNqSKMmPTKdoQvMWXl0mzWvHOK9X7i3LtJo+jAMdwAmfgwSXU4A7q0AAGA3iGV3hzhPPivDsf89YVJ585gj9wPn8Aw/ONdA==</latexit>

g
<latexit sha1_base64="6CZoLmchak7PeUGdbOiCR035cyo=">AAAB6HicbVDLSgNBEOyNrxhfUY96GAyCp7DrJR6DXjwmYB6QLGF20puMmZ1dZmaFsOQLvHhQxKtf4Xd48+anOHkcNLGgoajqprsrSATXxnW/nNza+sbmVn67sLO7t39QPDxq6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/VbD6g0j+WdGSfoR3QgecgZNVaqD3rFklt2ZyCrxFuQUvX0o/4NALVe8bPbj1kaoTRMUK07npsYP6PKcCZwUuimGhPKRnSAHUsljVD72ezQCTm3Sp+EsbIlDZmpvycyGmk9jgLbGVEz1MveVPzP66QmvPIzLpPUoGTzRWEqiInJ9GvS5wqZEWNLKFPc3krYkCrKjM2mYEPwll9eJc3LsueWvbpN4xrmyMMJnMEFeFCBKtxCDRrAAOERnuHFuXeenFfnbd6acxYzx/AHzvsP2y+PLA==</latexit><latexit sha1_base64="QYiVIz1HWeqSAcfYlxshn5OrYrE=">AAAB6HicbVDLSgNBEOyNrxhfUY+KDAbBU9j1osegF48JmAckS5iddJIxs7PLzKwQlhw9efGgiFe/It/hzW/wJ5w8DppY0FBUddPdFcSCa+O6X05mZXVtfSO7mdva3tndy+8f1HSUKIZVFolINQKqUXCJVcONwEaskIaBwHowuJn49QdUmkfyzgxj9EPak7zLGTVWqvTa+YJbdKcgy8Sbk0LpeFz5fjwZl9v5z1YnYkmI0jBBtW56bmz8lCrDmcBRrpVojCkb0B42LZU0RO2n00NH5MwqHdKNlC1pyFT9PZHSUOthGNjOkJq+XvQm4n9eMzHdKz/lMk4MSjZb1E0EMRGZfE06XCEzYmgJZYrbWwnrU0WZsdnkbAje4svLpHZR9NyiV7FpXMMMWTiCUzgHDy6hBLdQhiowQHiCF3h17p1n5815n7VmnPnMIfyB8/EDuXSQkg==</latexit><latexit sha1_base64="QYiVIz1HWeqSAcfYlxshn5OrYrE=">AAAB6HicbVDLSgNBEOyNrxhfUY+KDAbBU9j1osegF48JmAckS5iddJIxs7PLzKwQlhw9efGgiFe/It/hzW/wJ5w8DppY0FBUddPdFcSCa+O6X05mZXVtfSO7mdva3tndy+8f1HSUKIZVFolINQKqUXCJVcONwEaskIaBwHowuJn49QdUmkfyzgxj9EPak7zLGTVWqvTa+YJbdKcgy8Sbk0LpeFz5fjwZl9v5z1YnYkmI0jBBtW56bmz8lCrDmcBRrpVojCkb0B42LZU0RO2n00NH5MwqHdKNlC1pyFT9PZHSUOthGNjOkJq+XvQm4n9eMzHdKz/lMk4MSjZb1E0EMRGZfE06XCEzYmgJZYrbWwnrU0WZsdnkbAje4svLpHZR9NyiV7FpXMMMWTiCUzgHDy6hBLdQhiowQHiCF3h17p1n5815n7VmnPnMIfyB8/EDuXSQkg==</latexit><latexit sha1_base64="/PJ7Z1iFzXuG81L8a5C962ANKKY=">AAAB6HicbVBNT8JAEJ3iF+IX6tHLRmLiibRe9Ej04hESCyTQkO0yhZXtttndmpCGX+DFg8Z49Sd589+4QA8KvmSSl/dmMjMvTAXXxnW/ndLG5tb2Tnm3srd/cHhUPT5p6yRTDH2WiER1Q6pRcIm+4UZgN1VI41BgJ5zczf3OEyrNE/lgpikGMR1JHnFGjZVao0G15tbdBcg68QpSgwLNQfWrP0xYFqM0TFCte56bmiCnynAmcFbpZxpTyiZ0hD1LJY1RB/ni0Bm5sMqQRImyJQ1ZqL8nchprPY1D2xlTM9ar3lz8z+tlJroJci7TzKBky0VRJohJyPxrMuQKmRFTSyhT3N5K2JgqyozNpmJD8FZfXiftq7rn1r2WW2vcFnGU4QzO4RI8uIYG3EMTfGCA8Ayv8OY8Oi/Ou/OxbC05xcwp/IHz+QPLNYzn</latexit>

g
<latexit sha1_base64="6CZoLmchak7PeUGdbOiCR035cyo=">AAAB6HicbVDLSgNBEOyNrxhfUY96GAyCp7DrJR6DXjwmYB6QLGF20puMmZ1dZmaFsOQLvHhQxKtf4Xd48+anOHkcNLGgoajqprsrSATXxnW/nNza+sbmVn67sLO7t39QPDxq6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/VbD6g0j+WdGSfoR3QgecgZNVaqD3rFklt2ZyCrxFuQUvX0o/4NALVe8bPbj1kaoTRMUK07npsYP6PKcCZwUuimGhPKRnSAHUsljVD72ezQCTm3Sp+EsbIlDZmpvycyGmk9jgLbGVEz1MveVPzP66QmvPIzLpPUoGTzRWEqiInJ9GvS5wqZEWNLKFPc3krYkCrKjM2mYEPwll9eJc3LsueWvbpN4xrmyMMJnMEFeFCBKtxCDRrAAOERnuHFuXeenFfnbd6acxYzx/AHzvsP2y+PLA==</latexit><latexit sha1_base64="QYiVIz1HWeqSAcfYlxshn5OrYrE=">AAAB6HicbVDLSgNBEOyNrxhfUY+KDAbBU9j1osegF48JmAckS5iddJIxs7PLzKwQlhw9efGgiFe/It/hzW/wJ5w8DppY0FBUddPdFcSCa+O6X05mZXVtfSO7mdva3tndy+8f1HSUKIZVFolINQKqUXCJVcONwEaskIaBwHowuJn49QdUmkfyzgxj9EPak7zLGTVWqvTa+YJbdKcgy8Sbk0LpeFz5fjwZl9v5z1YnYkmI0jBBtW56bmz8lCrDmcBRrpVojCkb0B42LZU0RO2n00NH5MwqHdKNlC1pyFT9PZHSUOthGNjOkJq+XvQm4n9eMzHdKz/lMk4MSjZb1E0EMRGZfE06XCEzYmgJZYrbWwnrU0WZsdnkbAje4svLpHZR9NyiV7FpXMMMWTiCUzgHDy6hBLdQhiowQHiCF3h17p1n5815n7VmnPnMIfyB8/EDuXSQkg==</latexit><latexit sha1_base64="QYiVIz1HWeqSAcfYlxshn5OrYrE=">AAAB6HicbVDLSgNBEOyNrxhfUY+KDAbBU9j1osegF48JmAckS5iddJIxs7PLzKwQlhw9efGgiFe/It/hzW/wJ5w8DppY0FBUddPdFcSCa+O6X05mZXVtfSO7mdva3tndy+8f1HSUKIZVFolINQKqUXCJVcONwEaskIaBwHowuJn49QdUmkfyzgxj9EPak7zLGTVWqvTa+YJbdKcgy8Sbk0LpeFz5fjwZl9v5z1YnYkmI0jBBtW56bmz8lCrDmcBRrpVojCkb0B42LZU0RO2n00NH5MwqHdKNlC1pyFT9PZHSUOthGNjOkJq+XvQm4n9eMzHdKz/lMk4MSjZb1E0EMRGZfE06XCEzYmgJZYrbWwnrU0WZsdnkbAje4svLpHZR9NyiV7FpXMMMWTiCUzgHDy6hBLdQhiowQHiCF3h17p1n5815n7VmnPnMIfyB8/EDuXSQkg==</latexit><latexit sha1_base64="/PJ7Z1iFzXuG81L8a5C962ANKKY=">AAAB6HicbVBNT8JAEJ3iF+IX6tHLRmLiibRe9Ej04hESCyTQkO0yhZXtttndmpCGX+DFg8Z49Sd589+4QA8KvmSSl/dmMjMvTAXXxnW/ndLG5tb2Tnm3srd/cHhUPT5p6yRTDH2WiER1Q6pRcIm+4UZgN1VI41BgJ5zczf3OEyrNE/lgpikGMR1JHnFGjZVao0G15tbdBcg68QpSgwLNQfWrP0xYFqM0TFCte56bmiCnynAmcFbpZxpTyiZ0hD1LJY1RB/ni0Bm5sMqQRImyJQ1ZqL8nchprPY1D2xlTM9ar3lz8z+tlJroJci7TzKBky0VRJohJyPxrMuQKmRFTSyhT3N5K2JgqyozNpmJD8FZfXiftq7rn1r2WW2vcFnGU4QzO4RI8uIYG3EMTfGCA8Ayv8OY8Oi/Ou/OxbC05xcwp/IHz+QPLNYzn</latexit>

C
<latexit sha1_base64="qitYjHnTvWLLMhbcMUcBblbEEo8=">AAAB6HicbZC7SwNBEMbnfMb4ilraLAbBKtzZaCMG01gmYB6QHGFvM5es2ds7dveEcATsbSwUsfWfsbfzv3HzKDTxg4Uf3zfDzkyQCK6N6347K6tr6xubua389s7u3n7h4LCh41QxrLNYxKoVUI2CS6wbbgS2EoU0CgQ2g2FlkjcfUGkeyzszStCPaF/ykDNqrFWrdAtFt+RORZbBm0Px+jN/9QgA1W7hq9OLWRqhNExQrduemxg/o8pwJnCc76QaE8qGtI9ti5JGqP1sOuiYnFqnR8JY2ScNmbq/OzIaaT2KAlsZUTPQi9nE/C9rpya89DMuk9SgZLOPwlQQE5PJ1qTHFTIjRhYoU9zOStiAKsqMvU3eHsFbXHkZGuclzy15NbdYvoGZcnAMJ3AGHlxAGW6hCnVggPAEL/Dq3DvPzpvzPitdceY9R/BHzscPA+yOkA==</latexit><latexit sha1_base64="EQAAM1j/Ie8eqC8qE7NRLV0Spmg=">AAAB6HicbZC7SgNBFIbPxltcb1FLm8UgWIVdG23EYBrLBMwFkiXMTs4mY2Znl5lZISx5AhsLRWz1YextxLdxcik08YeBj/8/hznnBAlnSrvut5VbWV1b38hv2lvbO7t7hf2DhopTSbFOYx7LVkAUciawrpnm2Eokkijg2AyGlUnevEepWCxu9ShBPyJ9wUJGiTZWrdItFN2SO5WzDN4cilcf9mXy/mVXu4XPTi+maYRCU06Uantuov2MSM0ox7HdSRUmhA5JH9sGBYlQ+dl00LFzYpyeE8bSPKGdqfu7IyORUqMoMJUR0QO1mE3M/7J2qsMLP2MiSTUKOvsoTLmjY2eytdNjEqnmIwOESmZmdeiASEK1uY1tjuAtrrwMjbOS55a8mlssX8NMeTiCYzgFD86hDDdQhTpQQHiAJ3i27qxH68V6nZXmrHnPIfyR9fYD9WyQBA==</latexit><latexit sha1_base64="EQAAM1j/Ie8eqC8qE7NRLV0Spmg=">AAAB6HicbZC7SgNBFIbPxltcb1FLm8UgWIVdG23EYBrLBMwFkiXMTs4mY2Znl5lZISx5AhsLRWz1YextxLdxcik08YeBj/8/hznnBAlnSrvut5VbWV1b38hv2lvbO7t7hf2DhopTSbFOYx7LVkAUciawrpnm2Eokkijg2AyGlUnevEepWCxu9ShBPyJ9wUJGiTZWrdItFN2SO5WzDN4cilcf9mXy/mVXu4XPTi+maYRCU06Uantuov2MSM0ox7HdSRUmhA5JH9sGBYlQ+dl00LFzYpyeE8bSPKGdqfu7IyORUqMoMJUR0QO1mE3M/7J2qsMLP2MiSTUKOvsoTLmjY2eytdNjEqnmIwOESmZmdeiASEK1uY1tjuAtrrwMjbOS55a8mlssX8NMeTiCYzgFD86hDDdQhTpQQHiAJ3i27qxH68V6nZXmrHnPIfyR9fYD9WyQBA==</latexit><latexit sha1_base64="n9q4lqwqCrBAGkuJ+w9AiHHXDD4=">AAAB6HicbVA9TwJBEJ3DL8Qv1NJmIzGxInc2UhJpLCGRjwQuZG+Zg5W9vcvungm58AtsLDTG1p9k579xgSsUfMkkL+/NZGZekAiujet+O4Wt7Z3dveJ+6eDw6PikfHrW0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8G0sfC7T6g0j+WDmSXoR3QsecgZNVZqNYblilt1lyCbxMtJBXI0h+WvwShmaYTSMEG17ntuYvyMKsOZwHlpkGpMKJvSMfYtlTRC7WfLQ+fkyiojEsbKljRkqf6eyGik9SwKbGdEzUSvewvxP6+fmrDmZ1wmqUHJVovCVBATk8XXZMQVMiNmllCmuL2VsAlVlBmbTcmG4K2/vEk6N1XPrXott1K/y+MowgVcwjV4cAt1uIcmtIEBwjO8wpvz6Lw4787HqrXg5DPn8AfO5w+UpYzD</latexit>

co
nc

en
tr

at
io

n

gr
ow

th
 r

at
e

co
nc

en
tr

at
io

n

gr
ow

th
 r

at
e

Gradient scaling
C(x, t) = C0(t)⇠(x/L(t))

<latexit sha1_base64="TJP1pDi5M5Rr+GpCEYg/12RNH8s=">AAACAXicbZC7SgNBFIbPxluMt6iNYLMkCBuUuGujjRBMY2ERwVwgCWF2MkmGzF6YOSsJS2x8EQsbC0VsfQs738bJpdDEHwY+/nMOZ87vhoIrtO1vI7G0vLK6llxPbWxube+kd/cqKogkZWUaiEDWXKKY4D4rI0fBaqFkxHMFq7r94rhevWdS8cC/w2HImh7p+rzDKUFttdIHRWtwgrnLYsu2MNcYcGtweqMp10pn7bw9kbkIzgyyhUzj+AkASq30V6Md0MhjPlJBlKo7dojNmEjkVLBRqhEpFhLaJ11W1+gTj6lmPLlgZB5pp212Aqmfj+bE/T0RE0+poefqTo9gT83XxuZ/tXqEnYtmzP0wQubT6aJOJEwMzHEcZptLRlEMNRAquf6rSXtEEoo6tJQOwZk/eREqZ3nHzju3Oo0rmCoJh5ABCxw4hwJcQwnKQOEBnuEV3oxH48V4Nz6mrQljNrMPf2R8/gCgTJXm</latexit><latexit sha1_base64="JcFTfqQX9z4tbwYy59y9k1rhLdk=">AAACAXicbZC7SgNBFIZn4y3G26qNYLMkCBuUuGujjRBMY2ERwVwgCcvsZDYZMnth5qxkWWLjK/gINhaK2PoWdnkbJ4mFJv4w8PGfczhzfjfiTIJljbXM0vLK6lp2PbexubW9o+/u1WUYC0JrJOShaLpYUs4CWgMGnDYjQbHvctpwB5VJvXFPhWRhcAdJRDs+7gXMYwSDshz9oGIOT6B4WXEsE4rtITOHpzeKio5esErWVMYi2D9QKOfbx0/jclJ19K92NySxTwMgHEvZsq0IOikWwAino1w7ljTCZIB7tKUwwD6VnXR6wcg4Uk7X8EKhXgDG1P09kWJfysR3VaePoS/naxPzv1orBu+ik7IgioEGZLbIi7kBoTGJw+gyQQnwRAEmgqm/GqSPBSagQsupEOz5kxehflayrZJ9q9K4QjNl0SHKIxPZ6ByV0TWqohoi6AE9o1f0pj1qL9q79jFrzWg/M/voj7TPb6m2l2w=</latexit><latexit sha1_base64="JcFTfqQX9z4tbwYy59y9k1rhLdk=">AAACAXicbZC7SgNBFIZn4y3G26qNYLMkCBuUuGujjRBMY2ERwVwgCcvsZDYZMnth5qxkWWLjK/gINhaK2PoWdnkbJ4mFJv4w8PGfczhzfjfiTIJljbXM0vLK6lp2PbexubW9o+/u1WUYC0JrJOShaLpYUs4CWgMGnDYjQbHvctpwB5VJvXFPhWRhcAdJRDs+7gXMYwSDshz9oGIOT6B4WXEsE4rtITOHpzeKio5esErWVMYi2D9QKOfbx0/jclJ19K92NySxTwMgHEvZsq0IOikWwAino1w7ljTCZIB7tKUwwD6VnXR6wcg4Uk7X8EKhXgDG1P09kWJfysR3VaePoS/naxPzv1orBu+ik7IgioEGZLbIi7kBoTGJw+gyQQnwRAEmgqm/GqSPBSagQsupEOz5kxehflayrZJ9q9K4QjNl0SHKIxPZ6ByV0TWqohoi6AE9o1f0pj1qL9q79jFrzWg/M/voj7TPb6m2l2w=</latexit><latexit sha1_base64="F6zCtueqi+nJsDa4WjnOe2jtNVI=">AAACAXicbZC7SgNBFIZn4y3G26qNYLMYhA1InLXRRgimsbCIYC6QLMvsZDYZMnth5qwkLLHxVWwsFLH1Lex8GyeXQqM/DHz85xzOnN9PBFeA8ZeRW1peWV3Lrxc2Nre2d8zdvYaKU0lZncYili2fKCZ4xOrAQbBWIhkJfcGa/qA6qTfvmVQ8ju5glDA3JL2IB5wS0JZnHlTt4QmULqsetqHUGXJ7eHqjqeSZRVzGU1l/wZlDEc1V88zPTjemacgioIIo1XZwAm5GJHAq2LjQSRVLCB2QHmtrjEjIlJtNLxhbx9rpWkEs9YvAmro/JzISKjUKfd0ZEuirxdrE/K/WTiG4cDMeJSmwiM4WBamwILYmcVhdLhkFMdJAqOT6rxbtE0ko6NAKOgRn8eS/0DgrO7js3OJi5WoeRx4doiNkIwedowq6RjVURxQ9oCf0gl6NR+PZeDPeZ605Yz6zj37J+PgGjc2UXQ==</latexit>

C0 ⇠ L2
<latexit sha1_base64="3sKYAc9TMZeXow07BL3tT3SENTw=">AAAB8nicbVA9SwNBEN2LXzF+RS1tFoNgFe6ioGUwjYVFBPMBlzPsbfaSJXu7x+6cEI78DBsLRWz9NXb+GzfJFZr4YODx3gwz88JEcAOu++0U1tY3NreK26Wd3b39g/LhUduoVFPWokoo3Q2JYYJL1gIOgnUTzUgcCtYJx42Z33li2nAlH2CSsCAmQ8kjTglYyW/03Z7hMb57rPXLFbfqzoFXiZeTCsrR7Je/egNF05hJoIIY43tuAkFGNHAq2LTUSw1LCB2TIfMtlSRmJsjmJ0/xmVUGOFLalgQ8V39PZCQ2ZhKHtjMmMDLL3kz8z/NTiK6DjMskBSbpYlGUCgwKz/7HA64ZBTGxhFDN7a2YjogmFGxKJRuCt/zyKmnXqt5FtXZ/Wanf5HEU0Qk6RefIQ1eojm5RE7UQRQo9o1f05oDz4rw7H4vWgpPPHKM/cD5/AO9RkF8=</latexit>

C0
<latexit sha1_base64="olH7zl76boTBzXmnnL5BEPeSUnU=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9FjsxWNF+wFtKJvtpF262YTdjVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WBcn/ntJ1Sax/LRTBL0IzqUPOSMGis91Ptuv1R2K+4cZJV4OSlDjka/9NUbxCyNUBomqNZdz02Mn1FlOBM4LfZSjQllYzrErqWSRqj9bH7qlJxbZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMT3vgZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTtCF4yy+vkla14l1WqvdX5dptHkcBTuEMLsCDa6jBHTSgCQyG8Ayv8OYI58V5dz4WrWtOPnMCf+B8/gC6rY1u</latexit>



Expander feedback
� > �c

<latexit sha1_base64="YvQN8NdXRqBBIQ6LtYdSSslhRIk=">AAAB9HicbVA9TwJBEJ3DL8Qv1FKLjcTEitzZaGWINpaQCJjAhewtC2zY2zt350jIhd9hY6Exttb+Djs7f4rLQaHgS2by8t5MdvYFsRQGXffLya2srq1v5DcLW9s7u3vF/YOGiRLNeJ1FMtL3ATVcCsXrKFDy+1hzGgaSN4PhzdRvjrg2IlJ3OI65H9K+Ej3BKFrJbwcc6VXWO6xTLLllNwNZJt6clCrHH7VvAKh2ip/tbsSSkCtkkhrT8twY/ZRqFEzySaGdGB5TNqR93rJU0ZAbP82OnpBTq3RJL9K2FJJM/b2R0tCYcRjYyZDiwCx6U/E/r5Vg79JPhYoT5IrNHuolkmBEpgmQrtCcoRxbQpkW9lbCBlRThjangg3BW/zyMmmclz237NVsGtcwQx6O4ATOwIMLqMAtVKEODB7gEZ7hxRk5T86r8zYbzTnznUP4A+f9B5P3lC0=</latexit><latexit sha1_base64="+9hmfHQw4Qn5Oh5yL2qCqC/WMNc=">AAAB9HicbVC7TgJBFJ3FF+ILtdSYjcTEiuzaaGWINpaQyCOBDZkd7sKE2dl15i4JIZR+g42Fxtha8x12foM/4bBQKHiSe3Nyzr2ZO8ePBdfoOF9WZmV1bX0ju5nb2t7Z3cvvH9R0lCgGVRaJSDV8qkFwCVXkKKARK6ChL6Du92+nfn0ASvNI3uMwBi+kXckDzigayWv5gPQ67W3WzhecopPCXibunBRKx5PK9+PJpNzOf7Y6EUtCkMgE1brpOjF6I6qQMwHjXCvREFPWp11oGippCNobpUeP7TOjdOwgUqYk2qn6e2NEQ62HoW8mQ4o9vehNxf+8ZoLBlTfiMk4QJJs9FCTCxsieJmB3uAKGYmgIZYqbW23Wo4oyNDnlTAju4peXSe2i6DpFt2LSuCEzZMkROSXnxCWXpETuSJlUCSMP5Im8kFdrYD1bb9b7bDRjzXcOyR9YHz9yPJWT</latexit><latexit sha1_base64="+9hmfHQw4Qn5Oh5yL2qCqC/WMNc=">AAAB9HicbVC7TgJBFJ3FF+ILtdSYjcTEiuzaaGWINpaQyCOBDZkd7sKE2dl15i4JIZR+g42Fxtha8x12foM/4bBQKHiSe3Nyzr2ZO8ePBdfoOF9WZmV1bX0ju5nb2t7Z3cvvH9R0lCgGVRaJSDV8qkFwCVXkKKARK6ChL6Du92+nfn0ASvNI3uMwBi+kXckDzigayWv5gPQ67W3WzhecopPCXibunBRKx5PK9+PJpNzOf7Y6EUtCkMgE1brpOjF6I6qQMwHjXCvREFPWp11oGippCNobpUeP7TOjdOwgUqYk2qn6e2NEQ62HoW8mQ4o9vehNxf+8ZoLBlTfiMk4QJJs9FCTCxsieJmB3uAKGYmgIZYqbW23Wo4oyNDnlTAju4peXSe2i6DpFt2LSuCEzZMkROSXnxCWXpETuSJlUCSMP5Im8kFdrYD1bb9b7bDRjzXcOyR9YHz9yPJWT</latexit><latexit sha1_base64="pDu6X18fQzNwFqh/mXo3bmMBscw=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4KokXPUnRi8cK9gPaUDbbTbt0s4m7k0IJ/R1ePCji1R/jzX/jNs1BWx/M8Hhvhp19QSKFQdf9dtbWNza3tks75d29/YPDytFxy8SpZrzJYhnrTkANl0LxJgqUvJNoTqNA8nYwvpv77QnXRsTqEacJ9yM6VCIUjKKV/F7Akd7kvc/6lapbc3OQVeIVpAoFGv3KV28QszTiCpmkxnQ9N0E/oxoFk3xW7qWGJ5SN6ZB3LVU04sbP8qNn5NwqAxLG2pZCkqu/NzIaGTONAjsZURyZZW8u/ud1Uwyv/UyoJEWu2OKhMJUEYzJPgAyE5gzl1BLKtLC3EjaimjK0OZVtCN7yl1dJ67LmuTXvwa3Wb4s4SnAKZ3ABHlxBHe6hAU1g8ATP8ApvzsR5cd6dj8XomlPsnMAfOJ8/g/2R6A==</latexit>

C
<latexit sha1_base64="qitYjHnTvWLLMhbcMUcBblbEEo8=">AAAB6HicbZC7SwNBEMbnfMb4ilraLAbBKtzZaCMG01gmYB6QHGFvM5es2ds7dveEcATsbSwUsfWfsbfzv3HzKDTxg4Uf3zfDzkyQCK6N6347K6tr6xubua389s7u3n7h4LCh41QxrLNYxKoVUI2CS6wbbgS2EoU0CgQ2g2FlkjcfUGkeyzszStCPaF/ykDNqrFWrdAtFt+RORZbBm0Px+jN/9QgA1W7hq9OLWRqhNExQrduemxg/o8pwJnCc76QaE8qGtI9ti5JGqP1sOuiYnFqnR8JY2ScNmbq/OzIaaT2KAlsZUTPQi9nE/C9rpya89DMuk9SgZLOPwlQQE5PJ1qTHFTIjRhYoU9zOStiAKsqMvU3eHsFbXHkZGuclzy15NbdYvoGZcnAMJ3AGHlxAGW6hCnVggPAEL/Dq3DvPzpvzPitdceY9R/BHzscPA+yOkA==</latexit><latexit sha1_base64="EQAAM1j/Ie8eqC8qE7NRLV0Spmg=">AAAB6HicbZC7SgNBFIbPxltcb1FLm8UgWIVdG23EYBrLBMwFkiXMTs4mY2Znl5lZISx5AhsLRWz1YextxLdxcik08YeBj/8/hznnBAlnSrvut5VbWV1b38hv2lvbO7t7hf2DhopTSbFOYx7LVkAUciawrpnm2Eokkijg2AyGlUnevEepWCxu9ShBPyJ9wUJGiTZWrdItFN2SO5WzDN4cilcf9mXy/mVXu4XPTi+maYRCU06Uantuov2MSM0ox7HdSRUmhA5JH9sGBYlQ+dl00LFzYpyeE8bSPKGdqfu7IyORUqMoMJUR0QO1mE3M/7J2qsMLP2MiSTUKOvsoTLmjY2eytdNjEqnmIwOESmZmdeiASEK1uY1tjuAtrrwMjbOS55a8mlssX8NMeTiCYzgFD86hDDdQhTpQQHiAJ3i27qxH68V6nZXmrHnPIfyR9fYD9WyQBA==</latexit><latexit sha1_base64="EQAAM1j/Ie8eqC8qE7NRLV0Spmg=">AAAB6HicbZC7SgNBFIbPxltcb1FLm8UgWIVdG23EYBrLBMwFkiXMTs4mY2Znl5lZISx5AhsLRWz1YextxLdxcik08YeBj/8/hznnBAlnSrvut5VbWV1b38hv2lvbO7t7hf2DhopTSbFOYx7LVkAUciawrpnm2Eokkijg2AyGlUnevEepWCxu9ShBPyJ9wUJGiTZWrdItFN2SO5WzDN4cilcf9mXy/mVXu4XPTi+maYRCU06Uantuov2MSM0ox7HdSRUmhA5JH9sGBYlQ+dl00LFzYpyeE8bSPKGdqfu7IyORUqMoMJUR0QO1mE3M/7J2qsMLP2MiSTUKOvsoTLmjY2eytdNjEqnmIwOESmZmdeiASEK1uY1tjuAtrrwMjbOS55a8mlssX8NMeTiCYzgFD86hDDdQhTpQQHiAJ3i27qxH68V6nZXmrHnPIfyR9fYD9WyQBA==</latexit><latexit sha1_base64="n9q4lqwqCrBAGkuJ+w9AiHHXDD4=">AAAB6HicbVA9TwJBEJ3DL8Qv1NJmIzGxInc2UhJpLCGRjwQuZG+Zg5W9vcvungm58AtsLDTG1p9k579xgSsUfMkkL+/NZGZekAiujet+O4Wt7Z3dveJ+6eDw6PikfHrW0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8G0sfC7T6g0j+WDmSXoR3QsecgZNVZqNYblilt1lyCbxMtJBXI0h+WvwShmaYTSMEG17ntuYvyMKsOZwHlpkGpMKJvSMfYtlTRC7WfLQ+fkyiojEsbKljRkqf6eyGik9SwKbGdEzUSvewvxP6+fmrDmZ1wmqUHJVovCVBATk8XXZMQVMiNmllCmuL2VsAlVlBmbTcmG4K2/vEk6N1XPrXott1K/y+MowgVcwjV4cAt1uIcmtIEBwjO8wpvz6Lw4787HqrXg5DPn8AfO5w+UpYzD</latexit>

