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• Many applications in geometry processing:  
deformation, parameterization, heat diffusion, uniformization.


• All these examples have direct analogies for tetrahedral meshes.

Discrete Laplacian on Simplicial Meshes



• All Laplacians we consider here are given by weights        . 


• Properties by construction:  
(weak) locality, symmetry, constants are part of the null space.

Discrete Laplacian on Simplicial Meshes
wij

<latexit sha1_base64="Yeh7JMmgeXv05/wX6Pk9OOHTokM=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mtgh6LXjxWsB/QLiWbZtu02WRJskpZ+h+8eFDEq//Hm//GdLsHbX0w8Hhvhpl5QcyZNq777RTW1jc2t4rbpZ3dvf2D8uFRS8tEEdokkkvVCbCmnAnaNMxw2okVxVHAaTuY3M799iNVmknxYKYx9SM8FCxkBBsrtZ76KRvP+uWKW3UzoFXi5aQCORr98ldvIEkSUWEIx1p3PTc2foqVYYTTWamXaBpjMsFD2rVU4IhqP82unaEzqwxQKJUtYVCm/p5IcaT1NApsZ4TNSC97c/E/r5uY8NpPmYgTQwVZLAoTjoxE89fRgClKDJ9agoli9lZERlhhYmxAJRuCt/zyKmnVqt5FtXZ/Wanf5HEU4QRO4Rw8uII63EEDmkBgDM/wCm+OdF6cd+dj0Vpw8plj+APn8wfs649b</latexit>

wij = wji
<latexit sha1_base64="jADGhfkUw9UhTwDtv0qUAShnKBA=">AAAB+HicbZDLSsNAFIZP6q3WS6Mu3QwWwVVJRNCFQsGNywr2Am0Ik+mknXYyCTMTpYY8iRsXirj1Udz5Nk7bLLT6w8DHf87hnPmDhDOlHefLKq2srq1vlDcrW9s7u1V7b7+t4lQS2iIxj2U3wIpyJmhLM81pN5EURwGnnWByPat37qlULBZ3eppQL8JDwUJGsDaWb1cf/IyNc3SFDIxZ7ts1p+7Mhf6CW0ANCjV9+7M/iEkaUaEJx0r1XCfRXoalZoTTvNJPFU0wmeAh7RkUOKLKy+aH5+jYOAMUxtI8odHc/TmR4UipaRSYzgjrkVquzcz/ar1UhxdexkSSairIYlGYcqRjNEsBDZikRPOpAUwkM7ciMsISE22yqpgQ3OUv/4X2ad116u7tWa1xWcRRhkM4ghNw4RwacANNaAGBFJ7gBV6tR+vZerPeF60lq5g5gF+yPr4BiZyS+g==</latexit><latexit sha1_base64="jADGhfkUw9UhTwDtv0qUAShnKBA=">AAAB+HicbZDLSsNAFIZP6q3WS6Mu3QwWwVVJRNCFQsGNywr2Am0Ik+mknXYyCTMTpYY8iRsXirj1Udz5Nk7bLLT6w8DHf87hnPmDhDOlHefLKq2srq1vlDcrW9s7u1V7b7+t4lQS2iIxj2U3wIpyJmhLM81pN5EURwGnnWByPat37qlULBZ3eppQL8JDwUJGsDaWb1cf/IyNc3SFDIxZ7ts1p+7Mhf6CW0ANCjV9+7M/iEkaUaEJx0r1XCfRXoalZoTTvNJPFU0wmeAh7RkUOKLKy+aH5+jYOAMUxtI8odHc/TmR4UipaRSYzgjrkVquzcz/ar1UhxdexkSSairIYlGYcqRjNEsBDZikRPOpAUwkM7ciMsISE22yqpgQ3OUv/4X2ad116u7tWa1xWcRRhkM4ghNw4RwacANNaAGBFJ7gBV6tR+vZerPeF60lq5g5gF+yPr4BiZyS+g==</latexit><latexit sha1_base64="jADGhfkUw9UhTwDtv0qUAShnKBA=">AAAB+HicbZDLSsNAFIZP6q3WS6Mu3QwWwVVJRNCFQsGNywr2Am0Ik+mknXYyCTMTpYY8iRsXirj1Udz5Nk7bLLT6w8DHf87hnPmDhDOlHefLKq2srq1vlDcrW9s7u1V7b7+t4lQS2iIxj2U3wIpyJmhLM81pN5EURwGnnWByPat37qlULBZ3eppQL8JDwUJGsDaWb1cf/IyNc3SFDIxZ7ts1p+7Mhf6CW0ANCjV9+7M/iEkaUaEJx0r1XCfRXoalZoTTvNJPFU0wmeAh7RkUOKLKy+aH5+jYOAMUxtI8odHc/TmR4UipaRSYzgjrkVquzcz/ar1UhxdexkSSairIYlGYcqRjNEsBDZikRPOpAUwkM7ciMsISE22yqpgQ3OUv/4X2ad116u7tWa1xWcRRhkM4ghNw4RwacANNaAGBFJ7gBV6tR+vZerPeF60lq5g5gF+yPr4BiZyS+g==</latexit><latexit sha1_base64="jADGhfkUw9UhTwDtv0qUAShnKBA=">AAAB+HicbZDLSsNAFIZP6q3WS6Mu3QwWwVVJRNCFQsGNywr2Am0Ik+mknXYyCTMTpYY8iRsXirj1Udz5Nk7bLLT6w8DHf87hnPmDhDOlHefLKq2srq1vlDcrW9s7u1V7b7+t4lQS2iIxj2U3wIpyJmhLM81pN5EURwGnnWByPat37qlULBZ3eppQL8JDwUJGsDaWb1cf/IyNc3SFDIxZ7ts1p+7Mhf6CW0ANCjV9+7M/iEkaUaEJx0r1XCfRXoalZoTTvNJPFU0wmeAh7RkUOKLKy+aH5+jYOAMUxtI8odHc/TmR4UipaRSYzgjrkVquzcz/ar1UhxdexkSSairIYlGYcqRjNEsBDZikRPOpAUwkM7ciMsISE22yqpgQ3OUv/4X2ad116u7tWa1xWcRRhkM4ghNw4RwacANNaAGBFJ7gBV6tR+vZerPeF60lq5g5gF+yPr4BiZyS+g==</latexit>



• Additional desirable properties: 

Discrete Laplacian on Simplicial Meshes

negative semi-definite

positive coefficients          wij
<latexit sha1_base64="eG68aFFLoNwlqahI3+GUqEOZAnc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOZpNJ5rHMzCphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0dNo1JNaIMornQ7woZyJmnDMstpO9EUi4jTVjS+nfmtR6oNU/LBThIaCjyQLGYEWyc1n3oZG0175Ypf9edAqyTISQVy1Hvlr25fkVRQaQnHxnQCP7FhhrVlhNNpqZsammAyxgPacVRiQU2Yza+dojOn9FGstCtp0Vz9PZFhYcxERK5TYDs0y95M/M/rpDa+DjMmk9RSSRaL4pQjq9DsddRnmhLLJ45gopm7FZEh1phYF1DJhRAsv7xKmhfVwK8G95eV2k0eRxFO4BTOIYArqMEd1KEBBEbwDK/w5invxXv3PhatBS+fOYY/8D5/AOudj1c=</latexit><latexit sha1_base64="eG68aFFLoNwlqahI3+GUqEOZAnc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOZpNJ5rHMzCphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0dNo1JNaIMornQ7woZyJmnDMstpO9EUi4jTVjS+nfmtR6oNU/LBThIaCjyQLGYEWyc1n3oZG0175Ypf9edAqyTISQVy1Hvlr25fkVRQaQnHxnQCP7FhhrVlhNNpqZsammAyxgPacVRiQU2Yza+dojOn9FGstCtp0Vz9PZFhYcxERK5TYDs0y95M/M/rpDa+DjMmk9RSSRaL4pQjq9DsddRnmhLLJ45gopm7FZEh1phYF1DJhRAsv7xKmhfVwK8G95eV2k0eRxFO4BTOIYArqMEd1KEBBEbwDK/w5invxXv3PhatBS+fOYY/8D5/AOudj1c=</latexit><latexit sha1_base64="eG68aFFLoNwlqahI3+GUqEOZAnc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOZpNJ5rHMzCphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0dNo1JNaIMornQ7woZyJmnDMstpO9EUi4jTVjS+nfmtR6oNU/LBThIaCjyQLGYEWyc1n3oZG0175Ypf9edAqyTISQVy1Hvlr25fkVRQaQnHxnQCP7FhhrVlhNNpqZsammAyxgPacVRiQU2Yza+dojOn9FGstCtp0Vz9PZFhYcxERK5TYDs0y95M/M/rpDa+DjMmk9RSSRaL4pQjq9DsddRnmhLLJ45gopm7FZEh1phYF1DJhRAsv7xKmhfVwK8G95eV2k0eRxFO4BTOIYArqMEd1KEBBEbwDK/w5invxXv3PhatBS+fOYY/8D5/AOudj1c=</latexit><latexit sha1_base64="eG68aFFLoNwlqahI3+GUqEOZAnc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOZpNJ5rHMzCphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0dNo1JNaIMornQ7woZyJmnDMstpO9EUi4jTVjS+nfmtR6oNU/LBThIaCjyQLGYEWyc1n3oZG0175Ypf9edAqyTISQVy1Hvlr25fkVRQaQnHxnQCP7FhhrVlhNNpqZsammAyxgPacVRiQU2Yza+dojOn9FGstCtp0Vz9PZFhYcxERK5TYDs0y95M/M/rpDa+DjMmk9RSSRaL4pQjq9DsddRnmhLLJ45gopm7FZEh1phYF1DJhRAsv7xKmhfVwK8G95eV2k0eRxFO4BTOIYArqMEd1KEBBEbwDK/w5invxXv3PhatBS+fOYY/8D5/AOudj1c=</latexit>

Maximum principle.

linear precision
                 for inner vertices   and linear functions   . (Lf)i = 0

<latexit sha1_base64="nUbr4dyFTi+NY7S2Hdu4zAGEs1s=">AAACBHicbZDNSsNAFIVv6l+tf1GX3QwWoW5KIoJuhKIbFy4q2FpoQ5hMJ+3QySTMTIQSunDjq7hxoYhbH8Kdb+O0jaCtBwY+zr2XufcECWdKO86XVVhaXlldK66XNja3tnfs3b2WilNJaJPEPJbtACvKmaBNzTSn7URSHAWc3gXDy0n97p5KxWJxq0cJ9SLcFyxkBGtj+Xa52o2wHgQhukY/FB75DJ0jx7crTs2ZCi2Cm0MFcjV8+7Pbi0kaUaEJx0p1XCfRXoalZoTTcambKppgMsR92jEocESVl02PGKND4/RQGEvzhEZT9/dEhiOlRlFgOid7qvnaxPyv1kl1eOZlTCSppoLMPgpTjnSMJomgHpOUaD4ygIlkZldEBlhiok1uJROCO3/yIrSOa65Tc29OKvWLPI4ilOEAquDCKdThChrQBAIP8AQv8Go9Ws/Wm/U+ay1Y+cw+/JH18Q2x1pYt</latexit><latexit sha1_base64="nUbr4dyFTi+NY7S2Hdu4zAGEs1s=">AAACBHicbZDNSsNAFIVv6l+tf1GX3QwWoW5KIoJuhKIbFy4q2FpoQ5hMJ+3QySTMTIQSunDjq7hxoYhbH8Kdb+O0jaCtBwY+zr2XufcECWdKO86XVVhaXlldK66XNja3tnfs3b2WilNJaJPEPJbtACvKmaBNzTSn7URSHAWc3gXDy0n97p5KxWJxq0cJ9SLcFyxkBGtj+Xa52o2wHgQhukY/FB75DJ0jx7crTs2ZCi2Cm0MFcjV8+7Pbi0kaUaEJx0p1XCfRXoalZoTTcambKppgMsR92jEocESVl02PGKND4/RQGEvzhEZT9/dEhiOlRlFgOid7qvnaxPyv1kl1eOZlTCSppoLMPgpTjnSMJomgHpOUaD4ygIlkZldEBlhiok1uJROCO3/yIrSOa65Tc29OKvWLPI4ilOEAquDCKdThChrQBAIP8AQv8Go9Ws/Wm/U+ay1Y+cw+/JH18Q2x1pYt</latexit><latexit sha1_base64="nUbr4dyFTi+NY7S2Hdu4zAGEs1s=">AAACBHicbZDNSsNAFIVv6l+tf1GX3QwWoW5KIoJuhKIbFy4q2FpoQ5hMJ+3QySTMTIQSunDjq7hxoYhbH8Kdb+O0jaCtBwY+zr2XufcECWdKO86XVVhaXlldK66XNja3tnfs3b2WilNJaJPEPJbtACvKmaBNzTSn7URSHAWc3gXDy0n97p5KxWJxq0cJ9SLcFyxkBGtj+Xa52o2wHgQhukY/FB75DJ0jx7crTs2ZCi2Cm0MFcjV8+7Pbi0kaUaEJx0p1XCfRXoalZoTTcambKppgMsR92jEocESVl02PGKND4/RQGEvzhEZT9/dEhiOlRlFgOid7qvnaxPyv1kl1eOZlTCSppoLMPgpTjnSMJomgHpOUaD4ygIlkZldEBlhiok1uJROCO3/yIrSOa65Tc29OKvWLPI4ilOEAquDCKdThChrQBAIP8AQv8Go9Ws/Wm/U+ay1Y+cw+/JH18Q2x1pYt</latexit><latexit sha1_base64="nUbr4dyFTi+NY7S2Hdu4zAGEs1s=">AAACBHicbZDNSsNAFIVv6l+tf1GX3QwWoW5KIoJuhKIbFy4q2FpoQ5hMJ+3QySTMTIQSunDjq7hxoYhbH8Kdb+O0jaCtBwY+zr2XufcECWdKO86XVVhaXlldK66XNja3tnfs3b2WilNJaJPEPJbtACvKmaBNzTSn7URSHAWc3gXDy0n97p5KxWJxq0cJ9SLcFyxkBGtj+Xa52o2wHgQhukY/FB75DJ0jx7crTs2ZCi2Cm0MFcjV8+7Pbi0kaUaEJx0p1XCfRXoalZoTTcambKppgMsR92jEocESVl02PGKND4/RQGEvzhEZT9/dEhiOlRlFgOid7qvnaxPyv1kl1eOZlTCSppoLMPgpTjnSMJomgHpOUaD4ygIlkZldEBlhiok1uJROCO3/yIrSOa65Tc29OKvWLPI4ilOEAquDCKdThChrQBAIP8AQv8Go9Ws/Wm/U+ay1Y+cw+/JH18Q2x1pYt</latexit>

i
<latexit sha1_base64="9jtkmSnVkzQh6f031uh1XGFh3yI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipyQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/PfYzt</latexit><latexit sha1_base64="9jtkmSnVkzQh6f031uh1XGFh3yI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipyQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/PfYzt</latexit><latexit sha1_base64="9jtkmSnVkzQh6f031uh1XGFh3yI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipyQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/PfYzt</latexit><latexit sha1_base64="9jtkmSnVkzQh6f031uh1XGFh3yI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipyQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/PfYzt</latexit>