C
<latexit sha1_base64="qitYjHnTvWLLMhbcMUcBblbEEo8=">AAAB6HicbZC7SwNBEMbnfMb4ilraLAbBKtzZaCMG01gmYB6QHGFvM5es2ds7dveEcATsbSwUsfWfsbfzv3HzKDTxg4Uf3zfDzkyQCK6N6347K6tr6xubua389s7u3n7h4LCh41QxrLNYxKoVUI2CS6wbbgS2EoU0CgQ2g2FlkjcfUGkeyzszStCPaF/ykDNqrFWrdAtFt+RORZbBm0Px+jN/9QgA1W7hq9OLWRqhNExQrduemxg/o8pwJnCc76QaE8qGtI9ti5JGqP1sOuiYnFqnR8JY2ScNmbq/OzIaaT2KAlsZUTPQi9nE/C9rpya89DMuk9SgZLOPwlQQE5PJ1qTHFTIjRhYoU9zOStiAKsqMvU3eHsFbXHkZGuclzy15NbdYvoGZcnAMJ3AGHlxAGW6hCnVggPAEL/Dq3DvPzpvzPitdceY9R/BHzscPA+yOkA==</latexit><latexit sha1_base64="EQAAM1j/Ie8eqC8qE7NRLV0Spmg=">AAAB6HicbZC7SgNBFIbPxltcb1FLm8UgWIVdG23EYBrLBMwFkiXMTs4mY2Znl5lZISx5AhsLRWz1YextxLdxcik08YeBj/8/hznnBAlnSrvut5VbWV1b38hv2lvbO7t7hf2DhopTSbFOYx7LVkAUciawrpnm2Eokkijg2AyGlUnevEepWCxu9ShBPyJ9wUJGiTZWrdItFN2SO5WzDN4cilcf9mXy/mVXu4XPTi+maYRCU06Uantuov2MSM0ox7HdSRUmhA5JH9sGBYlQ+dl00LFzYpyeE8bSPKGdqfu7IyORUqMoMJUR0QO1mE3M/7J2qsMLP2MiSTUKOvsoTLmjY2eytdNjEqnmIwOESmZmdeiASEK1uY1tjuAtrrwMjbOS55a8mlssX8NMeTiCYzgFD86hDDdQhTpQQHiAJ3i27qxH68V6nZXmrHnPIfyR9fYD9WyQBA==</latexit><latexit sha1_base64="EQAAM1j/Ie8eqC8qE7NRLV0Spmg=">AAAB6HicbZC7SgNBFIbPxltcb1FLm8UgWIVdG23EYBrLBMwFkiXMTs4mY2Znl5lZISx5AhsLRWz1YextxLdxcik08YeBj/8/hznnBAlnSrvut5VbWV1b38hv2lvbO7t7hf2DhopTSbFOYx7LVkAUciawrpnm2Eokkijg2AyGlUnevEepWCxu9ShBPyJ9wUJGiTZWrdItFN2SO5WzDN4cilcf9mXy/mVXu4XPTi+maYRCU06Uantuov2MSM0ox7HdSRUmhA5JH9sGBYlQ+dl00LFzYpyeE8bSPKGdqfu7IyORUqMoMJUR0QO1mE3M/7J2qsMLP2MiSTUKOvsoTLmjY2eytdNjEqnmIwOESmZmdeiASEK1uY1tjuAtrrwMjbOS55a8mlssX8NMeTiCYzgFD86hDDdQhTpQQHiAJ3i27qxH68V6nZXmrHnPIfyR9fYD9WyQBA==</latexit><latexit sha1_base64="n9q4lqwqCrBAGkuJ+w9AiHHXDD4=">AAAB6HicbVA9TwJBEJ3DL8Qv1NJmIzGxInc2UhJpLCGRjwQuZG+Zg5W9vcvungm58AtsLDTG1p9k579xgSsUfMkkL+/NZGZekAiujet+O4Wt7Z3dveJ+6eDw6PikfHrW0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8G0sfC7T6g0j+WDmSXoR3QsecgZNVZqNYblilt1lyCbxMtJBXI0h+WvwShmaYTSMEG17ntuYvyMKsOZwHlpkGpMKJvSMfYtlTRC7WfLQ+fkyiojEsbKljRkqf6eyGik9SwKbGdEzUSvewvxP6+fmrDmZ1wmqUHJVovCVBATk8XXZMQVMiNmllCmuL2VsAlVlBmbTcmG4K2/vEk6N1XPrXott1K/y+MowgVcwjV4cAt1uIcmtIEBwjO8wpvz6Lw4787HqrXg5DPn8AfO5w+UpYzD</latexit>

g
<latexit sha1_base64="6CZoLmchak7PeUGdbOiCR035cyo=">AAAB6HicbVDLSgNBEOyNrxhfUY96GAyCp7DrJR6DXjwmYB6QLGF20puMmZ1dZmaFsOQLvHhQxKtf4Xd48+anOHkcNLGgoajqprsrSATXxnW/nNza+sbmVn67sLO7t39QPDxq6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/VbD6g0j+WdGSfoR3QgecgZNVaqD3rFklt2ZyCrxFuQUvX0o/4NALVe8bPbj1kaoTRMUK07npsYP6PKcCZwUuimGhPKRnSAHUsljVD72ezQCTm3Sp+EsbIlDZmpvycyGmk9jgLbGVEz1MveVPzP66QmvPIzLpPUoGTzRWEqiInJ9GvS5wqZEWNLKFPc3krYkCrKjM2mYEPwll9eJc3LsueWvbpN4xrmyMMJnMEFeFCBKtxCDRrAAOERnuHFuXeenFfnbd6acxYzx/AHzvsP2y+PLA==</latexit><latexit sha1_base64="QYiVIz1HWeqSAcfYlxshn5OrYrE=">AAAB6HicbVDLSgNBEOyNrxhfUY+KDAbBU9j1osegF48JmAckS5iddJIxs7PLzKwQlhw9efGgiFe/It/hzW/wJ5w8DppY0FBUddPdFcSCa+O6X05mZXVtfSO7mdva3tndy+8f1HSUKIZVFolINQKqUXCJVcONwEaskIaBwHowuJn49QdUmkfyzgxj9EPak7zLGTVWqvTa+YJbdKcgy8Sbk0LpeFz5fjwZl9v5z1YnYkmI0jBBtW56bmz8lCrDmcBRrpVojCkb0B42LZU0RO2n00NH5MwqHdKNlC1pyFT9PZHSUOthGNjOkJq+XvQm4n9eMzHdKz/lMk4MSjZb1E0EMRGZfE06XCEzYmgJZYrbWwnrU0WZsdnkbAje4svLpHZR9NyiV7FpXMMMWTiCUzgHDy6hBLdQhiowQHiCF3h17p1n5815n7VmnPnMIfyB8/EDuXSQkg==</latexit><latexit sha1_base64="QYiVIz1HWeqSAcfYlxshn5OrYrE=">AAAB6HicbVDLSgNBEOyNrxhfUY+KDAbBU9j1osegF48JmAckS5iddJIxs7PLzKwQlhw9efGgiFe/It/hzW/wJ5w8DppY0FBUddPdFcSCa+O6X05mZXVtfSO7mdva3tndy+8f1HSUKIZVFolINQKqUXCJVcONwEaskIaBwHowuJn49QdUmkfyzgxj9EPak7zLGTVWqvTa+YJbdKcgy8Sbk0LpeFz5fjwZl9v5z1YnYkmI0jBBtW56bmz8lCrDmcBRrpVojCkb0B42LZU0RO2n00NH5MwqHdKNlC1pyFT9PZHSUOthGNjOkJq+XvQm4n9eMzHdKz/lMk4MSjZb1E0EMRGZfE06XCEzYmgJZYrbWwnrU0WZsdnkbAje4svLpHZR9NyiV7FpXMMMWTiCUzgHDy6hBLdQhiowQHiCF3h17p1n5815n7VmnPnMIfyB8/EDuXSQkg==</latexit><latexit sha1_base64="/PJ7Z1iFzXuG81L8a5C962ANKKY=">AAAB6HicbVBNT8JAEJ3iF+IX6tHLRmLiibRe9Ej04hESCyTQkO0yhZXtttndmpCGX+DFg8Z49Sd589+4QA8KvmSSl/dmMjMvTAXXxnW/ndLG5tb2Tnm3srd/cHhUPT5p6yRTDH2WiER1Q6pRcIm+4UZgN1VI41BgJ5zczf3OEyrNE/lgpikGMR1JHnFGjZVao0G15tbdBcg68QpSgwLNQfWrP0xYFqM0TFCte56bmiCnynAmcFbpZxpTyiZ0hD1LJY1RB/ni0Bm5sMqQRImyJQ1ZqL8nchprPY1D2xlTM9ar3lz8z+tlJroJci7TzKBky0VRJohJyPxrMuQKmRFTSyhT3N5K2JgqyozNpmJD8FZfXiftq7rn1r2WW2vcFnGU4QzO4RI8uIYG3EMTfGCA8Ayv8OY8Oi/Ou/OxbC05xcwp/IHz+QPLNYzn</latexit>

g
<latexit sha1_base64="6CZoLmchak7PeUGdbOiCR035cyo=">AAAB6HicbVDLSgNBEOyNrxhfUY96GAyCp7DrJR6DXjwmYB6QLGF20puMmZ1dZmaFsOQLvHhQxKtf4Xd48+anOHkcNLGgoajqprsrSATXxnW/nNza+sbmVn67sLO7t39QPDxq6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/VbD6g0j+WdGSfoR3QgecgZNVaqD3rFklt2ZyCrxFuQUvX0o/4NALVe8bPbj1kaoTRMUK07npsYP6PKcCZwUuimGhPKRnSAHUsljVD72ezQCTm3Sp+EsbIlDZmpvycyGmk9jgLbGVEz1MveVPzP66QmvPIzLpPUoGTzRWEqiInJ9GvS5wqZEWNLKFPc3krYkCrKjM2mYEPwll9eJc3LsueWvbpN4xrmyMMJnMEFeFCBKtxCDRrAAOERnuHFuXeenFfnbd6acxYzx/AHzvsP2y+PLA==</latexit><latexit sha1_base64="QYiVIz1HWeqSAcfYlxshn5OrYrE=">AAAB6HicbVDLSgNBEOyNrxhfUY+KDAbBU9j1osegF48JmAckS5iddJIxs7PLzKwQlhw9efGgiFe/It/hzW/wJ5w8DppY0FBUddPdFcSCa+O6X05mZXVtfSO7mdva3tndy+8f1HSUKIZVFolINQKqUXCJVcONwEaskIaBwHowuJn49QdUmkfyzgxj9EPak7zLGTVWqvTa+YJbdKcgy8Sbk0LpeFz5fjwZl9v5z1YnYkmI0jBBtW56bmz8lCrDmcBRrpVojCkb0B42LZU0RO2n00NH5MwqHdKNlC1pyFT9PZHSUOthGNjOkJq+XvQm4n9eMzHdKz/lMk4MSjZb1E0EMRGZfE06XCEzYmgJZYrbWwnrU0WZsdnkbAje4svLpHZR9NyiV7FpXMMMWTiCUzgHDy6hBLdQhiowQHiCF3h17p1n5815n7VmnPnMIfyB8/EDuXSQkg==</latexit><latexit sha1_base64="QYiVIz1HWeqSAcfYlxshn5OrYrE=">AAAB6HicbVDLSgNBEOyNrxhfUY+KDAbBU9j1osegF48JmAckS5iddJIxs7PLzKwQlhw9efGgiFe/It/hzW/wJ5w8DppY0FBUddPdFcSCa+O6X05mZXVtfSO7mdva3tndy+8f1HSUKIZVFolINQKqUXCJVcONwEaskIaBwHowuJn49QdUmkfyzgxj9EPak7zLGTVWqvTa+YJbdKcgy8Sbk0LpeFz5fjwZl9v5z1YnYkmI0jBBtW56bmz8lCrDmcBRrpVojCkb0B42LZU0RO2n00NH5MwqHdKNlC1pyFT9PZHSUOthGNjOkJq+XvQm4n9eMzHdKz/lMk4MSjZb1E0EMRGZfE06XCEzYmgJZYrbWwnrU0WZsdnkbAje4svLpHZR9NyiV7FpXMMMWTiCUzgHDy6hBLdQhiowQHiCF3h17p1n5815n7VmnPnMIfyB8/EDuXSQkg==</latexit><latexit sha1_base64="/PJ7Z1iFzXuG81L8a5C962ANKKY=">AAAB6HicbVBNT8JAEJ3iF+IX6tHLRmLiibRe9Ej04hESCyTQkO0yhZXtttndmpCGX+DFg8Z49Sd589+4QA8KvmSSl/dmMjMvTAXXxnW/ndLG5tb2Tnm3srd/cHhUPT5p6yRTDH2WiER1Q6pRcIm+4UZgN1VI41BgJ5zczf3OEyrNE/lgpikGMR1JHnFGjZVao0G15tbdBcg68QpSgwLNQfWrP0xYFqM0TFCte56bmiCnynAmcFbpZxpTyiZ0hD1LJY1RB/ni0Bm5sMqQRImyJQ1ZqL8nchprPY1D2xlTM9ar3lz8z+tlJroJci7TzKBky0VRJohJyPxrMuQKmRFTSyhT3N5K2JgqyozNpmJD8FZfXiftq7rn1r2WW2vcFnGU4QzO4RI8uIYG3EMTfGCA8Ayv8OY8Oi/Ou/OxbC05xcwp/IHz+QPLNYzn</latexit>
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L(t) ⇠ t1/2
<latexit sha1_base64="H1LxfNJbd9YuBnYu8mLY8ZujISs=">AAAB+XicbVDJSgNBEK2JW4zbqEcvTYIQEeJMLnoMevHgIYJZIBNDT6eTNOlZ6K4JhCF/4kEPinj1T7z5N3aWgyY+KHi8V0VVPT+WQqPjfFuZtfWNza3sdm5nd2//wD48qusoUYzXWCQj1fSp5lKEvIYCJW/GitPAl7zhD2+mfmPElRZR+IDjmLcD2g9FTzCKRurY9l0RzzwtAoKPqXtRnnTsglNyZiCrxF2QQiXvnT8DQLVjf3ndiCUBD5FJqnXLdWJsp1ShYJJPcl6ieUzZkPZ5y9CQBly309nlE3JqlC7pRcpUiGSm/p5IaaD1OPBNZ0BxoJe9qfif10qwd9VORRgnyEM2X9RLJMGITGMgXaE4Qzk2hDIlzK2EDaiiDE1YOROCu/zyKqmXS65Tcu9NGtcwRxZOIA9FcOESKnALVagBgxE8wSu8Wan1Yr1bH/PWjLWYOYY/sD5/AOp0lAI=</latexit><latexit sha1_base64="5cDPMbipTs7GBaJcCSCgt/A5VAE=">AAAB+XicbVDLSsNAFJ3UV62vqEs3Q4tQEWrSjS6Lbly4qGAf0MQymU7awckkzNwUSuhfuHTjQhG3/om7/o3Tx0JbD1w4nHMv994TJIJrcJyJlVtb39jcym8Xdnb39g/sw6OmjlNFWYPGIlbtgGgmuGQN4CBYO1GMRIFgreDpZuq3hkxpHssHGCXMj0hf8pBTAkbq2vZdGc48zSMMj5l7UR137ZJTcWbAq8RdkFKt6J0/T2qjetf+9noxTSMmgQqidcd1EvAzooBTwcYFL9UsIfSJ9FnHUEkipv1sdvkYnxqlh8NYmZKAZ+rviYxEWo+iwHRGBAZ62ZuK/3mdFMIrP+MySYFJOl8UpgJDjKcx4B5XjIIYGUKo4uZWTAdEEQomrIIJwV1+eZU0qxXXqbj3Jo1rNEcenaAiKiMXXaIaukV11EAUDdELekPvVma9Wh/W57w1Zy1mjtEfWF8/896ViA==</latexit><latexit sha1_base64="5cDPMbipTs7GBaJcCSCgt/A5VAE=">AAAB+XicbVDLSsNAFJ3UV62vqEs3Q4tQEWrSjS6Lbly4qGAf0MQymU7awckkzNwUSuhfuHTjQhG3/om7/o3Tx0JbD1w4nHMv994TJIJrcJyJlVtb39jcym8Xdnb39g/sw6OmjlNFWYPGIlbtgGgmuGQN4CBYO1GMRIFgreDpZuq3hkxpHssHGCXMj0hf8pBTAkbq2vZdGc48zSMMj5l7UR137ZJTcWbAq8RdkFKt6J0/T2qjetf+9noxTSMmgQqidcd1EvAzooBTwcYFL9UsIfSJ9FnHUEkipv1sdvkYnxqlh8NYmZKAZ+rviYxEWo+iwHRGBAZ62ZuK/3mdFMIrP+MySYFJOl8UpgJDjKcx4B5XjIIYGUKo4uZWTAdEEQomrIIJwV1+eZU0qxXXqbj3Jo1rNEcenaAiKiMXXaIaukV11EAUDdELekPvVma9Wh/W57w1Zy1mjtEfWF8/896ViA==</latexit><latexit sha1_base64="T9DDznJbZeB0SqcD6ZBOK04c8G8=">AAAB+XicbVA9T8MwEHX4LOUrwMhiUSGVpSRdYKxgYWAoEv2Q2lA5rtNatZ3IvlSqov4TFgYQYuWfsPFvcNsM0PKkk57eu9PdvTAR3IDnfTtr6xubW9uFneLu3v7BoXt03DRxqilr0FjEuh0SwwRXrAEcBGsnmhEZCtYKR7czvzVm2vBYPcIkYYEkA8UjTglYqee692W46BouMTxl/mV12nNLXsWbA68SPycllKPec7+6/ZimkimgghjT8b0Egoxo4FSwabGbGpYQOiID1rFUEclMkM0vn+Jzq/RxFGtbCvBc/T2REWnMRIa2UxIYmmVvJv7ndVKIroOMqyQFpuhiUZQKDDGexYD7XDMKYmIJoZrbWzEdEk0o2LCKNgR/+eVV0qxWfK/iP3il2k0eRwGdojNURj66QjV0h+qogSgao2f0it6czHlx3p2PReuak8+coD9wPn8A1/WSeQ==</latexit>

L(t) ! Lmax
<latexit sha1_base64="c/8pcNiNXFdD5iBXuoqHCU0lW5k=">AAACBHicbVA9SwNBEJ2L3/EraplmSRAUIdzZaCnaWKSIYD4gF8LeZpMs2b07dufUcKSw8XfY2VgoYuuPsPPfuPko1Phg4PHeDDPzglgKg6775WQWFpeWV1bXsusbm1vbuZ3dmokSzXiVRTLSjYAaLkXIqyhQ8kasOVWB5PVgcDH26zdcGxGF1ziMeUvRXii6glG0UjuXLx/goa9Fr49U6+iWlNuprxVR9G7UzhXdkjsBmSfejBTPCv7RIwBU2rlPvxOxRPEQmaTGND03xlZKNQom+SjrJ4bHlA1ojzctDanippVOnhiRfat0SDfStkIkE/XnREqVMUMV2E5FsW/+emPxP6+ZYPe0lYowTpCHbLqom0iCERknQjpCc4ZyaAllWthbCetTTRna3LI2BO/vy/Okdlzy3JJ3ZdM4hylWIQ8FOAAPTuAMLqECVWBwD0/wAq/Og/PsvDnv09aMM5vZg19wPr4BS1+ZWA==</latexit><latexit sha1_base64="nnBH9+8Y7/9w5C6WBvD2RSPQObc=">AAACBHicbVC7SgNBFJ31GeMraplmSBAiQti10TJoY5EignlANiyzk9lkyMzuMnNXDUsKG7/Af7CxUMTWj7DL3zh5FJp44MLhnHu59x4/FlyDbY+tldW19Y3NzFZ2e2d3bz93cNjQUaIoq9NIRKrlE80ED1kdOAjWihUj0hes6Q+uJn7zjinNo/AWhjHrSNILecApASN5uXy1BCeu4r0+EKWie1z1UldJLMnDyMsV7bI9BV4mzpwUKwX39HlcGda83LfbjWgiWQhUEK3bjh1DJyUKOBVslHUTzWJCB6TH2oaGRDLdSadPjPCxUbo4iJSpEPBU/T2REqn1UPqmUxLo60VvIv7ntRMILjopD+MEWEhni4JEYIjwJBHc5YpREENDCFXc3IppnyhCweSWNSE4iy8vk8ZZ2bHLzo1J4xLNkEF5VEAl5KBzVEHXqIbqiKJH9ILe0Lv1ZL1aH9bnrHXFms8coT+wvn4AVMma3g==</latexit><latexit sha1_base64="nnBH9+8Y7/9w5C6WBvD2RSPQObc=">AAACBHicbVC7SgNBFJ31GeMraplmSBAiQti10TJoY5EignlANiyzk9lkyMzuMnNXDUsKG7/Af7CxUMTWj7DL3zh5FJp44MLhnHu59x4/FlyDbY+tldW19Y3NzFZ2e2d3bz93cNjQUaIoq9NIRKrlE80ED1kdOAjWihUj0hes6Q+uJn7zjinNo/AWhjHrSNILecApASN5uXy1BCeu4r0+EKWie1z1UldJLMnDyMsV7bI9BV4mzpwUKwX39HlcGda83LfbjWgiWQhUEK3bjh1DJyUKOBVslHUTzWJCB6TH2oaGRDLdSadPjPCxUbo4iJSpEPBU/T2REqn1UPqmUxLo60VvIv7ntRMILjopD+MEWEhni4JEYIjwJBHc5YpREENDCFXc3IppnyhCweSWNSE4iy8vk8ZZ2bHLzo1J4xLNkEF5VEAl5KBzVEHXqIbqiKJH9ILe0Lv1ZL1aH9bnrHXFms8coT+wvn4AVMma3g==</latexit><latexit sha1_base64="vv7eRKpzKX4QlAjAHqW+eheUVjY=">AAACBHicbVC7TsNAEDzzDOFloExzIkIKTWTTQBlBQ5EiSOQhxZF1vpyTU+5s624NRFYKGn6FhgKEaPkIOv6GS+ICEkZaaTSzq92dIBFcg+N8Wyura+sbm4Wt4vbO7t6+fXDY0nGqKGvSWMSqExDNBI9YEzgI1kkUIzIQrB2MrqZ++44pzePoFsYJ60kyiHjIKQEj+XapXoFTT/HBEIhS8T2u+5mnJJbkYeLbZafqzICXiZuTMsrR8O0vrx/TVLIIqCBad10ngV5GFHAq2KTopZolhI7IgHUNjYhkupfNnpjgE6P0cRgrUxHgmfp7IiNS67EMTKckMNSL3lT8z+umEF70Mh4lKbCIzheFqcAQ42kiuM8VoyDGhhCquLkV0yFRhILJrWhCcBdfXiats6rrVN0bp1y7zOMooBI6RhXkonNUQ9eogZqIokf0jF7Rm/VkvVjv1se8dcXKZ47QH1ifPzjgl88=</latexit>

� = �c
<latexit sha1_base64="hCvFNsXc7UeFiN2XjoB0ehht2Xw=">AAAB9HicbVA9TwJBEJ3DL8Qv1FKLjcTEitzZaGNCtLGERMAELmRvWWDD3t65O0dCLvwOGwuNsbX2d9jZ+VNcDgoFXzKTl/dmsrMviKUw6LpfTm5ldW19I79Z2Nre2d0r7h80TJRoxusskpG+D6jhUiheR4GS38ea0zCQvBkMb6Z+c8S1EZG6w3HM/ZD2legJRtFKfjvgSK+y3mGdYsktuxnIMvHmpFQ5/qh9A0C1U/xsdyOWhFwhk9SYlufG6KdUo2CSTwrtxPCYsiHt85aliobc+Gl29IScWqVLepG2pZBk6u+NlIbGjMPAToYUB2bRm4r/ea0Ee5d+KlScIFds9lAvkQQjMk2AdIXmDOXYEsq0sLcSNqCaMrQ5FWwI3uKXl0njvOy5Za9m07iGGfJwBCdwBh5cQAVuoQp1YPAAj/AML87IeXJenbfZaM6Z7xzCHzjvP5JslCw=</latexit><latexit sha1_base64="X+6s4gYDFUJEv+NqxhqcVSdknDE=">AAAB9HicbVC7SgNBFJ2NrxhfUUtFFoNgFXZttBGCNpYJmAckS5id3E2GzM6uM3cDIaT0G2wsFLG1znfY+Q3+hJNNCk08cC+Hc+5l7hw/Flyj43xZmZXVtfWN7GZua3tndy+/f1DTUaIYVFkkItXwqQbBJVSRo4BGrICGvoC637+d+vUBKM0jeY/DGLyQdiUPOKNoJK/lA9LrtLdZO19wik4Ke5m4c1IoHU8q348nk3I7/9nqRCwJQSITVOum68TojahCzgSMc61EQ0xZn3ahaaikIWhvlB49ts+M0rGDSJmSaKfq740RDbUehr6ZDCn29KI3Ff/zmgkGV96IyzhBkGz2UJAIGyN7moDd4QoYiqEhlClubrVZjyrK0OSUMyG4i19eJrWLousU3YpJ44bMkCVH5JScE5dckhK5I2VSJYw8kCfyQl6tgfVsvVnvs9GMNd85JH9gffwAcLGVkg==</latexit><latexit sha1_base64="X+6s4gYDFUJEv+NqxhqcVSdknDE=">AAAB9HicbVC7SgNBFJ2NrxhfUUtFFoNgFXZttBGCNpYJmAckS5id3E2GzM6uM3cDIaT0G2wsFLG1znfY+Q3+hJNNCk08cC+Hc+5l7hw/Flyj43xZmZXVtfWN7GZua3tndy+/f1DTUaIYVFkkItXwqQbBJVSRo4BGrICGvoC637+d+vUBKM0jeY/DGLyQdiUPOKNoJK/lA9LrtLdZO19wik4Ke5m4c1IoHU8q348nk3I7/9nqRCwJQSITVOum68TojahCzgSMc61EQ0xZn3ahaaikIWhvlB49ts+M0rGDSJmSaKfq740RDbUehr6ZDCn29KI3Ff/zmgkGV96IyzhBkGz2UJAIGyN7moDd4QoYiqEhlClubrVZjyrK0OSUMyG4i19eJrWLousU3YpJ44bMkCVH5JScE5dckhK5I2VSJYw8kCfyQl6tgfVsvVnvs9GMNd85JH9gffwAcLGVkg==</latexit><latexit sha1_base64="TpAcaOajeiyT2qfg1eYD0uipw5I=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4KokXvQhFLx4r2A9oQ9lsN+3SzSbuTgol9Hd48aCIV3+MN/+N2zQHbX0ww+O9GXb2BYkUBl3321lb39jc2i7tlHf39g8OK0fHLROnmvEmi2WsOwE1XArFmyhQ8k6iOY0CydvB+G7utydcGxGrR5wm3I/oUIlQMIpW8nsBR3qT9z7rV6puzc1BVolXkCoUaPQrX71BzNKIK2SSGtP13AT9jGoUTPJZuZcanlA2pkPetVTRiBs/y4+ekXOrDEgYa1sKSa7+3shoZMw0CuxkRHFklr25+J/XTTG89jOhkhS5YouHwlQSjMk8ATIQmjOUU0so08LeStiIasrQ5lS2IXjLX14lrcua59a8B7davy3iKMEpnMEFeHAFdbiHBjSBwRM8wyu8ORPnxXl3Phaja06xcwJ/4Hz+AIJykec=</latexit>

g ⇠ e�t/⌧
<latexit sha1_base64="QSKt2YHeqbrLbfb+07jdqNjCcWY=">AAAB+nicbVBNS8NAEN34WetXqkcvi0XwYk2qoMeiF48V7Ac0sWy2m3bpbhJ2J0qJ/SlePCji1V/izX/jts1BWx8MPN6bYWZekAiuwXG+raXlldW19cJGcXNre2fXLu01dZwqyho0FrFqB0QzwSPWAA6CtRPFiAwEawXD64nfemBK8zi6g1HCfEn6EQ85JWCkrl3qe5pLzO6zEzj1gKTjrl12Ks4UeJG4OSmjHPWu/eX1YppKFgEVROuO6yTgZ0QBp4KNi16qWULokPRZx9CISKb9bHr6GB8ZpYfDWJmKAE/V3xMZkVqPZGA6JYGBnvcm4n9eJ4Xw0s94lKTAIjpbFKYCQ4wnOeAeV4yCGBlCqOLmVkwHRBEKJq2iCcGdf3mRNKsV96xSvT0v167yOAroAB2iY+SiC1RDN6iOGoiiR/SMXtGb9WS9WO/Wx6x1ycpn9tEfWJ8/0FqTtg==</latexit>

t
<latexit sha1_base64="btWuKJH9/rrCxCKL5tGKBdwWU5A=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsN+3azSbsToQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNnGqGW+xWMa6E1DDpVC8hQIl7ySa0yiQ/CEY3878hyeujYjVPU4S7kd0qEQoGEUrNbFfrrhVdw6ySrycVCBHo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKupYpG3PjZ/NApObPKgISxtqWQzNXfExmNjJlEge2MKI7MsjcT//O6KYbXfiZUkiJXbLEoTCXBmMy+JgOhOUM5sYQyLeythI2opgxtNiUbgrf88ipp16reRbXWvKzUb/I4inACp3AOHlxBHe6gAS1gwOEZXuHNeXRenHfnY9FacPKZY/gD5/MH4XeM/A==</latexit>

t
<latexit sha1_base64="btWuKJH9/rrCxCKL5tGKBdwWU5A=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsN+3azSbsToQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNnGqGW+xWMa6E1DDpVC8hQIl7ySa0yiQ/CEY3878hyeujYjVPU4S7kd0qEQoGEUrNbFfrrhVdw6ySrycVCBHo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKupYpG3PjZ/NApObPKgISxtqWQzNXfExmNjJlEge2MKI7MsjcT//O6KYbXfiZUkiJXbLEoTCXBmMy+JgOhOUM5sYQyLeythI2opgxtNiUbgrf88ipp16reRbXWvKzUb/I4inACp3AOHlxBHe6gAS1gwOEZXuHNeXRenHfnY9FacPKZY/gD5/MH4XeM/A==</latexit>

[s]
<latexit sha1_base64="hbyDrZbgN8dloPAJKsYhtnVmgqo=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7IekoWy2m3bp7ibsboQS+iu8eFDEqz/Hm//GbZqDtj4YeLw3w8y8MOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo+NUEdomMY9VL8SaciZp2zDDaS9RFIuQ0244uZ373SeqNIvlg5kmNBB4JFnECDZWevSzvhJIz4JBtebW3RxolXgFqUGB1qD61R/GJBVUGsKx1r7nJibIsDKMcDqr9FNNE0wmeER9SyUWVAdZfvAMnVlliKJY2ZIG5erviQwLracitJ0Cm7Fe9ubif56fmug6yJhMUkMlWSyKUo5MjObfoyFTlBg+tQQTxeytiIyxwsTYjCo2BG/55VXSadS9i3rj/rLWvCniKMMJnMI5eHAFTbiDFrSBgIBneIU3RzkvzrvzsWgtOcXMMfyB8/kDsl+QVg==</latexit>

[105s]
<latexit sha1_base64="8+jql34IuQlbAmipTLeW8fiO1es=">AAAB9HicbVDLTgIxFL2DL8QX6tJNIzFxRWYQo0uiG5eYyCOBkXRKBxrazth2SMiE73DjQmPc+jHu/BsLzELBk9zk5Jx723tPEHOmjet+O7m19Y3Nrfx2YWd3b/+geHjU1FGiCG2QiEeqHWBNOZO0YZjhtB0rikXAaSsY3c781pgqzSL5YCYx9QUeSBYygo2V/I7nPl6mXSWQnvq9Ysktu3OgVeJlpAQZ6r3iV7cfkURQaQjHWtvXYuOnWBlGOJ0WuommMSYjPKAdSyUWVPvpfOkpOrNKH4WRsiUNmqu/J1IstJ6IwHYKbIZ62ZuJ/3mdxITXfspknBgqyeKjMOHIRGiWAOozRYnhE0swUczuisgQK0yMzalgQ/CWT14lzUrZuyhX7qul2k0WRx5O4BTOwYMrqMEd1KEBBJ7gGV7hzRk7L86787FozTnZzDH8gfP5A8KGkXI=</latexit>

exact
scaling

� < �c
<latexit sha1_base64="1ixHaXQDch9cD83e2aIzFwupo3k=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoPgKexGQQ8egl48RjAPSJYwO5lNhsw+nOkNhCXf4cWDIl79GG/+jZPNHjSxoJuiqpvpKS+WQqNtf1uFtfWNza3idmlnd2//oHx41NJRohhvskhGquNRzaUIeRMFSt6JFaeBJ3nbG9/N/faEKy2i8BGnMXcDOgyFLxhFI7k9jyO9yXqf9csVu2pnIKvEyUkFcjT65a/eIGJJwENkkmrddewY3ZQqFEzyWamXaB5TNqZD3jU0pAHXbpodPSNnRhkQP1KmQiSZ+nsjpYHW08AzkwHFkV725uJ/XjdB/9pNRRgnyEO2eMhPJMGIzBMgA6E4Qzk1hDIlzK2EjaiiDE1OJROCs/zlVdKqVZ2Lau3hslK/zeMowgmcwjk4cAV1uIcGNIHBEzzDK7xZE+vFerc+FqMFK985hj+wPn8Ag3WR7g==</latexit>

growth arrestunbounded growth

homogeneous growth
inhomogeneous 

growth

inhomogeneous 
growth

g
<latexit sha1_base64="6CZoLmchak7PeUGdbOiCR035cyo=">AAAB6HicbVDLSgNBEOyNrxhfUY96GAyCp7DrJR6DXjwmYB6QLGF20puMmZ1dZmaFsOQLvHhQxKtf4Xd48+anOHkcNLGgoajqprsrSATXxnW/nNza+sbmVn67sLO7t39QPDxq6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/VbD6g0j+WdGSfoR3QgecgZNVaqD3rFklt2ZyCrxFuQUvX0o/4NALVe8bPbj1kaoTRMUK07npsYP6PKcCZwUuimGhPKRnSAHUsljVD72ezQCTm3Sp+EsbIlDZmpvycyGmk9jgLbGVEz1MveVPzP66QmvPIzLpPUoGTzRWEqiInJ9GvS5wqZEWNLKFPc3krYkCrKjM2mYEPwll9eJc3LsueWvbpN4xrmyMMJnMEFeFCBKtxCDRrAAOERnuHFuXeenFfnbd6acxYzx/AHzvsP2y+PLA==</latexit><latexit sha1_base64="QYiVIz1HWeqSAcfYlxshn5OrYrE=">AAAB6HicbVDLSgNBEOyNrxhfUY+KDAbBU9j1osegF48JmAckS5iddJIxs7PLzKwQlhw9efGgiFe/It/hzW/wJ5w8DppY0FBUddPdFcSCa+O6X05mZXVtfSO7mdva3tndy+8f1HSUKIZVFolINQKqUXCJVcONwEaskIaBwHowuJn49QdUmkfyzgxj9EPak7zLGTVWqvTa+YJbdKcgy8Sbk0LpeFz5fjwZl9v5z1YnYkmI0jBBtW56bmz8lCrDmcBRrpVojCkb0B42LZU0RO2n00NH5MwqHdKNlC1pyFT9PZHSUOthGNjOkJq+XvQm4n9eMzHdKz/lMk4MSjZb1E0EMRGZfE06XCEzYmgJZYrbWwnrU0WZsdnkbAje4svLpHZR9NyiV7FpXMMMWTiCUzgHDy6hBLdQhiowQHiCF3h17p1n5815n7VmnPnMIfyB8/EDuXSQkg==</latexit><latexit sha1_base64="QYiVIz1HWeqSAcfYlxshn5OrYrE=">AAAB6HicbVDLSgNBEOyNrxhfUY+KDAbBU9j1osegF48JmAckS5iddJIxs7PLzKwQlhw9efGgiFe/It/hzW/wJ5w8DppY0FBUddPdFcSCa+O6X05mZXVtfSO7mdva3tndy+8f1HSUKIZVFolINQKqUXCJVcONwEaskIaBwHowuJn49QdUmkfyzgxj9EPak7zLGTVWqvTa+YJbdKcgy8Sbk0LpeFz5fjwZl9v5z1YnYkmI0jBBtW56bmz8lCrDmcBRrpVojCkb0B42LZU0RO2n00NH5MwqHdKNlC1pyFT9PZHSUOthGNjOkJq+XvQm4n9eMzHdKz/lMk4MSjZb1E0EMRGZfE06XCEzYmgJZYrbWwnrU0WZsdnkbAje4svLpHZR9NyiV7FpXMMMWTiCUzgHDy6hBLdQhiowQHiCF3h17p1n5815n7VmnPnMIfyB8/EDuXSQkg==</latexit><latexit sha1_base64="/PJ7Z1iFzXuG81L8a5C962ANKKY=">AAAB6HicbVBNT8JAEJ3iF+IX6tHLRmLiibRe9Ej04hESCyTQkO0yhZXtttndmpCGX+DFg8Z49Sd589+4QA8KvmSSl/dmMjMvTAXXxnW/ndLG5tb2Tnm3srd/cHhUPT5p6yRTDH2WiER1Q6pRcIm+4UZgN1VI41BgJ5zczf3OEyrNE/lgpikGMR1JHnFGjZVao0G15tbdBcg68QpSgwLNQfWrP0xYFqM0TFCte56bmiCnynAmcFbpZxpTyiZ0hD1LJY1RB/ni0Bm5sMqQRImyJQ1ZqL8nchprPY1D2xlTM9ar3lz8z+tlJroJci7TzKBky0VRJohJyPxrMuQKmRFTSyhT3N5K2JgqyozNpmJD8FZfXiftq7rn1r2WW2vcFnGU4QzO4RI8uIYG3EMTfGCA8Ayv8OY8Oi/Ou/OxbC05xcwp/IHz+QPLNYzn</latexit>g

<latexit sha1_base64="6CZoLmchak7PeUGdbOiCR035cyo=">AAAB6HicbVDLSgNBEOyNrxhfUY96GAyCp7DrJR6DXjwmYB6QLGF20puMmZ1dZmaFsOQLvHhQxKtf4Xd48+anOHkcNLGgoajqprsrSATXxnW/nNza+sbmVn67sLO7t39QPDxq6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/VbD6g0j+WdGSfoR3QgecgZNVaqD3rFklt2ZyCrxFuQUvX0o/4NALVe8bPbj1kaoTRMUK07npsYP6PKcCZwUuimGhPKRnSAHUsljVD72ezQCTm3Sp+EsbIlDZmpvycyGmk9jgLbGVEz1MveVPzP66QmvPIzLpPUoGTzRWEqiInJ9GvS5wqZEWNLKFPc3krYkCrKjM2mYEPwll9eJc3LsueWvbpN4xrmyMMJnMEFeFCBKtxCDRrAAOERnuHFuXeenFfnbd6acxYzx/AHzvsP2y+PLA==</latexit><latexit sha1_base64="QYiVIz1HWeqSAcfYlxshn5OrYrE=">AAAB6HicbVDLSgNBEOyNrxhfUY+KDAbBU9j1osegF48JmAckS5iddJIxs7PLzKwQlhw9efGgiFe/It/hzW/wJ5w8DppY0FBUddPdFcSCa+O6X05mZXVtfSO7mdva3tndy+8f1HSUKIZVFolINQKqUXCJVcONwEaskIaBwHowuJn49QdUmkfyzgxj9EPak7zLGTVWqvTa+YJbdKcgy8Sbk0LpeFz5fjwZl9v5z1YnYkmI0jBBtW56bmz8lCrDmcBRrpVojCkb0B42LZU0RO2n00NH5MwqHdKNlC1pyFT9PZHSUOthGNjOkJq+XvQm4n9eMzHdKz/lMk4MSjZb1E0EMRGZfE06XCEzYmgJZYrbWwnrU0WZsdnkbAje4svLpHZR9NyiV7FpXMMMWTiCUzgHDy6hBLdQhiowQHiCF3h17p1n5815n7VmnPnMIfyB8/EDuXSQkg==</latexit><latexit sha1_base64="QYiVIz1HWeqSAcfYlxshn5OrYrE=">AAAB6HicbVDLSgNBEOyNrxhfUY+KDAbBU9j1osegF48JmAckS5iddJIxs7PLzKwQlhw9efGgiFe/It/hzW/wJ5w8DppY0FBUddPdFcSCa+O6X05mZXVtfSO7mdva3tndy+8f1HSUKIZVFolINQKqUXCJVcONwEaskIaBwHowuJn49QdUmkfyzgxj9EPak7zLGTVWqvTa+YJbdKcgy8Sbk0LpeFz5fjwZl9v5z1YnYkmI0jBBtW56bmz8lCrDmcBRrpVojCkb0B42LZU0RO2n00NH5MwqHdKNlC1pyFT9PZHSUOthGNjOkJq+XvQm4n9eMzHdKz/lMk4MSjZb1E0EMRGZfE06XCEzYmgJZYrbWwnrU0WZsdnkbAje4svLpHZR9NyiV7FpXMMMWTiCUzgHDy6hBLdQhiowQHiCF3h17p1n5815n7VmnPnMIfyB8/EDuXSQkg==</latexit><latexit sha1_base64="/PJ7Z1iFzXuG81L8a5C962ANKKY=">AAAB6HicbVBNT8JAEJ3iF+IX6tHLRmLiibRe9Ej04hESCyTQkO0yhZXtttndmpCGX+DFg8Z49Sd589+4QA8KvmSSl/dmMjMvTAXXxnW/ndLG5tb2Tnm3srd/cHhUPT5p6yRTDH2WiER1Q6pRcIm+4UZgN1VI41BgJ5zczf3OEyrNE/lgpikGMR1JHnFGjZVao0G15tbdBcg68QpSgwLNQfWrP0xYFqM0TFCte56bmiCnynAmcFbpZxpTyiZ0hD1LJY1RB/ni0Bm5sMqQRImyJQ1ZqL8nchprPY1D2xlTM9ar3lz8z+tlJroJci7TzKBky0VRJohJyPxrMuQKmRFTSyhT3N5K2JgqyozNpmJD8FZfXiftq7rn1r2WW2vcFnGU4QzO4RI8uIYG3EMTfGCA8Ayv8OY8Oi/Ou/OxbC05xcwp/IHz+QPLNYzn</latexit>

g
<latexit sha1_base64="6CZoLmchak7PeUGdbOiCR035cyo=">AAAB6HicbVDLSgNBEOyNrxhfUY96GAyCp7DrJR6DXjwmYB6QLGF20puMmZ1dZmaFsOQLvHhQxKtf4Xd48+anOHkcNLGgoajqprsrSATXxnW/nNza+sbmVn67sLO7t39QPDxq6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/VbD6g0j+WdGSfoR3QgecgZNVaqD3rFklt2ZyCrxFuQUvX0o/4NALVe8bPbj1kaoTRMUK07npsYP6PKcCZwUuimGhPKRnSAHUsljVD72ezQCTm3Sp+EsbIlDZmpvycyGmk9jgLbGVEz1MveVPzP66QmvPIzLpPUoGTzRWEqiInJ9GvS5wqZEWNLKFPc3krYkCrKjM2mYEPwll9eJc3LsueWvbpN4xrmyMMJnMEFeFCBKtxCDRrAAOERnuHFuXeenFfnbd6acxYzx/AHzvsP2y+PLA==</latexit><latexit sha1_base64="QYiVIz1HWeqSAcfYlxshn5OrYrE=">AAAB6HicbVDLSgNBEOyNrxhfUY+KDAbBU9j1osegF48JmAckS5iddJIxs7PLzKwQlhw9efGgiFe/It/hzW/wJ5w8DppY0FBUddPdFcSCa+O6X05mZXVtfSO7mdva3tndy+8f1HSUKIZVFolINQKqUXCJVcONwEaskIaBwHowuJn49QdUmkfyzgxj9EPak7zLGTVWqvTa+YJbdKcgy8Sbk0LpeFz5fjwZl9v5z1YnYkmI0jBBtW56bmz8lCrDmcBRrpVojCkb0B42LZU0RO2n00NH5MwqHdKNlC1pyFT9PZHSUOthGNjOkJq+XvQm4n9eMzHdKz/lMk4MSjZb1E0EMRGZfE06XCEzYmgJZYrbWwnrU0WZsdnkbAje4svLpHZR9NyiV7FpXMMMWTiCUzgHDy6hBLdQhiowQHiCF3h17p1n5815n7VmnPnMIfyB8/EDuXSQkg==</latexit><latexit sha1_base64="QYiVIz1HWeqSAcfYlxshn5OrYrE=">AAAB6HicbVDLSgNBEOyNrxhfUY+KDAbBU9j1osegF48JmAckS5iddJIxs7PLzKwQlhw9efGgiFe/It/hzW/wJ5w8DppY0FBUddPdFcSCa+O6X05mZXVtfSO7mdva3tndy+8f1HSUKIZVFolINQKqUXCJVcONwEaskIaBwHowuJn49QdUmkfyzgxj9EPak7zLGTVWqvTa+YJbdKcgy8Sbk0LpeFz5fjwZl9v5z1YnYkmI0jBBtW56bmz8lCrDmcBRrpVojCkb0B42LZU0RO2n00NH5MwqHdKNlC1pyFT9PZHSUOthGNjOkJq+XvQm4n9eMzHdKz/lMk4MSjZb1E0EMRGZfE06XCEzYmgJZYrbWwnrU0WZsdnkbAje4svLpHZR9NyiV7FpXMMMWTiCUzgHDy6hBLdQhiowQHiCF3h17p1n5815n7VmnPnMIfyB8/EDuXSQkg==</latexit><latexit sha1_base64="/PJ7Z1iFzXuG81L8a5C962ANKKY=">AAAB6HicbVBNT8JAEJ3iF+IX6tHLRmLiibRe9Ej04hESCyTQkO0yhZXtttndmpCGX+DFg8Z49Sd589+4QA8KvmSSl/dmMjMvTAXXxnW/ndLG5tb2Tnm3srd/cHhUPT5p6yRTDH2WiER1Q6pRcIm+4UZgN1VI41BgJ5zczf3OEyrNE/lgpikGMR1JHnFGjZVao0G15tbdBcg68QpSgwLNQfWrP0xYFqM0TFCte56bmiCnynAmcFbpZxpTyiZ0hD1LJY1RB/ni0Bm5sMqQRImyJQ1ZqL8nchprPY1D2xlTM9ar3lz8z+tlJroJci7TzKBky0VRJohJyPxrMuQKmRFTSyhT3N5K2JgqyozNpmJD8FZfXiftq7rn1r2WW2vcFnGU4QzO4RI8uIYG3EMTfGCA8Ayv8OY8Oi/Ou/OxbC05xcwp/IHz+QPLNYzn</latexit>

x/L
<latexit sha1_base64="ulWmQ9FRxkgfATSZ9bor8U2shaw=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8xd0o6DHoxYOHiOYByRJmJ73JkNnZZWZWDEs+wYsHRbz6Rd78GyePgyYWNBRV3XR3BYng2rjut7O0vLK6tp7byG9ube/sFvb26zpOFcMai0WsmgHVKLjEmuFGYDNRSKNAYCMYXI/9xiMqzWP5YIYJ+hHtSR5yRo2V7p9ObzuFoltyJyCLxJuRIsxQ7RS+2t2YpRFKwwTVuuW5ifEzqgxnAkf5dqoxoWxAe9iyVNIItZ9NTh2RY6t0SRgrW9KQifp7IqOR1sMosJ0RNX09743F/7xWasJLP+MySQ1KNl0UpoKYmIz/Jl2ukBkxtIQyxe2thPWposzYdPI2BG/+5UVSL5e8s1L57rxYuZrFkYNDOIIT8OACKnADVagBgx48wyu8OcJ5cd6dj2nrkjObOYA/cD5/AOzrjY8=</latexit>

x/L
<latexit sha1_base64="ulWmQ9FRxkgfATSZ9bor8U2shaw=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8xd0o6DHoxYOHiOYByRJmJ73JkNnZZWZWDEs+wYsHRbz6Rd78GyePgyYWNBRV3XR3BYng2rjut7O0vLK6tp7byG9ube/sFvb26zpOFcMai0WsmgHVKLjEmuFGYDNRSKNAYCMYXI/9xiMqzWP5YIYJ+hHtSR5yRo2V7p9ObzuFoltyJyCLxJuRIsxQ7RS+2t2YpRFKwwTVuuW5ifEzqgxnAkf5dqoxoWxAe9iyVNIItZ9NTh2RY6t0SRgrW9KQifp7IqOR1sMosJ0RNX09743F/7xWasJLP+MySQ1KNl0UpoKYmIz/Jl2ukBkxtIQyxe2thPWposzYdPI2BG/+5UVSL5e8s1L57rxYuZrFkYNDOIIT8OACKnADVagBgx48wyu8OcJ5cd6dj2nrkjObOYA/cD5/AOzrjY8=</latexit>

x/L
<latexit sha1_base64="ulWmQ9FRxkgfATSZ9bor8U2shaw=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8xd0o6DHoxYOHiOYByRJmJ73JkNnZZWZWDEs+wYsHRbz6Rd78GyePgyYWNBRV3XR3BYng2rjut7O0vLK6tp7byG9ube/sFvb26zpOFcMai0WsmgHVKLjEmuFGYDNRSKNAYCMYXI/9xiMqzWP5YIYJ+hHtSR5yRo2V7p9ObzuFoltyJyCLxJuRIsxQ7RS+2t2YpRFKwwTVuuW5ifEzqgxnAkf5dqoxoWxAe9iyVNIItZ9NTh2RY6t0SRgrW9KQifp7IqOR1sMosJ0RNX09743F/7xWasJLP+MySQ1KNl0UpoKYmIz/Jl2ukBkxtIQyxe2thPWposzYdPI2BG/+5UVSL5e8s1L57rxYuZrFkYNDOIIT8OACKnADVagBgx48wyu8OcJ5cd6dj2nrkjObOYA/cD5/AOzrjY8=</latexit>

x/L
<latexit sha1_base64="ulWmQ9FRxkgfATSZ9bor8U2shaw=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8xd0o6DHoxYOHiOYByRJmJ73JkNnZZWZWDEs+wYsHRbz6Rd78GyePgyYWNBRV3XR3BYng2rjut7O0vLK6tp7byG9ube/sFvb26zpOFcMai0WsmgHVKLjEmuFGYDNRSKNAYCMYXI/9xiMqzWP5YIYJ+hHtSR5yRo2V7p9ObzuFoltyJyCLxJuRIsxQ7RS+2t2YpRFKwwTVuuW5ifEzqgxnAkf5dqoxoWxAe9iyVNIItZ9NTh2RY6t0SRgrW9KQifp7IqOR1sMosJ0RNX09743F/7xWasJLP+MySQ1KNl0UpoKYmIz/Jl2ukBkxtIQyxe2thPWposzYdPI2BG/+5UVSL5e8s1L57rxYuZrFkYNDOIIT8OACKnADVagBgx48wyu8OcJ5cd6dj2nrkjObOYA/cD5/AOzrjY8=</latexit>

x/L
<latexit sha1_base64="ulWmQ9FRxkgfATSZ9bor8U2shaw=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8xd0o6DHoxYOHiOYByRJmJ73JkNnZZWZWDEs+wYsHRbz6Rd78GyePgyYWNBRV3XR3BYng2rjut7O0vLK6tp7byG9ube/sFvb26zpOFcMai0WsmgHVKLjEmuFGYDNRSKNAYCMYXI/9xiMqzWP5YIYJ+hHtSR5yRo2V7p9ObzuFoltyJyCLxJuRIsxQ7RS+2t2YpRFKwwTVuuW5ifEzqgxnAkf5dqoxoWxAe9iyVNIItZ9NTh2RY6t0SRgrW9KQifp7IqOR1sMosJ0RNX09743F/7xWasJLP+MySQ1KNl0UpoKYmIz/Jl2ukBkxtIQyxe2thPWposzYdPI2BG/+5UVSL5e8s1L57rxYuZrFkYNDOIIT8OACKnADVagBgx48wyu8OcJ5cd6dj2nrkjObOYA/cD5/AOzrjY8=</latexit>

x/L
<latexit sha1_base64="ulWmQ9FRxkgfATSZ9bor8U2shaw=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8xd0o6DHoxYOHiOYByRJmJ73JkNnZZWZWDEs+wYsHRbz6Rd78GyePgyYWNBRV3XR3BYng2rjut7O0vLK6tp7byG9ube/sFvb26zpOFcMai0WsmgHVKLjEmuFGYDNRSKNAYCMYXI/9xiMqzWP5YIYJ+hHtSR5yRo2V7p9ObzuFoltyJyCLxJuRIsxQ7RS+2t2YpRFKwwTVuuW5ifEzqgxnAkf5dqoxoWxAe9iyVNIItZ9NTh2RY6t0SRgrW9KQifp7IqOR1sMosJ0RNX09743F/7xWasJLP+MySQ1KNl0UpoKYmIz/Jl2ukBkxtIQyxe2thPWposzYdPI2BG/+5UVSL5e8s1L57rxYuZrFkYNDOIIT8OACKnADVagBgx48wyu8OcJ5cd6dj2nrkjObOYA/cD5/AOzrjY8=</latexit>

t
<latexit sha1_base64="btWuKJH9/rrCxCKL5tGKBdwWU5A=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsN+3azSbsToQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNnGqGW+xWMa6E1DDpVC8hQIl7ySa0yiQ/CEY3878hyeujYjVPU4S7kd0qEQoGEUrNbFfrrhVdw6ySrycVCBHo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKupYpG3PjZ/NApObPKgISxtqWQzNXfExmNjJlEge2MKI7MsjcT//O6KYbXfiZUkiJXbLEoTCXBmMy+JgOhOUM5sYQyLeythI2opgxtNiUbgrf88ipp16reRbXWvKzUb/I4inACp3AOHlxBHe6gAS1gwOEZXuHNeXRenHfnY9FacPKZY/gD5/MH4XeM/A==</latexit>

[s]
<latexit sha1_base64="hbyDrZbgN8dloPAJKsYhtnVmgqo=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7IekoWy2m3bp7ibsboQS+iu8eFDEqz/Hm//GbZqDtj4YeLw3w8y8MOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo+NUEdomMY9VL8SaciZp2zDDaS9RFIuQ0244uZ373SeqNIvlg5kmNBB4JFnECDZWevSzvhJIz4JBtebW3RxolXgFqUGB1qD61R/GJBVUGsKx1r7nJibIsDKMcDqr9FNNE0wmeER9SyUWVAdZfvAMnVlliKJY2ZIG5erviQwLracitJ0Cm7Fe9ubif56fmug6yJhMUkMlWSyKUo5MjObfoyFTlBg+tQQTxeytiIyxwsTYjCo2BG/55VXSadS9i3rj/rLWvCniKMMJnMI5eHAFTbiDFrSBgIBneIU3RzkvzrvzsWgtOcXMMfyB8/kDsl+QVg==</latexit>

g ⇠ 1/t
<latexit sha1_base64="kGJ+hTXm9XFAmq7TAVXmQvk5zB8=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSJ4qkkV9Fj04rGC/ZA2lM120y7dTcLuRCihv8KLB0W8+nO8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FBFvoEDJ24nmVAWSt4LR7dRvPXFtRBw94DjhvqKDSISCUbTS46BrhCLeOfZKZbfizkCWiZeTMuSo90pf3X7MUsUjZJIa0/HcBP2MahRM8kmxmxqeUDaiA96xNKKKGz+bHTwhp1bpkzDWtiIkM/X3REaVMWMV2E5FcWgWvan4n9dJMbz2MxElKfKIzReFqSQYk+n3pC80ZyjHllCmhb2VsCHVlKHNqGhD8BZfXibNasW7qFTvL8u1mzyOAhzDCZyBB1dQgzuoQwMYKHiGV3hztPPivDsf89YVJ585gj9wPn8A8mqP2A==</latexit>

g ⇠ 1/t
<latexit sha1_base64="kGJ+hTXm9XFAmq7TAVXmQvk5zB8=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSJ4qkkV9Fj04rGC/ZA2lM120y7dTcLuRCihv8KLB0W8+nO8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FBFvoEDJ24nmVAWSt4LR7dRvPXFtRBw94DjhvqKDSISCUbTS46BrhCLeOfZKZbfizkCWiZeTMuSo90pf3X7MUsUjZJIa0/HcBP2MahRM8kmxmxqeUDaiA96xNKKKGz+bHTwhp1bpkzDWtiIkM/X3REaVMWMV2E5FcWgWvan4n9dJMbz2MxElKfKIzReFqSQYk+n3pC80ZyjHllCmhb2VsCHVlKHNqGhD8BZfXibNasW7qFTvL8u1mzyOAhzDCZyBB1dQgzuoQwMYKHiGV3hztPPivDsf89YVJ585gj9wPn8A8mqP2A==</latexit>

g ⇠ e�t/⌧
<latexit sha1_base64="QSKt2YHeqbrLbfb+07jdqNjCcWY=">AAAB+nicbVBNS8NAEN34WetXqkcvi0XwYk2qoMeiF48V7Ac0sWy2m3bpbhJ2J0qJ/SlePCji1V/izX/jts1BWx8MPN6bYWZekAiuwXG+raXlldW19cJGcXNre2fXLu01dZwqyho0FrFqB0QzwSPWAA6CtRPFiAwEawXD64nfemBK8zi6g1HCfEn6EQ85JWCkrl3qe5pLzO6zEzj1gKTjrl12Ks4UeJG4OSmjHPWu/eX1YppKFgEVROuO6yTgZ0QBp4KNi16qWULokPRZx9CISKb9bHr6GB8ZpYfDWJmKAE/V3xMZkVqPZGA6JYGBnvcm4n9eJ4Xw0s94lKTAIjpbFKYCQ4wnOeAeV4yCGBlCqOLmVkwHRBEKJq2iCcGdf3mRNKsV96xSvT0v167yOAroAB2iY+SiC1RDN6iOGoiiR/SMXtGb9WS9WO/Wx6x1ycpn9tEfWJ8/0FqTtg==</latexit>

L(t) ⇠ t1/2
<latexit sha1_base64="H1LxfNJbd9YuBnYu8mLY8ZujISs=">AAAB+XicbVDJSgNBEK2JW4zbqEcvTYIQEeJMLnoMevHgIYJZIBNDT6eTNOlZ6K4JhCF/4kEPinj1T7z5N3aWgyY+KHi8V0VVPT+WQqPjfFuZtfWNza3sdm5nd2//wD48qusoUYzXWCQj1fSp5lKEvIYCJW/GitPAl7zhD2+mfmPElRZR+IDjmLcD2g9FTzCKRurY9l0RzzwtAoKPqXtRnnTsglNyZiCrxF2QQiXvnT8DQLVjf3ndiCUBD5FJqnXLdWJsp1ShYJJPcl6ieUzZkPZ5y9CQBly309nlE3JqlC7pRcpUiGSm/p5IaaD1OPBNZ0BxoJe9qfif10qwd9VORRgnyEM2X9RLJMGITGMgXaE4Qzk2hDIlzK2EDaiiDE1YOROCu/zyKqmXS65Tcu9NGtcwRxZOIA9FcOESKnALVagBgxE8wSu8Wan1Yr1bH/PWjLWYOYY/sD5/AOp0lAI=</latexit><latexit sha1_base64="5cDPMbipTs7GBaJcCSCgt/A5VAE=">AAAB+XicbVDLSsNAFJ3UV62vqEs3Q4tQEWrSjS6Lbly4qGAf0MQymU7awckkzNwUSuhfuHTjQhG3/om7/o3Tx0JbD1w4nHMv994TJIJrcJyJlVtb39jcym8Xdnb39g/sw6OmjlNFWYPGIlbtgGgmuGQN4CBYO1GMRIFgreDpZuq3hkxpHssHGCXMj0hf8pBTAkbq2vZdGc48zSMMj5l7UR137ZJTcWbAq8RdkFKt6J0/T2qjetf+9noxTSMmgQqidcd1EvAzooBTwcYFL9UsIfSJ9FnHUEkipv1sdvkYnxqlh8NYmZKAZ+rviYxEWo+iwHRGBAZ62ZuK/3mdFMIrP+MySYFJOl8UpgJDjKcx4B5XjIIYGUKo4uZWTAdEEQomrIIJwV1+eZU0qxXXqbj3Jo1rNEcenaAiKiMXXaIaukV11EAUDdELekPvVma9Wh/W57w1Zy1mjtEfWF8/896ViA==</latexit><latexit sha1_base64="5cDPMbipTs7GBaJcCSCgt/A5VAE=">AAAB+XicbVDLSsNAFJ3UV62vqEs3Q4tQEWrSjS6Lbly4qGAf0MQymU7awckkzNwUSuhfuHTjQhG3/om7/o3Tx0JbD1w4nHMv994TJIJrcJyJlVtb39jcym8Xdnb39g/sw6OmjlNFWYPGIlbtgGgmuGQN4CBYO1GMRIFgreDpZuq3hkxpHssHGCXMj0hf8pBTAkbq2vZdGc48zSMMj5l7UR137ZJTcWbAq8RdkFKt6J0/T2qjetf+9noxTSMmgQqidcd1EvAzooBTwcYFL9UsIfSJ9FnHUEkipv1sdvkYnxqlh8NYmZKAZ+rviYxEWo+iwHRGBAZ62ZuK/3mdFMIrP+MySYFJOl8UpgJDjKcx4B5XjIIYGUKo4uZWTAdEEQomrIIJwV1+eZU0qxXXqbj3Jo1rNEcenaAiKiMXXaIaukV11EAUDdELekPvVma9Wh/W57w1Zy1mjtEfWF8/896ViA==</latexit><latexit sha1_base64="T9DDznJbZeB0SqcD6ZBOK04c8G8=">AAAB+XicbVA9T8MwEHX4LOUrwMhiUSGVpSRdYKxgYWAoEv2Q2lA5rtNatZ3IvlSqov4TFgYQYuWfsPFvcNsM0PKkk57eu9PdvTAR3IDnfTtr6xubW9uFneLu3v7BoXt03DRxqilr0FjEuh0SwwRXrAEcBGsnmhEZCtYKR7czvzVm2vBYPcIkYYEkA8UjTglYqee692W46BouMTxl/mV12nNLXsWbA68SPycllKPec7+6/ZimkimgghjT8b0Egoxo4FSwabGbGpYQOiID1rFUEclMkM0vn+Jzq/RxFGtbCvBc/T2REWnMRIa2UxIYmmVvJv7ndVKIroOMqyQFpuhiUZQKDDGexYD7XDMKYmIJoZrbWzEdEk0o2LCKNgR/+eVV0qxWfK/iP3il2k0eRwGdojNURj66QjV0h+qogSgao2f0it6czHlx3p2PReuak8+coD9wPn8A1/WSeQ==</latexit>

unbounded growth

Ċ = Dr2C � (k + g)C + ⌫(x)
<latexit sha1_base64="bRme1lfXRtzxrmlnkrBbjuNJKsM=">AAACCXicbVDLSgMxFM3UV62vUZdugkVoKZaZKuhGKI4LlxXsAzpjyaSZNjSTGZKMWIZu3fgrblwo4tY/cOffmD4W2nrgwuGce5N7jx8zKpVlfRuZpeWV1bXsem5jc2t7x9zda8goEZjUccQi0fKRJIxyUldUMdKKBUGhz0jTHzhjv3lPhKQRv1XDmHgh6nEaUIyUljomdLuRgg68uHI58hm6qzjHhUGpV3RKLk8KD8WOmbfK1gRwkdgzkgcz1Drml34SJyHhCjMkZdu2YuWlSCiKGRnl3ESSGOEB6pG2phyFRHrp5JIRPNJKFwaR0MUVnKi/J1IUSjkMfd0ZItWX895Y/M9rJyo491LK40QRjqcfBQmDKoLjWGCXCoIVG2qCsKB6V4j7SCCsdHg5HYI9f/IiaVTK9km5cnOar17O4siCA3AICsAGZ6AKrkEN1AEGj+AZvII348l4Md6Nj2lrxpjN7IM/MD5/AJHMl7Q=</latexit>

g =
1

�

Ċ

C
<latexit sha1_base64="CvNBvW2J15V22lt/t1efB4WWQzM=">AAACCnicbVDLSgMxFM3UV62vUZduokVwVWaqoBuh2I3LCvYBnVIyaaYNzWSG5I5Qhlm78VfcuFDErV/gzr8xbWehrQcCJ+fcQ3KPHwuuwXG+rcLK6tr6RnGztLW9s7tn7x+0dJQoypo0EpHq+EQzwSVrAgfBOrFiJPQFa/vj+tRvPzCleSTvYRKzXkiGkgecEjBS3z4eXnuBIjR1s9TzGZBsfvUGEeB6ltazvl12Ks4MeJm4OSmjHI2+/WXCNAmZBCqI1l3XiaGXEgWcCpaVvESzmNAxGbKuoZKETPfS2SoZPjXKAAeRMkcCnqm/EykJtZ6EvpkMCYz0ojcV//O6CQRXvZTLOAEm6fyhIBEYIjztBQ+4YhTExBBCFTd/xXRETBVg2iuZEtzFlZdJq1pxzyvVu4ty7Savo4iO0Ak6Qy66RDV0ixqoiSh6RM/oFb1ZT9aL9W59zEcLVp45RH9gff4Ap62a3w==</latexit>

Ċ = @tC + vx@xC
<latexit sha1_base64="A+vObogmgFc7Zq6P6KqnYJ7gr9k=">AAACDXicbVDLSgMxFL3js9bXqEs3wSoIQpmpgm6EYjcuK9gHtGXIpJk2NPMgyZSWoT/gxl9x40IRt+7d+Tdm2kG09UDg5Jx7b3KPG3EmlWV9GUvLK6tr67mN/ObW9s6uubdfl2EsCK2RkIei6WJJOQtoTTHFaTMSFPsupw13UEn9xpAKycLgXo0j2vFxL2AeI1hpyTGP291Qocp1O8JCMcwdfTkbOiP0I4xQxTELVtGaAi0SOyMFyFB1zE89lsQ+DRThWMqWbUWqk6QTCaeTfDuWNMJkgHu0pWmAfSo7yXSbCTrRShd5odAnUGiq/u5IsC/l2Hd1pY9VX857qfif14qVd9VJWBDFigZk9pAXc6RClEaDukxQovhYE0wE039FpI8FJkoHmNch2PMrL5J6qWifF0t3F4XyTRZHDg7hCE7Bhksowy1UoQYEHuAJXuDVeDSejTfjfVa6ZGQ9B/AHxsc3Ha6a9A==</latexit>

C ' ⌫�2

D
e�x/�

<latexit sha1_base64="1e35hSM+We7KueTXMtw8LJvsmbY=">AAACFnicbVC7TsMwFHV4U14BRhaLComlJSlIMFaUgREkSis1aeW4N62F4wTbQVRRvoKFX2FhACFWxMbf4JYMvI5k6eice3R9T5BwprTjfFhT0zOzc/MLi6Wl5ZXVNXt941LFqaTQpDGPZTsgCjgT0NRMc2gnEkgUcGgFV42x37oBqVgsLvQoAT8iA8FCRok2Us+uNDzFIrjGXigJz TyRYo+beJ90a3l2kkM3q9zuFVLes8tO1ZkA/yVuQcqowFnPfvf6MU0jEJpyolTHdRLtZ0RqRjnkJS9VkBB6RQbQMVSQCJSfTc7K8Y5R+jiMpXlC44n6PZGRSKlRFJjJiOih+u2Nxf+8TqrDIz9jIkk1CPq1KEw51jEed4T7TALVfGQIoZKZv2I6JKYfbZosmRLc3yf/JZe1qrtfrZ0flOvHRR0LaAtto13kokNUR6foDDURRXfoAT2hZ+veerRerNev0SmryGyiH7DePgFHxp9z</latexit>

�2 =
D

k + (1 + �)g
<latexit sha1_base64="5JwKyrxwr7xq1SylJNhxmp0vdRw=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0WoFEpSBd0IRV24rGAf0MQymUzaoZNJmJkIJWTrxl9x40IRt/6BO//GaZuFth4YOJxzLnfu8WJGpbKsb6OwtLyyulZcL21sbm3vmLt7bRklApMWjlgkuh6ShFFOWooqRrqxICj0GOl4o6uJ33kgQtKI36lxTNwQDTgNKEZKS30TOkyHfXRfv3ACgXB6naWjasWuOh5R6HiQ9c2yVbOmgIvEzkkZ5Gj2zS/Hj3ASEq4wQ1L2bCtWboqEopiRrOQkksQIj9CA9DTlKCTSTaeXZPBIKz4MIqEfV3Cq/p5IUSjlOPR0MkRqKOe9ifif10tUcO6mlMeJIhzPFgUJgyqCk1qgTwXBio01QVhQ/VeIh0gXonR5JV2CPX/yImnXa/ZJrX57Wm5c5nUUwQE4BBVggzPQADegCVoAg0fwDF7Bm/FkvBjvxscsWjDymX3wB8bnDwytmUc=</latexit>

k ⇠ 1

L2
<latexit sha1_base64="vomOAfSey61vHoSmEiqwDaECr94=">AAAB/HicbVBNS8NAEJ34WetXtEcvi0XwVJIq6LHoxYOHCvYDmlg22027dLMJuxshhPpXvHhQxKs/xJv/xm2bg7Y+GHi8N8PMvCDhTGnH+bZWVtfWNzZLW+Xtnd29ffvgsK3iVBLaIjGPZTfAinImaEszzWk3kRRHAaedYHw99TuPVCoWi3udJdSP8FCwkBGsjdS3K2NPsQh5ocQkdyf57UN90rerTs2ZAS0TtyBVKNDs21/eICZpRIUmHCvVc51E+zmWmhFOJ2UvVTTBZIyHtGeowBFVfj47foJOjDJAYSxNCY1m6u+JHEdKZVFgOiOsR2rRm4r/eb1Uh5d+zkSSairIfFGYcqRjNE0CDZikRPPMEEwkM7ciMsImB23yKpsQ3MWXl0m7XnPPavW782rjqoijBEdwDKfgwgU04Aaa0AICGTzDK7xZT9aL9W59zFtXrGKmAn9gff4AWOCUkg==</latexit>

Auguilar-Hidalgo, Werner, Wartlick, Gonzalez-Gaitan, Friedrich, Jülicher, Phys. Rev. Lett. (2018)