f
<latexit sha1_base64="KLeSH6qxkMAnU4KzuX/RM4tFNWE=">AAAB8HicbVDLSgMxFL2pr1pfVZdugkVwVWZE0GXRjcsK9iHtUDJppg1NMkOSEcrQr3DjQhG3fo47/8ZMOwttPRA4nHMvOfeEieDGet43Kq2tb2xulbcrO7t7+wfVw6O2iVNNWYvGItbdkBgmuGIty61g3UQzIkPBOuHkNvc7T0wbHqsHO01YIMlI8YhTYp302JfEjsMIR4Nqzat7c+BV4hekBgWag+pXfxjTVDJlqSDG9HwvsUFGtOVUsFmlnxqWEDohI9ZzVBHJTJDNA8/wmVOGOIq1e8riufp7IyPSmKkM3WQe0Cx7ufif10ttdB1kXCWpZYouPopSgW2M8+vxkGtGrZg6QqjmLiumY6IJta6jiivBXz55lbQv6r5X9+8va42boo4ynMApnIMPV9CAO2hCCyhIeIZXeEMavaB39LEYLaFi5xj+AH3+AHFykCg=</latexit><latexit sha1_base64="KLeSH6qxkMAnU4KzuX/RM4tFNWE=">AAAB8HicbVDLSgMxFL2pr1pfVZdugkVwVWZE0GXRjcsK9iHtUDJppg1NMkOSEcrQr3DjQhG3fo47/8ZMOwttPRA4nHMvOfeEieDGet43Kq2tb2xulbcrO7t7+wfVw6O2iVNNWYvGItbdkBgmuGIty61g3UQzIkPBOuHkNvc7T0wbHqsHO01YIMlI8YhTYp302JfEjsMIR4Nqzat7c+BV4hekBgWag+pXfxjTVDJlqSDG9HwvsUFGtOVUsFmlnxqWEDohI9ZzVBHJTJDNA8/wmVOGOIq1e8riufp7IyPSmKkM3WQe0Cx7ufif10ttdB1kXCWpZYouPopSgW2M8+vxkGtGrZg6QqjmLiumY6IJta6jiivBXz55lbQv6r5X9+8va42boo4ynMApnIMPV9CAO2hCCyhIeIZXeEMavaB39LEYLaFi5xj+AH3+AHFykCg=</latexit><latexit sha1_base64="KLeSH6qxkMAnU4KzuX/RM4tFNWE=">AAAB8HicbVDLSgMxFL2pr1pfVZdugkVwVWZE0GXRjcsK9iHtUDJppg1NMkOSEcrQr3DjQhG3fo47/8ZMOwttPRA4nHMvOfeEieDGet43Kq2tb2xulbcrO7t7+wfVw6O2iVNNWYvGItbdkBgmuGIty61g3UQzIkPBOuHkNvc7T0wbHqsHO01YIMlI8YhTYp302JfEjsMIR4Nqzat7c+BV4hekBgWag+pXfxjTVDJlqSDG9HwvsUFGtOVUsFmlnxqWEDohI9ZzVBHJTJDNA8/wmVOGOIq1e8riufp7IyPSmKkM3WQe0Cx7ufif10ttdB1kXCWpZYouPopSgW2M8+vxkGtGrZg6QqjmLiumY6IJta6jiivBXz55lbQv6r5X9+8va42boo4ynMApnIMPV9CAO2hCCyhIeIZXeEMavaB39LEYLaFi5xj+AH3+AHFykCg=</latexit><latexit sha1_base64="KLeSH6qxkMAnU4KzuX/RM4tFNWE=">AAAB8HicbVDLSgMxFL2pr1pfVZdugkVwVWZE0GXRjcsK9iHtUDJppg1NMkOSEcrQr3DjQhG3fo47/8ZMOwttPRA4nHMvOfeEieDGet43Kq2tb2xulbcrO7t7+wfVw6O2iVNNWYvGItbdkBgmuGIty61g3UQzIkPBOuHkNvc7T0wbHqsHO01YIMlI8YhTYp302JfEjsMIR4Nqzat7c+BV4hekBgWag+pXfxjTVDJlqSDG9HwvsUFGtOVUsFmlnxqWEDohI9ZzVBHJTJDNA8/wmVOGOIq1e8riufp7IyPSmKkM3WQe0Cx7ufif10ttdB1kXCWpZYouPopSgW2M8+vxkGtGrZg6QqjmLiumY6IJta6jiivBXz55lbQv6r5X9+8va42boo4ynMApnIMPV9CAO2hCCyhIeIZXeEMavaB39LEYLaFi5xj+AH3+AHFykCg=</latexit>

�f>Lf
<latexit sha1_base64="wb4dt+VhsTgwOm965ymrXLoTx04=">AAACDHicbVDLSsNAFL2pr1pfVZduBovgxpKIoMuiGxcuKtgHNLFMppN26CQTZiZCCf0AN/6KGxeKuPUD3Pk3Ttoo2npg4Mw593LvPX7MmdK2/WkVFhaXlleKq6W19Y3NrfL2TlOJRBLaIIIL2faxopxFtKGZ5rQdS4pDn9OWP7zI/NYdlYqJ6EaPYuqFuB+xgBGsjdQtV47cEOuBH6Dg1tUiRt/fqx8WmCq7ak+A5omTkwrkqHfLH25PkCSkkSYcK9Vx7Fh7KZaaEU7HJTdRNMZkiPu0Y2iEQ6q8dHLMGB0YpYcCIc2LNJqovztSHCo1Cn1TmS2oZr1M/M/rJDo481IWxYmmEZkOChKOtEBZMqjHJCWajwzBRDKzKyIDLDHRJr+SCcGZPXmeNI+rjl11rk8qtfM8jiLswT4cggOnUINLqEMDCNzDIzzDi/VgPVmv1tu0tGDlPbvwB9b7FyYpmmU=</latexit><latexit sha1_base64="wb4dt+VhsTgwOm965ymrXLoTx04=">AAACDHicbVDLSsNAFL2pr1pfVZduBovgxpKIoMuiGxcuKtgHNLFMppN26CQTZiZCCf0AN/6KGxeKuPUD3Pk3Ttoo2npg4Mw593LvPX7MmdK2/WkVFhaXlleKq6W19Y3NrfL2TlOJRBLaIIIL2faxopxFtKGZ5rQdS4pDn9OWP7zI/NYdlYqJ6EaPYuqFuB+xgBGsjdQtV47cEOuBH6Dg1tUiRt/fqx8WmCq7ak+A5omTkwrkqHfLH25PkCSkkSYcK9Vx7Fh7KZaaEU7HJTdRNMZkiPu0Y2iEQ6q8dHLMGB0YpYcCIc2LNJqovztSHCo1Cn1TmS2oZr1M/M/rJDo481IWxYmmEZkOChKOtEBZMqjHJCWajwzBRDKzKyIDLDHRJr+SCcGZPXmeNI+rjl11rk8qtfM8jiLswT4cggOnUINLqEMDCNzDIzzDi/VgPVmv1tu0tGDlPbvwB9b7FyYpmmU=</latexit><latexit sha1_base64="wb4dt+VhsTgwOm965ymrXLoTx04=">AAACDHicbVDLSsNAFL2pr1pfVZduBovgxpKIoMuiGxcuKtgHNLFMppN26CQTZiZCCf0AN/6KGxeKuPUD3Pk3Ttoo2npg4Mw593LvPX7MmdK2/WkVFhaXlleKq6W19Y3NrfL2TlOJRBLaIIIL2faxopxFtKGZ5rQdS4pDn9OWP7zI/NYdlYqJ6EaPYuqFuB+xgBGsjdQtV47cEOuBH6Dg1tUiRt/fqx8WmCq7ak+A5omTkwrkqHfLH25PkCSkkSYcK9Vx7Fh7KZaaEU7HJTdRNMZkiPu0Y2iEQ6q8dHLMGB0YpYcCIc2LNJqovztSHCo1Cn1TmS2oZr1M/M/rJDo481IWxYmmEZkOChKOtEBZMqjHJCWajwzBRDKzKyIDLDHRJr+SCcGZPXmeNI+rjl11rk8qtfM8jiLswT4cggOnUINLqEMDCNzDIzzDi/VgPVmv1tu0tGDlPbvwB9b7FyYpmmU=</latexit><latexit sha1_base64="wb4dt+VhsTgwOm965ymrXLoTx04=">AAACDHicbVDLSsNAFL2pr1pfVZduBovgxpKIoMuiGxcuKtgHNLFMppN26CQTZiZCCf0AN/6KGxeKuPUD3Pk3Ttoo2npg4Mw593LvPX7MmdK2/WkVFhaXlleKq6W19Y3NrfL2TlOJRBLaIIIL2faxopxFtKGZ5rQdS4pDn9OWP7zI/NYdlYqJ6EaPYuqFuB+xgBGsjdQtV47cEOuBH6Dg1tUiRt/fqx8WmCq7ak+A5omTkwrkqHfLH25PkCSkkSYcK9Vx7Fh7KZaaEU7HJTdRNMZkiPu0Y2iEQ6q8dHLMGB0YpYcCIc2LNJqovztSHCo1Cn1TmS2oZr1M/M/rJDo481IWxYmmEZkOChKOtEBZMqjHJCWajwzBRDKzKyIDLDHRJr+SCcGZPXmeNI+rjl11rk8qtfM8jiLswT4cggOnUINLqEMDCNzDIzzDi/VgPVmv1tu0tGDlPbvwB9b7FyYpmmU=</latexit>

Dirichlet energy               is non-negative for any function   .  f
<latexit sha1_base64="KLeSH6qxkMAnU4KzuX/RM4tFNWE=">AAAB8HicbVDLSgMxFL2pr1pfVZdugkVwVWZE0GXRjcsK9iHtUDJppg1NMkOSEcrQr3DjQhG3fo47/8ZMOwttPRA4nHMvOfeEieDGet43Kq2tb2xulbcrO7t7+wfVw6O2iVNNWYvGItbdkBgmuGIty61g3UQzIkPBOuHkNvc7T0wbHqsHO01YIMlI8YhTYp302JfEjsMIR4Nqzat7c+BV4hekBgWag+pXfxjTVDJlqSDG9HwvsUFGtOVUsFmlnxqWEDohI9ZzVBHJTJDNA8/wmVOGOIq1e8riufp7IyPSmKkM3WQe0Cx7ufif10ttdB1kXCWpZYouPopSgW2M8+vxkGtGrZg6QqjmLiumY6IJta6jiivBXz55lbQv6r5X9+8va42boo4ynMApnIMPV9CAO2hCCyhIeIZXeEMavaB39LEYLaFi5xj+AH3+AHFykCg=</latexit><latexit sha1_base64="KLeSH6qxkMAnU4KzuX/RM4tFNWE=">AAAB8HicbVDLSgMxFL2pr1pfVZdugkVwVWZE0GXRjcsK9iHtUDJppg1NMkOSEcrQr3DjQhG3fo47/8ZMOwttPRA4nHMvOfeEieDGet43Kq2tb2xulbcrO7t7+wfVw6O2iVNNWYvGItbdkBgmuGIty61g3UQzIkPBOuHkNvc7T0wbHqsHO01YIMlI8YhTYp302JfEjsMIR4Nqzat7c+BV4hekBgWag+pXfxjTVDJlqSDG9HwvsUFGtOVUsFmlnxqWEDohI9ZzVBHJTJDNA8/wmVOGOIq1e8riufp7IyPSmKkM3WQe0Cx7ufif10ttdB1kXCWpZYouPopSgW2M8+vxkGtGrZg6QqjmLiumY6IJta6jiivBXz55lbQv6r5X9+8va42boo4ynMApnIMPV9CAO2hCCyhIeIZXeEMavaB39LEYLaFi5xj+AH3+AHFykCg=</latexit><latexit sha1_base64="KLeSH6qxkMAnU4KzuX/RM4tFNWE=">AAAB8HicbVDLSgMxFL2pr1pfVZdugkVwVWZE0GXRjcsK9iHtUDJppg1NMkOSEcrQr3DjQhG3fo47/8ZMOwttPRA4nHMvOfeEieDGet43Kq2tb2xulbcrO7t7+wfVw6O2iVNNWYvGItbdkBgmuGIty61g3UQzIkPBOuHkNvc7T0wbHqsHO01YIMlI8YhTYp302JfEjsMIR4Nqzat7c+BV4hekBgWag+pXfxjTVDJlqSDG9HwvsUFGtOVUsFmlnxqWEDohI9ZzVBHJTJDNA8/wmVOGOIq1e8riufp7IyPSmKkM3WQe0Cx7ufif10ttdB1kXCWpZYouPopSgW2M8+vxkGtGrZg6QqjmLiumY6IJta6jiivBXz55lbQv6r5X9+8va42boo4ynMApnIMPV9CAO2hCCyhIeIZXeEMavaB39LEYLaFi5xj+AH3+AHFykCg=</latexit><latexit sha1_base64="KLeSH6qxkMAnU4KzuX/RM4tFNWE=">AAAB8HicbVDLSgMxFL2pr1pfVZdugkVwVWZE0GXRjcsK9iHtUDJppg1NMkOSEcrQr3DjQhG3fo47/8ZMOwttPRA4nHMvOfeEieDGet43Kq2tb2xulbcrO7t7+wfVw6O2iVNNWYvGItbdkBgmuGIty61g3UQzIkPBOuHkNvc7T0wbHqsHO01YIMlI8YhTYp302JfEjsMIR4Nqzat7c+BV4hekBgWag+pXfxjTVDJlqSDG9HwvsUFGtOVUsFmlnxqWEDohI9ZzVBHJTJDNA8/wmVOGOIq1e8riufp7IyPSmKkM3WQe0Cx7ufif10ttdB1kXCWpZYouPopSgW2M8+vxkGtGrZg6QqjmLiumY6IJta6jiivBXz55lbQv6r5X9+8va42boo4ynMApnIMPV9CAO2hCCyhIeIZXeEMavaB39LEYLaFi5xj+AH3+AHFykCg=</latexit>



• Discrete Laplacians are widely studied for triangle meshes.

• Arguably the most common choice: 
 
  

• If maximum principle is needed for non-Delaunay meshes:

Discrete Laplacian on Simplicial Meshes

cotan Laplacian 
(negative semi-definite, symmetric, linear precision, local)

intrinsic cotan Laplacian 
(negative semi-definite, symmetric, linear precision, positivity)



• Is there a similar default option for simplicial meshes?

Discrete Laplacian on Simplicial Meshes

Short answer: No

Triangle meshes

FEM

Cotan-Laplacian

FV/DEC

Simplicial meshes

FEM

Primal Laplacian

FV/DEC

Dual Laplacian≠



• Is there a similar default option for simplicial meshes?

Discrete Laplacian on Simplicial Meshes

Detailed answer:



Discrete Laplacian: Linear Finite Elements



• Each vertex     has a unique function     that is

• linear on the elements (triangles/tetrahedra).

• fulfills                     .


• Represent function in this basis

Discrete Laplacian: Linear Finite Elements

bi(vj) = �ij
<latexit sha1_base64="1zbRjQxofAbJZJ+GMD/DXQyvESc=">AAAB/3icbVDLSgNBEJyNrxhfq4IXL4NBiJewGwW9CEEvHiOYByTLMjvbSSaZfTAzGwhrDv6KFw+KePU3vPk3TpI9aGJBQ1HVTXeXF3MmlWV9G7mV1bX1jfxmYWt7Z3fP3D9oyCgRFOo04pFoeUQCZyHUFVMcWrEAEngcmt7wduo3RyAki8IHNY7BCUgvZF1GidKSax55LiuN3MEZvsYdH7gibsoGE9csWmVrBrxM7IwUUYaaa351/IgmAYSKciJl27Zi5aREKEY5TAqdREJM6JD0oK1pSAKQTjq7f4JPteLjbiR0hQrP1N8TKQmkHAee7gyI6stFbyr+57UT1b1yUhbGiYKQzhd1E45VhKdhYJ8JoIqPNSFUMH0rpn0iCFU6soIOwV58eZk0KmX7vFy5vyhWb7I48ugYnaASstElqqI7VEN1RNEjekav6M14Ml6Md+Nj3pozsplD9AfG5w/JL5VS</latexit>

vi
<latexit sha1_base64="vWSC4V0BJ9QsOnJdAOZS13qk5YI=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj04rGi/YA2lM120i7dbMLuplBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0N/NbY1Sax/LJTBL0IzqQPOSMGis9jnu8Vyq7FXcOskq8nJQhR71X+ur2Y5ZGKA0TVOuO5ybGz6gynAmcFrupxoSyER1gx1JJI9R+Nj91Ss6t0idhrGxJQ+bq74mMRlpPosB2RtQM9bI3E//zOqkJb/yMyyQ1KNliUZgKYmIy+5v0uUJmxMQSyhS3txI2pIoyY9Mp2hC85ZdXSbNa8S4r1Yercu02j6MAp3AGF+DBNdTgHurQAAYDeIZXeHOE8+K8Ox+L1jUnnzmBP3A+fwBe0o3a</latexit>

bi
<latexit sha1_base64="CRGIKkrm9voUpPXzHspqSor1XHY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh6Av+uWKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Cib5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vklat6l1Ua/eXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwBAWo3G</latexit>

f =
X

i

fibi
<latexit sha1_base64="lSX1RIuWghyVkPeuxxRpSCpytuY=">AAAB+3icbVBNSwMxEJ2tX7V+rfXoJVgET2W3CnoRil48VrAf0C5LNs22oUl2SbJiKf0rXjwo4tU/4s1/Y9ruQVsfDDzem2FmXpRypo3nfTuFtfWNza3idmlnd2//wD0st3SSKUKbJOGJ6kRYU84kbRpmOO2kimIRcdqORrczv/1IlWaJfDDjlAYCDySLGcHGSqFbjtE16ulMhAzFtqKQhW7Fq3pzoFXi56QCORqh+9XrJyQTVBrCsdZd30tNMMHKMMLptNTLNE0xGeEB7VoqsaA6mMxvn6JTq/RRnChb0qC5+ntigoXWYxHZToHNUC97M/E/r5uZ+CqYMJlmhkqyWBRnHJkEzYJAfaYoMXxsCSaK2VsRGWKFibFxlWwI/vLLq6RVq/rn1dr9RaV+k8dRhGM4gTPw4RLqcAcNaAKBJ3iGV3hzps6L8+58LFoLTj5zBH/gfP4AVMiTVw==</latexit>