Expander feedback
� > �c

<latexit sha1_base64="YvQN8NdXRqBBIQ6LtYdSSslhRIk=">AAAB9HicbVA9TwJBEJ3DL8Qv1FKLjcTEitzZaGWINpaQCJjAhewtC2zY2zt350jIhd9hY6Exttb+Djs7f4rLQaHgS2by8t5MdvYFsRQGXffLya2srq1v5DcLW9s7u3vF/YOGiRLNeJ1FMtL3ATVcCsXrKFDy+1hzGgaSN4PhzdRvjrg2IlJ3OI65H9K+Ej3BKFrJbwcc6VXWO6xTLLllNwNZJt6clCrHH7VvAKh2ip/tbsSSkCtkkhrT8twY/ZRqFEzySaGdGB5TNqR93rJU0ZAbP82OnpBTq3RJL9K2FJJM/b2R0tCYcRjYyZDiwCx6U/E/r5Vg79JPhYoT5IrNHuolkmBEpgmQrtCcoRxbQpkW9lbCBlRThjangg3BW/zyMmmclz237NVsGtcwQx6O4ATOwIMLqMAtVKEODB7gEZ7hxRk5T86r8zYbzTnznUP4A+f9B5P3lC0=</latexit><latexit sha1_base64="+9hmfHQw4Qn5Oh5yL2qCqC/WMNc=">AAAB9HicbVC7TgJBFJ3FF+ILtdSYjcTEiuzaaGWINpaQyCOBDZkd7sKE2dl15i4JIZR+g42Fxtha8x12foM/4bBQKHiSe3Nyzr2ZO8ePBdfoOF9WZmV1bX0ju5nb2t7Z3cvvH9R0lCgGVRaJSDV8qkFwCVXkKKARK6ChL6Du92+nfn0ASvNI3uMwBi+kXckDzigayWv5gPQ67W3WzhecopPCXibunBRKx5PK9+PJpNzOf7Y6EUtCkMgE1brpOjF6I6qQMwHjXCvREFPWp11oGippCNobpUeP7TOjdOwgUqYk2qn6e2NEQ62HoW8mQ4o9vehNxf+8ZoLBlTfiMk4QJJs9FCTCxsieJmB3uAKGYmgIZYqbW23Wo4oyNDnlTAju4peXSe2i6DpFt2LSuCEzZMkROSXnxCWXpETuSJlUCSMP5Im8kFdrYD1bb9b7bDRjzXcOyR9YHz9yPJWT</latexit><latexit sha1_base64="+9hmfHQw4Qn5Oh5yL2qCqC/WMNc=">AAAB9HicbVC7TgJBFJ3FF+ILtdSYjcTEiuzaaGWINpaQyCOBDZkd7sKE2dl15i4JIZR+g42Fxtha8x12foM/4bBQKHiSe3Nyzr2ZO8ePBdfoOF9WZmV1bX0ju5nb2t7Z3cvvH9R0lCgGVRaJSDV8qkFwCVXkKKARK6ChL6Du92+nfn0ASvNI3uMwBi+kXckDzigayWv5gPQ67W3WzhecopPCXibunBRKx5PK9+PJpNzOf7Y6EUtCkMgE1brpOjF6I6qQMwHjXCvREFPWp11oGippCNobpUeP7TOjdOwgUqYk2qn6e2NEQ62HoW8mQ4o9vehNxf+8ZoLBlTfiMk4QJJs9FCTCxsieJmB3uAKGYmgIZYqbW23Wo4oyNDnlTAju4peXSe2i6DpFt2LSuCEzZMkROSXnxCWXpETuSJlUCSMP5Im8kFdrYD1bb9b7bDRjzXcOyR9YHz9yPJWT</latexit><latexit sha1_base64="pDu6X18fQzNwFqh/mXo3bmMBscw=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4KokXPUnRi8cK9gPaUDbbTbt0s4m7k0IJ/R1ePCji1R/jzX/jNs1BWx/M8Hhvhp19QSKFQdf9dtbWNza3tks75d29/YPDytFxy8SpZrzJYhnrTkANl0LxJgqUvJNoTqNA8nYwvpv77QnXRsTqEacJ9yM6VCIUjKKV/F7Akd7kvc/6lapbc3OQVeIVpAoFGv3KV28QszTiCpmkxnQ9N0E/oxoFk3xW7qWGJ5SN6ZB3LVU04sbP8qNn5NwqAxLG2pZCkqu/NzIaGTONAjsZURyZZW8u/ud1Uwyv/UyoJEWu2OKhMJUEYzJPgAyE5gzl1BLKtLC3EjaimjK0OZVtCN7yl1dJ67LmuTXvwa3Wb4s4SnAKZ3ABHlxBHe6hAU1g8ATP8ApvzsR5cd6dj8XomlPsnMAfOJ8/g/2R6A==</latexit>

C
<latexit sha1_base64="qitYjHnTvWLLMhbcMUcBblbEEo8=">AAAB6HicbZC7SwNBEMbnfMb4ilraLAbBKtzZaCMG01gmYB6QHGFvM5es2ds7dveEcATsbSwUsfWfsbfzv3HzKDTxg4Uf3zfDzkyQCK6N6347K6tr6xubua389s7u3n7h4LCh41QxrLNYxKoVUI2CS6wbbgS2EoU0CgQ2g2FlkjcfUGkeyzszStCPaF/ykDNqrFWrdAtFt+RORZbBm0Px+jN/9QgA1W7hq9OLWRqhNExQrduemxg/o8pwJnCc76QaE8qGtI9ti5JGqP1sOuiYnFqnR8JY2ScNmbq/OzIaaT2KAlsZUTPQi9nE/C9rpya89DMuk9SgZLOPwlQQE5PJ1qTHFTIjRhYoU9zOStiAKsqMvU3eHsFbXHkZGuclzy15NbdYvoGZcnAMJ3AGHlxAGW6hCnVggPAEL/Dq3DvPzpvzPitdceY9R/BHzscPA+yOkA==</latexit><latexit sha1_base64="EQAAM1j/Ie8eqC8qE7NRLV0Spmg=">AAAB6HicbZC7SgNBFIbPxltcb1FLm8UgWIVdG23EYBrLBMwFkiXMTs4mY2Znl5lZISx5AhsLRWz1YextxLdxcik08YeBj/8/hznnBAlnSrvut5VbWV1b38hv2lvbO7t7hf2DhopTSbFOYx7LVkAUciawrpnm2Eokkijg2AyGlUnevEepWCxu9ShBPyJ9wUJGiTZWrdItFN2SO5WzDN4cilcf9mXy/mVXu4XPTi+maYRCU06Uantuov2MSM0ox7HdSRUmhA5JH9sGBYlQ+dl00LFzYpyeE8bSPKGdqfu7IyORUqMoMJUR0QO1mE3M/7J2qsMLP2MiSTUKOvsoTLmjY2eytdNjEqnmIwOESmZmdeiASEK1uY1tjuAtrrwMjbOS55a8mlssX8NMeTiCYzgFD86hDDdQhTpQQHiAJ3i27qxH68V6nZXmrHnPIfyR9fYD9WyQBA==</latexit><latexit sha1_base64="EQAAM1j/Ie8eqC8qE7NRLV0Spmg=">AAAB6HicbZC7SgNBFIbPxltcb1FLm8UgWIVdG23EYBrLBMwFkiXMTs4mY2Znl5lZISx5AhsLRWz1YextxLdxcik08YeBj/8/hznnBAlnSrvut5VbWV1b38hv2lvbO7t7hf2DhopTSbFOYx7LVkAUciawrpnm2Eokkijg2AyGlUnevEepWCxu9ShBPyJ9wUJGiTZWrdItFN2SO5WzDN4cilcf9mXy/mVXu4XPTi+maYRCU06Uantuov2MSM0ox7HdSRUmhA5JH9sGBYlQ+dl00LFzYpyeE8bSPKGdqfu7IyORUqMoMJUR0QO1mE3M/7J2qsMLP2MiSTUKOvsoTLmjY2eytdNjEqnmIwOESmZmdeiASEK1uY1tjuAtrrwMjbOS55a8mlssX8NMeTiCYzgFD86hDDdQhTpQQHiAJ3i27qxH68V6nZXmrHnPIfyR9fYD9WyQBA==</latexit><latexit sha1_base64="n9q4lqwqCrBAGkuJ+w9AiHHXDD4=">AAAB6HicbVA9TwJBEJ3DL8Qv1NJmIzGxInc2UhJpLCGRjwQuZG+Zg5W9vcvungm58AtsLDTG1p9k579xgSsUfMkkL+/NZGZekAiujet+O4Wt7Z3dveJ+6eDw6PikfHrW0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8G0sfC7T6g0j+WDmSXoR3QsecgZNVZqNYblilt1lyCbxMtJBXI0h+WvwShmaYTSMEG17ntuYvyMKsOZwHlpkGpMKJvSMfYtlTRC7WfLQ+fkyiojEsbKljRkqf6eyGik9SwKbGdEzUSvewvxP6+fmrDmZ1wmqUHJVovCVBATk8XXZMQVMiNmllCmuL2VsAlVlBmbTcmG4K2/vEk6N1XPrXott1K/y+MowgVcwjV4cAt1uIcmtIEBwjO8wpvz6Lw4787HqrXg5DPn8AfO5w+UpYzD</latexit>

C
<latexit sha1_base64="qitYjHnTvWLLMhbcMUcBblbEEo8=">AAAB6HicbZC7SwNBEMbnfMb4ilraLAbBKtzZaCMG01gmYB6QHGFvM5es2ds7dveEcATsbSwUsfWfsbfzv3HzKDTxg4Uf3zfDzkyQCK6N6347K6tr6xubua389s7u3n7h4LCh41QxrLNYxKoVUI2CS6wbbgS2EoU0CgQ2g2FlkjcfUGkeyzszStCPaF/ykDNqrFWrdAtFt+RORZbBm0Px+jN/9QgA1W7hq9OLWRqhNExQrduemxg/o8pwJnCc76QaE8qGtI9ti5JGqP1sOuiYnFqnR8JY2ScNmbq/OzIaaT2KAlsZUTPQi9nE/C9rpya89DMuk9SgZLOPwlQQE5PJ1qTHFTIjRhYoU9zOStiAKsqMvU3eHsFbXHkZGuclzy15NbdYvoGZcnAMJ3AGHlxAGW6hCnVggPAEL/Dq3DvPzpvzPitdceY9R/BHzscPA+yOkA==</latexit><latexit sha1_base64="EQAAM1j/Ie8eqC8qE7NRLV0Spmg=">AAAB6HicbZC7SgNBFIbPxltcb1FLm8UgWIVdG23EYBrLBMwFkiXMTs4mY2Znl5lZISx5AhsLRWz1YextxLdxcik08YeBj/8/hznnBAlnSrvut5VbWV1b38hv2lvbO7t7hf2DhopTSbFOYx7LVkAUciawrpnm2Eokkijg2AyGlUnevEepWCxu9ShBPyJ9wUJGiTZWrdItFN2SO5WzDN4cilcf9mXy/mVXu4XPTi+maYRCU06Uantuov2MSM0ox7HdSRUmhA5JH9sGBYlQ+dl00LFzYpyeE8bSPKGdqfu7IyORUqMoMJUR0QO1mE3M/7J2qsMLP2MiSTUKOvsoTLmjY2eytdNjEqnmIwOESmZmdeiASEK1uY1tjuAtrrwMjbOS55a8mlssX8NMeTiCYzgFD86hDDdQhTpQQHiAJ3i27qxH68V6nZXmrHnPIfyR9fYD9WyQBA==</latexit><latexit sha1_base64="EQAAM1j/Ie8eqC8qE7NRLV0Spmg=">AAAB6HicbZC7SgNBFIbPxltcb1FLm8UgWIVdG23EYBrLBMwFkiXMTs4mY2Znl5lZISx5AhsLRWz1YextxLdxcik08YeBj/8/hznnBAlnSrvut5VbWV1b38hv2lvbO7t7hf2DhopTSbFOYx7LVkAUciawrpnm2Eokkijg2AyGlUnevEepWCxu9ShBPyJ9wUJGiTZWrdItFN2SO5WzDN4cilcf9mXy/mVXu4XPTi+maYRCU06Uantuov2MSM0ox7HdSRUmhA5JH9sGBYlQ+dl00LFzYpyeE8bSPKGdqfu7IyORUqMoMJUR0QO1mE3M/7J2qsMLP2MiSTUKOvsoTLmjY2eytdNjEqnmIwOESmZmdeiASEK1uY1tjuAtrrwMjbOS55a8mlssX8NMeTiCYzgFD86hDDdQhTpQQHiAJ3i27qxH68V6nZXmrHnPIfyR9fYD9WyQBA==</latexit><latexit sha1_base64="n9q4lqwqCrBAGkuJ+w9AiHHXDD4=">AAAB6HicbVA9TwJBEJ3DL8Qv1NJmIzGxInc2UhJpLCGRjwQuZG+Zg5W9vcvungm58AtsLDTG1p9k579xgSsUfMkkL+/NZGZekAiujet+O4Wt7Z3dveJ+6eDw6PikfHrW0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8G0sfC7T6g0j+WDmSXoR3QsecgZNVZqNYblilt1lyCbxMtJBXI0h+WvwShmaYTSMEG17ntuYvyMKsOZwHlpkGpMKJvSMfYtlTRC7WfLQ+fkyiojEsbKljRkqf6eyGik9SwKbGdEzUSvewvxP6+fmrDmZ1wmqUHJVovCVBATk8XXZMQVMiNmllCmuL2VsAlVlBmbTcmG4K2/vEk6N1XPrXott1K/y+MowgVcwjV4cAt1uIcmtIEBwjO8wpvz6Lw4787HqrXg5DPn8AfO5w+UpYzD</latexit>

g
<latexit sha1_base64="6CZoLmchak7PeUGdbOiCR035cyo=">AAAB6HicbVDLSgNBEOyNrxhfUY96GAyCp7DrJR6DXjwmYB6QLGF20puMmZ1dZmaFsOQLvHhQxKtf4Xd48+anOHkcNLGgoajqprsrSATXxnW/nNza+sbmVn67sLO7t39QPDxq6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/VbD6g0j+WdGSfoR3QgecgZNVaqD3rFklt2ZyCrxFuQUvX0o/4NALVe8bPbj1kaoTRMUK07npsYP6PKcCZwUuimGhPKRnSAHUsljVD72ezQCTm3Sp+EsbIlDZmpvycyGmk9jgLbGVEz1MveVPzP66QmvPIzLpPUoGTzRWEqiInJ9GvS5wqZEWNLKFPc3krYkCrKjM2mYEPwll9eJc3LsueWvbpN4xrmyMMJnMEFeFCBKtxCDRrAAOERnuHFuXeenFfnbd6acxYzx/AHzvsP2y+PLA==</latexit><latexit sha1_base64="QYiVIz1HWeqSAcfYlxshn5OrYrE=">AAAB6HicbVDLSgNBEOyNrxhfUY+KDAbBU9j1osegF48JmAckS5iddJIxs7PLzKwQlhw9efGgiFe/It/hzW/wJ5w8DppY0FBUddPdFcSCa+O6X05mZXVtfSO7mdva3tndy+8f1HSUKIZVFolINQKqUXCJVcONwEaskIaBwHowuJn49QdUmkfyzgxj9EPak7zLGTVWqvTa+YJbdKcgy8Sbk0LpeFz5fjwZl9v5z1YnYkmI0jBBtW56bmz8lCrDmcBRrpVojCkb0B42LZU0RO2n00NH5MwqHdKNlC1pyFT9PZHSUOthGNjOkJq+XvQm4n9eMzHdKz/lMk4MSjZb1E0EMRGZfE06XCEzYmgJZYrbWwnrU0WZsdnkbAje4svLpHZR9NyiV7FpXMMMWTiCUzgHDy6hBLdQhiowQHiCF3h17p1n5815n7VmnPnMIfyB8/EDuXSQkg==</latexit><latexit sha1_base64="QYiVIz1HWeqSAcfYlxshn5OrYrE=">AAAB6HicbVDLSgNBEOyNrxhfUY+KDAbBU9j1osegF48JmAckS5iddJIxs7PLzKwQlhw9efGgiFe/It/hzW/wJ5w8DppY0FBUddPdFcSCa+O6X05mZXVtfSO7mdva3tndy+8f1HSUKIZVFolINQKqUXCJVcONwEaskIaBwHowuJn49QdUmkfyzgxj9EPak7zLGTVWqvTa+YJbdKcgy8Sbk0LpeFz5fjwZl9v5z1YnYkmI0jBBtW56bmz8lCrDmcBRrpVojCkb0B42LZU0RO2n00NH5MwqHdKNlC1pyFT9PZHSUOthGNjOkJq+XvQm4n9eMzHdKz/lMk4MSjZb1E0EMRGZfE06XCEzYmgJZYrbWwnrU0WZsdnkbAje4svLpHZR9NyiV7FpXMMMWTiCUzgHDy6hBLdQhiowQHiCF3h17p1n5815n7VmnPnMIfyB8/EDuXSQkg==</latexit><latexit sha1_base64="/PJ7Z1iFzXuG81L8a5C962ANKKY=">AAAB6HicbVBNT8JAEJ3iF+IX6tHLRmLiibRe9Ej04hESCyTQkO0yhZXtttndmpCGX+DFg8Z49Sd589+4QA8KvmSSl/dmMjMvTAXXxnW/ndLG5tb2Tnm3srd/cHhUPT5p6yRTDH2WiER1Q6pRcIm+4UZgN1VI41BgJ5zczf3OEyrNE/lgpikGMR1JHnFGjZVao0G15tbdBcg68QpSgwLNQfWrP0xYFqM0TFCte56bmiCnynAmcFbpZxpTyiZ0hD1LJY1RB/ni0Bm5sMqQRImyJQ1ZqL8nchprPY1D2xlTM9ar3lz8z+tlJroJci7TzKBky0VRJohJyPxrMuQKmRFTSyhT3N5K2JgqyozNpmJD8FZfXiftq7rn1r2WW2vcFnGU4QzO4RI8uIYG3EMTfGCA8Ayv8OY8Oi/Ou/OxbC05xcwp/IHz+QPLNYzn</latexit>

g
<latexit sha1_base64="6CZoLmchak7PeUGdbOiCR035cyo=">AAAB6HicbVDLSgNBEOyNrxhfUY96GAyCp7DrJR6DXjwmYB6QLGF20puMmZ1dZmaFsOQLvHhQxKtf4Xd48+anOHkcNLGgoajqprsrSATXxnW/nNza+sbmVn67sLO7t39QPDxq6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/VbD6g0j+WdGSfoR3QgecgZNVaqD3rFklt2ZyCrxFuQUvX0o/4NALVe8bPbj1kaoTRMUK07npsYP6PKcCZwUuimGhPKRnSAHUsljVD72ezQCTm3Sp+EsbIlDZmpvycyGmk9jgLbGVEz1MveVPzP66QmvPIzLpPUoGTzRWEqiInJ9GvS5wqZEWNLKFPc3krYkCrKjM2mYEPwll9eJc3LsueWvbpN4xrmyMMJnMEFeFCBKtxCDRrAAOERnuHFuXeenFfnbd6acxYzx/AHzvsP2y+PLA==</latexit><latexit sha1_base64="QYiVIz1HWeqSAcfYlxshn5OrYrE=">AAAB6HicbVDLSgNBEOyNrxhfUY+KDAbBU9j1osegF48JmAckS5iddJIxs7PLzKwQlhw9efGgiFe/It/hzW/wJ5w8DppY0FBUddPdFcSCa+O6X05mZXVtfSO7mdva3tndy+8f1HSUKIZVFolINQKqUXCJVcONwEaskIaBwHowuJn49QdUmkfyzgxj9EPak7zLGTVWqvTa+YJbdKcgy8Sbk0LpeFz5fjwZl9v5z1YnYkmI0jBBtW56bmz8lCrDmcBRrpVojCkb0B42LZU0RO2n00NH5MwqHdKNlC1pyFT9PZHSUOthGNjOkJq+XvQm4n9eMzHdKz/lMk4MSjZb1E0EMRGZfE06XCEzYmgJZYrbWwnrU0WZsdnkbAje4svLpHZR9NyiV7FpXMMMWTiCUzgHDy6hBLdQhiowQHiCF3h17p1n5815n7VmnPnMIfyB8/EDuXSQkg==</latexit><latexit sha1_base64="QYiVIz1HWeqSAcfYlxshn5OrYrE=">AAAB6HicbVDLSgNBEOyNrxhfUY+KDAbBU9j1osegF48JmAckS5iddJIxs7PLzKwQlhw9efGgiFe/It/hzW/wJ5w8DppY0FBUddPdFcSCa+O6X05mZXVtfSO7mdva3tndy+8f1HSUKIZVFolINQKqUXCJVcONwEaskIaBwHowuJn49QdUmkfyzgxj9EPak7zLGTVWqvTa+YJbdKcgy8Sbk0LpeFz5fjwZl9v5z1YnYkmI0jBBtW56bmz8lCrDmcBRrpVojCkb0B42LZU0RO2n00NH5MwqHdKNlC1pyFT9PZHSUOthGNjOkJq+XvQm4n9eMzHdKz/lMk4MSjZb1E0EMRGZfE06XCEzYmgJZYrbWwnrU0WZsdnkbAje4svLpHZR9NyiV7FpXMMMWTiCUzgHDy6hBLdQhiowQHiCF3h17p1n5815n7VmnPnMIfyB8/EDuXSQkg==</latexit><latexit sha1_base64="/PJ7Z1iFzXuG81L8a5C962ANKKY=">AAAB6HicbVBNT8JAEJ3iF+IX6tHLRmLiibRe9Ej04hESCyTQkO0yhZXtttndmpCGX+DFg8Z49Sd589+4QA8KvmSSl/dmMjMvTAXXxnW/ndLG5tb2Tnm3srd/cHhUPT5p6yRTDH2WiER1Q6pRcIm+4UZgN1VI41BgJ5zczf3OEyrNE/lgpikGMR1JHnFGjZVao0G15tbdBcg68QpSgwLNQfWrP0xYFqM0TFCte56bmiCnynAmcFbpZxpTyiZ0hD1LJY1RB/ni0Bm5sMqQRImyJQ1ZqL8nchprPY1D2xlTM9ar3lz8z+tlJroJci7TzKBky0VRJohJyPxrMuQKmRFTSyhT3N5K2JgqyozNpmJD8FZfXiftq7rn1r2WW2vcFnGU4QzO4RI8uIYG3EMTfGCA8Ayv8OY8Oi/Ou/OxbC05xcwp/IHz+QPLNYzn</latexit>
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L(t) ⇠ t1/2
<latexit sha1_base64="H1LxfNJbd9YuBnYu8mLY8ZujISs=">AAAB+XicbVDJSgNBEK2JW4zbqEcvTYIQEeJMLnoMevHgIYJZIBNDT6eTNOlZ6K4JhCF/4kEPinj1T7z5N3aWgyY+KHi8V0VVPT+WQqPjfFuZtfWNza3sdm5nd2//wD48qusoUYzXWCQj1fSp5lKEvIYCJW/GitPAl7zhD2+mfmPElRZR+IDjmLcD2g9FTzCKRurY9l0RzzwtAoKPqXtRnnTsglNyZiCrxF2QQiXvnT8DQLVjf3ndiCUBD5FJqnXLdWJsp1ShYJJPcl6ieUzZkPZ5y9CQBly309nlE3JqlC7pRcpUiGSm/p5IaaD1OPBNZ0BxoJe9qfif10qwd9VORRgnyEM2X9RLJMGITGMgXaE4Qzk2hDIlzK2EDaiiDE1YOROCu/zyKqmXS65Tcu9NGtcwRxZOIA9FcOESKnALVagBgxE8wSu8Wan1Yr1bH/PWjLWYOYY/sD5/AOp0lAI=</latexit><latexit sha1_base64="5cDPMbipTs7GBaJcCSCgt/A5VAE=">AAAB+XicbVDLSsNAFJ3UV62vqEs3Q4tQEWrSjS6Lbly4qGAf0MQymU7awckkzNwUSuhfuHTjQhG3/om7/o3Tx0JbD1w4nHMv994TJIJrcJyJlVtb39jcym8Xdnb39g/sw6OmjlNFWYPGIlbtgGgmuGQN4CBYO1GMRIFgreDpZuq3hkxpHssHGCXMj0hf8pBTAkbq2vZdGc48zSMMj5l7UR137ZJTcWbAq8RdkFKt6J0/T2qjetf+9noxTSMmgQqidcd1EvAzooBTwcYFL9UsIfSJ9FnHUEkipv1sdvkYnxqlh8NYmZKAZ+rviYxEWo+iwHRGBAZ62ZuK/3mdFMIrP+MySYFJOl8UpgJDjKcx4B5XjIIYGUKo4uZWTAdEEQomrIIJwV1+eZU0qxXXqbj3Jo1rNEcenaAiKiMXXaIaukV11EAUDdELekPvVma9Wh/W57w1Zy1mjtEfWF8/896ViA==</latexit><latexit sha1_base64="5cDPMbipTs7GBaJcCSCgt/A5VAE=">AAAB+XicbVDLSsNAFJ3UV62vqEs3Q4tQEWrSjS6Lbly4qGAf0MQymU7awckkzNwUSuhfuHTjQhG3/om7/o3Tx0JbD1w4nHMv994TJIJrcJyJlVtb39jcym8Xdnb39g/sw6OmjlNFWYPGIlbtgGgmuGQN4CBYO1GMRIFgreDpZuq3hkxpHssHGCXMj0hf8pBTAkbq2vZdGc48zSMMj5l7UR137ZJTcWbAq8RdkFKt6J0/T2qjetf+9noxTSMmgQqidcd1EvAzooBTwcYFL9UsIfSJ9FnHUEkipv1sdvkYnxqlh8NYmZKAZ+rviYxEWo+iwHRGBAZ62ZuK/3mdFMIrP+MySYFJOl8UpgJDjKcx4B5XjIIYGUKo4uZWTAdEEQomrIIJwV1+eZU0qxXXqbj3Jo1rNEcenaAiKiMXXaIaukV11EAUDdELekPvVma9Wh/W57w1Zy1mjtEfWF8/896ViA==</latexit><latexit sha1_base64="T9DDznJbZeB0SqcD6ZBOK04c8G8=">AAAB+XicbVA9T8MwEHX4LOUrwMhiUSGVpSRdYKxgYWAoEv2Q2lA5rtNatZ3IvlSqov4TFgYQYuWfsPFvcNsM0PKkk57eu9PdvTAR3IDnfTtr6xubW9uFneLu3v7BoXt03DRxqilr0FjEuh0SwwRXrAEcBGsnmhEZCtYKR7czvzVm2vBYPcIkYYEkA8UjTglYqee692W46BouMTxl/mV12nNLXsWbA68SPycllKPec7+6/ZimkimgghjT8b0Egoxo4FSwabGbGpYQOiID1rFUEclMkM0vn+Jzq/RxFGtbCvBc/T2REWnMRIa2UxIYmmVvJv7ndVKIroOMqyQFpuhiUZQKDDGexYD7XDMKYmIJoZrbWzEdEk0o2LCKNgR/+eVV0qxWfK/iP3il2k0eRwGdojNURj66QjV0h+qogSgao2f0it6czHlx3p2PReuak8+coD9wPn8A1/WSeQ==</latexit>

L(t) ! Lmax
<latexit sha1_base64="c/8pcNiNXFdD5iBXuoqHCU0lW5k=">AAACBHicbVA9SwNBEJ2L3/EraplmSRAUIdzZaCnaWKSIYD4gF8LeZpMs2b07dufUcKSw8XfY2VgoYuuPsPPfuPko1Phg4PHeDDPzglgKg6775WQWFpeWV1bXsusbm1vbuZ3dmokSzXiVRTLSjYAaLkXIqyhQ8kasOVWB5PVgcDH26zdcGxGF1ziMeUvRXii6glG0UjuXLx/goa9Fr49U6+iWlNuprxVR9G7UzhXdkjsBmSfejBTPCv7RIwBU2rlPvxOxRPEQmaTGND03xlZKNQom+SjrJ4bHlA1ojzctDanippVOnhiRfat0SDfStkIkE/XnREqVMUMV2E5FsW/+emPxP6+ZYPe0lYowTpCHbLqom0iCERknQjpCc4ZyaAllWthbCetTTRna3LI2BO/vy/Okdlzy3JJ3ZdM4hylWIQ8FOAAPTuAMLqECVWBwD0/wAq/Og/PsvDnv09aMM5vZg19wPr4BS1+ZWA==</latexit><latexit sha1_base64="nnBH9+8Y7/9w5C6WBvD2RSPQObc=">AAACBHicbVC7SgNBFJ31GeMraplmSBAiQti10TJoY5EignlANiyzk9lkyMzuMnNXDUsKG7/Af7CxUMTWj7DL3zh5FJp44MLhnHu59x4/FlyDbY+tldW19Y3NzFZ2e2d3bz93cNjQUaIoq9NIRKrlE80ED1kdOAjWihUj0hes6Q+uJn7zjinNo/AWhjHrSNILecApASN5uXy1BCeu4r0+EKWie1z1UldJLMnDyMsV7bI9BV4mzpwUKwX39HlcGda83LfbjWgiWQhUEK3bjh1DJyUKOBVslHUTzWJCB6TH2oaGRDLdSadPjPCxUbo4iJSpEPBU/T2REqn1UPqmUxLo60VvIv7ntRMILjopD+MEWEhni4JEYIjwJBHc5YpREENDCFXc3IppnyhCweSWNSE4iy8vk8ZZ2bHLzo1J4xLNkEF5VEAl5KBzVEHXqIbqiKJH9ILe0Lv1ZL1aH9bnrHXFms8coT+wvn4AVMma3g==</latexit><latexit sha1_base64="nnBH9+8Y7/9w5C6WBvD2RSPQObc=">AAACBHicbVC7SgNBFJ31GeMraplmSBAiQti10TJoY5EignlANiyzk9lkyMzuMnNXDUsKG7/Af7CxUMTWj7DL3zh5FJp44MLhnHu59x4/FlyDbY+tldW19Y3NzFZ2e2d3bz93cNjQUaIoq9NIRKrlE80ED1kdOAjWihUj0hes6Q+uJn7zjinNo/AWhjHrSNILecApASN5uXy1BCeu4r0+EKWie1z1UldJLMnDyMsV7bI9BV4mzpwUKwX39HlcGda83LfbjWgiWQhUEK3bjh1DJyUKOBVslHUTzWJCB6TH2oaGRDLdSadPjPCxUbo4iJSpEPBU/T2REqn1UPqmUxLo60VvIv7ntRMILjopD+MEWEhni4JEYIjwJBHc5YpREENDCFXc3IppnyhCweSWNSE4iy8vk8ZZ2bHLzo1J4xLNkEF5VEAl5KBzVEHXqIbqiKJH9ILe0Lv1ZL1aH9bnrHXFms8coT+wvn4AVMma3g==</latexit><latexit sha1_base64="vv7eRKpzKX4QlAjAHqW+eheUVjY=">AAACBHicbVC7TsNAEDzzDOFloExzIkIKTWTTQBlBQ5EiSOQhxZF1vpyTU+5s624NRFYKGn6FhgKEaPkIOv6GS+ICEkZaaTSzq92dIBFcg+N8Wyura+sbm4Wt4vbO7t6+fXDY0nGqKGvSWMSqExDNBI9YEzgI1kkUIzIQrB2MrqZ++44pzePoFsYJ60kyiHjIKQEj+XapXoFTT/HBEIhS8T2u+5mnJJbkYeLbZafqzICXiZuTMsrR8O0vrx/TVLIIqCBad10ngV5GFHAq2KTopZolhI7IgHUNjYhkupfNnpjgE6P0cRgrUxHgmfp7IiNS67EMTKckMNSL3lT8z+umEF70Mh4lKbCIzheFqcAQ42kiuM8VoyDGhhCquLkV0yFRhILJrWhCcBdfXiats6rrVN0bp1y7zOMooBI6RhXkonNUQ9eogZqIokf0jF7Rm/VkvVjv1se8dcXKZ47QH1ifPzjgl88=</latexit>

� = �c
<latexit sha1_base64="hCvFNsXc7UeFiN2XjoB0ehht2Xw=">AAAB9HicbVA9TwJBEJ3DL8Qv1FKLjcTEitzZaGNCtLGERMAELmRvWWDD3t65O0dCLvwOGwuNsbX2d9jZ+VNcDgoFXzKTl/dmsrMviKUw6LpfTm5ldW19I79Z2Nre2d0r7h80TJRoxusskpG+D6jhUiheR4GS38ea0zCQvBkMb6Z+c8S1EZG6w3HM/ZD2legJRtFKfjvgSK+y3mGdYsktuxnIMvHmpFQ5/qh9A0C1U/xsdyOWhFwhk9SYlufG6KdUo2CSTwrtxPCYsiHt85aliobc+Gl29IScWqVLepG2pZBk6u+NlIbGjMPAToYUB2bRm4r/ea0Ee5d+KlScIFds9lAvkQQjMk2AdIXmDOXYEsq0sLcSNqCaMrQ5FWwI3uKXl0njvOy5Za9m07iGGfJwBCdwBh5cQAVuoQp1YPAAj/AML87IeXJenbfZaM6Z7xzCHzjvP5JslCw=</latexit><latexit sha1_base64="X+6s4gYDFUJEv+NqxhqcVSdknDE=">AAAB9HicbVC7SgNBFJ2NrxhfUUtFFoNgFXZttBGCNpYJmAckS5id3E2GzM6uM3cDIaT0G2wsFLG1znfY+Q3+hJNNCk08cC+Hc+5l7hw/Flyj43xZmZXVtfWN7GZua3tndy+/f1DTUaIYVFkkItXwqQbBJVSRo4BGrICGvoC637+d+vUBKM0jeY/DGLyQdiUPOKNoJK/lA9LrtLdZO19wik4Ke5m4c1IoHU8q348nk3I7/9nqRCwJQSITVOum68TojahCzgSMc61EQ0xZn3ahaaikIWhvlB49ts+M0rGDSJmSaKfq740RDbUehr6ZDCn29KI3Ff/zmgkGV96IyzhBkGz2UJAIGyN7moDd4QoYiqEhlClubrVZjyrK0OSUMyG4i19eJrWLousU3YpJ44bMkCVH5JScE5dckhK5I2VSJYw8kCfyQl6tgfVsvVnvs9GMNd85JH9gffwAcLGVkg==</latexit><latexit sha1_base64="X+6s4gYDFUJEv+NqxhqcVSdknDE=">AAAB9HicbVC7SgNBFJ2NrxhfUUtFFoNgFXZttBGCNpYJmAckS5id3E2GzM6uM3cDIaT0G2wsFLG1znfY+Q3+hJNNCk08cC+Hc+5l7hw/Flyj43xZmZXVtfWN7GZua3tndy+/f1DTUaIYVFkkItXwqQbBJVSRo4BGrICGvoC637+d+vUBKM0jeY/DGLyQdiUPOKNoJK/lA9LrtLdZO19wik4Ke5m4c1IoHU8q348nk3I7/9nqRCwJQSITVOum68TojahCzgSMc61EQ0xZn3ahaaikIWhvlB49ts+M0rGDSJmSaKfq740RDbUehr6ZDCn29KI3Ff/zmgkGV96IyzhBkGz2UJAIGyN7moDd4QoYiqEhlClubrVZjyrK0OSUMyG4i19eJrWLousU3YpJ44bMkCVH5JScE5dckhK5I2VSJYw8kCfyQl6tgfVsvVnvs9GMNd85JH9gffwAcLGVkg==</latexit><latexit sha1_base64="TpAcaOajeiyT2qfg1eYD0uipw5I=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4KokXvQhFLx4r2A9oQ9lsN+3SzSbuTgol9Hd48aCIV3+MN/+N2zQHbX0ww+O9GXb2BYkUBl3321lb39jc2i7tlHf39g8OK0fHLROnmvEmi2WsOwE1XArFmyhQ8k6iOY0CydvB+G7utydcGxGrR5wm3I/oUIlQMIpW8nsBR3qT9z7rV6puzc1BVolXkCoUaPQrX71BzNKIK2SSGtP13AT9jGoUTPJZuZcanlA2pkPetVTRiBs/y4+ekXOrDEgYa1sKSa7+3shoZMw0CuxkRHFklr25+J/XTTG89jOhkhS5YouHwlQSjMk8ATIQmjOUU0so08LeStiIasrQ5lS2IXjLX14lrcua59a8B7davy3iKMEpnMEFeHAFdbiHBjSBwRM8wyu8ORPnxXl3Phaja06xcwJ/4Hz+AIJykec=</latexit>

g ⇠ e�t/⌧
<latexit sha1_base64="QSKt2YHeqbrLbfb+07jdqNjCcWY=">AAAB+nicbVBNS8NAEN34WetXqkcvi0XwYk2qoMeiF48V7Ac0sWy2m3bpbhJ2J0qJ/SlePCji1V/izX/jts1BWx8MPN6bYWZekAiuwXG+raXlldW19cJGcXNre2fXLu01dZwqyho0FrFqB0QzwSPWAA6CtRPFiAwEawXD64nfemBK8zi6g1HCfEn6EQ85JWCkrl3qe5pLzO6zEzj1gKTjrl12Ks4UeJG4OSmjHPWu/eX1YppKFgEVROuO6yTgZ0QBp4KNi16qWULokPRZx9CISKb9bHr6GB8ZpYfDWJmKAE/V3xMZkVqPZGA6JYGBnvcm4n9eJ4Xw0s94lKTAIjpbFKYCQ4wnOeAeV4yCGBlCqOLmVkwHRBEKJq2iCcGdf3mRNKsV96xSvT0v167yOAroAB2iY+SiC1RDN6iOGoiiR/SMXtGb9WS9WO/Wx6x1ycpn9tEfWJ8/0FqTtg==</latexit>

t
<latexit sha1_base64="btWuKJH9/rrCxCKL5tGKBdwWU5A=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsN+3azSbsToQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNnGqGW+xWMa6E1DDpVC8hQIl7ySa0yiQ/CEY3878hyeujYjVPU4S7kd0qEQoGEUrNbFfrrhVdw6ySrycVCBHo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKupYpG3PjZ/NApObPKgISxtqWQzNXfExmNjJlEge2MKI7MsjcT//O6KYbXfiZUkiJXbLEoTCXBmMy+JgOhOUM5sYQyLeythI2opgxtNiUbgrf88ipp16reRbXWvKzUb/I4inACp3AOHlxBHe6gAS1gwOEZXuHNeXRenHfnY9FacPKZY/gD5/MH4XeM/A==</latexit>

t
<latexit sha1_base64="btWuKJH9/rrCxCKL5tGKBdwWU5A=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsN+3azSbsToQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNnGqGW+xWMa6E1DDpVC8hQIl7ySa0yiQ/CEY3878hyeujYjVPU4S7kd0qEQoGEUrNbFfrrhVdw6ySrycVCBHo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKupYpG3PjZ/NApObPKgISxtqWQzNXfExmNjJlEge2MKI7MsjcT//O6KYbXfiZUkiJXbLEoTCXBmMy+JgOhOUM5sYQyLeythI2opgxtNiUbgrf88ipp16reRbXWvKzUb/I4inACp3AOHlxBHe6gAS1gwOEZXuHNeXRenHfnY9FacPKZY/gD5/MH4XeM/A==</latexit>

[s]
<latexit sha1_base64="hbyDrZbgN8dloPAJKsYhtnVmgqo=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7IekoWy2m3bp7ibsboQS+iu8eFDEqz/Hm//GbZqDtj4YeLw3w8y8MOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo+NUEdomMY9VL8SaciZp2zDDaS9RFIuQ0244uZ373SeqNIvlg5kmNBB4JFnECDZWevSzvhJIz4JBtebW3RxolXgFqUGB1qD61R/GJBVUGsKx1r7nJibIsDKMcDqr9FNNE0wmeER9SyUWVAdZfvAMnVlliKJY2ZIG5erviQwLracitJ0Cm7Fe9ubif56fmug6yJhMUkMlWSyKUo5MjObfoyFTlBg+tQQTxeytiIyxwsTYjCo2BG/55VXSadS9i3rj/rLWvCniKMMJnMI5eHAFTbiDFrSBgIBneIU3RzkvzrvzsWgtOcXMMfyB8/kDsl+QVg==</latexit>

[105s]
<latexit sha1_base64="8+jql34IuQlbAmipTLeW8fiO1es=">AAAB9HicbVDLTgIxFL2DL8QX6tJNIzFxRWYQo0uiG5eYyCOBkXRKBxrazth2SMiE73DjQmPc+jHu/BsLzELBk9zk5Jx723tPEHOmjet+O7m19Y3Nrfx2YWd3b/+geHjU1FGiCG2QiEeqHWBNOZO0YZjhtB0rikXAaSsY3c781pgqzSL5YCYx9QUeSBYygo2V/I7nPl6mXSWQnvq9Ysktu3OgVeJlpAQZ6r3iV7cfkURQaQjHWtvXYuOnWBlGOJ0WuommMSYjPKAdSyUWVPvpfOkpOrNKH4WRsiUNmqu/J1IstJ6IwHYKbIZ62ZuJ/3mdxITXfspknBgqyeKjMOHIRGiWAOozRYnhE0swUczuisgQK0yMzalgQ/CWT14lzUrZuyhX7qul2k0WRx5O4BTOwYMrqMEd1KEBBJ7gGV7hzRk7L86787FozTnZzDH8gfP5A8KGkXI=</latexit>

exact
scaling

� < �c
<latexit sha1_base64="1ixHaXQDch9cD83e2aIzFwupo3k=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoPgKexGQQ8egl48RjAPSJYwO5lNhsw+nOkNhCXf4cWDIl79GG/+jZPNHjSxoJuiqpvpKS+WQqNtf1uFtfWNza3idmlnd2//oHx41NJRohhvskhGquNRzaUIeRMFSt6JFaeBJ3nbG9/N/faEKy2i8BGnMXcDOgyFLxhFI7k9jyO9yXqf9csVu2pnIKvEyUkFcjT65a/eIGJJwENkkmrddewY3ZQqFEzyWamXaB5TNqZD3jU0pAHXbpodPSNnRhkQP1KmQiSZ+nsjpYHW08AzkwHFkV725uJ/XjdB/9pNRRgnyEO2eMhPJMGIzBMgA6E4Qzk1hDIlzK2EjaiiDE1OJROCs/zlVdKqVZ2Lau3hslK/zeMowgmcwjk4cAV1uIcGNIHBEzzDK7xZE+vFerc+FqMFK985hj+wPn8Ag3WR7g==</latexit>

growth arrestunbounded growth

homogeneous growth
inhomogeneous 

growth

inhomogeneous 
growth

g
<latexit sha1_base64="6CZoLmchak7PeUGdbOiCR035cyo=">AAAB6HicbVDLSgNBEOyNrxhfUY96GAyCp7DrJR6DXjwmYB6QLGF20puMmZ1dZmaFsOQLvHhQxKtf4Xd48+anOHkcNLGgoajqprsrSATXxnW/nNza+sbmVn67sLO7t39QPDxq6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/VbD6g0j+WdGSfoR3QgecgZNVaqD3rFklt2ZyCrxFuQUvX0o/4NALVe8bPbj1kaoTRMUK07npsYP6PKcCZwUuimGhPKRnSAHUsljVD72ezQCTm3Sp+EsbIlDZmpvycyGmk9jgLbGVEz1MveVPzP66QmvPIzLpPUoGTzRWEqiInJ9GvS5wqZEWNLKFPc3krYkCrKjM2mYEPwll9eJc3LsueWvbpN4xrmyMMJnMEFeFCBKtxCDRrAAOERnuHFuXeenFfnbd6acxYzx/AHzvsP2y+PLA==</latexit><latexit sha1_base64="QYiVIz1HWeqSAcfYlxshn5OrYrE=">AAAB6HicbVDLSgNBEOyNrxhfUY+KDAbBU9j1osegF48JmAckS5iddJIxs7PLzKwQlhw9efGgiFe/It/hzW/wJ5w8DppY0FBUddPdFcSCa+O6X05mZXVtfSO7mdva3tndy+8f1HSUKIZVFolINQKqUXCJVcONwEaskIaBwHowuJn49QdUmkfyzgxj9EPak7zLGTVWqvTa+YJbdKcgy8Sbk0LpeFz5fjwZl9v5z1YnYkmI0jBBtW56bmz8lCrDmcBRrpVojCkb0B42LZU0RO2n00NH5MwqHdKNlC1pyFT9PZHSUOthGNjOkJq+XvQm4n9eMzHdKz/lMk4MSjZb1E0EMRGZfE06XCEzYmgJZYrbWwnrU0WZsdnkbAje4svLpHZR9NyiV7FpXMMMWTiCUzgHDy6hBLdQhiowQHiCF3h17p1n5815n7VmnPnMIfyB8/EDuXSQkg==</latexit><latexit sha1_base64="QYiVIz1HWeqSAcfYlxshn5OrYrE=">AAAB6HicbVDLSgNBEOyNrxhfUY+KDAbBU9j1osegF48JmAckS5iddJIxs7PLzKwQlhw9efGgiFe/It/hzW/wJ5w8DppY0FBUddPdFcSCa+O6X05mZXVtfSO7mdva3tndy+8f1HSUKIZVFolINQKqUXCJVcONwEaskIaBwHowuJn49QdUmkfyzgxj9EPak7zLGTVWqvTa+YJbdKcgy8Sbk0LpeFz5fjwZl9v5z1YnYkmI0jBBtW56bmz8lCrDmcBRrpVojCkb0B42LZU0RO2n00NH5MwqHdKNlC1pyFT9PZHSUOthGNjOkJq+XvQm4n9eMzHdKz/lMk4MSjZb1E0EMRGZfE06XCEzYmgJZYrbWwnrU0WZsdnkbAje4svLpHZR9NyiV7FpXMMMWTiCUzgHDy6hBLdQhiowQHiCF3h17p1n5815n7VmnPnMIfyB8/EDuXSQkg==</latexit><latexit sha1_base64="/PJ7Z1iFzXuG81L8a5C962ANKKY=">AAAB6HicbVBNT8JAEJ3iF+IX6tHLRmLiibRe9Ej04hESCyTQkO0yhZXtttndmpCGX+DFg8Z49Sd589+4QA8KvmSSl/dmMjMvTAXXxnW/ndLG5tb2Tnm3srd/cHhUPT5p6yRTDH2WiER1Q6pRcIm+4UZgN1VI41BgJ5zczf3OEyrNE/lgpikGMR1JHnFGjZVao0G15tbdBcg68QpSgwLNQfWrP0xYFqM0TFCte56bmiCnynAmcFbpZxpTyiZ0hD1LJY1RB/ni0Bm5sMqQRImyJQ1ZqL8nchprPY1D2xlTM9ar3lz8z+tlJroJci7TzKBky0VRJohJyPxrMuQKmRFTSyhT3N5K2JgqyozNpmJD8FZfXiftq7rn1r2WW2vcFnGU4QzO4RI8uIYG3EMTfGCA8Ayv8OY8Oi/Ou/OxbC05xcwp/IHz+QPLNYzn</latexit>g

<latexit sha1_base64="6CZoLmchak7PeUGdbOiCR035cyo=">AAAB6HicbVDLSgNBEOyNrxhfUY96GAyCp7DrJR6DXjwmYB6QLGF20puMmZ1dZmaFsOQLvHhQxKtf4Xd48+anOHkcNLGgoajqprsrSATXxnW/nNza+sbmVn67sLO7t39QPDxq6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/VbD6g0j+WdGSfoR3QgecgZNVaqD3rFklt2ZyCrxFuQUvX0o/4NALVe8bPbj1kaoTRMUK07npsYP6PKcCZwUuimGhPKRnSAHUsljVD72ezQCTm3Sp+EsbIlDZmpvycyGmk9jgLbGVEz1MveVPzP66QmvPIzLpPUoGTzRWEqiInJ9GvS5wqZEWNLKFPc3krYkCrKjM2mYEPwll9eJc3LsueWvbpN4xrmyMMJnMEFeFCBKtxCDRrAAOERnuHFuXeenFfnbd6acxYzx/AHzvsP2y+PLA==</latexit><latexit sha1_base64="QYiVIz1HWeqSAcfYlxshn5OrYrE=">AAAB6HicbVDLSgNBEOyNrxhfUY+KDAbBU9j1osegF48JmAckS5iddJIxs7PLzKwQlhw9efGgiFe/It/hzW/wJ5w8DppY0FBUddPdFcSCa+O6X05mZXVtfSO7mdva3tndy+8f1HSUKIZVFolINQKqUXCJVcONwEaskIaBwHowuJn49QdUmkfyzgxj9EPak7zLGTVWqvTa+YJbdKcgy8Sbk0LpeFz5fjwZl9v5z1YnYkmI0jBBtW56bmz8lCrDmcBRrpVojCkb0B42LZU0RO2n00NH5MwqHdKNlC1pyFT9PZHSUOthGNjOkJq+XvQm4n9eMzHdKz/lMk4MSjZb1E0EMRGZfE06XCEzYmgJZYrbWwnrU0WZsdnkbAje4svLpHZR9NyiV7FpXMMMWTiCUzgHDy6hBLdQhiowQHiCF3h17p1n5815n7VmnPnMIfyB8/EDuXSQkg==</latexit><latexit sha1_base64="QYiVIz1HWeqSAcfYlxshn5OrYrE=">AAAB6HicbVDLSgNBEOyNrxhfUY+KDAbBU9j1osegF48JmAckS5iddJIxs7PLzKwQlhw9efGgiFe/It/hzW/wJ5w8DppY0FBUddPdFcSCa+O6X05mZXVtfSO7mdva3tndy+8f1HSUKIZVFolINQKqUXCJVcONwEaskIaBwHowuJn49QdUmkfyzgxj9EPak7zLGTVWqvTa+YJbdKcgy8Sbk0LpeFz5fjwZl9v5z1YnYkmI0jBBtW56bmz8lCrDmcBRrpVojCkb0B42LZU0RO2n00NH5MwqHdKNlC1pyFT9PZHSUOthGNjOkJq+XvQm4n9eMzHdKz/lMk4MSjZb1E0EMRGZfE06XCEzYmgJZYrbWwnrU0WZsdnkbAje4svLpHZR9NyiV7FpXMMMWTiCUzgHDy6hBLdQhiowQHiCF3h17p1n5815n7VmnPnMIfyB8/EDuXSQkg==</latexit><latexit sha1_base64="/PJ7Z1iFzXuG81L8a5C962ANKKY=">AAAB6HicbVBNT8JAEJ3iF+IX6tHLRmLiibRe9Ej04hESCyTQkO0yhZXtttndmpCGX+DFg8Z49Sd589+4QA8KvmSSl/dmMjMvTAXXxnW/ndLG5tb2Tnm3srd/cHhUPT5p6yRTDH2WiER1Q6pRcIm+4UZgN1VI41BgJ5zczf3OEyrNE/lgpikGMR1JHnFGjZVao0G15tbdBcg68QpSgwLNQfWrP0xYFqM0TFCte56bmiCnynAmcFbpZxpTyiZ0hD1LJY1RB/ni0Bm5sMqQRImyJQ1ZqL8nchprPY1D2xlTM9ar3lz8z+tlJroJci7TzKBky0VRJohJyPxrMuQKmRFTSyhT3N5K2JgqyozNpmJD8FZfXiftq7rn1r2WW2vcFnGU4QzO4RI8uIYG3EMTfGCA8Ayv8OY8Oi/Ou/OxbC05xcwp/IHz+QPLNYzn</latexit>

g
<latexit sha1_base64="6CZoLmchak7PeUGdbOiCR035cyo=">AAAB6HicbVDLSgNBEOyNrxhfUY96GAyCp7DrJR6DXjwmYB6QLGF20puMmZ1dZmaFsOQLvHhQxKtf4Xd48+anOHkcNLGgoajqprsrSATXxnW/nNza+sbmVn67sLO7t39QPDxq6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/VbD6g0j+WdGSfoR3QgecgZNVaqD3rFklt2ZyCrxFuQUvX0o/4NALVe8bPbj1kaoTRMUK07npsYP6PKcCZwUuimGhPKRnSAHUsljVD72ezQCTm3Sp+EsbIlDZmpvycyGmk9jgLbGVEz1MveVPzP66QmvPIzLpPUoGTzRWEqiInJ9GvS5wqZEWNLKFPc3krYkCrKjM2mYEPwll9eJc3LsueWvbpN4xrmyMMJnMEFeFCBKtxCDRrAAOERnuHFuXeenFfnbd6acxYzx/AHzvsP2y+PLA==</latexit><latexit sha1_base64="QYiVIz1HWeqSAcfYlxshn5OrYrE=">AAAB6HicbVDLSgNBEOyNrxhfUY+KDAbBU9j1osegF48JmAckS5iddJIxs7PLzKwQlhw9efGgiFe/It/hzW/wJ5w8DppY0FBUddPdFcSCa+O6X05mZXVtfSO7mdva3tndy+8f1HSUKIZVFolINQKqUXCJVcONwEaskIaBwHowuJn49QdUmkfyzgxj9EPak7zLGTVWqvTa+YJbdKcgy8Sbk0LpeFz5fjwZl9v5z1YnYkmI0jBBtW56bmz8lCrDmcBRrpVojCkb0B42LZU0RO2n00NH5MwqHdKNlC1pyFT9PZHSUOthGNjOkJq+XvQm4n9eMzHdKz/lMk4MSjZb1E0EMRGZfE06XCEzYmgJZYrbWwnrU0WZsdnkbAje4svLpHZR9NyiV7FpXMMMWTiCUzgHDy6hBLdQhiowQHiCF3h17p1n5815n7VmnPnMIfyB8/EDuXSQkg==</latexit><latexit sha1_base64="QYiVIz1HWeqSAcfYlxshn5OrYrE=">AAAB6HicbVDLSgNBEOyNrxhfUY+KDAbBU9j1osegF48JmAckS5iddJIxs7PLzKwQlhw9efGgiFe/It/hzW/wJ5w8DppY0FBUddPdFcSCa+O6X05mZXVtfSO7mdva3tndy+8f1HSUKIZVFolINQKqUXCJVcONwEaskIaBwHowuJn49QdUmkfyzgxj9EPak7zLGTVWqvTa+YJbdKcgy8Sbk0LpeFz5fjwZl9v5z1YnYkmI0jBBtW56bmz8lCrDmcBRrpVojCkb0B42LZU0RO2n00NH5MwqHdKNlC1pyFT9PZHSUOthGNjOkJq+XvQm4n9eMzHdKz/lMk4MSjZb1E0EMRGZfE06XCEzYmgJZYrbWwnrU0WZsdnkbAje4svLpHZR9NyiV7FpXMMMWTiCUzgHDy6hBLdQhiowQHiCF3h17p1n5815n7VmnPnMIfyB8/EDuXSQkg==</latexit><latexit sha1_base64="/PJ7Z1iFzXuG81L8a5C962ANKKY=">AAAB6HicbVBNT8JAEJ3iF+IX6tHLRmLiibRe9Ej04hESCyTQkO0yhZXtttndmpCGX+DFg8Z49Sd589+4QA8KvmSSl/dmMjMvTAXXxnW/ndLG5tb2Tnm3srd/cHhUPT5p6yRTDH2WiER1Q6pRcIm+4UZgN1VI41BgJ5zczf3OEyrNE/lgpikGMR1JHnFGjZVao0G15tbdBcg68QpSgwLNQfWrP0xYFqM0TFCte56bmiCnynAmcFbpZxpTyiZ0hD1LJY1RB/ni0Bm5sMqQRImyJQ1ZqL8nchprPY1D2xlTM9ar3lz8z+tlJroJci7TzKBky0VRJohJyPxrMuQKmRFTSyhT3N5K2JgqyozNpmJD8FZfXiftq7rn1r2WW2vcFnGU4QzO4RI8uIYG3EMTfGCA8Ayv8OY8Oi/Ou/OxbC05xcwp/IHz+QPLNYzn</latexit>

x/L
<latexit sha1_base64="ulWmQ9FRxkgfATSZ9bor8U2shaw=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8xd0o6DHoxYOHiOYByRJmJ73JkNnZZWZWDEs+wYsHRbz6Rd78GyePgyYWNBRV3XR3BYng2rjut7O0vLK6tp7byG9ube/sFvb26zpOFcMai0WsmgHVKLjEmuFGYDNRSKNAYCMYXI/9xiMqzWP5YIYJ+hHtSR5yRo2V7p9ObzuFoltyJyCLxJuRIsxQ7RS+2t2YpRFKwwTVuuW5ifEzqgxnAkf5dqoxoWxAe9iyVNIItZ9NTh2RY6t0SRgrW9KQifp7IqOR1sMosJ0RNX09743F/7xWasJLP+MySQ1KNl0UpoKYmIz/Jl2ukBkxtIQyxe2thPWposzYdPI2BG/+5UVSL5e8s1L57rxYuZrFkYNDOIIT8OACKnADVagBgx48wyu8OcJ5cd6dj2nrkjObOYA/cD5/AOzrjY8=</latexit>

x/L
<latexit sha1_base64="ulWmQ9FRxkgfATSZ9bor8U2shaw=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8xd0o6DHoxYOHiOYByRJmJ73JkNnZZWZWDEs+wYsHRbz6Rd78GyePgyYWNBRV3XR3BYng2rjut7O0vLK6tp7byG9ube/sFvb26zpOFcMai0WsmgHVKLjEmuFGYDNRSKNAYCMYXI/9xiMqzWP5YIYJ+hHtSR5yRo2V7p9ObzuFoltyJyCLxJuRIsxQ7RS+2t2YpRFKwwTVuuW5ifEzqgxnAkf5dqoxoWxAe9iyVNIItZ9NTh2RY6t0SRgrW9KQifp7IqOR1sMosJ0RNX09743F/7xWasJLP+MySQ1KNl0UpoKYmIz/Jl2ukBkxtIQyxe2thPWposzYdPI2BG/+5UVSL5e8s1L57rxYuZrFkYNDOIIT8OACKnADVagBgx48wyu8OcJ5cd6dj2nrkjObOYA/cD5/AOzrjY8=</latexit>

x/L
<latexit sha1_base64="ulWmQ9FRxkgfATSZ9bor8U2shaw=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8xd0o6DHoxYOHiOYByRJmJ73JkNnZZWZWDEs+wYsHRbz6Rd78GyePgyYWNBRV3XR3BYng2rjut7O0vLK6tp7byG9ube/sFvb26zpOFcMai0WsmgHVKLjEmuFGYDNRSKNAYCMYXI/9xiMqzWP5YIYJ+hHtSR5yRo2V7p9ObzuFoltyJyCLxJuRIsxQ7RS+2t2YpRFKwwTVuuW5ifEzqgxnAkf5dqoxoWxAe9iyVNIItZ9NTh2RY6t0SRgrW9KQifp7IqOR1sMosJ0RNX09743F/7xWasJLP+MySQ1KNl0UpoKYmIz/Jl2ukBkxtIQyxe2thPWposzYdPI2BG/+5UVSL5e8s1L57rxYuZrFkYNDOIIT8OACKnADVagBgx48wyu8OcJ5cd6dj2nrkjObOYA/cD5/AOzrjY8=</latexit>

x/L
<latexit sha1_base64="ulWmQ9FRxkgfATSZ9bor8U2shaw=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8xd0o6DHoxYOHiOYByRJmJ73JkNnZZWZWDEs+wYsHRbz6Rd78GyePgyYWNBRV3XR3BYng2rjut7O0vLK6tp7byG9ube/sFvb26zpOFcMai0WsmgHVKLjEmuFGYDNRSKNAYCMYXI/9xiMqzWP5YIYJ+hHtSR5yRo2V7p9ObzuFoltyJyCLxJuRIsxQ7RS+2t2YpRFKwwTVuuW5ifEzqgxnAkf5dqoxoWxAe9iyVNIItZ9NTh2RY6t0SRgrW9KQifp7IqOR1sMosJ0RNX09743F/7xWasJLP+MySQ1KNl0UpoKYmIz/Jl2ukBkxtIQyxe2thPWposzYdPI2BG/+5UVSL5e8s1L57rxYuZrFkYNDOIIT8OACKnADVagBgx48wyu8OcJ5cd6dj2nrkjObOYA/cD5/AOzrjY8=</latexit>

x/L
<latexit sha1_base64="ulWmQ9FRxkgfATSZ9bor8U2shaw=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8xd0o6DHoxYOHiOYByRJmJ73JkNnZZWZWDEs+wYsHRbz6Rd78GyePgyYWNBRV3XR3BYng2rjut7O0vLK6tp7byG9ube/sFvb26zpOFcMai0WsmgHVKLjEmuFGYDNRSKNAYCMYXI/9xiMqzWP5YIYJ+hHtSR5yRo2V7p9ObzuFoltyJyCLxJuRIsxQ7RS+2t2YpRFKwwTVuuW5ifEzqgxnAkf5dqoxoWxAe9iyVNIItZ9NTh2RY6t0SRgrW9KQifp7IqOR1sMosJ0RNX09743F/7xWasJLP+MySQ1KNl0UpoKYmIz/Jl2ukBkxtIQyxe2thPWposzYdPI2BG/+5UVSL5e8s1L57rxYuZrFkYNDOIIT8OACKnADVagBgx48wyu8OcJ5cd6dj2nrkjObOYA/cD5/AOzrjY8=</latexit>

x/L
<latexit sha1_base64="ulWmQ9FRxkgfATSZ9bor8U2shaw=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8xd0o6DHoxYOHiOYByRJmJ73JkNnZZWZWDEs+wYsHRbz6Rd78GyePgyYWNBRV3XR3BYng2rjut7O0vLK6tp7byG9ube/sFvb26zpOFcMai0WsmgHVKLjEmuFGYDNRSKNAYCMYXI/9xiMqzWP5YIYJ+hHtSR5yRo2V7p9ObzuFoltyJyCLxJuRIsxQ7RS+2t2YpRFKwwTVuuW5ifEzqgxnAkf5dqoxoWxAe9iyVNIItZ9NTh2RY6t0SRgrW9KQifp7IqOR1sMosJ0RNX09743F/7xWasJLP+MySQ1KNl0UpoKYmIz/Jl2ukBkxtIQyxe2thPWposzYdPI2BG/+5UVSL5e8s1L57rxYuZrFkYNDOIIT8OACKnADVagBgx48wyu8OcJ5cd6dj2nrkjObOYA/cD5/AOzrjY8=</latexit>

t
<latexit sha1_base64="btWuKJH9/rrCxCKL5tGKBdwWU5A=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsN+3azSbsToQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNnGqGW+xWMa6E1DDpVC8hQIl7ySa0yiQ/CEY3878hyeujYjVPU4S7kd0qEQoGEUrNbFfrrhVdw6ySrycVCBHo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKupYpG3PjZ/NApObPKgISxtqWQzNXfExmNjJlEge2MKI7MsjcT//O6KYbXfiZUkiJXbLEoTCXBmMy+JgOhOUM5sYQyLeythI2opgxtNiUbgrf88ipp16reRbXWvKzUb/I4inACp3AOHlxBHe6gAS1gwOEZXuHNeXRenHfnY9FacPKZY/gD5/MH4XeM/A==</latexit>

[s]
<latexit sha1_base64="hbyDrZbgN8dloPAJKsYhtnVmgqo=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7IekoWy2m3bp7ibsboQS+iu8eFDEqz/Hm//GbZqDtj4YeLw3w8y8MOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo+NUEdomMY9VL8SaciZp2zDDaS9RFIuQ0244uZ373SeqNIvlg5kmNBB4JFnECDZWevSzvhJIz4JBtebW3RxolXgFqUGB1qD61R/GJBVUGsKx1r7nJibIsDKMcDqr9FNNE0wmeER9SyUWVAdZfvAMnVlliKJY2ZIG5erviQwLracitJ0Cm7Fe9ubif56fmug6yJhMUkMlWSyKUo5MjObfoyFTlBg+tQQTxeytiIyxwsTYjCo2BG/55VXSadS9i3rj/rLWvCniKMMJnMI5eHAFTbiDFrSBgIBneIU3RzkvzrvzsWgtOcXMMfyB8/kDsl+QVg==</latexit>

g ⇠ 1/t
<latexit sha1_base64="kGJ+hTXm9XFAmq7TAVXmQvk5zB8=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSJ4qkkV9Fj04rGC/ZA2lM120y7dTcLuRCihv8KLB0W8+nO8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FBFvoEDJ24nmVAWSt4LR7dRvPXFtRBw94DjhvqKDSISCUbTS46BrhCLeOfZKZbfizkCWiZeTMuSo90pf3X7MUsUjZJIa0/HcBP2MahRM8kmxmxqeUDaiA96xNKKKGz+bHTwhp1bpkzDWtiIkM/X3REaVMWMV2E5FcWgWvan4n9dJMbz2MxElKfKIzReFqSQYk+n3pC80ZyjHllCmhb2VsCHVlKHNqGhD8BZfXibNasW7qFTvL8u1mzyOAhzDCZyBB1dQgzuoQwMYKHiGV3hztPPivDsf89YVJ585gj9wPn8A8mqP2A==</latexit>

g ⇠ 1/t
<latexit sha1_base64="kGJ+hTXm9XFAmq7TAVXmQvk5zB8=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSJ4qkkV9Fj04rGC/ZA2lM120y7dTcLuRCihv8KLB0W8+nO8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FBFvoEDJ24nmVAWSt4LR7dRvPXFtRBw94DjhvqKDSISCUbTS46BrhCLeOfZKZbfizkCWiZeTMuSo90pf3X7MUsUjZJIa0/HcBP2MahRM8kmxmxqeUDaiA96xNKKKGz+bHTwhp1bpkzDWtiIkM/X3REaVMWMV2E5FcWgWvan4n9dJMbz2MxElKfKIzReFqSQYk+n3pC80ZyjHllCmhb2VsCHVlKHNqGhD8BZfXibNasW7qFTvL8u1mzyOAhzDCZyBB1dQgzuoQwMYKHiGV3hztPPivDsf89YVJ585gj9wPn8A8mqP2A==</latexit>

g ⇠ e�t/⌧
<latexit sha1_base64="QSKt2YHeqbrLbfb+07jdqNjCcWY=">AAAB+nicbVBNS8NAEN34WetXqkcvi0XwYk2qoMeiF48V7Ac0sWy2m3bpbhJ2J0qJ/SlePCji1V/izX/jts1BWx8MPN6bYWZekAiuwXG+raXlldW19cJGcXNre2fXLu01dZwqyho0FrFqB0QzwSPWAA6CtRPFiAwEawXD64nfemBK8zi6g1HCfEn6EQ85JWCkrl3qe5pLzO6zEzj1gKTjrl12Ks4UeJG4OSmjHPWu/eX1YppKFgEVROuO6yTgZ0QBp4KNi16qWULokPRZx9CISKb9bHr6GB8ZpYfDWJmKAE/V3xMZkVqPZGA6JYGBnvcm4n9eJ4Xw0s94lKTAIjpbFKYCQ4wnOeAeV4yCGBlCqOLmVkwHRBEKJq2iCcGdf3mRNKsV96xSvT0v167yOAroAB2iY+SiC1RDN6iOGoiiR/SMXtGb9WS9WO/Wx6x1ycpn9tEfWJ8/0FqTtg==</latexit>