Discrete Laplacian: Linear Finite Elements
bi

<latexit sha1_base64="CRGIKkrm9voUpPXzHspqSor1XHY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh6Av+uWKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Cib5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vklat6l1Ua/eXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwBAWo3G</latexit>

rf = r
X

i

fibi =
X

i

firbi
<latexit sha1_base64="9TtLKnbsL/j1SNt77Sqb84peoBE=">AAACInicbVDLSgMxFM3UV62vUZdugkVwVWaqoC4KRTcuK9gHdIYhk2ba0CQzJBmhDP0WN/6KGxeKuhL8GNN2hNp64MLJOfdyc0+YMKq043xZhZXVtfWN4mZpa3tnd8/eP2ipOJWYNHHMYtkJkSKMCtLUVDPSSSRBPGSkHQ5vJn77gUhFY3GvRwnxOeoLGlGMtJEC+8oTKGQIRrAGcwo9lfKAwshUGNDa/Pu3x+iBXXYqzhRwmbg5KYMcjcD+8HoxTjkRGjOkVNd1Eu1nSGqKGRmXvFSRBOEh6pOuoQJxovxseuIYnhilB6NYmhIaTtX5iQxxpUY8NJ0c6YFa9Cbif1431dGln1GRpJoIPFsUpQzqGE7ygj0qCdZsZAjCkpq/QjxAEmFtUi2ZENzFk5dJq1pxzyrVu/Ny/TqPowiOwDE4BS64AHVwCxqgCTB4BM/gFbxZT9aL9W59zloLVj5zCP7A+v4BxU6h+Q==</latexit>

G
<latexit sha1_base64="nFd7GhjCXydVGlnDQb5Vp22ijkE=">AAAB8XicbVDLSgMxFL3js9ZX1aWbYBFclZkq6LLoQpcV7APboWTSO21oJjMkGaGU/oUbF4q49W/c+Tdm2llo64HA4Zx7ybknSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8HoJvNbT6g0j+WDGSfoR3QgecgZNVZ67EbUDIOQ3JJeqexW3BnIMvFyUoYc9V7pq9uPWRqhNExQrTuemxh/QpXhTOC02E01JpSN6AA7lkoaofYns8RTcmqVPgljZZ80ZKb+3pjQSOtxFNjJLKFe9DLxP6+TmvDKn3CZpAYlm38UpoKYmGTnkz5XyIwYW0KZ4jYrYUOqKDO2pKItwVs8eZk0qxXvvFK9vyjXrvM6CnAMJ3AGHlxCDe6gDg1gIOEZXuHN0c6L8+58zEdXnHznCP7A+fwBnG2QNw==</latexit>

• Gradients of     are constant on elements.


• Gradient of piecewise linear function by linearity.


• A matrix      maps vertex values to gradients.



Discrete Laplacian: Linear Finite Elements
• Divergence is the adjoint of the gradient 

•    is a diagonal matrix containing areas/volumes.

• The Laplacian can be defined as divergence of  

the gradient:

D = �G>A
<latexit sha1_base64="F+QqtnCKkauANWb0U5XYxJvvEHc=">AAACDnicbVDLSsNAFJ3UV62vqEs3g6XgxpJUQTdCfYAuK9gHNLFMppN26GQSZiZCCf0CN/6KGxeKuHXtzr9x0qagrQcGzj3nXube40WMSmVZ30ZuYXFpeSW/Wlhb39jcMrd3GjKMBSZ1HLJQtDwkCaOc1BVVjLQiQVDgMdL0Bpep33wgQtKQ36lhRNwA9Tj1KUZKSx2z5ARI9T0fXsEzeDgtru8dFUZwWp53zKJVtsaA88TOSBFkqHXML6cb4jggXGGGpGzbVqTcBAlFMSOjghNLEiE8QD3S1pSjgEg3GZ8zgiWtdKEfCv24gmP190SCAimHgac70wXlrJeK/3ntWPmnbkJ5FCvC8eQjP2ZQhTDNBnapIFixoSYIC6p3hbiPBMJKJ1jQIdizJ8+TRqVsH5Urt8fF6kUWRx7sgX1wAGxwAqrgBtRAHWDwCJ7BK3gznowX4934mLTmjGxmF/yB8fkDlfSajg==</latexit>

L = �G>AG
<latexit sha1_base64="SJAUsB1Y2dskhioe99XsLVUW/Ds=">AAACGHicbVDLSgMxFM3UV62vUZdugkVwY52pgm6Eqou6cFHBPqAzlkyaaUMzmSHJCKX0M9z4K25cKOK2O//GTDsVbT0QOPece8m9x4sYlcqyvozMwuLS8kp2Nbe2vrG5ZW7v1GQYC0yqOGShaHhIEkY5qSqqGGlEgqDAY6Tu9a4Tv/5IhKQhv1f9iLgB6nDqU4yUllrmsRMg1fV8eAsv4NG0KD84KozgtLz8YeWWmbcK1hhwntgpyYMUlZY5ctohjgPCFWZIyqZtRcodIKEoZmSYc2JJIoR7qEOamnIUEOkOxocN4YFW2tAPhX5cwbH6e2KAAin7gac7kwXlrJeI/3nNWPnn7oDyKFaE48lHfsygCmGSEmxTQbBifU0QFlTvCnEXCYSVzjKnQ7BnT54ntWLBPikU707zpas0jizYA/vgENjgDJTADaiAKsDgCbyAN/BuPBuvxofxOWnNGOnMLvgDY/QNsUKeTw==</latexit>

A
<latexit sha1_base64="8txZj4TSco7rOJcWdtOWnpuPwEo=">AAAB8HicbVC7SgNBFL0bXzG+opY2g0GwCrsiaGERsbGMYGIkWcLsZDYZMo9lZlYIS77CxkIRWz/Hzr9xNtlCEw8MHM65lzn3RAlnxvr+t1daWV1b3yhvVra2d3b3qvsHbaNSTWiLKK50J8KGciZpyzLLaSfRFIuI04dofJP7D09UG6bkvZ0kNBR4KFnMCLZOeuwJbEdRjK771Zpf92dAyyQoSA0KNPvVr95AkVRQaQnHxnQDP7FhhrVlhNNppZcammAyxkPadVRiQU2YzQJP0YlTBihW2j1p0Uz9vZFhYcxERG4yD2gWvVz8z+umNr4MMyaT1FJJ5h/FKUdWofx6NGCaEssnjmCimcuKyAhrTKzrqOJKCBZPXibts3rg14O781rjqqijDEdwDKcQwAU04Baa0AICAp7hFd487b14797HfLTkFTuH8Afe5w83kI/9</latexit><latexit sha1_base64="8txZj4TSco7rOJcWdtOWnpuPwEo=">AAAB8HicbVC7SgNBFL0bXzG+opY2g0GwCrsiaGERsbGMYGIkWcLsZDYZMo9lZlYIS77CxkIRWz/Hzr9xNtlCEw8MHM65lzn3RAlnxvr+t1daWV1b3yhvVra2d3b3qvsHbaNSTWiLKK50J8KGciZpyzLLaSfRFIuI04dofJP7D09UG6bkvZ0kNBR4KFnMCLZOeuwJbEdRjK771Zpf92dAyyQoSA0KNPvVr95AkVRQaQnHxnQDP7FhhrVlhNNppZcammAyxkPadVRiQU2YzQJP0YlTBihW2j1p0Uz9vZFhYcxERG4yD2gWvVz8z+umNr4MMyaT1FJJ5h/FKUdWofx6NGCaEssnjmCimcuKyAhrTKzrqOJKCBZPXibts3rg14O781rjqqijDEdwDKcQwAU04Baa0AICAp7hFd487b14797HfLTkFTuH8Afe5w83kI/9</latexit><latexit sha1_base64="8txZj4TSco7rOJcWdtOWnpuPwEo=">AAAB8HicbVC7SgNBFL0bXzG+opY2g0GwCrsiaGERsbGMYGIkWcLsZDYZMo9lZlYIS77CxkIRWz/Hzr9xNtlCEw8MHM65lzn3RAlnxvr+t1daWV1b3yhvVra2d3b3qvsHbaNSTWiLKK50J8KGciZpyzLLaSfRFIuI04dofJP7D09UG6bkvZ0kNBR4KFnMCLZOeuwJbEdRjK771Zpf92dAyyQoSA0KNPvVr95AkVRQaQnHxnQDP7FhhrVlhNNppZcammAyxkPadVRiQU2YzQJP0YlTBihW2j1p0Uz9vZFhYcxERG4yD2gWvVz8z+umNr4MMyaT1FJJ5h/FKUdWofx6NGCaEssnjmCimcuKyAhrTKzrqOJKCBZPXibts3rg14O781rjqqijDEdwDKcQwAU04Baa0AICAp7hFd487b14797HfLTkFTuH8Afe5w83kI/9</latexit><latexit sha1_base64="8txZj4TSco7rOJcWdtOWnpuPwEo=">AAAB8HicbVC7SgNBFL0bXzG+opY2g0GwCrsiaGERsbGMYGIkWcLsZDYZMo9lZlYIS77CxkIRWz/Hzr9xNtlCEw8MHM65lzn3RAlnxvr+t1daWV1b3yhvVra2d3b3qvsHbaNSTWiLKK50J8KGciZpyzLLaSfRFIuI04dofJP7D09UG6bkvZ0kNBR4KFnMCLZOeuwJbEdRjK771Zpf92dAyyQoSA0KNPvVr95AkVRQaQnHxnQDP7FhhrVlhNNppZcammAyxkPadVRiQU2YzQJP0YlTBihW2j1p0Uz9vZFhYcxERG4yD2gWvVz8z+umNr4MMyaT1FJJ5h/FKUdWofx6NGCaEssnjmCimcuKyAhrTKzrqOJKCBZPXibts3rg14O781rjqqijDEdwDKcQwAU04Baa0AICAp7hFd487b14797HfLTkFTuH8Afe5w83kI/9</latexit>



Discrete Laplacian: Linear Finite Elements

• Negative semi-definite by construction. 

• Linear functions are exactly reproduced. 
 
   linear precision: the Laplacian of linear  
   functions vanishes (at interior vertices). 
       
     

L = �G>AG
<latexit sha1_base64="SJAUsB1Y2dskhioe99XsLVUW/Ds=">AAACGHicbVDLSgMxFM3UV62vUZdugkVwY52pgm6Eqou6cFHBPqAzlkyaaUMzmSHJCKX0M9z4K25cKOK2O//GTDsVbT0QOPece8m9x4sYlcqyvozMwuLS8kp2Nbe2vrG5ZW7v1GQYC0yqOGShaHhIEkY5qSqqGGlEgqDAY6Tu9a4Tv/5IhKQhv1f9iLgB6nDqU4yUllrmsRMg1fV8eAsv4NG0KD84KozgtLz8YeWWmbcK1hhwntgpyYMUlZY5ctohjgPCFWZIyqZtRcodIKEoZmSYc2JJIoR7qEOamnIUEOkOxocN4YFW2tAPhX5cwbH6e2KAAin7gac7kwXlrJeI/3nNWPnn7oDyKFaE48lHfsygCmGSEmxTQbBifU0QFlTvCnEXCYSVzjKnQ7BnT54ntWLBPikU707zpas0jizYA/vgENjgDJTADaiAKsDgCbyAN/BuPBuvxofxOWnNGOnMLvgDY/QNsUKeTw==</latexit>

⇒



Discrete Laplacian: Linear Finite Elements

• Yields cotan Laplacian for triangle meshes.


• Construction per triangle.

L = �G>AG
<latexit sha1_base64="SJAUsB1Y2dskhioe99XsLVUW/Ds=">AAACGHicbVDLSgMxFM3UV62vUZdugkVwY52pgm6Eqou6cFHBPqAzlkyaaUMzmSHJCKX0M9z4K25cKOK2O//GTDsVbT0QOPece8m9x4sYlcqyvozMwuLS8kp2Nbe2vrG5ZW7v1GQYC0yqOGShaHhIEkY5qSqqGGlEgqDAY6Tu9a4Tv/5IhKQhv1f9iLgB6nDqU4yUllrmsRMg1fV8eAsv4NG0KD84KozgtLz8YeWWmbcK1hhwntgpyYMUlZY5ctohjgPCFWZIyqZtRcodIKEoZmSYc2JJIoR7qEOamnIUEOkOxocN4YFW2tAPhX5cwbH6e2KAAin7gac7kwXlrJeI/3nNWPnn7oDyKFaE48lHfsygCmGSEmxTQbBifU0QFlTvCnEXCYSVzjKnQ7BnT54ntWLBPikU707zpas0jizYA/vgENjgDJTADaiAKsDgCbyAN/BuPBuvxofxOWnNGOnMLvgDY/QNsUKeTw==</latexit>

wij =
1

2
cot↵+

1

2
cot�

<latexit sha1_base64="Ttbg6Qh7AkPloXWoC5bPXbO2xqY=">AAACHnicbVDJSgNBEO2JW4xb1KOXxiAIQpiJil6EoBePEcwCmRBqOj1Jm56F7holDPkSL/6KFw+KCJ70b+wsB018UPB4r4qqel4shUbb/rYyC4tLyyvZ1dza+sbmVn57p6ajRDFeZZGMVMMDzaUIeRUFSt6IFYfAk7zu9a9Gfv2eKy2i8BYHMW8F0A2FLxigkdr504d2Ku6G9IK6vgJGHVqiLouQuiDjHtCjOd3jCO18wS7aY9B54kxJgUxRaec/3U7EkoCHyCRo3XTsGFspKBRM8mHOTTSPgfWhy5uGhhBw3UrH7w3pgVE61I+UqRDpWP09kUKg9SDwTGcA2NOz3kj8z2sm6J+3UhHGCfKQTRb5iaQY0VFWtCMUZygHhgBTwtxKWQ9MHGgSzZkQnNmX50mtVHSOi6Wbk0L5chpHluyRfXJIHHJGyuSaVEiVMPJInskrebOerBfr3fqYtGas6cwu+QPr6weDMp+e</latexit>

↵
<latexit sha1_base64="JtDqaCSYHdUsArJlViGZOYtHm8o=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJfROJsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqyhpUCaXbERomuGQNy61g7UQzjCPBWtH4dua3npg2XMkHO0lYGONQ8gGnaJ3U7KJIRtgrV/yqPwdZJUFOKpCj3it/dfuKpjGTlgo0phP4iQ0z1JZTwaalbmpYgnSMQ9ZxVGLMTJjNr52SM6f0yUBpV9KSufp7IsPYmEkcuc4Y7cgsezPxP6+T2sF1mHGZpJZJulg0SAWxisxeJ32uGbVi4ghSzd2thI5QI7UuoJILIVh+eZU0L6qBXw3uLyu1mzyOIpzAKZxDAFdQgzuoQwMoPMIzvMKbp7wX7937WLQWvHzmGP7A+/wBi4GPGA==</latexit><latexit sha1_base64="JtDqaCSYHdUsArJlViGZOYtHm8o=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJfROJsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqyhpUCaXbERomuGQNy61g7UQzjCPBWtH4dua3npg2XMkHO0lYGONQ8gGnaJ3U7KJIRtgrV/yqPwdZJUFOKpCj3it/dfuKpjGTlgo0phP4iQ0z1JZTwaalbmpYgnSMQ9ZxVGLMTJjNr52SM6f0yUBpV9KSufp7IsPYmEkcuc4Y7cgsezPxP6+T2sF1mHGZpJZJulg0SAWxisxeJ32uGbVi4ghSzd2thI5QI7UuoJILIVh+eZU0L6qBXw3uLyu1mzyOIpzAKZxDAFdQgzuoQwMoPMIzvMKbp7wX7937WLQWvHzmGP7A+/wBi4GPGA==</latexit><latexit sha1_base64="JtDqaCSYHdUsArJlViGZOYtHm8o=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJfROJsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqyhpUCaXbERomuGQNy61g7UQzjCPBWtH4dua3npg2XMkHO0lYGONQ8gGnaJ3U7KJIRtgrV/yqPwdZJUFOKpCj3it/dfuKpjGTlgo0phP4iQ0z1JZTwaalbmpYgnSMQ9ZxVGLMTJjNr52SM6f0yUBpV9KSufp7IsPYmEkcuc4Y7cgsezPxP6+T2sF1mHGZpJZJulg0SAWxisxeJ32uGbVi4ghSzd2thI5QI7UuoJILIVh+eZU0L6qBXw3uLyu1mzyOIpzAKZxDAFdQgzuoQwMoPMIzvMKbp7wX7937WLQWvHzmGP7A+/wBi4GPGA==</latexit><latexit sha1_base64="JtDqaCSYHdUsArJlViGZOYtHm8o=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJfROJsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqyhpUCaXbERomuGQNy61g7UQzjCPBWtH4dua3npg2XMkHO0lYGONQ8gGnaJ3U7KJIRtgrV/yqPwdZJUFOKpCj3it/dfuKpjGTlgo0phP4iQ0z1JZTwaalbmpYgnSMQ9ZxVGLMTJjNr52SM6f0yUBpV9KSufp7IsPYmEkcuc4Y7cgsezPxP6+T2sF1mHGZpJZJulg0SAWxisxeJ32uGbVi4ghSzd2thI5QI7UuoJILIVh+eZU0L6qBXw3uLyu1mzyOIpzAKZxDAFdQgzuoQwMoPMIzvMKbp7wX7937WLQWvHzmGP7A+/wBi4GPGA==</latexit>