L(t) ⇠ t1/2
<latexit sha1_base64="H1LxfNJbd9YuBnYu8mLY8ZujISs=">AAAB+XicbVDJSgNBEK2JW4zbqEcvTYIQEeJMLnoMevHgIYJZIBNDT6eTNOlZ6K4JhCF/4kEPinj1T7z5N3aWgyY+KHi8V0VVPT+WQqPjfFuZtfWNza3sdm5nd2//wD48qusoUYzXWCQj1fSp5lKEvIYCJW/GitPAl7zhD2+mfmPElRZR+IDjmLcD2g9FTzCKRurY9l0RzzwtAoKPqXtRnnTsglNyZiCrxF2QQiXvnT8DQLVjf3ndiCUBD5FJqnXLdWJsp1ShYJJPcl6ieUzZkPZ5y9CQBly309nlE3JqlC7pRcpUiGSm/p5IaaD1OPBNZ0BxoJe9qfif10qwd9VORRgnyEM2X9RLJMGITGMgXaE4Qzk2hDIlzK2EDaiiDE1YOROCu/zyKqmXS65Tcu9NGtcwRxZOIA9FcOESKnALVagBgxE8wSu8Wan1Yr1bH/PWjLWYOYY/sD5/AOp0lAI=</latexit><latexit sha1_base64="5cDPMbipTs7GBaJcCSCgt/A5VAE=">AAAB+XicbVDLSsNAFJ3UV62vqEs3Q4tQEWrSjS6Lbly4qGAf0MQymU7awckkzNwUSuhfuHTjQhG3/om7/o3Tx0JbD1w4nHMv994TJIJrcJyJlVtb39jcym8Xdnb39g/sw6OmjlNFWYPGIlbtgGgmuGQN4CBYO1GMRIFgreDpZuq3hkxpHssHGCXMj0hf8pBTAkbq2vZdGc48zSMMj5l7UR137ZJTcWbAq8RdkFKt6J0/T2qjetf+9noxTSMmgQqidcd1EvAzooBTwcYFL9UsIfSJ9FnHUEkipv1sdvkYnxqlh8NYmZKAZ+rviYxEWo+iwHRGBAZ62ZuK/3mdFMIrP+MySYFJOl8UpgJDjKcx4B5XjIIYGUKo4uZWTAdEEQomrIIJwV1+eZU0qxXXqbj3Jo1rNEcenaAiKiMXXaIaukV11EAUDdELekPvVma9Wh/W57w1Zy1mjtEfWF8/896ViA==</latexit><latexit sha1_base64="5cDPMbipTs7GBaJcCSCgt/A5VAE=">AAAB+XicbVDLSsNAFJ3UV62vqEs3Q4tQEWrSjS6Lbly4qGAf0MQymU7awckkzNwUSuhfuHTjQhG3/om7/o3Tx0JbD1w4nHMv994TJIJrcJyJlVtb39jcym8Xdnb39g/sw6OmjlNFWYPGIlbtgGgmuGQN4CBYO1GMRIFgreDpZuq3hkxpHssHGCXMj0hf8pBTAkbq2vZdGc48zSMMj5l7UR137ZJTcWbAq8RdkFKt6J0/T2qjetf+9noxTSMmgQqidcd1EvAzooBTwcYFL9UsIfSJ9FnHUEkipv1sdvkYnxqlh8NYmZKAZ+rviYxEWo+iwHRGBAZ62ZuK/3mdFMIrP+MySYFJOl8UpgJDjKcx4B5XjIIYGUKo4uZWTAdEEQomrIIJwV1+eZU0qxXXqbj3Jo1rNEcenaAiKiMXXaIaukV11EAUDdELekPvVma9Wh/W57w1Zy1mjtEfWF8/896ViA==</latexit><latexit sha1_base64="T9DDznJbZeB0SqcD6ZBOK04c8G8=">AAAB+XicbVA9T8MwEHX4LOUrwMhiUSGVpSRdYKxgYWAoEv2Q2lA5rtNatZ3IvlSqov4TFgYQYuWfsPFvcNsM0PKkk57eu9PdvTAR3IDnfTtr6xubW9uFneLu3v7BoXt03DRxqilr0FjEuh0SwwRXrAEcBGsnmhEZCtYKR7czvzVm2vBYPcIkYYEkA8UjTglYqee692W46BouMTxl/mV12nNLXsWbA68SPycllKPec7+6/ZimkimgghjT8b0Egoxo4FSwabGbGpYQOiID1rFUEclMkM0vn+Jzq/RxFGtbCvBc/T2REWnMRIa2UxIYmmVvJv7ndVKIroOMqyQFpuhiUZQKDDGexYD7XDMKYmIJoZrbWzEdEk0o2LCKNgR/+eVV0qxWfK/iP3il2k0eRwGdojNURj66QjV0h+qogSgao2f0it6czHlx3p2PReuak8+coD9wPn8A1/WSeQ==</latexit>

unbounded growth

C ' ⌫�2

D
e�x/�

<latexit sha1_base64="1e35hSM+We7KueTXMtw8LJvsmbY=">AAACFnicbVC7TsMwFHV4U14BRhaLComlJSlIMFaUgREkSis1aeW4N62F4wTbQVRRvoKFX2FhACFWxMbf4JYMvI5k6eice3R9T5BwprTjfFhT0zOzc/MLi6Wl5ZXVNXt941LFqaTQpDGPZTsgCjgT0NRMc2gnEkgUcGgFV42x37oBqVgsLvQoAT8iA8FCRok2Us+uNDzFIrjGXigJz TyRYo+beJ90a3l2kkM3q9zuFVLes8tO1ZkA/yVuQcqowFnPfvf6MU0jEJpyolTHdRLtZ0RqRjnkJS9VkBB6RQbQMVSQCJSfTc7K8Y5R+jiMpXlC44n6PZGRSKlRFJjJiOih+u2Nxf+8TqrDIz9jIkk1CPq1KEw51jEed4T7TALVfGQIoZKZv2I6JKYfbZosmRLc3yf/JZe1qrtfrZ0flOvHRR0LaAtto13kokNUR6foDDURRXfoAT2hZ+veerRerNev0SmryGyiH7DePgFHxp9z</latexit>

�2 =
D

k + (1 + �)g
<latexit sha1_base64="5JwKyrxwr7xq1SylJNhxmp0vdRw=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0WoFEpSBd0IRV24rGAf0MQymUzaoZNJmJkIJWTrxl9x40IRt/6BO//GaZuFth4YOJxzLnfu8WJGpbKsb6OwtLyyulZcL21sbm3vmLt7bRklApMWjlgkuh6ShFFOWooqRrqxICj0GOl4o6uJ33kgQtKI36lxTNwQDTgNKEZKS30TOkyHfXRfv3ACgXB6naWjasWuOh5R6HiQ9c2yVbOmgIvEzkkZ5Gj2zS/Hj3ASEq4wQ1L2bCtWboqEopiRrOQkksQIj9CA9DTlKCTSTaeXZPBIKz4MIqEfV3Cq/p5IUSjlOPR0MkRqKOe9ifif10tUcO6mlMeJIhzPFgUJgyqCk1qgTwXBio01QVhQ/VeIh0gXonR5JV2CPX/yImnXa/ZJrX57Wm5c5nUUwQE4BBVggzPQADegCVoAg0fwDF7Bm/FkvBjvxscsWjDymX3wB8bnDwytmUc=</latexit>

k ⇠ 1

L2
<latexit sha1_base64="vomOAfSey61vHoSmEiqwDaECr94=">AAAB/HicbVBNS8NAEJ34WetXtEcvi0XwVJIq6LHoxYOHCvYDmlg22027dLMJuxshhPpXvHhQxKs/xJv/xm2bg7Y+GHi8N8PMvCDhTGnH+bZWVtfWNzZLW+Xtnd29ffvgsK3iVBLaIjGPZTfAinImaEszzWk3kRRHAaedYHw99TuPVCoWi3udJdSP8FCwkBGsjdS3K2NPsQh5ocQkdyf57UN90rerTs2ZAS0TtyBVKNDs21/eICZpRIUmHCvVc51E+zmWmhFOJ2UvVTTBZIyHtGeowBFVfj47foJOjDJAYSxNCY1m6u+JHEdKZVFgOiOsR2rRm4r/eb1Uh5d+zkSSairIfFGYcqRjNE0CDZikRPPMEEwkM7ciMsImB23yKpsQ3MWXl0m7XnPPavW782rjqoijBEdwDKfgwgU04Aaa0AICGTzDK7xZT9aL9W59zFtXrGKmAn9gff4AWOCUkg==</latexit>
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� = �c
<latexit sha1_base64="hCvFNsXc7UeFiN2XjoB0ehht2Xw=">AAAB9HicbVA9TwJBEJ3DL8Qv1FKLjcTEitzZaGNCtLGERMAELmRvWWDD3t65O0dCLvwOGwuNsbX2d9jZ+VNcDgoFXzKTl/dmsrMviKUw6LpfTm5ldW19I79Z2Nre2d0r7h80TJRoxusskpG+D6jhUiheR4GS38ea0zCQvBkMb6Z+c8S1EZG6w3HM/ZD2legJRtFKfjvgSK+y3mGdYsktuxnIMvHmpFQ5/qh9A0C1U/xsdyOWhFwhk9SYlufG6KdUo2CSTwrtxPCYsiHt85aliobc+Gl29IScWqVLepG2pZBk6u+NlIbGjMPAToYUB2bRm4r/ea0Ee5d+KlScIFds9lAvkQQjMk2AdIXmDOXYEsq0sLcSNqCaMrQ5FWwI3uKXl0njvOy5Za9m07iGGfJwBCdwBh5cQAVuoQp1YPAAj/AML87IeXJenbfZaM6Z7xzCHzjvP5JslCw=</latexit><latexit sha1_base64="X+6s4gYDFUJEv+NqxhqcVSdknDE=">AAAB9HicbVC7SgNBFJ2NrxhfUUtFFoNgFXZttBGCNpYJmAckS5id3E2GzM6uM3cDIaT0G2wsFLG1znfY+Q3+hJNNCk08cC+Hc+5l7hw/Flyj43xZmZXVtfWN7GZua3tndy+/f1DTUaIYVFkkItXwqQbBJVSRo4BGrICGvoC637+d+vUBKM0jeY/DGLyQdiUPOKNoJK/lA9LrtLdZO19wik4Ke5m4c1IoHU8q348nk3I7/9nqRCwJQSITVOum68TojahCzgSMc61EQ0xZn3ahaaikIWhvlB49ts+M0rGDSJmSaKfq740RDbUehr6ZDCn29KI3Ff/zmgkGV96IyzhBkGz2UJAIGyN7moDd4QoYiqEhlClubrVZjyrK0OSUMyG4i19eJrWLousU3YpJ44bMkCVH5JScE5dckhK5I2VSJYw8kCfyQl6tgfVsvVnvs9GMNd85JH9gffwAcLGVkg==</latexit><latexit sha1_base64="X+6s4gYDFUJEv+NqxhqcVSdknDE=">AAAB9HicbVC7SgNBFJ2NrxhfUUtFFoNgFXZttBGCNpYJmAckS5id3E2GzM6uM3cDIaT0G2wsFLG1znfY+Q3+hJNNCk08cC+Hc+5l7hw/Flyj43xZmZXVtfWN7GZua3tndy+/f1DTUaIYVFkkItXwqQbBJVSRo4BGrICGvoC637+d+vUBKM0jeY/DGLyQdiUPOKNoJK/lA9LrtLdZO19wik4Ke5m4c1IoHU8q348nk3I7/9nqRCwJQSITVOum68TojahCzgSMc61EQ0xZn3ahaaikIWhvlB49ts+M0rGDSJmSaKfq740RDbUehr6ZDCn29KI3Ff/zmgkGV96IyzhBkGz2UJAIGyN7moDd4QoYiqEhlClubrVZjyrK0OSUMyG4i19eJrWLousU3YpJ44bMkCVH5JScE5dckhK5I2VSJYw8kCfyQl6tgfVsvVnvs9GMNd85JH9gffwAcLGVkg==</latexit><latexit sha1_base64="TpAcaOajeiyT2qfg1eYD0uipw5I=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4KokXvQhFLx4r2A9oQ9lsN+3SzSbuTgol9Hd48aCIV3+MN/+N2zQHbX0ww+O9GXb2BYkUBl3321lb39jc2i7tlHf39g8OK0fHLROnmvEmi2WsOwE1XArFmyhQ8k6iOY0CydvB+G7utydcGxGrR5wm3I/oUIlQMIpW8nsBR3qT9z7rV6puzc1BVolXkCoUaPQrX71BzNKIK2SSGtP13AT9jGoUTPJZuZcanlA2pkPetVTRiBs/y4+ekXOrDEgYa1sKSa7+3shoZMw0CuxkRHFklr25+J/XTTG89jOhkhS5YouHwlQSjMk8ATIQmjOUU0so08LeStiIasrQ5lS2IXjLX14lrcua59a8B7davy3iKMEpnMEFeHAFdbiHBjSBwRM8wyu8ORPnxXl3Phaja06xcwJ/4Hz+AIJykec=</latexit> � > �c

<latexit sha1_base64="YvQN8NdXRqBBIQ6LtYdSSslhRIk=">AAAB9HicbVA9TwJBEJ3DL8Qv1FKLjcTEitzZaGWINpaQCJjAhewtC2zY2zt350jIhd9hY6Exttb+Djs7f4rLQaHgS2by8t5MdvYFsRQGXffLya2srq1v5DcLW9s7u3vF/YOGiRLNeJ1FMtL3ATVcCsXrKFDy+1hzGgaSN4PhzdRvjrg2IlJ3OI65H9K+Ej3BKFrJbwcc6VXWO6xTLLllNwNZJt6clCrHH7VvAKh2ip/tbsSSkCtkkhrT8twY/ZRqFEzySaGdGB5TNqR93rJU0ZAbP82OnpBTq3RJL9K2FJJM/b2R0tCYcRjYyZDiwCx6U/E/r5Vg79JPhYoT5IrNHuolkmBEpgmQrtCcoRxbQpkW9lbCBlRThjangg3BW/zyMmmclz237NVsGtcwQx6O4ATOwIMLqMAtVKEODB7gEZ7hxRk5T86r8zYbzTnznUP4A+f9B5P3lC0=</latexit><latexit sha1_base64="+9hmfHQw4Qn5Oh5yL2qCqC/WMNc=">AAAB9HicbVC7TgJBFJ3FF+ILtdSYjcTEiuzaaGWINpaQyCOBDZkd7sKE2dl15i4JIZR+g42Fxtha8x12foM/4bBQKHiSe3Nyzr2ZO8ePBdfoOF9WZmV1bX0ju5nb2t7Z3cvvH9R0lCgGVRaJSDV8qkFwCVXkKKARK6ChL6Du92+nfn0ASvNI3uMwBi+kXckDzigayWv5gPQ67W3WzhecopPCXibunBRKx5PK9+PJpNzOf7Y6EUtCkMgE1brpOjF6I6qQMwHjXCvREFPWp11oGippCNobpUeP7TOjdOwgUqYk2qn6e2NEQ62HoW8mQ4o9vehNxf+8ZoLBlTfiMk4QJJs9FCTCxsieJmB3uAKGYmgIZYqbW23Wo4oyNDnlTAju4peXSe2i6DpFt2LSuCEzZMkROSXnxCWXpETuSJlUCSMP5Im8kFdrYD1bb9b7bDRjzXcOyR9YHz9yPJWT</latexit><latexit sha1_base64="+9hmfHQw4Qn5Oh5yL2qCqC/WMNc=">AAAB9HicbVC7TgJBFJ3FF+ILtdSYjcTEiuzaaGWINpaQyCOBDZkd7sKE2dl15i4JIZR+g42Fxtha8x12foM/4bBQKHiSe3Nyzr2ZO8ePBdfoOF9WZmV1bX0ju5nb2t7Z3cvvH9R0lCgGVRaJSDV8qkFwCVXkKKARK6ChL6Du92+nfn0ASvNI3uMwBi+kXckDzigayWv5gPQ67W3WzhecopPCXibunBRKx5PK9+PJpNzOf7Y6EUtCkMgE1brpOjF6I6qQMwHjXCvREFPWp11oGippCNobpUeP7TOjdOwgUqYk2qn6e2NEQ62HoW8mQ4o9vehNxf+8ZoLBlTfiMk4QJJs9FCTCxsieJmB3uAKGYmgIZYqbW23Wo4oyNDnlTAju4peXSe2i6DpFt2LSuCEzZMkROSXnxCWXpETuSJlUCSMP5Im8kFdrYD1bb9b7bDRjzXcOyR9YHz9yPJWT</latexit><latexit sha1_base64="pDu6X18fQzNwFqh/mXo3bmMBscw=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4KokXPUnRi8cK9gPaUDbbTbt0s4m7k0IJ/R1ePCji1R/jzX/jNs1BWx/M8Hhvhp19QSKFQdf9dtbWNza3tks75d29/YPDytFxy8SpZrzJYhnrTkANl0LxJgqUvJNoTqNA8nYwvpv77QnXRsTqEacJ9yM6VCIUjKKV/F7Akd7kvc/6lapbc3OQVeIVpAoFGv3KV28QszTiCpmkxnQ9N0E/oxoFk3xW7qWGJ5SN6ZB3LVU04sbP8qNn5NwqAxLG2pZCkqu/NzIaGTONAjsZURyZZW8u/ud1Uwyv/UyoJEWu2OKhMJUEYzJPgAyE5gzl1BLKtLC3EjaimjK0OZVtCN7yl1dJ67LmuTXvwa3Wb4s4SnAKZ3ABHlxBHe6hAU1g8ATP8ApvzsR5cd6dj8XomlPsnMAfOJ8/g/2R6A==</latexit>

C
<latexit sha1_base64="qitYjHnTvWLLMhbcMUcBblbEEo8=">AAAB6HicbZC7SwNBEMbnfMb4ilraLAbBKtzZaCMG01gmYB6QHGFvM5es2ds7dveEcATsbSwUsfWfsbfzv3HzKDTxg4Uf3zfDzkyQCK6N6347K6tr6xubua389s7u3n7h4LCh41QxrLNYxKoVUI2CS6wbbgS2EoU0CgQ2g2FlkjcfUGkeyzszStCPaF/ykDNqrFWrdAtFt+RORZbBm0Px+jN/9QgA1W7hq9OLWRqhNExQrduemxg/o8pwJnCc76QaE8qGtI9ti5JGqP1sOuiYnFqnR8JY2ScNmbq/OzIaaT2KAlsZUTPQi9nE/C9rpya89DMuk9SgZLOPwlQQE5PJ1qTHFTIjRhYoU9zOStiAKsqMvU3eHsFbXHkZGuclzy15NbdYvoGZcnAMJ3AGHlxAGW6hCnVggPAEL/Dq3DvPzpvzPitdceY9R/BHzscPA+yOkA==</latexit><latexit sha1_base64="EQAAM1j/Ie8eqC8qE7NRLV0Spmg=">AAAB6HicbZC7SgNBFIbPxltcb1FLm8UgWIVdG23EYBrLBMwFkiXMTs4mY2Znl5lZISx5AhsLRWz1YextxLdxcik08YeBj/8/hznnBAlnSrvut5VbWV1b38hv2lvbO7t7hf2DhopTSbFOYx7LVkAUciawrpnm2Eokkijg2AyGlUnevEepWCxu9ShBPyJ9wUJGiTZWrdItFN2SO5WzDN4cilcf9mXy/mVXu4XPTi+maYRCU06Uantuov2MSM0ox7HdSRUmhA5JH9sGBYlQ+dl00LFzYpyeE8bSPKGdqfu7IyORUqMoMJUR0QO1mE3M/7J2qsMLP2MiSTUKOvsoTLmjY2eytdNjEqnmIwOESmZmdeiASEK1uY1tjuAtrrwMjbOS55a8mlssX8NMeTiCYzgFD86hDDdQhTpQQHiAJ3i27qxH68V6nZXmrHnPIfyR9fYD9WyQBA==</latexit><latexit sha1_base64="EQAAM1j/Ie8eqC8qE7NRLV0Spmg=">AAAB6HicbZC7SgNBFIbPxltcb1FLm8UgWIVdG23EYBrLBMwFkiXMTs4mY2Znl5lZISx5AhsLRWz1YextxLdxcik08YeBj/8/hznnBAlnSrvut5VbWV1b38hv2lvbO7t7hf2DhopTSbFOYx7LVkAUciawrpnm2Eokkijg2AyGlUnevEepWCxu9ShBPyJ9wUJGiTZWrdItFN2SO5WzDN4cilcf9mXy/mVXu4XPTi+maYRCU06Uantuov2MSM0ox7HdSRUmhA5JH9sGBYlQ+dl00LFzYpyeE8bSPKGdqfu7IyORUqMoMJUR0QO1mE3M/7J2qsMLP2MiSTUKOvsoTLmjY2eytdNjEqnmIwOESmZmdeiASEK1uY1tjuAtrrwMjbOS55a8mlssX8NMeTiCYzgFD86hDDdQhTpQQHiAJ3i27qxH68V6nZXmrHnPIfyR9fYD9WyQBA==</latexit><latexit sha1_base64="n9q4lqwqCrBAGkuJ+w9AiHHXDD4=">AAAB6HicbVA9TwJBEJ3DL8Qv1NJmIzGxInc2UhJpLCGRjwQuZG+Zg5W9vcvungm58AtsLDTG1p9k579xgSsUfMkkL+/NZGZekAiujet+O4Wt7Z3dveJ+6eDw6PikfHrW0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8G0sfC7T6g0j+WDmSXoR3QsecgZNVZqNYblilt1lyCbxMtJBXI0h+WvwShmaYTSMEG17ntuYvyMKsOZwHlpkGpMKJvSMfYtlTRC7WfLQ+fkyiojEsbKljRkqf6eyGik9SwKbGdEzUSvewvxP6+fmrDmZ1wmqUHJVovCVBATk8XXZMQVMiNmllCmuL2VsAlVlBmbTcmG4K2/vEk6N1XPrXott1K/y+MowgVcwjV4cAt1uIcmtIEBwjO8wpvz6Lw4787HqrXg5DPn8AfO5w+UpYzD</latexit>

C
<latexit sha1_base64="qitYjHnTvWLLMhbcMUcBblbEEo8=">AAAB6HicbZC7SwNBEMbnfMb4ilraLAbBKtzZaCMG01gmYB6QHGFvM5es2ds7dveEcATsbSwUsfWfsbfzv3HzKDTxg4Uf3zfDzkyQCK6N6347K6tr6xubua389s7u3n7h4LCh41QxrLNYxKoVUI2CS6wbbgS2EoU0CgQ2g2FlkjcfUGkeyzszStCPaF/ykDNqrFWrdAtFt+RORZbBm0Px+jN/9QgA1W7hq9OLWRqhNExQrduemxg/o8pwJnCc76QaE8qGtI9ti5JGqP1sOuiYnFqnR8JY2ScNmbq/OzIaaT2KAlsZUTPQi9nE/C9rpya89DMuk9SgZLOPwlQQE5PJ1qTHFTIjRhYoU9zOStiAKsqMvU3eHsFbXHkZGuclzy15NbdYvoGZcnAMJ3AGHlxAGW6hCnVggPAEL/Dq3DvPzpvzPitdceY9R/BHzscPA+yOkA==</latexit><latexit sha1_base64="EQAAM1j/Ie8eqC8qE7NRLV0Spmg=">AAAB6HicbZC7SgNBFIbPxltcb1FLm8UgWIVdG23EYBrLBMwFkiXMTs4mY2Znl5lZISx5AhsLRWz1YextxLdxcik08YeBj/8/hznnBAlnSrvut5VbWV1b38hv2lvbO7t7hf2DhopTSbFOYx7LVkAUciawrpnm2Eokkijg2AyGlUnevEepWCxu9ShBPyJ9wUJGiTZWrdItFN2SO5WzDN4cilcf9mXy/mVXu4XPTi+maYRCU06Uantuov2MSM0ox7HdSRUmhA5JH9sGBYlQ+dl00LFzYpyeE8bSPKGdqfu7IyORUqMoMJUR0QO1mE3M/7J2qsMLP2MiSTUKOvsoTLmjY2eytdNjEqnmIwOESmZmdeiASEK1uY1tjuAtrrwMjbOS55a8mlssX8NMeTiCYzgFD86hDDdQhTpQQHiAJ3i27qxH68V6nZXmrHnPIfyR9fYD9WyQBA==</latexit><latexit sha1_base64="EQAAM1j/Ie8eqC8qE7NRLV0Spmg=">AAAB6HicbZC7SgNBFIbPxltcb1FLm8UgWIVdG23EYBrLBMwFkiXMTs4mY2Znl5lZISx5AhsLRWz1YextxLdxcik08YeBj/8/hznnBAlnSrvut5VbWV1b38hv2lvbO7t7hf2DhopTSbFOYx7LVkAUciawrpnm2Eokkijg2AyGlUnevEepWCxu9ShBPyJ9wUJGiTZWrdItFN2SO5WzDN4cilcf9mXy/mVXu4XPTi+maYRCU06Uantuov2MSM0ox7HdSRUmhA5JH9sGBYlQ+dl00LFzYpyeE8bSPKGdqfu7IyORUqMoMJUR0QO1mE3M/7J2qsMLP2MiSTUKOvsoTLmjY2eytdNjEqnmIwOESmZmdeiASEK1uY1tjuAtrrwMjbOS55a8mlssX8NMeTiCYzgFD86hDDdQhTpQQHiAJ3i27qxH68V6nZXmrHnPIfyR9fYD9WyQBA==</latexit><latexit sha1_base64="n9q4lqwqCrBAGkuJ+w9AiHHXDD4=">AAAB6HicbVA9TwJBEJ3DL8Qv1NJmIzGxInc2UhJpLCGRjwQuZG+Zg5W9vcvungm58AtsLDTG1p9k579xgSsUfMkkL+/NZGZekAiujet+O4Wt7Z3dveJ+6eDw6PikfHrW0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8G0sfC7T6g0j+WDmSXoR3QsecgZNVZqNYblilt1lyCbxMtJBXI0h+WvwShmaYTSMEG17ntuYvyMKsOZwHlpkGpMKJvSMfYtlTRC7WfLQ+fkyiojEsbKljRkqf6eyGik9SwKbGdEzUSvewvxP6+fmrDmZ1wmqUHJVovCVBATk8XXZMQVMiNmllCmuL2VsAlVlBmbTcmG4K2/vEk6N1XPrXott1K/y+MowgVcwjV4cAt1uIcmtIEBwjO8wpvz6Lw4787HqrXg5DPn8AfO5w+UpYzD</latexit>

g
<latexit sha1_base64="6CZoLmchak7PeUGdbOiCR035cyo=">AAAB6HicbVDLSgNBEOyNrxhfUY96GAyCp7DrJR6DXjwmYB6QLGF20puMmZ1dZmaFsOQLvHhQxKtf4Xd48+anOHkcNLGgoajqprsrSATXxnW/nNza+sbmVn67sLO7t39QPDxq6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/VbD6g0j+WdGSfoR3QgecgZNVaqD3rFklt2ZyCrxFuQUvX0o/4NALVe8bPbj1kaoTRMUK07npsYP6PKcCZwUuimGhPKRnSAHUsljVD72ezQCTm3Sp+EsbIlDZmpvycyGmk9jgLbGVEz1MveVPzP66QmvPIzLpPUoGTzRWEqiInJ9GvS5wqZEWNLKFPc3krYkCrKjM2mYEPwll9eJc3LsueWvbpN4xrmyMMJnMEFeFCBKtxCDRrAAOERnuHFuXeenFfnbd6acxYzx/AHzvsP2y+PLA==</latexit><latexit sha1_base64="QYiVIz1HWeqSAcfYlxshn5OrYrE=">AAAB6HicbVDLSgNBEOyNrxhfUY+KDAbBU9j1osegF48JmAckS5iddJIxs7PLzKwQlhw9efGgiFe/It/hzW/wJ5w8DppY0FBUddPdFcSCa+O6X05mZXVtfSO7mdva3tndy+8f1HSUKIZVFolINQKqUXCJVcONwEaskIaBwHowuJn49QdUmkfyzgxj9EPak7zLGTVWqvTa+YJbdKcgy8Sbk0LpeFz5fjwZl9v5z1YnYkmI0jBBtW56bmz8lCrDmcBRrpVojCkb0B42LZU0RO2n00NH5MwqHdKNlC1pyFT9PZHSUOthGNjOkJq+XvQm4n9eMzHdKz/lMk4MSjZb1E0EMRGZfE06XCEzYmgJZYrbWwnrU0WZsdnkbAje4svLpHZR9NyiV7FpXMMMWTiCUzgHDy6hBLdQhiowQHiCF3h17p1n5815n7VmnPnMIfyB8/EDuXSQkg==</latexit><latexit sha1_base64="QYiVIz1HWeqSAcfYlxshn5OrYrE=">AAAB6HicbVDLSgNBEOyNrxhfUY+KDAbBU9j1osegF48JmAckS5iddJIxs7PLzKwQlhw9efGgiFe/It/hzW/wJ5w8DppY0FBUddPdFcSCa+O6X05mZXVtfSO7mdva3tndy+8f1HSUKIZVFolINQKqUXCJVcONwEaskIaBwHowuJn49QdUmkfyzgxj9EPak7zLGTVWqvTa+YJbdKcgy8Sbk0LpeFz5fjwZl9v5z1YnYkmI0jBBtW56bmz8lCrDmcBRrpVojCkb0B42LZU0RO2n00NH5MwqHdKNlC1pyFT9PZHSUOthGNjOkJq+XvQm4n9eMzHdKz/lMk4MSjZb1E0EMRGZfE06XCEzYmgJZYrbWwnrU0WZsdnkbAje4svLpHZR9NyiV7FpXMMMWTiCUzgHDy6hBLdQhiowQHiCF3h17p1n5815n7VmnPnMIfyB8/EDuXSQkg==</latexit><latexit sha1_base64="/PJ7Z1iFzXuG81L8a5C962ANKKY=">AAAB6HicbVBNT8JAEJ3iF+IX6tHLRmLiibRe9Ej04hESCyTQkO0yhZXtttndmpCGX+DFg8Z49Sd589+4QA8KvmSSl/dmMjMvTAXXxnW/ndLG5tb2Tnm3srd/cHhUPT5p6yRTDH2WiER1Q6pRcIm+4UZgN1VI41BgJ5zczf3OEyrNE/lgpikGMR1JHnFGjZVao0G15tbdBcg68QpSgwLNQfWrP0xYFqM0TFCte56bmiCnynAmcFbpZxpTyiZ0hD1LJY1RB/ni0Bm5sMqQRImyJQ1ZqL8nchprPY1D2xlTM9ar3lz8z+tlJroJci7TzKBky0VRJohJyPxrMuQKmRFTSyhT3N5K2JgqyozNpmJD8FZfXiftq7rn1r2WW2vcFnGU4QzO4RI8uIYG3EMTfGCA8Ayv8OY8Oi/Ou/OxbC05xcwp/IHz+QPLNYzn</latexit>

g
<latexit sha1_base64="6CZoLmchak7PeUGdbOiCR035cyo=">AAAB6HicbVDLSgNBEOyNrxhfUY96GAyCp7DrJR6DXjwmYB6QLGF20puMmZ1dZmaFsOQLvHhQxKtf4Xd48+anOHkcNLGgoajqprsrSATXxnW/nNza+sbmVn67sLO7t39QPDxq6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/VbD6g0j+WdGSfoR3QgecgZNVaqD3rFklt2ZyCrxFuQUvX0o/4NALVe8bPbj1kaoTRMUK07npsYP6PKcCZwUuimGhPKRnSAHUsljVD72ezQCTm3Sp+EsbIlDZmpvycyGmk9jgLbGVEz1MveVPzP66QmvPIzLpPUoGTzRWEqiInJ9GvS5wqZEWNLKFPc3krYkCrKjM2mYEPwll9eJc3LsueWvbpN4xrmyMMJnMEFeFCBKtxCDRrAAOERnuHFuXeenFfnbd6acxYzx/AHzvsP2y+PLA==</latexit><latexit sha1_base64="QYiVIz1HWeqSAcfYlxshn5OrYrE=">AAAB6HicbVDLSgNBEOyNrxhfUY+KDAbBU9j1osegF48JmAckS5iddJIxs7PLzKwQlhw9efGgiFe/It/hzW/wJ5w8DppY0FBUddPdFcSCa+O6X05mZXVtfSO7mdva3tndy+8f1HSUKIZVFolINQKqUXCJVcONwEaskIaBwHowuJn49QdUmkfyzgxj9EPak7zLGTVWqvTa+YJbdKcgy8Sbk0LpeFz5fjwZl9v5z1YnYkmI0jBBtW56bmz8lCrDmcBRrpVojCkb0B42LZU0RO2n00NH5MwqHdKNlC1pyFT9PZHSUOthGNjOkJq+XvQm4n9eMzHdKz/lMk4MSjZb1E0EMRGZfE06XCEzYmgJZYrbWwnrU0WZsdnkbAje4svLpHZR9NyiV7FpXMMMWTiCUzgHDy6hBLdQhiowQHiCF3h17p1n5815n7VmnPnMIfyB8/EDuXSQkg==</latexit><latexit sha1_base64="QYiVIz1HWeqSAcfYlxshn5OrYrE=">AAAB6HicbVDLSgNBEOyNrxhfUY+KDAbBU9j1osegF48JmAckS5iddJIxs7PLzKwQlhw9efGgiFe/It/hzW/wJ5w8DppY0FBUddPdFcSCa+O6X05mZXVtfSO7mdva3tndy+8f1HSUKIZVFolINQKqUXCJVcONwEaskIaBwHowuJn49QdUmkfyzgxj9EPak7zLGTVWqvTa+YJbdKcgy8Sbk0LpeFz5fjwZl9v5z1YnYkmI0jBBtW56bmz8lCrDmcBRrpVojCkb0B42LZU0RO2n00NH5MwqHdKNlC1pyFT9PZHSUOthGNjOkJq+XvQm4n9eMzHdKz/lMk4MSjZb1E0EMRGZfE06XCEzYmgJZYrbWwnrU0WZsdnkbAje4svLpHZR9NyiV7FpXMMMWTiCUzgHDy6hBLdQhiowQHiCF3h17p1n5815n7VmnPnMIfyB8/EDuXSQkg==</latexit><latexit sha1_base64="/PJ7Z1iFzXuG81L8a5C962ANKKY=">AAAB6HicbVBNT8JAEJ3iF+IX6tHLRmLiibRe9Ej04hESCyTQkO0yhZXtttndmpCGX+DFg8Z49Sd589+4QA8KvmSSl/dmMjMvTAXXxnW/ndLG5tb2Tnm3srd/cHhUPT5p6yRTDH2WiER1Q6pRcIm+4UZgN1VI41BgJ5zczf3OEyrNE/lgpikGMR1JHnFGjZVao0G15tbdBcg68QpSgwLNQfWrP0xYFqM0TFCte56bmiCnynAmcFbpZxpTyiZ0hD1LJY1RB/ni0Bm5sMqQRImyJQ1ZqL8nchprPY1D2xlTM9ar3lz8z+tlJroJci7TzKBky0VRJohJyPxrMuQKmRFTSyhT3N5K2JgqyozNpmJD8FZfXiftq7rn1r2WW2vcFnGU4QzO4RI8uIYG3EMTfGCA8Ayv8OY8Oi/Ou/OxbC05xcwp/IHz+QPLNYzn</latexit>
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Critical point

�
<latexit sha1_base64="ZJYm60J6SN91P1/3c4u2CI8dCfs=">AAAB7HicbVA9SwNBEJ2LXzF+RS21WAyCVbiz0TJoY5mAlwSSI+xt9pIle3vH7pwQjvwGGwtFbP0N/g47O3+Km49CEx8MPN6bYWZemEph0HW/nMLa+sbmVnG7tLO7t39QPjxqmiTTjPsskYluh9RwKRT3UaDk7VRzGoeSt8LR7dRvPXBtRKLucZzyIKYDJSLBKFrJ74Ycaa9ccavuDGSVeAtSqZ1+NL4BoN4rf3b7CctirpBJakzHc1MMcqpRMMknpW5meErZiA54x1JFY26CfHbshJxbpU+iRNtSSGbq74mcxsaM49B2xhSHZtmbiv95nQyj6yAXKs2QKzZfFGWSYEKmn5O+0JyhHFtCmRb2VsKGVFOGNp+SDcFbfnmVNC+rnlv1GjaNG5ijCCdwBhfgwRXU4A7q4AMDAY/wDC+Ocp6cV+dt3lpwFjPH8AfO+w/SkJDl</latexit><latexit sha1_base64="T0WMp4GhZ4uSBj/qlfBz2SjPiwM=">AAAB7HicbVDLSgNBEOz1GeMr6lGRwSB4Crte9Bj04jEB84BkCbOT3mTI7OwyMyuEJUfPXjwo4tVvyHd48xv8CSePgyYWNBRV3XR3BYng2rjul7Oyura+sZnbym/v7O7tFw4O6zpOFcMai0WsmgHVKLjEmuFGYDNRSKNAYCMY3E78xgMqzWN5b4YJ+hHtSR5yRo2Vau0ADe0Uim7JnYIsE29OiuWTcfX78XRc6RQ+292YpRFKwwTVuuW5ifEzqgxnAkf5dqoxoWxAe9iyVNIItZ9Njx2Rc6t0SRgrW9KQqfp7IqOR1sMosJ0RNX296E3E/7xWasJrP+MySQ1KNlsUpoKYmEw+J12ukBkxtIQyxe2thPWposzYfPI2BG/x5WVSvyx5bsmr2jRuYIYcHMMZXIAHV1CGO6hADRhweIIXeHWk8+y8Oe+z1hVnPnMEf+B8/ACw1ZJL</latexit><latexit sha1_base64="T0WMp4GhZ4uSBj/qlfBz2SjPiwM=">AAAB7HicbVDLSgNBEOz1GeMr6lGRwSB4Crte9Bj04jEB84BkCbOT3mTI7OwyMyuEJUfPXjwo4tVvyHd48xv8CSePgyYWNBRV3XR3BYng2rjul7Oyura+sZnbym/v7O7tFw4O6zpOFcMai0WsmgHVKLjEmuFGYDNRSKNAYCMY3E78xgMqzWN5b4YJ+hHtSR5yRo2Vau0ADe0Uim7JnYIsE29OiuWTcfX78XRc6RQ+292YpRFKwwTVuuW5ifEzqgxnAkf5dqoxoWxAe9iyVNIItZ9Njx2Rc6t0SRgrW9KQqfp7IqOR1sMosJ0RNX296E3E/7xWasJrP+MySQ1KNlsUpoKYmEw+J12ukBkxtIQyxe2thPWposzYfPI2BG/x5WVSvyx5bsmr2jRuYIYcHMMZXIAHV1CGO6hADRhweIIXeHWk8+y8Oe+z1hVnPnMEf+B8/ACw1ZJL</latexit><latexit sha1_base64="oh9acL0i25OiXf1MLpx1aTkFgbQ=">AAAB7HicbVBNT8JAEJ3iF+IX6tFLIzHxRFoveiR68YiJBRJoyHaZwobtttmdmhDCb/DiQWO8+oO8+W9coAcFXzLJy3szmZkXZVIY8rxvp7SxubW9U96t7O0fHB5Vj09aJs01x4CnMtWdiBmUQmFAgiR2Mo0siSS2o/Hd3G8/oTYiVY80yTBM2FCJWHBGVgp6ERLrV2te3VvAXSd+QWpQoNmvfvUGKc8TVMQlM6brexmFU6ZJcImzSi83mDE+ZkPsWqpYgiacLo6duRdWGbhxqm0pchfq74kpS4yZJJHtTBiNzKo3F//zujnFN+FUqCwnVHy5KM6lS6k7/9wdCI2c5MQSxrWwt7p8xDTjZPOp2BD81ZfXSeuq7nt1/8GrNW6LOMpwBudwCT5cQwPuoQkBcBDwDK/w5ijnxXl3PpatJaeYOYU/cD5/AMKWjqA=</latexit>

�c
<latexit sha1_base64="zOJRyy6EZGBt4Fz0soyGVkCzCgw=">AAAB7nicbVDLSgNBEOyNrxhfUY96WAyCp7DrRY9BLx4TMA9IljA76SRDZmeXmV4hLPkILx4U8eon+B3evPkpTh4HTSxoKKq66e4KEykMed6Xk1tb39jcym8Xdnb39g+Kh0cNE6eaY53HMtatkBmUQmGdBElsJRpZFEpshqPbqd98QG1ErO5pnGAQsYESfcEZWanZCZFYl3eLJa/szeCuEn9BSpXTj9o3AFS7xc9OL+ZphIq4ZMa0fS+hIGOaBJc4KXRSgwnjIzbAtqWKRWiCbHbuxD23Ss/tx9qWInem/p7IWGTMOAptZ8RoaJa9qfif106pfx1kQiUpoeLzRf1UuhS709/dntDISY4tYVwLe6vLh0wzTjahgg3BX355lTQuy75X9ms2jRuYIw8ncAYX4MMVVOAOqlAHDiN4hGd4cRLnyXl13uatOWcxcwx/4Lz/AEbfkbs=</latexit><latexit sha1_base64="Vf9Lh1QGi80bX+82dSvNO3llPiY=">AAAB7nicbVDLSgNBEOz1GeMr6lGRwSB4Crte9Bj04jEB84BkCbOT3mTI7OwyMyuEJUc/wIsHRbz6CfkOb36DP+HkcdDEgoaiqpvuriARXBvX/XJWVtfWNzZzW/ntnd29/cLBYV3HqWJYY7GIVTOgGgWXWDPcCGwmCmkUCGwEg9uJ33hApXks780wQT+iPclDzqixUqMdoKEd1ikU3ZI7BVkm3pwUyyfj6vfj6bjSKXy2uzFLI5SGCap1y3MT42dUGc4EjvLtVGNC2YD2sGWppBFqP5ueOyLnVumSMFa2pCFT9fdERiOth1FgOyNq+nrRm4j/ea3UhNd+xmWSGpRstihMBTExmfxOulwhM2JoCWWK21sJ61NFmbEJ5W0I3uLLy6R+WfLckle1adzADDk4hjO4AA+uoAx3UIEaMBjAE7zAq5M4z86b8z5rXXHmM0fwB87HDyUkkyE=</latexit><latexit sha1_base64="Vf9Lh1QGi80bX+82dSvNO3llPiY=">AAAB7nicbVDLSgNBEOz1GeMr6lGRwSB4Crte9Bj04jEB84BkCbOT3mTI7OwyMyuEJUc/wIsHRbz6CfkOb36DP+HkcdDEgoaiqpvuriARXBvX/XJWVtfWNzZzW/ntnd29/cLBYV3HqWJYY7GIVTOgGgWXWDPcCGwmCmkUCGwEg9uJ33hApXks780wQT+iPclDzqixUqMdoKEd1ikU3ZI7BVkm3pwUyyfj6vfj6bjSKXy2uzFLI5SGCap1y3MT42dUGc4EjvLtVGNC2YD2sGWppBFqP5ueOyLnVumSMFa2pCFT9fdERiOth1FgOyNq+nrRm4j/ea3UhNd+xmWSGpRstihMBTExmfxOulwhM2JoCWWK21sJ61NFmbEJ5W0I3uLLy6R+WfLckle1adzADDk4hjO4AA+uoAx3UIEaMBjAE7zAq5M4z86b8z5rXXHmM0fwB87HDyUkkyE=</latexit><latexit sha1_base64="HMUilJX4zWxSapKQxsNPmqNwelg=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKex60WPQi8cI5gHJEmYnvcmQ2QczvUJY8hFePCji1e/x5t84SfagiQUNRVU33V1BqqQh1/12ShubW9s75d3K3v7B4VH1+KRtkkwLbIlEJbobcINKxtgiSQq7qUYeBQo7weRu7neeUBuZxI80TdGP+CiWoRScrNTpB0h8IAbVmlt3F2DrxCtIDQo0B9Wv/jARWYQxCcWN6XluSn7ONUmhcFbpZwZTLiZ8hD1LYx6h8fPFuTN2YZUhCxNtKya2UH9P5DwyZhoFtjPiNDar3lz8z+tlFN74uYzTjDAWy0VhphglbP47G0qNgtTUEi60tLcyMeaaC7IJVWwI3urL66R9Vffcuvfg1hq3RRxlOINzuAQPrqEB99CEFgiYwDO8wpuTOi/Ou/OxbC05xcwp/IHz+QM25Y92</latexit>

critical point

scaling 
power law growth

final size

Lmax
<latexit sha1_base64="SS380DNqn37qgPbwxK8hSRSju6k=">AAAB8nicbVC7SgNBFL0bXzG+ooKNzWAQrMKujZZBGwuLBMwDNkucnUySIfNYZmbFsOQzbCwUsfVr7Gz8FiePQhMPXDiccy/33hMnnBnr+19ebmV1bX0jv1nY2t7Z3SvuHzSMSjWhdaK40q0YG8qZpHXLLKetRFMsYk6b8fB64jcfqDZMyTs7SmgkcF+yHiPYOim87WRtLZDAj+NOseSX/SnQMgnmpFQ5qn3fA0C1U/xsdxVJBZWWcGxMGPiJjTKsLSOcjgvt1NAEkyHu09BRiQU1UTY9eYxOndJFPaVdSYum6u+JDAtjRiJ2nQLbgVn0JuJ/Xpja3mWUMZmklkoyW9RLObIKTf5HXaYpsXzkCCaauVsRGWCNiXUpFVwIweLLy6RxXg78clBzaVzBDHk4hhM4gwAuoAI3UIU6EFDwBC/w6lnv2Xvz3metOW8+cwh/4H38ALr0kw0=</latexit><latexit sha1_base64="y3NwZ4oBHE+ORYe2+je8MWbaRCE=">AAAB8nicbVC7SgNBFJ2NrxhfUcHGZjAIVmHXRssQGwuLBMwDNkuYncwmQ2Zml5m7YljyGTYWitjqX/gFdjZ+i5NHoYkHLhzOuZd77wkTwQ247peTW1ldW9/Ibxa2tnd294r7B00Tp5qyBo1FrNshMUxwxRrAQbB2ohmRoWCtcHg18Vt3TBseq1sYJSyQpK94xCkBK/k33ayjJZbkftwtltyyOwVeJt6clCpH9W/+Xv2odYufnV5MU8kUUEGM8T03gSAjGjgVbFzopIYlhA5Jn/mWKiKZCbLpyWN8apUejmJtSwGeqr8nMiKNGcnQdkoCA7PoTcT/PD+F6DLIuEpSYIrOFkWpwBDjyf+4xzWjIEaWEKq5vRXTAdGEgk2pYEPwFl9eJs3zsueWvbpNo4pmyKNjdILOkIcuUAVdoxpqIIpi9ICe0LMDzqPz4rzOWnPOfOYQ/YHz9gMMRJTJ</latexit><latexit sha1_base64="y3NwZ4oBHE+ORYe2+je8MWbaRCE=">AAAB8nicbVC7SgNBFJ2NrxhfUcHGZjAIVmHXRssQGwuLBMwDNkuYncwmQ2Zml5m7YljyGTYWitjqX/gFdjZ+i5NHoYkHLhzOuZd77wkTwQ247peTW1ldW9/Ibxa2tnd294r7B00Tp5qyBo1FrNshMUxwxRrAQbB2ohmRoWCtcHg18Vt3TBseq1sYJSyQpK94xCkBK/k33ayjJZbkftwtltyyOwVeJt6clCpH9W/+Xv2odYufnV5MU8kUUEGM8T03gSAjGjgVbFzopIYlhA5Jn/mWKiKZCbLpyWN8apUejmJtSwGeqr8nMiKNGcnQdkoCA7PoTcT/PD+F6DLIuEpSYIrOFkWpwBDjyf+4xzWjIEaWEKq5vRXTAdGEgk2pYEPwFl9eJs3zsueWvbpNo4pmyKNjdILOkIcuUAVdoxpqIIpi9ICe0LMDzqPz4rzOWnPOfOYQ/YHz9gMMRJTJ</latexit><latexit sha1_base64="L0Q6e+rV82gDDUxllLImzqghDvc=">AAAB8nicbVC7SgNBFJ2NrxhfUUubwSBYhV0bLYM2FhYRzAM2S5idzCZD5rHM3BXDks+wsVDE1q+x82+cJFto4oELh3Pu5d574lRwC77/7ZXW1jc2t8rblZ3dvf2D6uFR2+rMUNaiWmjTjYllgivWAg6CdVPDiIwF68Tjm5nfeWTGcq0eYJKySJKh4gmnBJwU3vXznpFYkqdpv1rz6/4ceJUEBamhAs1+9as30DSTTAEVxNow8FOIcmKAU8GmlV5mWUromAxZ6Kgiktkon588xWdOGeBEG1cK8Fz9PZETae1Exq5TEhjZZW8m/ueFGSRXUc5VmgFTdLEoyQQGjWf/4wE3jIKYOEKo4e5WTEfEEAoupYoLIVh+eZW0L+qBXw/u/VrjuoijjE7QKTpHAbpEDXSLmqiFKNLoGb2iNw+8F+/d+1i0lrxi5hj9gff5AyxckSg=</latexit>

L(t) = L0 exp
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◆

<latexit sha1_base64="sfJrgWvxtkD+48GFBvr2/pDJIRE="></latexit><latexit sha1_base64="5ZXqoO0yrQnUbd1UiwFME1KNPcc="></latexit><latexit sha1_base64="5ZXqoO0yrQnUbd1UiwFME1KNPcc="></latexit><latexit sha1_base64="pYxY498MBct76UBYmzpNFyMHgnU="></latexit>

L(t) ⇠ t1/2
<latexit sha1_base64="H1LxfNJbd9YuBnYu8mLY8ZujISs=">AAAB+XicbVDJSgNBEK2JW4zbqEcvTYIQEeJMLnoMevHgIYJZIBNDT6eTNOlZ6K4JhCF/4kEPinj1T7z5N3aWgyY+KHi8V0VVPT+WQqPjfFuZtfWNza3sdm5nd2//wD48qusoUYzXWCQj1fSp5lKEvIYCJW/GitPAl7zhD2+mfmPElRZR+IDjmLcD2g9FTzCKRurY9l0RzzwtAoKPqXtRnnTsglNyZiCrxF2QQiXvnT8DQLVjf3ndiCUBD5FJqnXLdWJsp1ShYJJPcl6ieUzZkPZ5y9CQBly309nlE3JqlC7pRcpUiGSm/p5IaaD1OPBNZ0BxoJe9qfif10qwd9VORRgnyEM2X9RLJMGITGMgXaE4Qzk2hDIlzK2EDaiiDE1YOROCu/zyKqmXS65Tcu9NGtcwRxZOIA9FcOESKnALVagBgxE8wSu8Wan1Yr1bH/PWjLWYOYY/sD5/AOp0lAI=</latexit><latexit sha1_base64="5cDPMbipTs7GBaJcCSCgt/A5VAE=">AAAB+XicbVDLSsNAFJ3UV62vqEs3Q4tQEWrSjS6Lbly4qGAf0MQymU7awckkzNwUSuhfuHTjQhG3/om7/o3Tx0JbD1w4nHMv994TJIJrcJyJlVtb39jcym8Xdnb39g/sw6OmjlNFWYPGIlbtgGgmuGQN4CBYO1GMRIFgreDpZuq3hkxpHssHGCXMj0hf8pBTAkbq2vZdGc48zSMMj5l7UR137ZJTcWbAq8RdkFKt6J0/T2qjetf+9noxTSMmgQqidcd1EvAzooBTwcYFL9UsIfSJ9FnHUEkipv1sdvkYnxqlh8NYmZKAZ+rviYxEWo+iwHRGBAZ62ZuK/3mdFMIrP+MySYFJOl8UpgJDjKcx4B5XjIIYGUKo4uZWTAdEEQomrIIJwV1+eZU0qxXXqbj3Jo1rNEcenaAiKiMXXaIaukV11EAUDdELekPvVma9Wh/W57w1Zy1mjtEfWF8/896ViA==</latexit><latexit sha1_base64="5cDPMbipTs7GBaJcCSCgt/A5VAE=">AAAB+XicbVDLSsNAFJ3UV62vqEs3Q4tQEWrSjS6Lbly4qGAf0MQymU7awckkzNwUSuhfuHTjQhG3/om7/o3Tx0JbD1w4nHMv994TJIJrcJyJlVtb39jcym8Xdnb39g/sw6OmjlNFWYPGIlbtgGgmuGQN4CBYO1GMRIFgreDpZuq3hkxpHssHGCXMj0hf8pBTAkbq2vZdGc48zSMMj5l7UR137ZJTcWbAq8RdkFKt6J0/T2qjetf+9noxTSMmgQqidcd1EvAzooBTwcYFL9UsIfSJ9FnHUEkipv1sdvkYnxqlh8NYmZKAZ+rviYxEWo+iwHRGBAZ62ZuK/3mdFMIrP+MySYFJOl8UpgJDjKcx4B5XjIIYGUKo4uZWTAdEEQomrIIJwV1+eZU0qxXXqbj3Jo1rNEcenaAiKiMXXaIaukV11EAUDdELekPvVma9Wh/W57w1Zy1mjtEfWF8/896ViA==</latexit><latexit sha1_base64="T9DDznJbZeB0SqcD6ZBOK04c8G8=">AAAB+XicbVA9T8MwEHX4LOUrwMhiUSGVpSRdYKxgYWAoEv2Q2lA5rtNatZ3IvlSqov4TFgYQYuWfsPFvcNsM0PKkk57eu9PdvTAR3IDnfTtr6xubW9uFneLu3v7BoXt03DRxqilr0FjEuh0SwwRXrAEcBGsnmhEZCtYKR7czvzVm2vBYPcIkYYEkA8UjTglYqee692W46BouMTxl/mV12nNLXsWbA68SPycllKPec7+6/ZimkimgghjT8b0Egoxo4FSwabGbGpYQOiID1rFUEclMkM0vn+Jzq/RxFGtbCvBc/T2REWnMRIa2UxIYmmVvJv7ndVKIroOMqyQFpuhiUZQKDDGexYD7XDMKYmIJoZrbWzEdEk0o2LCKNgR/+eVV0qxWfK/iP3il2k0eRwGdojNURj66QjV0h+qogSgao2f0it6czHlx3p2PReuak8+coD9wPn8A1/WSeQ==</latexit>

L(t) ! Lmax
<latexit sha1_base64="c/8pcNiNXFdD5iBXuoqHCU0lW5k=">AAACBHicbVA9SwNBEJ2L3/EraplmSRAUIdzZaCnaWKSIYD4gF8LeZpMs2b07dufUcKSw8XfY2VgoYuuPsPPfuPko1Phg4PHeDDPzglgKg6775WQWFpeWV1bXsusbm1vbuZ3dmokSzXiVRTLSjYAaLkXIqyhQ8kasOVWB5PVgcDH26zdcGxGF1ziMeUvRXii6glG0UjuXLx/goa9Fr49U6+iWlNuprxVR9G7UzhXdkjsBmSfejBTPCv7RIwBU2rlPvxOxRPEQmaTGND03xlZKNQom+SjrJ4bHlA1ojzctDanippVOnhiRfat0SDfStkIkE/XnREqVMUMV2E5FsW/+emPxP6+ZYPe0lYowTpCHbLqom0iCERknQjpCc4ZyaAllWthbCetTTRna3LI2BO/vy/Okdlzy3JJ3ZdM4hylWIQ8FOAAPTuAMLqECVWBwD0/wAq/Og/PsvDnv09aMM5vZg19wPr4BS1+ZWA==</latexit><latexit sha1_base64="nnBH9+8Y7/9w5C6WBvD2RSPQObc=">AAACBHicbVC7SgNBFJ31GeMraplmSBAiQti10TJoY5EignlANiyzk9lkyMzuMnNXDUsKG7/Af7CxUMTWj7DL3zh5FJp44MLhnHu59x4/FlyDbY+tldW19Y3NzFZ2e2d3bz93cNjQUaIoq9NIRKrlE80ED1kdOAjWihUj0hes6Q+uJn7zjinNo/AWhjHrSNILecApASN5uXy1BCeu4r0+EKWie1z1UldJLMnDyMsV7bI9BV4mzpwUKwX39HlcGda83LfbjWgiWQhUEK3bjh1DJyUKOBVslHUTzWJCB6TH2oaGRDLdSadPjPCxUbo4iJSpEPBU/T2REqn1UPqmUxLo60VvIv7ntRMILjopD+MEWEhni4JEYIjwJBHc5YpREENDCFXc3IppnyhCweSWNSE4iy8vk8ZZ2bHLzo1J4xLNkEF5VEAl5KBzVEHXqIbqiKJH9ILe0Lv1ZL1aH9bnrHXFms8coT+wvn4AVMma3g==</latexit><latexit sha1_base64="nnBH9+8Y7/9w5C6WBvD2RSPQObc=">AAACBHicbVC7SgNBFJ31GeMraplmSBAiQti10TJoY5EignlANiyzk9lkyMzuMnNXDUsKG7/Af7CxUMTWj7DL3zh5FJp44MLhnHu59x4/FlyDbY+tldW19Y3NzFZ2e2d3bz93cNjQUaIoq9NIRKrlE80ED1kdOAjWihUj0hes6Q+uJn7zjinNo/AWhjHrSNILecApASN5uXy1BCeu4r0+EKWie1z1UldJLMnDyMsV7bI9BV4mzpwUKwX39HlcGda83LfbjWgiWQhUEK3bjh1DJyUKOBVslHUTzWJCB6TH2oaGRDLdSadPjPCxUbo4iJSpEPBU/T2REqn1UPqmUxLo60VvIv7ntRMILjopD+MEWEhni4JEYIjwJBHc5YpREENDCFXc3IppnyhCweSWNSE4iy8vk8ZZ2bHLzo1J4xLNkEF5VEAl5KBzVEHXqIbqiKJH9ILe0Lv1ZL1aH9bnrHXFms8coT+wvn4AVMma3g==</latexit><latexit sha1_base64="vv7eRKpzKX4QlAjAHqW+eheUVjY=">AAACBHicbVC7TsNAEDzzDOFloExzIkIKTWTTQBlBQ5EiSOQhxZF1vpyTU+5s624NRFYKGn6FhgKEaPkIOv6GS+ICEkZaaTSzq92dIBFcg+N8Wyura+sbm4Wt4vbO7t6+fXDY0nGqKGvSWMSqExDNBI9YEzgI1kkUIzIQrB2MrqZ++44pzePoFsYJ60kyiHjIKQEj+XapXoFTT/HBEIhS8T2u+5mnJJbkYeLbZafqzICXiZuTMsrR8O0vrx/TVLIIqCBad10ngV5GFHAq2KTopZolhI7IgHUNjYhkupfNnpjgE6P0cRgrUxHgmfp7IiNS67EMTKckMNSL3lT8z+umEF70Mh4lKbCIzheFqcAQ42kiuM8VoyDGhhCquLkV0yFRhILJrWhCcBdfXiats6rrVN0bp1y7zOMooBI6RhXkonNUQ9eogZqIokf0jF7Rm/VkvVjv1se8dcXKZ47QH1ifPzjgl88=</latexit>

critical point �c =
2

1 + ✏
<latexit sha1_base64="Cm0iiY86qon9e0KlCBrIfG3cnp4=">AAACBXicbVBNS8NAEN34WetX1KMegkUQhJIUQS9C0YvHCvYDmlA220m7dLMbdjdCCbl48a948aCIV/+DN/+N2zYHbX0w8Hhvhpl5YcKo0q77bS0tr6yurZc2yptb2zu79t5+S4lUEmgSwYTshFgBoxyammoGnUQCjkMG7XB0M/HbDyAVFfxejxMIYjzgNKIEayP17CM/BI175MqPJCZZLc+8Mx8SRZngec+uuFV3CmeReAWpoAKNnv3l9wVJY+CaMKxU13MTHWRYakoY5GU/VZBgMsID6BrKcQwqyKZf5M6JUfpOJKQprp2p+nsiw7FS4zg0nTHWQzXvTcT/vG6qo8sgozxJNXAyWxSlzNHCmUTi9KkEotnYEEwkNbc6ZIhNHNoEVzYhePMvL5JWreq5Ve/uvFK/LuIooUN0jE6Rhy5QHd2iBmoigh7RM3pFb9aT9WK9Wx+z1iWrmDlAf2B9/gBvVpiG</latexit><latexit sha1_base64="Cm0iiY86qon9e0KlCBrIfG3cnp4=">AAACBXicbVBNS8NAEN34WetX1KMegkUQhJIUQS9C0YvHCvYDmlA220m7dLMbdjdCCbl48a948aCIV/+DN/+N2zYHbX0w8Hhvhpl5YcKo0q77bS0tr6yurZc2yptb2zu79t5+S4lUEmgSwYTshFgBoxyammoGnUQCjkMG7XB0M/HbDyAVFfxejxMIYjzgNKIEayP17CM/BI175MqPJCZZLc+8Mx8SRZngec+uuFV3CmeReAWpoAKNnv3l9wVJY+CaMKxU13MTHWRYakoY5GU/VZBgMsID6BrKcQwqyKZf5M6JUfpOJKQprp2p+nsiw7FS4zg0nTHWQzXvTcT/vG6qo8sgozxJNXAyWxSlzNHCmUTi9KkEotnYEEwkNbc6ZIhNHNoEVzYhePMvL5JWreq5Ve/uvFK/LuIooUN0jE6Rhy5QHd2iBmoigh7RM3pFb9aT9WK9Wx+z1iWrmDlAf2B9/gBvVpiG</latexit><latexit sha1_base64="Cm0iiY86qon9e0KlCBrIfG3cnp4=">AAACBXicbVBNS8NAEN34WetX1KMegkUQhJIUQS9C0YvHCvYDmlA220m7dLMbdjdCCbl48a948aCIV/+DN/+N2zYHbX0w8Hhvhpl5YcKo0q77bS0tr6yurZc2yptb2zu79t5+S4lUEmgSwYTshFgBoxyammoGnUQCjkMG7XB0M/HbDyAVFfxejxMIYjzgNKIEayP17CM/BI175MqPJCZZLc+8Mx8SRZngec+uuFV3CmeReAWpoAKNnv3l9wVJY+CaMKxU13MTHWRYakoY5GU/VZBgMsID6BrKcQwqyKZf5M6JUfpOJKQprp2p+nsiw7FS4zg0nTHWQzXvTcT/vG6qo8sgozxJNXAyWxSlzNHCmUTi9KkEotnYEEwkNbc6ZIhNHNoEVzYhePMvL5JWreq5Ve/uvFK/LuIooUN0jE6Rhy5QHd2iBmoigh7RM3pFb9aT9WK9Wx+z1iWrmDlAf2B9/gBvVpiG</latexit><latexit sha1_base64="Cm0iiY86qon9e0KlCBrIfG3cnp4=">AAACBXicbVBNS8NAEN34WetX1KMegkUQhJIUQS9C0YvHCvYDmlA220m7dLMbdjdCCbl48a948aCIV/+DN/+N2zYHbX0w8Hhvhpl5YcKo0q77bS0tr6yurZc2yptb2zu79t5+S4lUEmgSwYTshFgBoxyammoGnUQCjkMG7XB0M/HbDyAVFfxejxMIYjzgNKIEayP17CM/BI175MqPJCZZLc+8Mx8SRZngec+uuFV3CmeReAWpoAKNnv3l9wVJY+CaMKxU13MTHWRYakoY5GU/VZBgMsID6BrKcQwqyKZf5M6JUfpOJKQprp2p+nsiw7FS4zg0nTHWQzXvTcT/vG6qo8sgozxJNXAyWxSlzNHCmUTi9KkEotnYEEwkNbc6ZIhNHNoEVzYhePMvL5JWreq5Ve/uvFK/LuIooUN0jE6Rhy5QHd2iBmoigh7RM3pFb9aT9WK9Wx+z1iWrmDlAf2B9/gBvVpiG</latexit>



ci

cj
bij

Peer Mumcu

Vertex model

Dpp

Hh

expander
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k ⇠ 1/L2
<latexit sha1_base64="u76H75YqCOtQYpUFFqapC7tcpTA=">AAAB9XicbVA9SwNBEJ2LXzF+RS1tFoNgFe9CQMugjYVFBPMBySXsbfaSJbt7x+6eEo78DxsLRWz9L3b+GzfJFZr4YODx3gwz84KYM21c99vJra1vbG7ltws7u3v7B8XDo6aOEkVog0Q8Uu0Aa8qZpA3DDKftWFEsAk5bwfhm5rceqdIskg9mElNf4KFkISPYWKk37momkHdx10srU9QvltyyOwdaJV5GSpCh3i9+dQcRSQSVhnCsdcdzY+OnWBlGOJ0WuommMSZjPKQdSyUWVPvp/OopOrPKAIWRsiUNmqu/J1IstJ6IwHYKbEZ62ZuJ/3mdxIRXfspknBgqyWJRmHBkIjSLAA2YosTwiSWYKGZvRWSEFSbGBlWwIXjLL6+SZqXsuWXvvlqqXWdx5OEETuEcPLiEGtxCHRpAQMEzvMKb8+S8OO/Ox6I152Qzx/AHzucPCHaRig==</latexit><latexit sha1_base64="u76H75YqCOtQYpUFFqapC7tcpTA=">AAAB9XicbVA9SwNBEJ2LXzF+RS1tFoNgFe9CQMugjYVFBPMBySXsbfaSJbt7x+6eEo78DxsLRWz9L3b+GzfJFZr4YODx3gwz84KYM21c99vJra1vbG7ltws7u3v7B8XDo6aOEkVog0Q8Uu0Aa8qZpA3DDKftWFEsAk5bwfhm5rceqdIskg9mElNf4KFkISPYWKk37momkHdx10srU9QvltyyOwdaJV5GSpCh3i9+dQcRSQSVhnCsdcdzY+OnWBlGOJ0WuommMSZjPKQdSyUWVPvp/OopOrPKAIWRsiUNmqu/J1IstJ6IwHYKbEZ62ZuJ/3mdxIRXfspknBgqyWJRmHBkIjSLAA2YosTwiSWYKGZvRWSEFSbGBlWwIXjLL6+SZqXsuWXvvlqqXWdx5OEETuEcPLiEGtxCHRpAQMEzvMKb8+S8OO/Ox6I152Qzx/AHzucPCHaRig==</latexit><latexit sha1_base64="u76H75YqCOtQYpUFFqapC7tcpTA=">AAAB9XicbVA9SwNBEJ2LXzF+RS1tFoNgFe9CQMugjYVFBPMBySXsbfaSJbt7x+6eEo78DxsLRWz9L3b+GzfJFZr4YODx3gwz84KYM21c99vJra1vbG7ltws7u3v7B8XDo6aOEkVog0Q8Uu0Aa8qZpA3DDKftWFEsAk5bwfhm5rceqdIskg9mElNf4KFkISPYWKk37momkHdx10srU9QvltyyOwdaJV5GSpCh3i9+dQcRSQSVhnCsdcdzY+OnWBlGOJ0WuommMSZjPKQdSyUWVPvp/OopOrPKAIWRsiUNmqu/J1IstJ6IwHYKbEZ62ZuJ/3mdxIRXfspknBgqyWJRmHBkIjSLAA2YosTwiSWYKGZvRWSEFSbGBlWwIXjLL6+SZqXsuWXvvlqqXWdx5OEETuEcPLiEGtxCHRpAQMEzvMKb8+S8OO/Ox6I152Qzx/AHzucPCHaRig==</latexit><latexit sha1_base64="u76H75YqCOtQYpUFFqapC7tcpTA=">AAAB9XicbVA9SwNBEJ2LXzF+RS1tFoNgFe9CQMugjYVFBPMBySXsbfaSJbt7x+6eEo78DxsLRWz9L3b+GzfJFZr4YODx3gwz84KYM21c99vJra1vbG7ltws7u3v7B8XDo6aOEkVog0Q8Uu0Aa8qZpA3DDKftWFEsAk5bwfhm5rceqdIskg9mElNf4KFkISPYWKk37momkHdx10srU9QvltyyOwdaJV5GSpCh3i9+dQcRSQSVhnCsdcdzY+OnWBlGOJ0WuommMSZjPKQdSyUWVPvp/OopOrPKAIWRsiUNmqu/J1IstJ6IwHYKbEZ62ZuJ/3mdxIRXfspknBgqyWJRmHBkIjSLAA2YosTwiSWYKGZvRWSEFSbGBlWwIXjLL6+SZqXsuWXvvlqqXWdx5OEETuEcPLiEGtxCHRpAQMEzvMKb8+S8OO/Ox6I152Qzx/AHzucPCHaRig==</latexit>