i
<latexit sha1_base64="9jtkmSnVkzQh6f031uh1XGFh3yI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipyQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/PfYzt</latexit><latexit sha1_base64="9jtkmSnVkzQh6f031uh1XGFh3yI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipyQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/PfYzt</latexit><latexit sha1_base64="9jtkmSnVkzQh6f031uh1XGFh3yI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipyQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/PfYzt</latexit><latexit sha1_base64="9jtkmSnVkzQh6f031uh1XGFh3yI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipyQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/PfYzt</latexit>

j
<latexit sha1_base64="ocTLVc574NOAe/DoMycp9A9e/3g=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3bbzSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikpeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPJ/dxvP6HSPJaPZpqgH9Gh5CFn1FipMe6XK27VXYCsEy8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAmelXqoxoWxCh9i1VNIItZ8tDp2RC6sMSBgrW9KQhfp7IqOR1tMosJ0RNSO96s3F/7xuasJbP+MySQ1KtlwUpoKYmMy/JgOukBkxtYQyxe2thI2ooszYbEo2BG/15XXSuqp6btVrXFdqd3kcRTiDc7gED26gBg9QhyYwQHiGV3hzxs6L8+58LFsLTj5zCn/gfP4A0QGM7g==</latexit><latexit sha1_base64="ocTLVc574NOAe/DoMycp9A9e/3g=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3bbzSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikpeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPJ/dxvP6HSPJaPZpqgH9Gh5CFn1FipMe6XK27VXYCsEy8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAmelXqoxoWxCh9i1VNIItZ8tDp2RC6sMSBgrW9KQhfp7IqOR1tMosJ0RNSO96s3F/7xuasJbP+MySQ1KtlwUpoKYmMy/JgOukBkxtYQyxe2thI2ooszYbEo2BG/15XXSuqp6btVrXFdqd3kcRTiDc7gED26gBg9QhyYwQHiGV3hzxs6L8+58LFsLTj5zCn/gfP4A0QGM7g==</latexit><latexit sha1_base64="ocTLVc574NOAe/DoMycp9A9e/3g=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3bbzSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikpeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPJ/dxvP6HSPJaPZpqgH9Gh5CFn1FipMe6XK27VXYCsEy8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAmelXqoxoWxCh9i1VNIItZ8tDp2RC6sMSBgrW9KQhfp7IqOR1tMosJ0RNSO96s3F/7xuasJbP+MySQ1KtlwUpoKYmMy/JgOukBkxtYQyxe2thI2ooszYbEo2BG/15XXSuqp6btVrXFdqd3kcRTiDc7gED26gBg9QhyYwQHiGV3hzxs6L8+58LFsLTj5zCn/gfP4A0QGM7g==</latexit><latexit sha1_base64="ocTLVc574NOAe/DoMycp9A9e/3g=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3bbzSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikpeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPJ/dxvP6HSPJaPZpqgH9Gh5CFn1FipMe6XK27VXYCsEy8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAmelXqoxoWxCh9i1VNIItZ8tDp2RC6sMSBgrW9KQhfp7IqOR1tMosJ0RNSO96s3F/7xuasJbP+MySQ1KtlwUpoKYmMy/JgOukBkxtYQyxe2thI2ooszYbEo2BG/15XXSuqp6btVrXFdqd3kcRTiDc7gED26gBg9QhyYwQHiGV3hzxs6L8+58LFsLTj5zCn/gfP4A0QGM7g==</latexit>

�
<latexit sha1_base64="8MzdY9xWePsViGumrVRX3IPm9UE=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMFWwttKJvtpF262YTdiVBCf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXplIY8rxvp7S2vrG5Vd6u7Ozu7R9UD4/aJsk0xxZPZKI7ITMohcIWCZLYSTWyOJT4GI5vZ/7jE2ojEvVAkxSDmA2ViARnZKVWL0Ri/WrNq3tzuKvEL0gNCjT71a/eIOFZjIq4ZMZ0fS+lIGeaBJc4rfQygynjYzbErqWKxWiCfH7s1D2zysCNEm1LkTtXf0/kLDZmEoe2M2Y0MsveTPzP62YUXQe5UGlGqPhiUZRJlxJ39rk7EBo5yYkljGthb3X5iGnGyeZTsSH4yy+vkvZF3ffq/v1lrXFTxFGGEziFc/DhChpwB01oAQcBz/AKb45yXpx352PRWnKKmWP4A+fzB8PWjqQ=</latexit><latexit sha1_base64="8MzdY9xWePsViGumrVRX3IPm9UE=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMFWwttKJvtpF262YTdiVBCf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXplIY8rxvp7S2vrG5Vd6u7Ozu7R9UD4/aJsk0xxZPZKI7ITMohcIWCZLYSTWyOJT4GI5vZ/7jE2ojEvVAkxSDmA2ViARnZKVWL0Ri/WrNq3tzuKvEL0gNCjT71a/eIOFZjIq4ZMZ0fS+lIGeaBJc4rfQygynjYzbErqWKxWiCfH7s1D2zysCNEm1LkTtXf0/kLDZmEoe2M2Y0MsveTPzP62YUXQe5UGlGqPhiUZRJlxJ39rk7EBo5yYkljGthb3X5iGnGyeZTsSH4yy+vkvZF3ffq/v1lrXFTxFGGEziFc/DhChpwB01oAQcBz/AKb45yXpx352PRWnKKmWP4A+fzB8PWjqQ=</latexit><latexit sha1_base64="8MzdY9xWePsViGumrVRX3IPm9UE=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMFWwttKJvtpF262YTdiVBCf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXplIY8rxvp7S2vrG5Vd6u7Ozu7R9UD4/aJsk0xxZPZKI7ITMohcIWCZLYSTWyOJT4GI5vZ/7jE2ojEvVAkxSDmA2ViARnZKVWL0Ri/WrNq3tzuKvEL0gNCjT71a/eIOFZjIq4ZMZ0fS+lIGeaBJc4rfQygynjYzbErqWKxWiCfH7s1D2zysCNEm1LkTtXf0/kLDZmEoe2M2Y0MsveTPzP62YUXQe5UGlGqPhiUZRJlxJ39rk7EBo5yYkljGthb3X5iGnGyeZTsSH4yy+vkvZF3ffq/v1lrXFTxFGGEziFc/DhChpwB01oAQcBz/AKb45yXpx352PRWnKKmWP4A+fzB8PWjqQ=</latexit><latexit sha1_base64="8MzdY9xWePsViGumrVRX3IPm9UE=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMFWwttKJvtpF262YTdiVBCf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXplIY8rxvp7S2vrG5Vd6u7Ozu7R9UD4/aJsk0xxZPZKI7ITMohcIWCZLYSTWyOJT4GI5vZ/7jE2ojEvVAkxSDmA2ViARnZKVWL0Ri/WrNq3tzuKvEL0gNCjT71a/eIOFZjIq4ZMZ0fS+lIGeaBJc4rfQygynjYzbErqWKxWiCfH7s1D2zysCNEm1LkTtXf0/kLDZmEoe2M2Y0MsveTPzP62YUXQe5UGlGqPhiUZRJlxJ39rk7EBo5yYkljGthb3X5iGnGyeZTsSH4yy+vkvZF3ffq/v1lrXFTxFGGEziFc/DhChpwB01oAQcBz/AKb45yXpx352PRWnKKmWP4A+fzB8PWjqQ=</latexit>



• Analogous formula for tetrahedral meshes


• Construction by summing up per element: strong locality.

Discrete Laplacian: Linear Finite Elements

wij =
1

6

X

(ijkl)2M

kvk � vlk cot ✓kl
<latexit sha1_base64="ucFjj+irsK3GuaWSKEvl5A2s8nA="></latexit><latexit sha1_base64="ucFjj+irsK3GuaWSKEvl5A2s8nA="></latexit><latexit sha1_base64="ucFjj+irsK3GuaWSKEvl5A2s8nA="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="AQPPWbLR94aD9+2uKOFmfXGPu+k="></latexit><latexit sha1_base64="AQPPWbLR94aD9+2uKOFmfXGPu+k="></latexit><latexit sha1_base64="+lw8UpcEqBMBq24Mi27ndXTsbKI="></latexit><latexit sha1_base64="ucFjj+irsK3GuaWSKEvl5A2s8nA="></latexit><latexit sha1_base64="ucFjj+irsK3GuaWSKEvl5A2s8nA="></latexit><latexit sha1_base64="ucFjj+irsK3GuaWSKEvl5A2s8nA="></latexit><latexit sha1_base64="ucFjj+irsK3GuaWSKEvl5A2s8nA="></latexit><latexit sha1_base64="ucFjj+irsK3GuaWSKEvl5A2s8nA="></latexit><latexit sha1_base64="ucFjj+irsK3GuaWSKEvl5A2s8nA="></latexit>

i
<latexit sha1_base64="9jtkmSnVkzQh6f031uh1XGFh3yI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipyQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/PfYzt</latexit><latexit sha1_base64="9jtkmSnVkzQh6f031uh1XGFh3yI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipyQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/PfYzt</latexit><latexit sha1_base64="9jtkmSnVkzQh6f031uh1XGFh3yI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipyQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/PfYzt</latexit><latexit sha1_base64="9jtkmSnVkzQh6f031uh1XGFh3yI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipyQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/PfYzt</latexit>

✓kl
<latexit sha1_base64="ZJXlMrVj/+SXBtykIRwlQmobGEs=">AAAB8nicbVA9SwNBEN2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NXLJkb/fYnRPCkZ9hY6GIrb/Gzn/jJrlCEx8MPN6bYWZelEph0fe/vdLa+sbmVnm7srO7t39QPTxqW50ZDi2upTadiFmQQkELBUropAZYEkl4jMa3M//xCYwVWj3gJIUwYUMlYsEZOqnbwxEg6+djOe1Xa37dn4OukqAgNVKg2a9+9QaaZwko5JJZ2w38FMOcGRRcwrTSyyykjI/ZELqOKpaADfP5yVN65pQBjbVxpZDO1d8TOUusnSSR60wYjuyyNxP/87oZxtdhLlSaISi+WBRnkqKms//pQBjgKCeOMG6Eu5XyETOMo0up4kIIll9eJe2LeuDXg/vLWuOmiKNMTsgpOScBuSINckeapEU40eSZvJI3D70X7937WLSWvGLmmPyB9/kDuw6RiA==</latexit><latexit sha1_base64="ZJXlMrVj/+SXBtykIRwlQmobGEs=">AAAB8nicbVA9SwNBEN2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NXLJkb/fYnRPCkZ9hY6GIrb/Gzn/jJrlCEx8MPN6bYWZelEph0fe/vdLa+sbmVnm7srO7t39QPTxqW50ZDi2upTadiFmQQkELBUropAZYEkl4jMa3M//xCYwVWj3gJIUwYUMlYsEZOqnbwxEg6+djOe1Xa37dn4OukqAgNVKg2a9+9QaaZwko5JJZ2w38FMOcGRRcwrTSyyykjI/ZELqOKpaADfP5yVN65pQBjbVxpZDO1d8TOUusnSSR60wYjuyyNxP/87oZxtdhLlSaISi+WBRnkqKms//pQBjgKCeOMG6Eu5XyETOMo0up4kIIll9eJe2LeuDXg/vLWuOmiKNMTsgpOScBuSINckeapEU40eSZvJI3D70X7937WLSWvGLmmPyB9/kDuw6RiA==</latexit><latexit sha1_base64="ZJXlMrVj/+SXBtykIRwlQmobGEs=">AAAB8nicbVA9SwNBEN2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NXLJkb/fYnRPCkZ9hY6GIrb/Gzn/jJrlCEx8MPN6bYWZelEph0fe/vdLa+sbmVnm7srO7t39QPTxqW50ZDi2upTadiFmQQkELBUropAZYEkl4jMa3M//xCYwVWj3gJIUwYUMlYsEZOqnbwxEg6+djOe1Xa37dn4OukqAgNVKg2a9+9QaaZwko5JJZ2w38FMOcGRRcwrTSyyykjI/ZELqOKpaADfP5yVN65pQBjbVxpZDO1d8TOUusnSSR60wYjuyyNxP/87oZxtdhLlSaISi+WBRnkqKms//pQBjgKCeOMG6Eu5XyETOMo0up4kIIll9eJe2LeuDXg/vLWuOmiKNMTsgpOScBuSINckeapEU40eSZvJI3D70X7937WLSWvGLmmPyB9/kDuw6RiA==</latexit><latexit sha1_base64="ZJXlMrVj/+SXBtykIRwlQmobGEs=">AAAB8nicbVA9SwNBEN2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NXLJkb/fYnRPCkZ9hY6GIrb/Gzn/jJrlCEx8MPN6bYWZelEph0fe/vdLa+sbmVnm7srO7t39QPTxqW50ZDi2upTadiFmQQkELBUropAZYEkl4jMa3M//xCYwVWj3gJIUwYUMlYsEZOqnbwxEg6+djOe1Xa37dn4OukqAgNVKg2a9+9QaaZwko5JJZ2w38FMOcGRRcwrTSyyykjI/ZELqOKpaADfP5yVN65pQBjbVxpZDO1d8TOUusnSSR60wYjuyyNxP/87oZxtdhLlSaISi+WBRnkqKms//pQBjgKCeOMG6Eu5XyETOMo0up4kIIll9eJe2LeuDXg/vLWuOmiKNMTsgpOScBuSINckeapEU40eSZvJI3D70X7937WLSWvGLmmPyB9/kDuw6RiA==</latexit>

k
<latexit sha1_base64="FN4g9GFe+3ziaTgM0DMwdUeUKp0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4A0oWM7w==</latexit><latexit sha1_base64="FN4g9GFe+3ziaTgM0DMwdUeUKp0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4A0oWM7w==</latexit><latexit sha1_base64="FN4g9GFe+3ziaTgM0DMwdUeUKp0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4A0oWM7w==</latexit><latexit sha1_base64="FN4g9GFe+3ziaTgM0DMwdUeUKp0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4A0oWM7w==</latexit>

l
<latexit sha1_base64="RXFmeCFAFLWm6A2HPHJ7FvtnIgg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipKQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/UCYzw</latexit><latexit sha1_base64="RXFmeCFAFLWm6A2HPHJ7FvtnIgg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipKQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/UCYzw</latexit><latexit sha1_base64="RXFmeCFAFLWm6A2HPHJ7FvtnIgg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipKQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/UCYzw</latexit><latexit sha1_base64="RXFmeCFAFLWm6A2HPHJ7FvtnIgg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipKQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/UCYzw</latexit>

j
<latexit sha1_base64="ocTLVc574NOAe/DoMycp9A9e/3g=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3bbzSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikpeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPJ/dxvP6HSPJaPZpqgH9Gh5CFn1FipMe6XK27VXYCsEy8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAmelXqoxoWxCh9i1VNIItZ8tDp2RC6sMSBgrW9KQhfp7IqOR1tMosJ0RNSO96s3F/7xuasJbP+MySQ1KtlwUpoKYmMy/JgOukBkxtYQyxe2thI2ooszYbEo2BG/15XXSuqp6btVrXFdqd3kcRTiDc7gED26gBg9QhyYwQHiGV3hzxs6L8+58LFsLTj5zCn/gfP4A0QGM7g==</latexit><latexit sha1_base64="ocTLVc574NOAe/DoMycp9A9e/3g=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3bbzSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikpeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPJ/dxvP6HSPJaPZpqgH9Gh5CFn1FipMe6XK27VXYCsEy8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAmelXqoxoWxCh9i1VNIItZ8tDp2RC6sMSBgrW9KQhfp7IqOR1tMosJ0RNSO96s3F/7xuasJbP+MySQ1KtlwUpoKYmMy/JgOukBkxtYQyxe2thI2ooszYbEo2BG/15XXSuqp6btVrXFdqd3kcRTiDc7gED26gBg9QhyYwQHiGV3hzxs6L8+58LFsLTj5zCn/gfP4A0QGM7g==</latexit><latexit sha1_base64="ocTLVc574NOAe/DoMycp9A9e/3g=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3bbzSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikpeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPJ/dxvP6HSPJaPZpqgH9Gh5CFn1FipMe6XK27VXYCsEy8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAmelXqoxoWxCh9i1VNIItZ8tDp2RC6sMSBgrW9KQhfp7IqOR1tMosJ0RNSO96s3F/7xuasJbP+MySQ1KtlwUpoKYmMy/JgOukBkxtYQyxe2thI2ooszYbEo2BG/15XXSuqp6btVrXFdqd3kcRTiDc7gED26gBg9QhyYwQHiGV3hzxs6L8+58LFsLTj5zCn/gfP4A0QGM7g==</latexit><latexit sha1_base64="ocTLVc574NOAe/DoMycp9A9e/3g=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3bbzSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikpeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPJ/dxvP6HSPJaPZpqgH9Gh5CFn1FipMe6XK27VXYCsEy8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAmelXqoxoWxCh9i1VNIItZ8tDp2RC6sMSBgrW9KQhfp7IqOR1tMosJ0RNSO96s3F/7xuasJbP+MySQ1KtlwUpoKYmMy/JgOukBkxtYQyxe2thI2ooszYbEo2BG/15XXSuqp6btVrXFdqd3kcRTiDc7gED26gBg9QhyYwQHiGV3hzxs6L8+58LFsLTj5zCn/gfP4A0QGM7g==</latexit>



Discrete Laplacian: Finite Volumes



Discrete Laplacian: Finite Volumes
• Associate constant values to volumes at vertices. 

• Use circumcentric dual volumes      .

?i
<latexit sha1_base64="Y+s9QElbmtAIbZJJMfWBMPJ/NEA=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKpi20oWy2m3bpZhN3J0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTxqmSTTjPsskYnuhNRwKRT3UaDknVRzGoeSt8Px7cxvP3FtRKIecJLyIKZDJSLBKFqp0zNINSGiX625dXcOskq8gtSgQLNf/eoNEpbFXCGT1Jiu56YY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzeKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTMnicDoTlDObGEMi3srYSNqKYMbUQVG4K3/PIqaV3UPbfu3V/WGjdFHGU4gVM4Bw+uoAF30AQfGEh4hld4cx6dF+fd+Vi0lpxi5hj+wPn8AWc6j4k=</latexit><latexit sha1_base64="Y+s9QElbmtAIbZJJMfWBMPJ/NEA=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKpi20oWy2m3bpZhN3J0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTxqmSTTjPsskYnuhNRwKRT3UaDknVRzGoeSt8Px7cxvP3FtRKIecJLyIKZDJSLBKFqp0zNINSGiX625dXcOskq8gtSgQLNf/eoNEpbFXCGT1Jiu56YY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzeKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTMnicDoTlDObGEMi3srYSNqKYMbUQVG4K3/PIqaV3UPbfu3V/WGjdFHGU4gVM4Bw+uoAF30AQfGEh4hld4cx6dF+fd+Vi0lpxi5hj+wPn8AWc6j4k=</latexit><latexit sha1_base64="Y+s9QElbmtAIbZJJMfWBMPJ/NEA=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKpi20oWy2m3bpZhN3J0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTxqmSTTjPsskYnuhNRwKRT3UaDknVRzGoeSt8Px7cxvP3FtRKIecJLyIKZDJSLBKFqp0zNINSGiX625dXcOskq8gtSgQLNf/eoNEpbFXCGT1Jiu56YY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzeKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTMnicDoTlDObGEMi3srYSNqKYMbUQVG4K3/PIqaV3UPbfu3V/WGjdFHGU4gVM4Bw+uoAF30AQfGEh4hld4cx6dF+fd+Vi0lpxi5hj+wPn8AWc6j4k=</latexit><latexit sha1_base64="Y+s9QElbmtAIbZJJMfWBMPJ/NEA=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKpi20oWy2m3bpZhN3J0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTxqmSTTjPsskYnuhNRwKRT3UaDknVRzGoeSt8Px7cxvP3FtRKIecJLyIKZDJSLBKFqp0zNINSGiX625dXcOskq8gtSgQLNf/eoNEpbFXCGT1Jiu56YY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzeKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTMnicDoTlDObGEMi3srYSNqKYMbUQVG4K3/PIqaV3UPbfu3V/WGjdFHGU4gVM4Bw+uoAF30AQfGEh4hld4cx6dF+fd+Vi0lpxi5hj+wPn8AWc6j4k=</latexit>

i
<latexit sha1_base64="8reSy2wLYHSMinvmu0jkpatC36M=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis9EML7btWreXOQVeIXpAoFGn33qzdIWBajNExQrbu+l5ogp8pwJnBa6WUaU8rGdIhdSyWNUQf5/NQpObPKgESJsiUNmau/J3Iaaz2JQ9sZUzPSy95M/M/rZia6DnIu08ygZItFUSaIScjsbzLgCpkRE0soU9zeStiIKsqMTadiQ/CXX14lrYua79X8+8tq/aaIowwncArn4MMV1OEOGtAEBkN4hld4c4Tz4rw7H4vWklPMHMMfOJ8/eraNQQ==</latexit><latexit sha1_base64="8reSy2wLYHSMinvmu0jkpatC36M=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis9EML7btWreXOQVeIXpAoFGn33qzdIWBajNExQrbu+l5ogp8pwJnBa6WUaU8rGdIhdSyWNUQf5/NQpObPKgESJsiUNmau/J3Iaaz2JQ9sZUzPSy95M/M/rZia6DnIu08ygZItFUSaIScjsbzLgCpkRE0soU9zeStiIKsqMTadiQ/CXX14lrYua79X8+8tq/aaIowwncArn4MMV1OEOGtAEBkN4hld4c4Tz4rw7H4vWklPMHMMfOJ8/eraNQQ==</latexit><latexit sha1_base64="8reSy2wLYHSMinvmu0jkpatC36M=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis9EML7btWreXOQVeIXpAoFGn33qzdIWBajNExQrbu+l5ogp8pwJnBa6WUaU8rGdIhdSyWNUQf5/NQpObPKgESJsiUNmau/J3Iaaz2JQ9sZUzPSy95M/M/rZia6DnIu08ygZItFUSaIScjsbzLgCpkRE0soU9zeStiIKsqMTadiQ/CXX14lrYua79X8+8tq/aaIowwncArn4MMV1OEOGtAEBkN4hld4c4Tz4rw7H4vWklPMHMMfOJ8/eraNQQ==</latexit><latexit sha1_base64="8reSy2wLYHSMinvmu0jkpatC36M=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis9EML7btWreXOQVeIXpAoFGn33qzdIWBajNExQrbu+l5ogp8pwJnBa6WUaU8rGdIhdSyWNUQf5/NQpObPKgESJsiUNmau/J3Iaaz2JQ9sZUzPSy95M/M/rZia6DnIu08ygZItFUSaIScjsbzLgCpkRE0soU9zeStiIKsqMTadiQ/CXX14lrYua79X8+8tq/aaIowwncArn4MMV1OEOGtAEBkN4hld4c4Tz4rw7H4vWklPMHMMfOJ8/eraNQQ==</latexit>

?i
<latexit sha1_base64="Y+s9QElbmtAIbZJJMfWBMPJ/NEA=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKpi20oWy2m3bpZhN3J0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTxqmSTTjPsskYnuhNRwKRT3UaDknVRzGoeSt8Px7cxvP3FtRKIecJLyIKZDJSLBKFqp0zNINSGiX625dXcOskq8gtSgQLNf/eoNEpbFXCGT1Jiu56YY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzeKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTMnicDoTlDObGEMi3srYSNqKYMbUQVG4K3/PIqaV3UPbfu3V/WGjdFHGU4gVM4Bw+uoAF30AQfGEh4hld4cx6dF+fd+Vi0lpxi5hj+wPn8AWc6j4k=</latexit><latexit sha1_base64="Y+s9QElbmtAIbZJJMfWBMPJ/NEA=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKpi20oWy2m3bpZhN3J0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTxqmSTTjPsskYnuhNRwKRT3UaDknVRzGoeSt8Px7cxvP3FtRKIecJLyIKZDJSLBKFqp0zNINSGiX625dXcOskq8gtSgQLNf/eoNEpbFXCGT1Jiu56YY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzeKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTMnicDoTlDObGEMi3srYSNqKYMbUQVG4K3/PIqaV3UPbfu3V/WGjdFHGU4gVM4Bw+uoAF30AQfGEh4hld4cx6dF+fd+Vi0lpxi5hj+wPn8AWc6j4k=</latexit><latexit sha1_base64="Y+s9QElbmtAIbZJJMfWBMPJ/NEA=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKpi20oWy2m3bpZhN3J0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTxqmSTTjPsskYnuhNRwKRT3UaDknVRzGoeSt8Px7cxvP3FtRKIecJLyIKZDJSLBKFqp0zNINSGiX625dXcOskq8gtSgQLNf/eoNEpbFXCGT1Jiu56YY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzeKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTMnicDoTlDObGEMi3srYSNqKYMbUQVG4K3/PIqaV3UPbfu3V/WGjdFHGU4gVM4Bw+uoAF30AQfGEh4hld4cx6dF+fd+Vi0lpxi5hj+wPn8AWc6j4k=</latexit><latexit sha1_base64="Y+s9QElbmtAIbZJJMfWBMPJ/NEA=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKpi20oWy2m3bpZhN3J0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTxqmSTTjPsskYnuhNRwKRT3UaDknVRzGoeSt8Px7cxvP3FtRKIecJLyIKZDJSLBKFqp0zNINSGiX625dXcOskq8gtSgQLNf/eoNEpbFXCGT1Jiu56YY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzeKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTMnicDoTlDObGEMi3srYSNqKYMbUQVG4K3/PIqaV3UPbfu3V/WGjdFHGU4gVM4Bw+uoAF30AQfGEh4hld4cx6dF+fd+Vi0lpxi5hj+wPn8AWc6j4k=</latexit>

<latexit sha1_base64="bseLyeNfXJPqklEnSB4ZRc3F/Uk="></latexit>



Discrete Laplacian: Finite Volumes
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<latexit sha1_base64="UmXqQnFDTCfj4pGLLatJfGK/L3g="></latexit><latexit sha1_base64="UmXqQnFDTCfj4pGLLatJfGK/L3g="></latexit><latexit sha1_base64="UmXqQnFDTCfj4pGLLatJfGK/L3g="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="vnMilJaUq7pp26roIP48kXM1I7c="></latexit><latexit sha1_base64="vnMilJaUq7pp26roIP48kXM1I7c="></latexit><latexit sha1_base64="EqM/VpqBTD+z45YnWIwYoOzxKwI="></latexit><latexit sha1_base64="UmXqQnFDTCfj4pGLLatJfGK/L3g="></latexit><latexit sha1_base64="UmXqQnFDTCfj4pGLLatJfGK/L3g="></latexit><latexit sha1_base64="UmXqQnFDTCfj4pGLLatJfGK/L3g="></latexit><latexit sha1_base64="UmXqQnFDTCfj4pGLLatJfGK/L3g="></latexit><latexit sha1_base64="UmXqQnFDTCfj4pGLLatJfGK/L3g="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="vnMilJaUq7pp26roIP48kXM1I7c="></latexit><latexit sha1_base64="vnMilJaUq7pp26roIP48kXM1I7c="></latexit><latexit sha1_base64="EqM/VpqBTD+z45YnWIwYoOzxKwI="></latexit><latexit sha1_base64="UmXqQnFDTCfj4pGLLatJfGK/L3g="></latexit><latexit sha1_base64="UmXqQnFDTCfj4pGLLatJfGK/L3g="></latexit><latexit sha1_base64="UmXqQnFDTCfj4pGLLatJfGK/L3g="></latexit><latexit sha1_base64="UmXqQnFDTCfj4pGLLatJfGK/L3g="></latexit><latexit sha1_base64="UmXqQnFDTCfj4pGLLatJfGK/L3g="></latexit><latexit sha1_base64="UmXqQnFDTCfj4pGLLatJfGK/L3g="></latexit>

i
<latexit sha1_base64="8reSy2wLYHSMinvmu0jkpatC36M=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis9EML7btWreXOQVeIXpAoFGn33qzdIWBajNExQrbu+l5ogp8pwJnBa6WUaU8rGdIhdSyWNUQf5/NQpObPKgESJsiUNmau/J3Iaaz2JQ9sZUzPSy95M/M/rZia6DnIu08ygZItFUSaIScjsbzLgCpkRE0soU9zeStiIKsqMTadiQ/CXX14lrYua79X8+8tq/aaIowwncArn4MMV1OEOGtAEBkN4hld4c4Tz4rw7H4vWklPMHMMfOJ8/eraNQQ==</latexit><latexit sha1_base64="8reSy2wLYHSMinvmu0jkpatC36M=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis9EML7btWreXOQVeIXpAoFGn33qzdIWBajNExQrbu+l5ogp8pwJnBa6WUaU8rGdIhdSyWNUQf5/NQpObPKgESJsiUNmau/J3Iaaz2JQ9sZUzPSy95M/M/rZia6DnIu08ygZItFUSaIScjsbzLgCpkRE0soU9zeStiIKsqMTadiQ/CXX14lrYua79X8+8tq/aaIowwncArn4MMV1OEOGtAEBkN4hld4c4Tz4rw7H4vWklPMHMMfOJ8/eraNQQ==</latexit><latexit sha1_base64="8reSy2wLYHSMinvmu0jkpatC36M=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis9EML7btWreXOQVeIXpAoFGn33qzdIWBajNExQrbu+l5ogp8pwJnBa6WUaU8rGdIhdSyWNUQf5/NQpObPKgESJsiUNmau/J3Iaaz2JQ9sZUzPSy95M/M/rZia6DnIu08ygZItFUSaIScjsbzLgCpkRE0soU9zeStiIKsqMTadiQ/CXX14lrYua79X8+8tq/aaIowwncArn4MMV1OEOGtAEBkN4hld4c4Tz4rw7H4vWklPMHMMfOJ8/eraNQQ==</latexit><latexit sha1_base64="8reSy2wLYHSMinvmu0jkpatC36M=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis9EML7btWreXOQVeIXpAoFGn33qzdIWBajNExQrbu+l5ogp8pwJnBa6WUaU8rGdIhdSyWNUQf5/NQpObPKgESJsiUNmau/J3Iaaz2JQ9sZUzPSy95M/M/rZia6DnIu08ygZItFUSaIScjsbzLgCpkRE0soU9zeStiIKsqMTadiQ/CXX14lrYua79X8+8tq/aaIowwncArn4MMV1OEOGtAEBkN4hld4c4Tz4rw7H4vWklPMHMMfOJ8/eraNQQ==</latexit>

j
<latexit sha1_base64="ocTLVc574NOAe/DoMycp9A9e/3g=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3bbzSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikpeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPJ/dxvP6HSPJaPZpqgH9Gh5CFn1FipMe6XK27VXYCsEy8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAmelXqoxoWxCh9i1VNIItZ8tDp2RC6sMSBgrW9KQhfp7IqOR1tMosJ0RNSO96s3F/7xuasJbP+MySQ1KtlwUpoKYmMy/JgOukBkxtYQyxe2thI2ooszYbEo2BG/15XXSuqp6btVrXFdqd3kcRTiDc7gED26gBg9QhyYwQHiGV3hzxs6L8+58LFsLTj5zCn/gfP4A0QGM7g==</latexit><latexit sha1_base64="ocTLVc574NOAe/DoMycp9A9e/3g=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3bbzSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikpeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPJ/dxvP6HSPJaPZpqgH9Gh5CFn1FipMe6XK27VXYCsEy8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAmelXqoxoWxCh9i1VNIItZ8tDp2RC6sMSBgrW9KQhfp7IqOR1tMosJ0RNSO96s3F/7xuasJbP+MySQ1KtlwUpoKYmMy/JgOukBkxtYQyxe2thI2ooszYbEo2BG/15XXSuqp6btVrXFdqd3kcRTiDc7gED26gBg9QhyYwQHiGV3hzxs6L8+58LFsLTj5zCn/gfP4A0QGM7g==</latexit><latexit sha1_base64="ocTLVc574NOAe/DoMycp9A9e/3g=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3bbzSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikpeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPJ/dxvP6HSPJaPZpqgH9Gh5CFn1FipMe6XK27VXYCsEy8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAmelXqoxoWxCh9i1VNIItZ8tDp2RC6sMSBgrW9KQhfp7IqOR1tMosJ0RNSO96s3F/7xuasJbP+MySQ1KtlwUpoKYmMy/JgOukBkxtYQyxe2thI2ooszYbEo2BG/15XXSuqp6btVrXFdqd3kcRTiDc7gED26gBg9QhyYwQHiGV3hzxs6L8+58LFsLTj5zCn/gfP4A0QGM7g==</latexit><latexit sha1_base64="ocTLVc574NOAe/DoMycp9A9e/3g=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3bbzSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikpeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPJ/dxvP6HSPJaPZpqgH9Gh5CFn1FipMe6XK27VXYCsEy8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAmelXqoxoWxCh9i1VNIItZ8tDp2RC6sMSBgrW9KQhfp7IqOR1tMosJ0RNSO96s3F/7xuasJbP+MySQ1KtlwUpoKYmMy/JgOukBkxtYQyxe2thI2ooszYbEo2BG/15XXSuqp6btVrXFdqd3kcRTiDc7gED26gBg9QhyYwQHiGV3hzxs6L8+58LFsLTj5zCn/gfP4A0QGM7g==</latexit>