morphogens



Growth diagram
critical point

source width 
growth

�
<latexit sha1_base64="xoisOv7u0KLkyDWhISONLHZD360=">AAAB7XicbVDLSgNBEOz1GeMr6lEPg0HwFHa96DHoxWMC5gHJEnons8mYmdllZlYIIf/gxYMiXv0Fv8ObNz/FyeOgiQUNRVU33V1RKrixvv/lrayurW9s5rby2zu7e/uFg8O6STJNWY0mItHNCA0TXLGa5VawZqoZykiwRjS4mfiNB6YNT9SdHaYslNhTPOYUrZPq7R5KiZ1C0S/5U5BlEsxJsXzyUf0GgEqn8NnuJjSTTFkq0JhW4Kc2HKG2nAo2zrczw1KkA+yxlqMKJTPhaHrtmJw5pUviRLtSlkzV3xMjlMYMZeQ6Jdq+WfQm4n9eK7PxVTjiKs0sU3S2KM4EsQmZvE66XDNqxdARpJq7Wwnto0ZqXUB5F0Kw+PIyqV+UAr8UVF0a1zBDDo7hFM4hgEsowy1UoAYU7uERnuHFS7wn79V7m7WuePOZI/gD7/0HlaWRVg==</latexit><latexit sha1_base64="fGKCovrbRaJQ3RMSdaXQQavVtyQ=">AAAB7XicbVC7SgNBFJ2NrxhfUUtFBoNgFXZttAzaWCZgHpAs4e5kkoyZxzIzK4Qlpb2NhSK2/kK+w85v8CecPApNPHDhcM693HtPFHNmrO9/eZmV1bX1jexmbmt7Z3cvv39QMyrRhFaJ4ko3IjCUM0mrlllOG7GmICJO69HgZuLXH6g2TMk7O4xpKKAnWZcRsE6qtXogBLTzBb/oT4GXSTAnhdLxuPL9eDIut/OfrY4iiaDSEg7GNAM/tmEK2jLC6SjXSgyNgQygR5uOShDUhOn02hE+c0oHd5V2JS2eqr8nUhDGDEXkOgXYvln0JuJ/XjOx3aswZTJOLJVktqibcGwVnryOO0xTYvnQESCauVsx6YMGYl1AORdCsPjyMqldFAO/GFRcGtdohiw6QqfoHAXoEpXQLSqjKiLoHj2hF/TqKe/Ze/PeZ60Zbz5ziP7A+/gBc+qSvA==</latexit><latexit sha1_base64="fGKCovrbRaJQ3RMSdaXQQavVtyQ=">AAAB7XicbVC7SgNBFJ2NrxhfUUtFBoNgFXZttAzaWCZgHpAs4e5kkoyZxzIzK4Qlpb2NhSK2/kK+w85v8CecPApNPHDhcM693HtPFHNmrO9/eZmV1bX1jexmbmt7Z3cvv39QMyrRhFaJ4ko3IjCUM0mrlllOG7GmICJO69HgZuLXH6g2TMk7O4xpKKAnWZcRsE6qtXogBLTzBb/oT4GXSTAnhdLxuPL9eDIut/OfrY4iiaDSEg7GNAM/tmEK2jLC6SjXSgyNgQygR5uOShDUhOn02hE+c0oHd5V2JS2eqr8nUhDGDEXkOgXYvln0JuJ/XjOx3aswZTJOLJVktqibcGwVnryOO0xTYvnQESCauVsx6YMGYl1AORdCsPjyMqldFAO/GFRcGtdohiw6QqfoHAXoEpXQLSqjKiLoHj2hF/TqKe/Ze/PeZ60Zbz5ziP7A+/gBc+qSvA==</latexit><latexit sha1_base64="+hGJJpKP9VwAf7ibOZNaHMg5ARs=">AAAB7XicbVA9SwNBEJ3zM8avqKXNYhCswp2NlkEbywjmA5IjzG32kjW7t8funhCO/AcbC0Vs/T92/hs3yRWa+GDg8d4MM/OiVHBjff/bW1vf2NzaLu2Ud/f2Dw4rR8ctozJNWZMqoXQnQsMET1jTcitYJ9UMZSRYOxrfzvz2E9OGq+TBTlIWShwmPOYUrZNavSFKif1K1a/5c5BVEhSkCgUa/cpXb6BoJlliqUBjuoGf2jBHbTkVbFruZYalSMc4ZF1HE5TMhPn82ik5d8qAxEq7SiyZq78ncpTGTGTkOiXakVn2ZuJ/Xjez8XWY8yTNLEvoYlGcCWIVmb1OBlwzasXEEaSau1sJHaFGal1AZRdCsPzyKmld1gK/Ftz71fpNEUcJTuEMLiCAK6jDHTSgCRQe4Rle4c1T3ov37n0sWte8YuYE/sD7/AGFq48R</latexit>

w ⇠ L�
<latexit sha1_base64="aa8/kcz30paSI2RvqAhtAYZv/Qg=">AAAB9XicbVC7SgNBFL3rM66vqKXNYBCswq6NNmLQxsIignlAsgmzk9lkyMzsMjNrCEvAz7CxUMTWz7C382+cPApNPHDhcM693HtPmHCmjed9O0vLK6tr67kNd3Nre2c3v7df1XGqCK2QmMeqHmJNOZO0YpjhtJ4oikXIaS3sX4/92gNVmsXy3gwTGgjclSxiBBsrtQZNzQS6bTW7WAjczhe8ojcBWiT+jBQuP92LRwAot/NfzU5MUkGlIRxr3fC9xAQZVoYRTkduM9U0waSPu7RhqcSC6iCbXD1Cx1bpoChWtqRBE/X3RIaF1kMR2k6BTU/Pe2PxP6+Rmug8yJhMUkMlmS6KUo5MjMYRoA5TlBg+tAQTxeytiPSwwsTYoFwbgj//8iKpnhZ9r+jfeYXSFUyRg0M4ghPw4QxKcANlqAABBU/wAq/OwHl23pz3aeuSM5s5gD9wPn4AngCUFA==</latexit><latexit sha1_base64="uVDQJE2c/5zmBcOXQTkzr98maN0=">AAAB9XicbVC5TsNAEF2HK5grQEmzIkKiimwaaBARNBQUQSKHFDvReLNOVtm1rd01UWTlP2goOETLZ9DTIP6GzVFAwpNGenpvRjPzgoQzpR3n28otLa+sruXX7Y3Nre2dwu5eTcWpJLRKYh7LRgCKchbRqmaa00YiKYiA03rQvxr79XsqFYujOz1MqC+gG7GQEdBGag08xQS+aXldEALahaJTcibAi8SdkeLFh32evHzZlXbh0+vEJBU00oSDUk3XSbSfgdSMcDqyvVTRBEgfurRpaASCKj+bXD3CR0bp4DCWpiKNJ+rviQyEUkMRmE4BuqfmvbH4n9dMdXjmZyxKUk0jMl0UphzrGI8jwB0mKdF8aAgQycytmPRAAtEmKNuE4M6/vEhqJyXXKbm3TrF8iabIowN0iI6Ri05RGV2jCqoigiR6QE/o2RpYj9ar9TZtzVmzmX30B9b7D4+PlYg=</latexit><latexit sha1_base64="uVDQJE2c/5zmBcOXQTkzr98maN0=">AAAB9XicbVC5TsNAEF2HK5grQEmzIkKiimwaaBARNBQUQSKHFDvReLNOVtm1rd01UWTlP2goOETLZ9DTIP6GzVFAwpNGenpvRjPzgoQzpR3n28otLa+sruXX7Y3Nre2dwu5eTcWpJLRKYh7LRgCKchbRqmaa00YiKYiA03rQvxr79XsqFYujOz1MqC+gG7GQEdBGag08xQS+aXldEALahaJTcibAi8SdkeLFh32evHzZlXbh0+vEJBU00oSDUk3XSbSfgdSMcDqyvVTRBEgfurRpaASCKj+bXD3CR0bp4DCWpiKNJ+rviQyEUkMRmE4BuqfmvbH4n9dMdXjmZyxKUk0jMl0UphzrGI8jwB0mKdF8aAgQycytmPRAAtEmKNuE4M6/vEhqJyXXKbm3TrF8iabIowN0iI6Ri05RGV2jCqoigiR6QE/o2RpYj9ar9TZtzVmzmX30B9b7D4+PlYg=</latexit><latexit sha1_base64="GO7ffORaej5pMDlff8FWhRE+8Es=">AAAB9XicbVA9TwJBEJ3DL8Qv1NJmIzGxInc2WhJtLCwwETCBg8wte7Bh9+6yuychF/6HjYXG2Ppf7Pw3LnCFgi+Z5OW9mczMCxLBtXHdb6ewtr6xuVXcLu3s7u0flA+PmjpOFWUNGotYPQaomeARaxhuBHtMFEMZCNYKRjczv/XElOZx9GAmCfMlDiIecorGSt1xR3NJ7rqdAUqJvXLFrbpzkFXi5aQCOeq98lenH9NUsshQgVq3PTcxfobKcCrYtNRJNUuQjnDA2pZGKJn2s/nVU3JmlT4JY2UrMmSu/p7IUGo9kYHtlGiGetmbif957dSEV37GoyQ1LKKLRWEqiInJLALS54pRIyaWIFXc3kroEBVSY4Mq2RC85ZdXSfOi6rlV796t1K7zOIpwAqdwDh5cQg1uoQ4NoKDgGV7hzRk7L86787FoLTj5zDH8gfP5Ay7Ikkc=</latexit>

final size

�
<latexit sha1_base64="ZJYm60J6SN91P1/3c4u2CI8dCfs=">AAAB7HicbVA9SwNBEJ2LXzF+RS21WAyCVbiz0TJoY5mAlwSSI+xt9pIle3vH7pwQjvwGGwtFbP0N/g47O3+Km49CEx8MPN6bYWZemEph0HW/nMLa+sbmVnG7tLO7t39QPjxqmiTTjPsskYluh9RwKRT3UaDk7VRzGoeSt8LR7dRvPXBtRKLucZzyIKYDJSLBKFrJ74Ycaa9ccavuDGSVeAtSqZ1+NL4BoN4rf3b7CctirpBJakzHc1MMcqpRMMknpW5meErZiA54x1JFY26CfHbshJxbpU+iRNtSSGbq74mcxsaM49B2xhSHZtmbiv95nQyj6yAXKs2QKzZfFGWSYEKmn5O+0JyhHFtCmRb2VsKGVFOGNp+SDcFbfnmVNC+rnlv1GjaNG5ijCCdwBhfgwRXU4A7q4AMDAY/wDC+Ocp6cV+dt3lpwFjPH8AfO+w/SkJDl</latexit><latexit sha1_base64="T0WMp4GhZ4uSBj/qlfBz2SjPiwM=">AAAB7HicbVDLSgNBEOz1GeMr6lGRwSB4Crte9Bj04jEB84BkCbOT3mTI7OwyMyuEJUfPXjwo4tVvyHd48xv8CSePgyYWNBRV3XR3BYng2rjul7Oyura+sZnbym/v7O7tFw4O6zpOFcMai0WsmgHVKLjEmuFGYDNRSKNAYCMY3E78xgMqzWN5b4YJ+hHtSR5yRo2Vau0ADe0Uim7JnYIsE29OiuWTcfX78XRc6RQ+292YpRFKwwTVuuW5ifEzqgxnAkf5dqoxoWxAe9iyVNIItZ9Njx2Rc6t0SRgrW9KQqfp7IqOR1sMosJ0RNX296E3E/7xWasJrP+MySQ1KNlsUpoKYmEw+J12ukBkxtIQyxe2thPWposzYfPI2BG/x5WVSvyx5bsmr2jRuYIYcHMMZXIAHV1CGO6hADRhweIIXeHWk8+y8Oe+z1hVnPnMEf+B8/ACw1ZJL</latexit><latexit sha1_base64="T0WMp4GhZ4uSBj/qlfBz2SjPiwM=">AAAB7HicbVDLSgNBEOz1GeMr6lGRwSB4Crte9Bj04jEB84BkCbOT3mTI7OwyMyuEJUfPXjwo4tVvyHd48xv8CSePgyYWNBRV3XR3BYng2rjul7Oyura+sZnbym/v7O7tFw4O6zpOFcMai0WsmgHVKLjEmuFGYDNRSKNAYCMY3E78xgMqzWN5b4YJ+hHtSR5yRo2Vau0ADe0Uim7JnYIsE29OiuWTcfX78XRc6RQ+292YpRFKwwTVuuW5ifEzqgxnAkf5dqoxoWxAe9iyVNIItZ9Njx2Rc6t0SRgrW9KQqfp7IqOR1sMosJ0RNX296E3E/7xWasJrP+MySQ1KNlsUpoKYmEw+J12ukBkxtIQyxe2thPWposzYfPI2BG/x5WVSvyx5bsmr2jRuYIYcHMMZXIAHV1CGO6hADRhweIIXeHWk8+y8Oe+z1hVnPnMEf+B8/ACw1ZJL</latexit><latexit sha1_base64="oh9acL0i25OiXf1MLpx1aTkFgbQ=">AAAB7HicbVBNT8JAEJ3iF+IX6tFLIzHxRFoveiR68YiJBRJoyHaZwobtttmdmhDCb/DiQWO8+oO8+W9coAcFXzLJy3szmZkXZVIY8rxvp7SxubW9U96t7O0fHB5Vj09aJs01x4CnMtWdiBmUQmFAgiR2Mo0siSS2o/Hd3G8/oTYiVY80yTBM2FCJWHBGVgp6ERLrV2te3VvAXSd+QWpQoNmvfvUGKc8TVMQlM6brexmFU6ZJcImzSi83mDE+ZkPsWqpYgiacLo6duRdWGbhxqm0pchfq74kpS4yZJJHtTBiNzKo3F//zujnFN+FUqCwnVHy5KM6lS6k7/9wdCI2c5MQSxrWwt7p8xDTjZPOp2BD81ZfXSeuq7nt1/8GrNW6LOMpwBudwCT5cQwPuoQkBcBDwDK/w5ijnxXl3PpatJaeYOYU/cD5/AMKWjqA=</latexit>

Lmax
<latexit sha1_base64="SS380DNqn37qgPbwxK8hSRSju6k=">AAAB8nicbVC7SgNBFL0bXzG+ooKNzWAQrMKujZZBGwuLBMwDNkucnUySIfNYZmbFsOQzbCwUsfVr7Gz8FiePQhMPXDiccy/33hMnnBnr+19ebmV1bX0jv1nY2t7Z3SvuHzSMSjWhdaK40q0YG8qZpHXLLKetRFMsYk6b8fB64jcfqDZMyTs7SmgkcF+yHiPYOim87WRtLZDAj+NOseSX/SnQMgnmpFQ5qn3fA0C1U/xsdxVJBZWWcGxMGPiJjTKsLSOcjgvt1NAEkyHu09BRiQU1UTY9eYxOndJFPaVdSYum6u+JDAtjRiJ2nQLbgVn0JuJ/Xpja3mWUMZmklkoyW9RLObIKTf5HXaYpsXzkCCaauVsRGWCNiXUpFVwIweLLy6RxXg78clBzaVzBDHk4hhM4gwAuoAI3UIU6EFDwBC/w6lnv2Xvz3metOW8+cwh/4H38ALr0kw0=</latexit><latexit sha1_base64="y3NwZ4oBHE+ORYe2+je8MWbaRCE=">AAAB8nicbVC7SgNBFJ2NrxhfUcHGZjAIVmHXRssQGwuLBMwDNkuYncwmQ2Zml5m7YljyGTYWitjqX/gFdjZ+i5NHoYkHLhzOuZd77wkTwQ247peTW1ldW9/Ibxa2tnd294r7B00Tp5qyBo1FrNshMUxwxRrAQbB2ohmRoWCtcHg18Vt3TBseq1sYJSyQpK94xCkBK/k33ayjJZbkftwtltyyOwVeJt6clCpH9W/+Xv2odYufnV5MU8kUUEGM8T03gSAjGjgVbFzopIYlhA5Jn/mWKiKZCbLpyWN8apUejmJtSwGeqr8nMiKNGcnQdkoCA7PoTcT/PD+F6DLIuEpSYIrOFkWpwBDjyf+4xzWjIEaWEKq5vRXTAdGEgk2pYEPwFl9eJs3zsueWvbpNo4pmyKNjdILOkIcuUAVdoxpqIIpi9ICe0LMDzqPz4rzOWnPOfOYQ/YHz9gMMRJTJ</latexit><latexit sha1_base64="y3NwZ4oBHE+ORYe2+je8MWbaRCE=">AAAB8nicbVC7SgNBFJ2NrxhfUcHGZjAIVmHXRssQGwuLBMwDNkuYncwmQ2Zml5m7YljyGTYWitjqX/gFdjZ+i5NHoYkHLhzOuZd77wkTwQ247peTW1ldW9/Ibxa2tnd294r7B00Tp5qyBo1FrNshMUxwxRrAQbB2ohmRoWCtcHg18Vt3TBseq1sYJSyQpK94xCkBK/k33ayjJZbkftwtltyyOwVeJt6clCpH9W/+Xv2odYufnV5MU8kUUEGM8T03gSAjGjgVbFzopIYlhA5Jn/mWKiKZCbLpyWN8apUejmJtSwGeqr8nMiKNGcnQdkoCA7PoTcT/PD+F6DLIuEpSYIrOFkWpwBDjyf+4xzWjIEaWEKq5vRXTAdGEgk2pYEPwFl9eJs3zsueWvbpNo4pmyKNjdILOkIcuUAVdoxpqIIpi9ICe0LMDzqPz4rzOWnPOfOYQ/YHz9gMMRJTJ</latexit><latexit sha1_base64="L0Q6e+rV82gDDUxllLImzqghDvc=">AAAB8nicbVC7SgNBFJ2NrxhfUUubwSBYhV0bLYM2FhYRzAM2S5idzCZD5rHM3BXDks+wsVDE1q+x82+cJFto4oELh3Pu5d574lRwC77/7ZXW1jc2t8rblZ3dvf2D6uFR2+rMUNaiWmjTjYllgivWAg6CdVPDiIwF68Tjm5nfeWTGcq0eYJKySJKh4gmnBJwU3vXznpFYkqdpv1rz6/4ceJUEBamhAs1+9as30DSTTAEVxNow8FOIcmKAU8GmlV5mWUromAxZ6Kgiktkon588xWdOGeBEG1cK8Fz9PZETae1Exq5TEhjZZW8m/ueFGSRXUc5VmgFTdLEoyQQGjWf/4wE3jIKYOEKo4e5WTEfEEAoupYoLIVh+eZW0L+qBXw/u/VrjuoijjE7QKTpHAbpEDXSLmqiFKNLoGb2iNw+8F+/d+1i0lrxi5hj9gff5AyxckSg=</latexit>

transition bounded-unbounded
growth � = �c(� + 1)/2

<latexit sha1_base64="+ncZR5PSCNW9wJi1xj9lOFbWDRc=">AAACAnicbVC7SgNBFL0bXzG+Vq3EZkkQIoG4m0YbIWhjGcE8IBvC3ckkGTKzu8zMCiEEGz/ExsZCEVu/ws6/cfIoNPHAvRzOuZeZe4KYM6Vd99tKrayurW+kNzNb2zu7e/b+QU1FiSS0SiIeyUaAinIW0qpmmtNGLCmKgNN6MLie+PV7KhWLwjs9jGlLYC9kXUZQG6ltH/kB1Xg57W2S93soBBa807NS2865RXcKZ5l4c5IrZ/3CEwBU2vaX34lIImioCUelmp4b69YIpWaE03HGTxSNkQywR5uGhiioao2mJ4ydE6N0nG4kTYXamaq/N0YolBqKwEwK1H216E3E/7xmorsXrREL40TTkMwe6ibc0ZEzycPpMEmJ5kNDkEhm/uqQPkok2qSWMSF4iycvk1qp6LlF79akcQUzpOEYspAHD86hDDdQgSoQeIBneIU369F6sd6tj9loyprvHMIfWJ8/TDWXhg==</latexit><latexit sha1_base64="FM1QvaP4f1RulV5j0wWcdGfdTng=">AAACAnicbVDLSsNAFJ3UV62vqCtxE1qESqEm3ehGKLpxWcE+oCnlZjpph84kYWYihFDc+An+ghsXirj1K9z1b5ymXWj1wL0czrmXmXu8iFGpbHtq5FZW19Y38puFre2d3T1z/6Alw1hg0sQhC0XHA0kYDUhTUcVIJxIEuMdI2xtfz/z2PRGShsGdSiLS4zAMqE8xKC31zSPXIwous97HZXcInEPFOT2r9c2SXbUzWH+JsyCletGtPE3rSaNvfrmDEMecBAozkLLr2JHqpSAUxYxMCm4sSQR4DEPS1TQATmQvzU6YWCdaGVh+KHQFysrUnxspcCkT7ulJDmokl72Z+J/XjZV/0UtpEMWKBHj+kB8zS4XWLA9rQAXBiiWaABZU/9XCIxCAlU6toENwlk/+S1q1qmNXnVudxhWaI4+OURGVkYPOUR3doAZqIowe0DN6RW/Go/FivBsf89Gcsdg5RL9gfH4DVZ+ZDA==</latexit><latexit sha1_base64="FM1QvaP4f1RulV5j0wWcdGfdTng=">AAACAnicbVDLSsNAFJ3UV62vqCtxE1qESqEm3ehGKLpxWcE+oCnlZjpph84kYWYihFDc+An+ghsXirj1K9z1b5ymXWj1wL0czrmXmXu8iFGpbHtq5FZW19Y38puFre2d3T1z/6Alw1hg0sQhC0XHA0kYDUhTUcVIJxIEuMdI2xtfz/z2PRGShsGdSiLS4zAMqE8xKC31zSPXIwous97HZXcInEPFOT2r9c2SXbUzWH+JsyCletGtPE3rSaNvfrmDEMecBAozkLLr2JHqpSAUxYxMCm4sSQR4DEPS1TQATmQvzU6YWCdaGVh+KHQFysrUnxspcCkT7ulJDmokl72Z+J/XjZV/0UtpEMWKBHj+kB8zS4XWLA9rQAXBiiWaABZU/9XCIxCAlU6toENwlk/+S1q1qmNXnVudxhWaI4+OURGVkYPOUR3doAZqIowe0DN6RW/Go/FivBsf89Gcsdg5RL9gfH4DVZ+ZDA==</latexit><latexit sha1_base64="uJvYeTq8ISxmpUyytSsd5mamZ1E=">AAACAnicbVDLSsNAFJ34rPUVdSVugkWoCDXpRjdC0Y3LCvYBTQg300k7dCYJMxOhhOLGX3HjQhG3foU7/8ZpmoW2HriXwzn3MnNPkDAqlW1/G0vLK6tr66WN8ubW9s6uubfflnEqMGnhmMWiG4AkjEakpahipJsIAjxgpBOMbqZ+54EISePoXo0T4nEYRDSkGJSWfPPQDYiCq7z7uOoOgHM4c07P675ZsWt2DmuROAWpoAJN3/xy+zFOOYkUZiBlz7ET5WUgFMWMTMpuKkkCeAQD0tM0Ak6kl+UnTKwTrfStMBa6ImXl6u+NDLiUYx7oSQ5qKOe9qfif10tVeOllNEpSRSI8eyhMmaVia5qH1aeCYMXGmgAWVP/VwkMQgJVOraxDcOZPXiTtes2xa86dXWlcF3GU0BE6RlXkoAvUQLeoiVoIo0f0jF7Rm/FkvBjvxsdsdMkodg7QHxifPzm2lf0=</latexit>
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x
<latexit sha1_base64="f2yzimwbR/Dgjzp6tZ360fHRqNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N2IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5jmM/A==</latexit><latexit sha1_base64="f2yzimwbR/Dgjzp6tZ360fHRqNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N2IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5jmM/A==</latexit><latexit sha1_base64="f2yzimwbR/Dgjzp6tZ360fHRqNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N2IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5jmM/A==</latexit><latexit sha1_base64="f2yzimwbR/Dgjzp6tZ360fHRqNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N2IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5jmM/A==</latexit>

⌫0
<latexit sha1_base64="5rO6qaNBpCwQywR82E+wHDPG9bs=">AAAB7HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjBdMW2lA220m7dLMJuxuhhP4GLx4U8eoP8ua/cdvmoK0vLDy8M8POvGEquDau++2UNja3tnfKu5W9/YPDo+rxSVsnmWLos0QkqhtSjYJL9A03ArupQhqHAjvh5G5e7zyh0jyRj2aaYhDTkeQRZ9RYy+/LbOAOqjW37i5E1sEroAaFWoPqV3+YsCxGaZigWvc8NzVBTpXhTOCs0s80ppRN6Ah7FiWNUQf5YtkZubDOkESJsk8asnB/T+Q01noah7YzpmasV2tz879aLzPRTZBzmWYGJVt+FGWCmITMLydDrpAZMbVAmeJ2V8LGVFFmbD4VG4K3evI6tK/qnuWH61rztoijDGdwDpfgQQOacA8t8IEBh2d4hTdHOi/Ou/OxbC05xcwp/JHz+QOEX456</latexit><latexit sha1_base64="5rO6qaNBpCwQywR82E+wHDPG9bs=">AAAB7HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjBdMW2lA220m7dLMJuxuhhP4GLx4U8eoP8ua/cdvmoK0vLDy8M8POvGEquDau++2UNja3tnfKu5W9/YPDo+rxSVsnmWLos0QkqhtSjYJL9A03ArupQhqHAjvh5G5e7zyh0jyRj2aaYhDTkeQRZ9RYy+/LbOAOqjW37i5E1sEroAaFWoPqV3+YsCxGaZigWvc8NzVBTpXhTOCs0s80ppRN6Ah7FiWNUQf5YtkZubDOkESJsk8asnB/T+Q01noah7YzpmasV2tz879aLzPRTZBzmWYGJVt+FGWCmITMLydDrpAZMbVAmeJ2V8LGVFFmbD4VG4K3evI6tK/qnuWH61rztoijDGdwDpfgQQOacA8t8IEBh2d4hTdHOi/Ou/OxbC05xcwp/JHz+QOEX456</latexit><latexit sha1_base64="5rO6qaNBpCwQywR82E+wHDPG9bs=">AAAB7HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjBdMW2lA220m7dLMJuxuhhP4GLx4U8eoP8ua/cdvmoK0vLDy8M8POvGEquDau++2UNja3tnfKu5W9/YPDo+rxSVsnmWLos0QkqhtSjYJL9A03ArupQhqHAjvh5G5e7zyh0jyRj2aaYhDTkeQRZ9RYy+/LbOAOqjW37i5E1sEroAaFWoPqV3+YsCxGaZigWvc8NzVBTpXhTOCs0s80ppRN6Ah7FiWNUQf5YtkZubDOkESJsk8asnB/T+Q01noah7YzpmasV2tz879aLzPRTZBzmWYGJVt+FGWCmITMLydDrpAZMbVAmeJ2V8LGVFFmbD4VG4K3evI6tK/qnuWH61rztoijDGdwDpfgQQOacA8t8IEBh2d4hTdHOi/Ou/OxbC05xcwp/JHz+QOEX456</latexit><latexit sha1_base64="5rO6qaNBpCwQywR82E+wHDPG9bs=">AAAB7HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjBdMW2lA220m7dLMJuxuhhP4GLx4U8eoP8ua/cdvmoK0vLDy8M8POvGEquDau++2UNja3tnfKu5W9/YPDo+rxSVsnmWLos0QkqhtSjYJL9A03ArupQhqHAjvh5G5e7zyh0jyRj2aaYhDTkeQRZ9RYy+/LbOAOqjW37i5E1sEroAaFWoPqV3+YsCxGaZigWvc8NzVBTpXhTOCs0s80ppRN6Ah7FiWNUQf5YtkZubDOkESJsk8asnB/T+Q01noah7YzpmasV2tz879aLzPRTZBzmWYGJVt+FGWCmITMLydDrpAZMbVAmeJ2V8LGVFFmbD4VG4K3evI6tK/qnuWH61rztoijDGdwDpfgQQOacA8t8IEBh2d4hTdHOi/Ou/OxbC05xcwp/JHz+QOEX456</latexit>

w
<latexit sha1_base64="sGagZRpsBDQQXLOTtGoRB0Vi9Sc=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxBfsBbSib7aRdu9mE3Y1SQn+BFw+KePUnefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e2s3n5EpXks780kQT+iQ8lDzqixVuOpX664VXcusgpeDhXIVe+Xv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtShphNrP5otOyZl1BiSMlX3SkLn7eyKjkdaTKLCdETUjvVybmf/VuqkJr/2MyyQ1KNniozAVxMRkdjUZcIXMiIkFyhS3uxI2oooyY7Mp2RC85ZNXoXVR9Sw3Liu1mzyOIpzAKZyDB1dQgzuoQxMYIDzDK7w5D86L8+58LFoLTj5zDH/kfP4A5LeM+w==</latexit><latexit sha1_base64="sGagZRpsBDQQXLOTtGoRB0Vi9Sc=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxBfsBbSib7aRdu9mE3Y1SQn+BFw+KePUnefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e2s3n5EpXks780kQT+iQ8lDzqixVuOpX664VXcusgpeDhXIVe+Xv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtShphNrP5otOyZl1BiSMlX3SkLn7eyKjkdaTKLCdETUjvVybmf/VuqkJr/2MyyQ1KNniozAVxMRkdjUZcIXMiIkFyhS3uxI2oooyY7Mp2RC85ZNXoXVR9Sw3Liu1mzyOIpzAKZyDB1dQgzuoQxMYIDzDK7w5D86L8+58LFoLTj5zDH/kfP4A5LeM+w==</latexit><latexit sha1_base64="sGagZRpsBDQQXLOTtGoRB0Vi9Sc=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxBfsBbSib7aRdu9mE3Y1SQn+BFw+KePUnefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e2s3n5EpXks780kQT+iQ8lDzqixVuOpX664VXcusgpeDhXIVe+Xv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtShphNrP5otOyZl1BiSMlX3SkLn7eyKjkdaTKLCdETUjvVybmf/VuqkJr/2MyyQ1KNniozAVxMRkdjUZcIXMiIkFyhS3uxI2oooyY7Mp2RC85ZNXoXVR9Sw3Liu1mzyOIpzAKZyDB1dQgzuoQxMYIDzDK7w5D86L8+58LFoLTj5zDH/kfP4A5LeM+w==</latexit><latexit sha1_base64="sGagZRpsBDQQXLOTtGoRB0Vi9Sc=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxBfsBbSib7aRdu9mE3Y1SQn+BFw+KePUnefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e2s3n5EpXks780kQT+iQ8lDzqixVuOpX664VXcusgpeDhXIVe+Xv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtShphNrP5otOyZl1BiSMlX3SkLn7eyKjkdaTKLCdETUjvVybmf/VuqkJr/2MyyQ1KNniozAVxMRkdjUZcIXMiIkFyhS3uxI2oooyY7Mp2RC85ZNXoXVR9Sw3Liu1mzyOIpzAKZyDB1dQgzuoQxMYIDzDK7w5D86L8+58LFoLTj5zDH/kfP4A5LeM+w==</latexit>