(i, j)
<latexit sha1_base64="YumAbx8uKsVzlFDr9re9KqYa2Z0=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJUkJKIoMeiF48VTFtoQ9lsJ+3azSbsboRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dlZW19Y3Ngtbxe2d3b390sFhQyeZYuizRCSqFVKNgkv0DTcCW6lCGocCm+Hwduo3n1BpnsgHM0oxiGlf8ogzaqzkV/j541m3VHar7gxkmXg5KUOOerf01eklLItRGiao1m3PTU0wpspwJnBS7GQaU8qGtI9tSyWNUQfj2bETcmqVHokSZUsaMlN/T4xprPUoDm1nTM1AL3pT8T+vnZnoOhhzmWYGJZsvijJBTEKmn5MeV8iMGFlCmeL2VsIGVFFmbD5FG4K3+PIyaVxUPbfq3V+Wazd5HAU4hhOogAdXUIM7qIMPDDg8wyu8OdJ5cd6dj3nripPPHMEfOJ8/w/CN/A==</latexit><latexit sha1_base64="YumAbx8uKsVzlFDr9re9KqYa2Z0=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJUkJKIoMeiF48VTFtoQ9lsJ+3azSbsboRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dlZW19Y3Ngtbxe2d3b390sFhQyeZYuizRCSqFVKNgkv0DTcCW6lCGocCm+Hwduo3n1BpnsgHM0oxiGlf8ogzaqzkV/j541m3VHar7gxkmXg5KUOOerf01eklLItRGiao1m3PTU0wpspwJnBS7GQaU8qGtI9tSyWNUQfj2bETcmqVHokSZUsaMlN/T4xprPUoDm1nTM1AL3pT8T+vnZnoOhhzmWYGJZsvijJBTEKmn5MeV8iMGFlCmeL2VsIGVFFmbD5FG4K3+PIyaVxUPbfq3V+Wazd5HAU4hhOogAdXUIM7qIMPDDg8wyu8OdJ5cd6dj3nripPPHMEfOJ8/w/CN/A==</latexit><latexit sha1_base64="YumAbx8uKsVzlFDr9re9KqYa2Z0=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJUkJKIoMeiF48VTFtoQ9lsJ+3azSbsboRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dlZW19Y3Ngtbxe2d3b390sFhQyeZYuizRCSqFVKNgkv0DTcCW6lCGocCm+Hwduo3n1BpnsgHM0oxiGlf8ogzaqzkV/j541m3VHar7gxkmXg5KUOOerf01eklLItRGiao1m3PTU0wpspwJnBS7GQaU8qGtI9tSyWNUQfj2bETcmqVHokSZUsaMlN/T4xprPUoDm1nTM1AL3pT8T+vnZnoOhhzmWYGJZsvijJBTEKmn5MeV8iMGFlCmeL2VsIGVFFmbD5FG4K3+PIyaVxUPbfq3V+Wazd5HAU4hhOogAdXUIM7qIMPDDg8wyu8OdJ5cd6dj3nripPPHMEfOJ8/w/CN/A==</latexit><latexit sha1_base64="YumAbx8uKsVzlFDr9re9KqYa2Z0=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJUkJKIoMeiF48VTFtoQ9lsJ+3azSbsboRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dlZW19Y3Ngtbxe2d3b390sFhQyeZYuizRCSqFVKNgkv0DTcCW6lCGocCm+Hwduo3n1BpnsgHM0oxiGlf8ogzaqzkV/j541m3VHar7gxkmXg5KUOOerf01eklLItRGiao1m3PTU0wpspwJnBS7GQaU8qGtI9tSyWNUQfj2bETcmqVHokSZUsaMlN/T4xprPUoDm1nTM1AL3pT8T+vnZnoOhhzmWYGJZsvijJBTEKmn5MeV8iMGFlCmeL2VsIGVFFmbD5FG4K3+PIyaVxUPbfq3V+Wazd5HAU4hhOogAdXUIM7qIMPDDg8wyu8OdJ5cd6dj3nripPPHMEfOJ8/w/CN/A==</latexit>

?(i, j)
<latexit sha1_base64="6wrXu09VgS8YkYp6lRIYZOt6PUw=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJUkJKIoMeiF48V7AekoWy2m3btJht2J0Ip/RlePCji1V/jzX/jts1BWx8MPN6bYWZemEph0HW/nZXVtfWNzcJWcXtnd2+/dHDYNCrTjDeYkkq3Q2q4FAlvoEDJ26nmNA4lb4XD26nfeuLaCJU84CjlQUz7iYgEo2glv2OQalIR549n3VLZrbozkGXi5aQMOerd0lenp1gW8wSZpMb4nptiMKYaBZN8UuxkhqeUDWmf+5YmNOYmGM9OnpBTq/RIpLStBMlM/T0xprExozi0nTHFgVn0puJ/np9hdB2MRZJmyBM2XxRlkqAi0/9JT2jOUI4soUwLeythA6opQ5tS0YbgLb68TJoXVc+teveX5dpNHkcBjuEEKuDBFdTgDurQAAYKnuEV3hx0Xpx352PeuuLkM0fwB87nDwzvkG4=</latexit><latexit sha1_base64="6wrXu09VgS8YkYp6lRIYZOt6PUw=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJUkJKIoMeiF48V7AekoWy2m3btJht2J0Ip/RlePCji1V/jzX/jts1BWx8MPN6bYWZemEph0HW/nZXVtfWNzcJWcXtnd2+/dHDYNCrTjDeYkkq3Q2q4FAlvoEDJ26nmNA4lb4XD26nfeuLaCJU84CjlQUz7iYgEo2glv2OQalIR549n3VLZrbozkGXi5aQMOerd0lenp1gW8wSZpMb4nptiMKYaBZN8UuxkhqeUDWmf+5YmNOYmGM9OnpBTq/RIpLStBMlM/T0xprExozi0nTHFgVn0puJ/np9hdB2MRZJmyBM2XxRlkqAi0/9JT2jOUI4soUwLeythA6opQ5tS0YbgLb68TJoXVc+teveX5dpNHkcBjuEEKuDBFdTgDurQAAYKnuEV3hx0Xpx352PeuuLkM0fwB87nDwzvkG4=</latexit><latexit sha1_base64="6wrXu09VgS8YkYp6lRIYZOt6PUw=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJUkJKIoMeiF48V7AekoWy2m3btJht2J0Ip/RlePCji1V/jzX/jts1BWx8MPN6bYWZemEph0HW/nZXVtfWNzcJWcXtnd2+/dHDYNCrTjDeYkkq3Q2q4FAlvoEDJ26nmNA4lb4XD26nfeuLaCJU84CjlQUz7iYgEo2glv2OQalIR549n3VLZrbozkGXi5aQMOerd0lenp1gW8wSZpMb4nptiMKYaBZN8UuxkhqeUDWmf+5YmNOYmGM9OnpBTq/RIpLStBMlM/T0xprExozi0nTHFgVn0puJ/np9hdB2MRZJmyBM2XxRlkqAi0/9JT2jOUI4soUwLeythA6opQ5tS0YbgLb68TJoXVc+teveX5dpNHkcBjuEEKuDBFdTgDurQAAYKnuEV3hx0Xpx352PeuuLkM0fwB87nDwzvkG4=</latexit><latexit sha1_base64="6wrXu09VgS8YkYp6lRIYZOt6PUw=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJUkJKIoMeiF48V7AekoWy2m3btJht2J0Ip/RlePCji1V/jzX/jts1BWx8MPN6bYWZemEph0HW/nZXVtfWNzcJWcXtnd2+/dHDYNCrTjDeYkkq3Q2q4FAlvoEDJ26nmNA4lb4XD26nfeuLaCJU84CjlQUz7iYgEo2glv2OQalIR549n3VLZrbozkGXi5aQMOerd0lenp1gW8wSZpMb4nptiMKYaBZN8UuxkhqeUDWmf+5YmNOYmGM9OnpBTq/RIpLStBMlM/T0xprExozi0nTHFgVn0puJ/np9hdB2MRZJmyBM2XxRlkqAi0/9JT2jOUI4soUwLeythA6opQ5tS0YbgLb68TJoXVc+teveX5dpNHkcBjuEEKuDBFdTgDurQAAYKnuEV3hx0Xpx352PeuuLkM0fwB87nDwzvkG4=</latexit>

<latexit sha1_base64="FMh5B2xZobjr3/TDLZ1+dgqea0A="></latexit>

wij =
Vol(?(i, j))

Vol(i, j)
<latexit sha1_base64="XaykqCM1fOBjm4l84eQ4bECN5xs=">AAACI3icbVDLSsNAFJ34rPUVdelmsAgtSElEUASh6MZlBfuAJpTJdNJOO8mEmYlSQv7Fjb/ixoVS3LjwX5y0WdjWAxcO59zLvfd4EaNSWda3sbK6tr6xWdgqbu/s7u2bB4dNyWOBSQNzxkXbQ5IwGpKGooqRdiQICjxGWt7oLvNbT0RIysNHNY6IG6B+SH2KkdJS17x+7iZ0mN44vkA4cQKkBiJImpylZUcqJGCZng0rlXTeyrS0a5asqjUFXCZ2TkogR71rTpwex3FAQoUZkrJjW5FyEyQUxYykRSeWJEJ4hPqko2mIAiLdZPpjCk+10oM+F7pCBafq34kEBVKOA093ZpfKRS8T//M6sfKv3ISGUaxIiGeL/JhBxWEWGOxRQbBiY00QFlTfCvEA6bSUjrWoQ7AXX14mzfOqbVXth4tS7TaPowCOwQkoAxtcghq4B3XQABi8gDfwAT6NV+PdmBhfs9YVI585AnMwfn4B312k+A==</latexit><latexit sha1_base64="XaykqCM1fOBjm4l84eQ4bECN5xs=">AAACI3icbVDLSsNAFJ34rPUVdelmsAgtSElEUASh6MZlBfuAJpTJdNJOO8mEmYlSQv7Fjb/ixoVS3LjwX5y0WdjWAxcO59zLvfd4EaNSWda3sbK6tr6xWdgqbu/s7u2bB4dNyWOBSQNzxkXbQ5IwGpKGooqRdiQICjxGWt7oLvNbT0RIysNHNY6IG6B+SH2KkdJS17x+7iZ0mN44vkA4cQKkBiJImpylZUcqJGCZng0rlXTeyrS0a5asqjUFXCZ2TkogR71rTpwex3FAQoUZkrJjW5FyEyQUxYykRSeWJEJ4hPqko2mIAiLdZPpjCk+10oM+F7pCBafq34kEBVKOA093ZpfKRS8T//M6sfKv3ISGUaxIiGeL/JhBxWEWGOxRQbBiY00QFlTfCvEA6bSUjrWoQ7AXX14mzfOqbVXth4tS7TaPowCOwQkoAxtcghq4B3XQABi8gDfwAT6NV+PdmBhfs9YVI585AnMwfn4B312k+A==</latexit><latexit sha1_base64="XaykqCM1fOBjm4l84eQ4bECN5xs=">AAACI3icbVDLSsNAFJ34rPUVdelmsAgtSElEUASh6MZlBfuAJpTJdNJOO8mEmYlSQv7Fjb/ixoVS3LjwX5y0WdjWAxcO59zLvfd4EaNSWda3sbK6tr6xWdgqbu/s7u2bB4dNyWOBSQNzxkXbQ5IwGpKGooqRdiQICjxGWt7oLvNbT0RIysNHNY6IG6B+SH2KkdJS17x+7iZ0mN44vkA4cQKkBiJImpylZUcqJGCZng0rlXTeyrS0a5asqjUFXCZ2TkogR71rTpwex3FAQoUZkrJjW5FyEyQUxYykRSeWJEJ4hPqko2mIAiLdZPpjCk+10oM+F7pCBafq34kEBVKOA093ZpfKRS8T//M6sfKv3ISGUaxIiGeL/JhBxWEWGOxRQbBiY00QFlTfCvEA6bSUjrWoQ7AXX14mzfOqbVXth4tS7TaPowCOwQkoAxtcghq4B3XQABi8gDfwAT6NV+PdmBhfs9YVI585AnMwfn4B312k+A==</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="Uf1te6sHZD0iXW6cJ+e24FFFTu4=">AAACGHicbZBLSwMxFIXv+Ky16ujWTbAILUiZcaMIguDGZQX7gM4wZNJMmzbzIMkoZZj/4sa/4saFUtz4b8y0XdjWA4HDOQm59/MTzqSyrB9jY3Nre2e3tFferxwcHpnHlbaMU0Foi8Q8Fl0fS8pZRFuKKU67iaA49Dnt+OP7ou88UyFZHD2pSULdEA8iFjCClY488+bFy9gov3UCgUnmhFgNRZi1Y57XHKmwQDV2MarX8+WqyHLPrFoNaya0buyFqcJCTc+cOv2YpCGNFOFYyp5tJcrNsFCMcJqXnVTSBJMxHtCethEOqXSz2Y45OtdJHwWx0CdSaJb+fZHhUMpJ6OubxaRytSvC/7peqoJrN2NRkioakflHQcqRilEBDPWZoETxiTaYCKZnRWSINS2lsZY1BHt15XXTvmzYVsN+tKAEp3AGNbDhCu7gAZrQAgKv8A6f8GW8GR/GdI5rw1hwO4ElGd+/zW6jag==</latexit><latexit sha1_base64="Uf1te6sHZD0iXW6cJ+e24FFFTu4=">AAACGHicbZBLSwMxFIXv+Ky16ujWTbAILUiZcaMIguDGZQX7gM4wZNJMmzbzIMkoZZj/4sa/4saFUtz4b8y0XdjWA4HDOQm59/MTzqSyrB9jY3Nre2e3tFferxwcHpnHlbaMU0Foi8Q8Fl0fS8pZRFuKKU67iaA49Dnt+OP7ou88UyFZHD2pSULdEA8iFjCClY488+bFy9gov3UCgUnmhFgNRZi1Y57XHKmwQDV2MarX8+WqyHLPrFoNaya0buyFqcJCTc+cOv2YpCGNFOFYyp5tJcrNsFCMcJqXnVTSBJMxHtCethEOqXSz2Y45OtdJHwWx0CdSaJb+fZHhUMpJ6OubxaRytSvC/7peqoJrN2NRkioakflHQcqRilEBDPWZoETxiTaYCKZnRWSINS2lsZY1BHt15XXTvmzYVsN+tKAEp3AGNbDhCu7gAZrQAgKv8A6f8GW8GR/GdI5rw1hwO4ElGd+/zW6jag==</latexit><latexit sha1_base64="rw0IrfO0TJXMaDVwHTV677U3CPM=">AAACI3icbVDLSsNAFJ3UV62vqEs3g0VoQUriRhGEohuXFewDmlAm00k77WQSZiZKCfkXN/6KGxdKcePCf3HSZmFbD1w4nHMv997jRYxKZVnfRmFtfWNzq7hd2tnd2z8wD49aMowFJk0cslB0PCQJo5w0FVWMdCJBUOAx0vbGd5nffiJC0pA/qklE3AANOPUpRkpLPfP6uZfQUXrj+ALhxAmQGoogaYUsrThSIQEr9HxUraaLVqalPbNs1awZ4Cqxc1IGORo9c+r0QxwHhCvMkJRd24qUmyChKGYkLTmxJBHCYzQgXU05Coh0k9mPKTzTSh/6odDFFZypfycSFEg5CTzdmV0ql71M/M/rxsq/chPKo1gRjueL/JhBFcIsMNingmDFJpogLKi+FeIh0mkpHWtJh2Avv7xKWhc126rZD1a5fpvHUQQn4BRUgA0uQR3cgwZoAgxewBv4AJ/Gq/FuTI2veWvByGeOwQKMn1/eHaT0</latexit><latexit sha1_base64="XaykqCM1fOBjm4l84eQ4bECN5xs=">AAACI3icbVDLSsNAFJ34rPUVdelmsAgtSElEUASh6MZlBfuAJpTJdNJOO8mEmYlSQv7Fjb/ixoVS3LjwX5y0WdjWAxcO59zLvfd4EaNSWda3sbK6tr6xWdgqbu/s7u2bB4dNyWOBSQNzxkXbQ5IwGpKGooqRdiQICjxGWt7oLvNbT0RIysNHNY6IG6B+SH2KkdJS17x+7iZ0mN44vkA4cQKkBiJImpylZUcqJGCZng0rlXTeyrS0a5asqjUFXCZ2TkogR71rTpwex3FAQoUZkrJjW5FyEyQUxYykRSeWJEJ4hPqko2mIAiLdZPpjCk+10oM+F7pCBafq34kEBVKOA093ZpfKRS8T//M6sfKv3ISGUaxIiGeL/JhBxWEWGOxRQbBiY00QFlTfCvEA6bSUjrWoQ7AXX14mzfOqbVXth4tS7TaPowCOwQkoAxtcghq4B3XQABi8gDfwAT6NV+PdmBhfs9YVI585AnMwfn4B312k+A==</latexit><latexit sha1_base64="XaykqCM1fOBjm4l84eQ4bECN5xs=">AAACI3icbVDLSsNAFJ34rPUVdelmsAgtSElEUASh6MZlBfuAJpTJdNJOO8mEmYlSQv7Fjb/ixoVS3LjwX5y0WdjWAxcO59zLvfd4EaNSWda3sbK6tr6xWdgqbu/s7u2bB4dNyWOBSQNzxkXbQ5IwGpKGooqRdiQICjxGWt7oLvNbT0RIysNHNY6IG6B+SH2KkdJS17x+7iZ0mN44vkA4cQKkBiJImpylZUcqJGCZng0rlXTeyrS0a5asqjUFXCZ2TkogR71rTpwex3FAQoUZkrJjW5FyEyQUxYykRSeWJEJ4hPqko2mIAiLdZPpjCk+10oM+F7pCBafq34kEBVKOA093ZpfKRS8T//M6sfKv3ISGUaxIiGeL/JhBxWEWGOxRQbBiY00QFlTfCvEA6bSUjrWoQ7AXX14mzfOqbVXth4tS7TaPowCOwQkoAxtcghq4B3XQABi8gDfwAT6NV+PdmBhfs9YVI585AnMwfn4B312k+A==</latexit><latexit sha1_base64="XaykqCM1fOBjm4l84eQ4bECN5xs=">AAACI3icbVDLSsNAFJ34rPUVdelmsAgtSElEUASh6MZlBfuAJpTJdNJOO8mEmYlSQv7Fjb/ixoVS3LjwX5y0WdjWAxcO59zLvfd4EaNSWda3sbK6tr6xWdgqbu/s7u2bB4dNyWOBSQNzxkXbQ5IwGpKGooqRdiQICjxGWt7oLvNbT0RIysNHNY6IG6B+SH2KkdJS17x+7iZ0mN44vkA4cQKkBiJImpylZUcqJGCZng0rlXTeyrS0a5asqjUFXCZ2TkogR71rTpwex3FAQoUZkrJjW5FyEyQUxYykRSeWJEJ4hPqko2mIAiLdZPpjCk+10oM+F7pCBafq34kEBVKOA093ZpfKRS8T//M6sfKv3ISGUaxIiGeL/JhBxWEWGOxRQbBiY00QFlTfCvEA6bSUjrWoQ7AXX14mzfOqbVXth4tS7TaPowCOwQkoAxtcghq4B3XQABi8gDfwAT6NV+PdmBhfs9YVI585AnMwfn4B312k+A==</latexit><latexit sha1_base64="XaykqCM1fOBjm4l84eQ4bECN5xs=">AAACI3icbVDLSsNAFJ34rPUVdelmsAgtSElEUASh6MZlBfuAJpTJdNJOO8mEmYlSQv7Fjb/ixoVS3LjwX5y0WdjWAxcO59zLvfd4EaNSWda3sbK6tr6xWdgqbu/s7u2bB4dNyWOBSQNzxkXbQ5IwGpKGooqRdiQICjxGWt7oLvNbT0RIysNHNY6IG6B+SH2KkdJS17x+7iZ0mN44vkA4cQKkBiJImpylZUcqJGCZng0rlXTeyrS0a5asqjUFXCZ2TkogR71rTpwex3FAQoUZkrJjW5FyEyQUxYykRSeWJEJ4hPqko2mIAiLdZPpjCk+10oM+F7pCBafq34kEBVKOA093ZpfKRS8T//M6sfKv3ISGUaxIiGeL/JhBxWEWGOxRQbBiY00QFlTfCvEA6bSUjrWoQ7AXX14mzfOqbVXth4tS7TaPowCOwQkoAxtcghq4B3XQABi8gDfwAT6NV+PdmBhfs9YVI585AnMwfn4B312k+A==</latexit><latexit sha1_base64="XaykqCM1fOBjm4l84eQ4bECN5xs=">AAACI3icbVDLSsNAFJ34rPUVdelmsAgtSElEUASh6MZlBfuAJpTJdNJOO8mEmYlSQv7Fjb/ixoVS3LjwX5y0WdjWAxcO59zLvfd4EaNSWda3sbK6tr6xWdgqbu/s7u2bB4dNyWOBSQNzxkXbQ5IwGpKGooqRdiQICjxGWt7oLvNbT0RIysNHNY6IG6B+SH2KkdJS17x+7iZ0mN44vkA4cQKkBiJImpylZUcqJGCZng0rlXTeyrS0a5asqjUFXCZ2TkogR71rTpwex3FAQoUZkrJjW5FyEyQUxYykRSeWJEJ4hPqko2mIAiLdZPpjCk+10oM+F7pCBafq34kEBVKOA093ZpfKRS8T//M6sfKv3ISGUaxIiGeL/JhBxWEWGOxRQbBiY00QFlTfCvEA6bSUjrWoQ7AXX14mzfOqbVXth4tS7TaPowCOwQkoAxtcghq4B3XQABi8gDfwAT6NV+PdmBhfs9YVI585AnMwfn4B312k+A==</latexit><latexit sha1_base64="XaykqCM1fOBjm4l84eQ4bECN5xs=">AAACI3icbVDLSsNAFJ34rPUVdelmsAgtSElEUASh6MZlBfuAJpTJdNJOO8mEmYlSQv7Fjb/ixoVS3LjwX5y0WdjWAxcO59zLvfd4EaNSWda3sbK6tr6xWdgqbu/s7u2bB4dNyWOBSQNzxkXbQ5IwGpKGooqRdiQICjxGWt7oLvNbT0RIysNHNY6IG6B+SH2KkdJS17x+7iZ0mN44vkA4cQKkBiJImpylZUcqJGCZng0rlXTeyrS0a5asqjUFXCZ2TkogR71rTpwex3FAQoUZkrJjW5FyEyQUxYykRSeWJEJ4hPqko2mIAiLdZPpjCk+10oM+F7pCBafq34kEBVKOA093ZpfKRS8T//M6sfKv3ISGUaxIiGeL/JhBxWEWGOxRQbBiY00QFlTfCvEA6bSUjrWoQ7AXX14mzfOqbVXth4tS7TaPowCOwQkoAxtcghq4B3XQABi8gDfwAT6NV+PdmBhfs9YVI585AnMwfn4B312k+A==</latexit>



Discrete Laplacian: Finite Volumes

i
<latexit sha1_base64="8reSy2wLYHSMinvmu0jkpatC36M=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis9EML7btWreXOQVeIXpAoFGn33qzdIWBajNExQrbu+l5ogp8pwJnBa6WUaU8rGdIhdSyWNUQf5/NQpObPKgESJsiUNmau/J3Iaaz2JQ9sZUzPSy95M/M/rZia6DnIu08ygZItFUSaIScjsbzLgCpkRE0soU9zeStiIKsqMTadiQ/CXX14lrYua79X8+8tq/aaIowwncArn4MMV1OEOGtAEBkN4hld4c4Tz4rw7H4vWklPMHMMfOJ8/eraNQQ==</latexit><latexit sha1_base64="8reSy2wLYHSMinvmu0jkpatC36M=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis9EML7btWreXOQVeIXpAoFGn33qzdIWBajNExQrbu+l5ogp8pwJnBa6WUaU8rGdIhdSyWNUQf5/NQpObPKgESJsiUNmau/J3Iaaz2JQ9sZUzPSy95M/M/rZia6DnIu08ygZItFUSaIScjsbzLgCpkRE0soU9zeStiIKsqMTadiQ/CXX14lrYua79X8+8tq/aaIowwncArn4MMV1OEOGtAEBkN4hld4c4Tz4rw7H4vWklPMHMMfOJ8/eraNQQ==</latexit><latexit sha1_base64="8reSy2wLYHSMinvmu0jkpatC36M=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis9EML7btWreXOQVeIXpAoFGn33qzdIWBajNExQrbu+l5ogp8pwJnBa6WUaU8rGdIhdSyWNUQf5/NQpObPKgESJsiUNmau/J3Iaaz2JQ9sZUzPSy95M/M/rZia6DnIu08ygZItFUSaIScjsbzLgCpkRE0soU9zeStiIKsqMTadiQ/CXX14lrYua79X8+8tq/aaIowwncArn4MMV1OEOGtAEBkN4hld4c4Tz4rw7H4vWklPMHMMfOJ8/eraNQQ==</latexit><latexit sha1_base64="8reSy2wLYHSMinvmu0jkpatC36M=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis9EML7btWreXOQVeIXpAoFGn33qzdIWBajNExQrbu+l5ogp8pwJnBa6WUaU8rGdIhdSyWNUQf5/NQpObPKgESJsiUNmau/J3Iaaz2JQ9sZUzPSy95M/M/rZia6DnIu08ygZItFUSaIScjsbzLgCpkRE0soU9zeStiIKsqMTadiQ/CXX14lrYua79X8+8tq/aaIowwncArn4MMV1OEOGtAEBkN4hld4c4Tz4rw7H4vWklPMHMMfOJ8/eraNQQ==</latexit>

j
<latexit sha1_base64="ocTLVc574NOAe/DoMycp9A9e/3g=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3bbzSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikpeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPJ/dxvP6HSPJaPZpqgH9Gh5CFn1FipMe6XK27VXYCsEy8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAmelXqoxoWxCh9i1VNIItZ8tDp2RC6sMSBgrW9KQhfp7IqOR1tMosJ0RNSO96s3F/7xuasJbP+MySQ1KtlwUpoKYmMy/JgOukBkxtYQyxe2thI2ooszYbEo2BG/15XXSuqp6btVrXFdqd3kcRTiDc7gED26gBg9QhyYwQHiGV3hzxs6L8+58LFsLTj5zCn/gfP4A0QGM7g==</latexit><latexit sha1_base64="ocTLVc574NOAe/DoMycp9A9e/3g=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3bbzSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikpeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPJ/dxvP6HSPJaPZpqgH9Gh5CFn1FipMe6XK27VXYCsEy8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAmelXqoxoWxCh9i1VNIItZ8tDp2RC6sMSBgrW9KQhfp7IqOR1tMosJ0RNSO96s3F/7xuasJbP+MySQ1KtlwUpoKYmMy/JgOukBkxtYQyxe2thI2ooszYbEo2BG/15XXSuqp6btVrXFdqd3kcRTiDc7gED26gBg9QhyYwQHiGV3hzxs6L8+58LFsLTj5zCn/gfP4A0QGM7g==</latexit><latexit sha1_base64="ocTLVc574NOAe/DoMycp9A9e/3g=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3bbzSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikpeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPJ/dxvP6HSPJaPZpqgH9Gh5CFn1FipMe6XK27VXYCsEy8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAmelXqoxoWxCh9i1VNIItZ8tDp2RC6sMSBgrW9KQhfp7IqOR1tMosJ0RNSO96s3F/7xuasJbP+MySQ1KtlwUpoKYmMy/JgOukBkxtYQyxe2thI2ooszYbEo2BG/15XXSuqp6btVrXFdqd3kcRTiDc7gED26gBg9QhyYwQHiGV3hzxs6L8+58LFsLTj5zCn/gfP4A0QGM7g==</latexit><latexit sha1_base64="ocTLVc574NOAe/DoMycp9A9e/3g=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3bbzSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikpeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPJ/dxvP6HSPJaPZpqgH9Gh5CFn1FipMe6XK27VXYCsEy8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAmelXqoxoWxCh9i1VNIItZ8tDp2RC6sMSBgrW9KQhfp7IqOR1tMosJ0RNSO96s3F/7xuasJbP+MySQ1KtlwUpoKYmMy/JgOukBkxtYQyxe2thI2ooszYbEo2BG/15XXSuqp6btVrXFdqd3kcRTiDc7gED26gBg9QhyYwQHiGV3hzxs6L8+58LFsLTj5zCn/gfP4A0QGM7g==</latexit>

(i, j)
<latexit sha1_base64="YumAbx8uKsVzlFDr9re9KqYa2Z0=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJUkJKIoMeiF48VTFtoQ9lsJ+3azSbsboRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dlZW19Y3Ngtbxe2d3b390sFhQyeZYuizRCSqFVKNgkv0DTcCW6lCGocCm+Hwduo3n1BpnsgHM0oxiGlf8ogzaqzkV/j541m3VHar7gxkmXg5KUOOerf01eklLItRGiao1m3PTU0wpspwJnBS7GQaU8qGtI9tSyWNUQfj2bETcmqVHokSZUsaMlN/T4xprPUoDm1nTM1AL3pT8T+vnZnoOhhzmWYGJZsvijJBTEKmn5MeV8iMGFlCmeL2VsIGVFFmbD5FG4K3+PIyaVxUPbfq3V+Wazd5HAU4hhOogAdXUIM7qIMPDDg8wyu8OdJ5cd6dj3nripPPHMEfOJ8/w/CN/A==</latexit><latexit sha1_base64="YumAbx8uKsVzlFDr9re9KqYa2Z0=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJUkJKIoMeiF48VTFtoQ9lsJ+3azSbsboRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dlZW19Y3Ngtbxe2d3b390sFhQyeZYuizRCSqFVKNgkv0DTcCW6lCGocCm+Hwduo3n1BpnsgHM0oxiGlf8ogzaqzkV/j541m3VHar7gxkmXg5KUOOerf01eklLItRGiao1m3PTU0wpspwJnBS7GQaU8qGtI9tSyWNUQfj2bETcmqVHokSZUsaMlN/T4xprPUoDm1nTM1AL3pT8T+vnZnoOhhzmWYGJZsvijJBTEKmn5MeV8iMGFlCmeL2VsIGVFFmbD5FG4K3+PIyaVxUPbfq3V+Wazd5HAU4hhOogAdXUIM7qIMPDDg8wyu8OdJ5cd6dj3nripPPHMEfOJ8/w/CN/A==</latexit><latexit sha1_base64="YumAbx8uKsVzlFDr9re9KqYa2Z0=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJUkJKIoMeiF48VTFtoQ9lsJ+3azSbsboRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dlZW19Y3Ngtbxe2d3b390sFhQyeZYuizRCSqFVKNgkv0DTcCW6lCGocCm+Hwduo3n1BpnsgHM0oxiGlf8ogzaqzkV/j541m3VHar7gxkmXg5KUOOerf01eklLItRGiao1m3PTU0wpspwJnBS7GQaU8qGtI9tSyWNUQfj2bETcmqVHokSZUsaMlN/T4xprPUoDm1nTM1AL3pT8T+vnZnoOhhzmWYGJZsvijJBTEKmn5MeV8iMGFlCmeL2VsIGVFFmbD5FG4K3+PIyaVxUPbfq3V+Wazd5HAU4hhOogAdXUIM7qIMPDDg8wyu8OdJ5cd6dj3nripPPHMEfOJ8/w/CN/A==</latexit><latexit sha1_base64="YumAbx8uKsVzlFDr9re9KqYa2Z0=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJUkJKIoMeiF48VTFtoQ9lsJ+3azSbsboRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dlZW19Y3Ngtbxe2d3b390sFhQyeZYuizRCSqFVKNgkv0DTcCW6lCGocCm+Hwduo3n1BpnsgHM0oxiGlf8ogzaqzkV/j541m3VHar7gxkmXg5KUOOerf01eklLItRGiao1m3PTU0wpspwJnBS7GQaU8qGtI9tSyWNUQfj2bETcmqVHokSZUsaMlN/T4xprPUoDm1nTM1AL3pT8T+vnZnoOhhzmWYGJZsvijJBTEKmn5MeV8iMGFlCmeL2VsIGVFFmbD5FG4K3+PIyaVxUPbfq3V+Wazd5HAU4hhOogAdXUIM7qIMPDDg8wyu8OdJ5cd6dj3nripPPHMEfOJ8/w/CN/A==</latexit>

?(i, j)
<latexit sha1_base64="6wrXu09VgS8YkYp6lRIYZOt6PUw=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJUkJKIoMeiF48V7AekoWy2m3btJht2J0Ip/RlePCji1V/jzX/jts1BWx8MPN6bYWZemEph0HW/nZXVtfWNzcJWcXtnd2+/dHDYNCrTjDeYkkq3Q2q4FAlvoEDJ26nmNA4lb4XD26nfeuLaCJU84CjlQUz7iYgEo2glv2OQalIR549n3VLZrbozkGXi5aQMOerd0lenp1gW8wSZpMb4nptiMKYaBZN8UuxkhqeUDWmf+5YmNOYmGM9OnpBTq/RIpLStBMlM/T0xprExozi0nTHFgVn0puJ/np9hdB2MRZJmyBM2XxRlkqAi0/9JT2jOUI4soUwLeythA6opQ5tS0YbgLb68TJoXVc+teveX5dpNHkcBjuEEKuDBFdTgDurQAAYKnuEV3hx0Xpx352PeuuLkM0fwB87nDwzvkG4=</latexit><latexit sha1_base64="6wrXu09VgS8YkYp6lRIYZOt6PUw=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJUkJKIoMeiF48V7AekoWy2m3btJht2J0Ip/RlePCji1V/jzX/jts1BWx8MPN6bYWZemEph0HW/nZXVtfWNzcJWcXtnd2+/dHDYNCrTjDeYkkq3Q2q4FAlvoEDJ26nmNA4lb4XD26nfeuLaCJU84CjlQUz7iYgEo2glv2OQalIR549n3VLZrbozkGXi5aQMOerd0lenp1gW8wSZpMb4nptiMKYaBZN8UuxkhqeUDWmf+5YmNOYmGM9OnpBTq/RIpLStBMlM/T0xprExozi0nTHFgVn0puJ/np9hdB2MRZJmyBM2XxRlkqAi0/9JT2jOUI4soUwLeythA6opQ5tS0YbgLb68TJoXVc+teveX5dpNHkcBjuEEKuDBFdTgDurQAAYKnuEV3hx0Xpx352PeuuLkM0fwB87nDwzvkG4=</latexit><latexit sha1_base64="6wrXu09VgS8YkYp6lRIYZOt6PUw=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJUkJKIoMeiF48V7AekoWy2m3btJht2J0Ip/RlePCji1V/jzX/jts1BWx8MPN6bYWZemEph0HW/nZXVtfWNzcJWcXtnd2+/dHDYNCrTjDeYkkq3Q2q4FAlvoEDJ26nmNA4lb4XD26nfeuLaCJU84CjlQUz7iYgEo2glv2OQalIR549n3VLZrbozkGXi5aQMOerd0lenp1gW8wSZpMb4nptiMKYaBZN8UuxkhqeUDWmf+5YmNOYmGM9OnpBTq/RIpLStBMlM/T0xprExozi0nTHFgVn0puJ/np9hdB2MRZJmyBM2XxRlkqAi0/9JT2jOUI4soUwLeythA6opQ5tS0YbgLb68TJoXVc+teveX5dpNHkcBjuEEKuDBFdTgDurQAAYKnuEV3hx0Xpx352PeuuLkM0fwB87nDwzvkG4=</latexit><latexit sha1_base64="6wrXu09VgS8YkYp6lRIYZOt6PUw=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJUkJKIoMeiF48V7AekoWy2m3btJht2J0Ip/RlePCji1V/jzX/jts1BWx8MPN6bYWZemEph0HW/nZXVtfWNzcJWcXtnd2+/dHDYNCrTjDeYkkq3Q2q4FAlvoEDJ26nmNA4lb4XD26nfeuLaCJU84CjlQUz7iYgEo2glv2OQalIR549n3VLZrbozkGXi5aQMOerd0lenp1gW8wSZpMb4nptiMKYaBZN8UuxkhqeUDWmf+5YmNOYmGM9OnpBTq/RIpLStBMlM/T0xprExozi0nTHFgVn0puJ/np9hdB2MRZJmyBM2XxRlkqAi0/9JT2jOUI4soUwLeythA6opQ5tS0YbgLb68TJoXVc+teveX5dpNHkcBjuEEKuDBFdTgDurQAAYKnuEV3hx0Xpx352PeuuLkM0fwB87nDwzvkG4=</latexit>

Z

?i
�f dV =

Z

@?i
(rf) · n dS

<latexit sha1_base64="UmXqQnFDTCfj4pGLLatJfGK/L3g="></latexit><latexit sha1_base64="UmXqQnFDTCfj4pGLLatJfGK/L3g="></latexit><latexit sha1_base64="UmXqQnFDTCfj4pGLLatJfGK/L3g="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="vnMilJaUq7pp26roIP48kXM1I7c="></latexit><latexit sha1_base64="vnMilJaUq7pp26roIP48kXM1I7c="></latexit><latexit sha1_base64="EqM/VpqBTD+z45YnWIwYoOzxKwI="></latexit><latexit sha1_base64="UmXqQnFDTCfj4pGLLatJfGK/L3g="></latexit><latexit sha1_base64="UmXqQnFDTCfj4pGLLatJfGK/L3g="></latexit><latexit sha1_base64="UmXqQnFDTCfj4pGLLatJfGK/L3g="></latexit><latexit sha1_base64="UmXqQnFDTCfj4pGLLatJfGK/L3g="></latexit><latexit sha1_base64="UmXqQnFDTCfj4pGLLatJfGK/L3g="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="vnMilJaUq7pp26roIP48kXM1I7c="></latexit><latexit sha1_base64="vnMilJaUq7pp26roIP48kXM1I7c="></latexit><latexit sha1_base64="EqM/VpqBTD+z45YnWIwYoOzxKwI="></latexit><latexit sha1_base64="UmXqQnFDTCfj4pGLLatJfGK/L3g="></latexit><latexit sha1_base64="UmXqQnFDTCfj4pGLLatJfGK/L3g="></latexit><latexit sha1_base64="UmXqQnFDTCfj4pGLLatJfGK/L3g="></latexit><latexit sha1_base64="UmXqQnFDTCfj4pGLLatJfGK/L3g="></latexit><latexit sha1_base64="UmXqQnFDTCfj4pGLLatJfGK/L3g="></latexit><latexit sha1_base64="UmXqQnFDTCfj4pGLLatJfGK/L3g="></latexit>

<latexit sha1_base64="FMh5B2xZobjr3/TDLZ1+dgqea0A="></latexit>

wij =
Vol(?(i, j))

Vol(i, j)
<latexit sha1_base64="XaykqCM1fOBjm4l84eQ4bECN5xs=">AAACI3icbVDLSsNAFJ34rPUVdelmsAgtSElEUASh6MZlBfuAJpTJdNJOO8mEmYlSQv7Fjb/ixoVS3LjwX5y0WdjWAxcO59zLvfd4EaNSWda3sbK6tr6xWdgqbu/s7u2bB4dNyWOBSQNzxkXbQ5IwGpKGooqRdiQICjxGWt7oLvNbT0RIysNHNY6IG6B+SH2KkdJS17x+7iZ0mN44vkA4cQKkBiJImpylZUcqJGCZng0rlXTeyrS0a5asqjUFXCZ2TkogR71rTpwex3FAQoUZkrJjW5FyEyQUxYykRSeWJEJ4hPqko2mIAiLdZPpjCk+10oM+F7pCBafq34kEBVKOA093ZpfKRS8T//M6sfKv3ISGUaxIiGeL/JhBxWEWGOxRQbBiY00QFlTfCvEA6bSUjrWoQ7AXX14mzfOqbVXth4tS7TaPowCOwQkoAxtcghq4B3XQABi8gDfwAT6NV+PdmBhfs9YVI585AnMwfn4B312k+A==</latexit><latexit sha1_base64="XaykqCM1fOBjm4l84eQ4bECN5xs=">AAACI3icbVDLSsNAFJ34rPUVdelmsAgtSElEUASh6MZlBfuAJpTJdNJOO8mEmYlSQv7Fjb/ixoVS3LjwX5y0WdjWAxcO59zLvfd4EaNSWda3sbK6tr6xWdgqbu/s7u2bB4dNyWOBSQNzxkXbQ5IwGpKGooqRdiQICjxGWt7oLvNbT0RIysNHNY6IG6B+SH2KkdJS17x+7iZ0mN44vkA4cQKkBiJImpylZUcqJGCZng0rlXTeyrS0a5asqjUFXCZ2TkogR71rTpwex3FAQoUZkrJjW5FyEyQUxYykRSeWJEJ4hPqko2mIAiLdZPpjCk+10oM+F7pCBafq34kEBVKOA093ZpfKRS8T//M6sfKv3ISGUaxIiGeL/JhBxWEWGOxRQbBiY00QFlTfCvEA6bSUjrWoQ7AXX14mzfOqbVXth4tS7TaPowCOwQkoAxtcghq4B3XQABi8gDfwAT6NV+PdmBhfs9YVI585AnMwfn4B312k+A==</latexit><latexit sha1_base64="XaykqCM1fOBjm4l84eQ4bECN5xs=">AAACI3icbVDLSsNAFJ34rPUVdelmsAgtSElEUASh6MZlBfuAJpTJdNJOO8mEmYlSQv7Fjb/ixoVS3LjwX5y0WdjWAxcO59zLvfd4EaNSWda3sbK6tr6xWdgqbu/s7u2bB4dNyWOBSQNzxkXbQ5IwGpKGooqRdiQICjxGWt7oLvNbT0RIysNHNY6IG6B+SH2KkdJS17x+7iZ0mN44vkA4cQKkBiJImpylZUcqJGCZng0rlXTeyrS0a5asqjUFXCZ2TkogR71rTpwex3FAQoUZkrJjW5FyEyQUxYykRSeWJEJ4hPqko2mIAiLdZPpjCk+10oM+F7pCBafq34kEBVKOA093ZpfKRS8T//M6sfKv3ISGUaxIiGeL/JhBxWEWGOxRQbBiY00QFlTfCvEA6bSUjrWoQ7AXX14mzfOqbVXth4tS7TaPowCOwQkoAxtcghq4B3XQABi8gDfwAT6NV+PdmBhfs9YVI585AnMwfn4B312k+A==</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="Uf1te6sHZD0iXW6cJ+e24FFFTu4=">AAACGHicbZBLSwMxFIXv+Ky16ujWTbAILUiZcaMIguDGZQX7gM4wZNJMmzbzIMkoZZj/4sa/4saFUtz4b8y0XdjWA4HDOQm59/MTzqSyrB9jY3Nre2e3tFferxwcHpnHlbaMU0Foi8Q8Fl0fS8pZRFuKKU67iaA49Dnt+OP7ou88UyFZHD2pSULdEA8iFjCClY488+bFy9gov3UCgUnmhFgNRZi1Y57XHKmwQDV2MarX8+WqyHLPrFoNaya0buyFqcJCTc+cOv2YpCGNFOFYyp5tJcrNsFCMcJqXnVTSBJMxHtCethEOqXSz2Y45OtdJHwWx0CdSaJb+fZHhUMpJ6OubxaRytSvC/7peqoJrN2NRkioakflHQcqRilEBDPWZoETxiTaYCKZnRWSINS2lsZY1BHt15XXTvmzYVsN+tKAEp3AGNbDhCu7gAZrQAgKv8A6f8GW8GR/GdI5rw1hwO4ElGd+/zW6jag==</latexit><latexit sha1_base64="Uf1te6sHZD0iXW6cJ+e24FFFTu4=">AAACGHicbZBLSwMxFIXv+Ky16ujWTbAILUiZcaMIguDGZQX7gM4wZNJMmzbzIMkoZZj/4sa/4saFUtz4b8y0XdjWA4HDOQm59/MTzqSyrB9jY3Nre2e3tFferxwcHpnHlbaMU0Foi8Q8Fl0fS8pZRFuKKU67iaA49Dnt+OP7ou88UyFZHD2pSULdEA8iFjCClY488+bFy9gov3UCgUnmhFgNRZi1Y57XHKmwQDV2MarX8+WqyHLPrFoNaya0buyFqcJCTc+cOv2YpCGNFOFYyp5tJcrNsFCMcJqXnVTSBJMxHtCethEOqXSz2Y45OtdJHwWx0CdSaJb+fZHhUMpJ6OubxaRytSvC/7peqoJrN2NRkioakflHQcqRilEBDPWZoETxiTaYCKZnRWSINS2lsZY1BHt15XXTvmzYVsN+tKAEp3AGNbDhCu7gAZrQAgKv8A6f8GW8GR/GdI5rw1hwO4ElGd+/zW6jag==</latexit><latexit sha1_base64="rw0IrfO0TJXMaDVwHTV677U3CPM=">AAACI3icbVDLSsNAFJ3UV62vqEs3g0VoQUriRhGEohuXFewDmlAm00k77WQSZiZKCfkXN/6KGxdKcePCf3HSZmFbD1w4nHMv997jRYxKZVnfRmFtfWNzq7hd2tnd2z8wD49aMowFJk0cslB0PCQJo5w0FVWMdCJBUOAx0vbGd5nffiJC0pA/qklE3AANOPUpRkpLPfP6uZfQUXrj+ALhxAmQGoogaYUsrThSIQEr9HxUraaLVqalPbNs1awZ4Cqxc1IGORo9c+r0QxwHhCvMkJRd24qUmyChKGYkLTmxJBHCYzQgXU05Coh0k9mPKTzTSh/6odDFFZypfycSFEg5CTzdmV0ql71M/M/rxsq/chPKo1gRjueL/JhBFcIsMNingmDFJpogLKi+FeIh0mkpHWtJh2Avv7xKWhc126rZD1a5fpvHUQQn4BRUgA0uQR3cgwZoAgxewBv4AJ/Gq/FuTI2veWvByGeOwQKMn1/eHaT0</latexit><latexit sha1_base64="XaykqCM1fOBjm4l84eQ4bECN5xs=">AAACI3icbVDLSsNAFJ34rPUVdelmsAgtSElEUASh6MZlBfuAJpTJdNJOO8mEmYlSQv7Fjb/ixoVS3LjwX5y0WdjWAxcO59zLvfd4EaNSWda3sbK6tr6xWdgqbu/s7u2bB4dNyWOBSQNzxkXbQ5IwGpKGooqRdiQICjxGWt7oLvNbT0RIysNHNY6IG6B+SH2KkdJS17x+7iZ0mN44vkA4cQKkBiJImpylZUcqJGCZng0rlXTeyrS0a5asqjUFXCZ2TkogR71rTpwex3FAQoUZkrJjW5FyEyQUxYykRSeWJEJ4hPqko2mIAiLdZPpjCk+10oM+F7pCBafq34kEBVKOA093ZpfKRS8T//M6sfKv3ISGUaxIiGeL/JhBxWEWGOxRQbBiY00QFlTfCvEA6bSUjrWoQ7AXX14mzfOqbVXth4tS7TaPowCOwQkoAxtcghq4B3XQABi8gDfwAT6NV+PdmBhfs9YVI585AnMwfn4B312k+A==</latexit><latexit sha1_base64="XaykqCM1fOBjm4l84eQ4bECN5xs=">AAACI3icbVDLSsNAFJ34rPUVdelmsAgtSElEUASh6MZlBfuAJpTJdNJOO8mEmYlSQv7Fjb/ixoVS3LjwX5y0WdjWAxcO59zLvfd4EaNSWda3sbK6tr6xWdgqbu/s7u2bB4dNyWOBSQNzxkXbQ5IwGpKGooqRdiQICjxGWt7oLvNbT0RIysNHNY6IG6B+SH2KkdJS17x+7iZ0mN44vkA4cQKkBiJImpylZUcqJGCZng0rlXTeyrS0a5asqjUFXCZ2TkogR71rTpwex3FAQoUZkrJjW5FyEyQUxYykRSeWJEJ4hPqko2mIAiLdZPpjCk+10oM+F7pCBafq34kEBVKOA093ZpfKRS8T//M6sfKv3ISGUaxIiGeL/JhBxWEWGOxRQbBiY00QFlTfCvEA6bSUjrWoQ7AXX14mzfOqbVXth4tS7TaPowCOwQkoAxtcghq4B3XQABi8gDfwAT6NV+PdmBhfs9YVI585AnMwfn4B312k+A==</latexit><latexit sha1_base64="XaykqCM1fOBjm4l84eQ4bECN5xs=">AAACI3icbVDLSsNAFJ34rPUVdelmsAgtSElEUASh6MZlBfuAJpTJdNJOO8mEmYlSQv7Fjb/ixoVS3LjwX5y0WdjWAxcO59zLvfd4EaNSWda3sbK6tr6xWdgqbu/s7u2bB4dNyWOBSQNzxkXbQ5IwGpKGooqRdiQICjxGWt7oLvNbT0RIysNHNY6IG6B+SH2KkdJS17x+7iZ0mN44vkA4cQKkBiJImpylZUcqJGCZng0rlXTeyrS0a5asqjUFXCZ2TkogR71rTpwex3FAQoUZkrJjW5FyEyQUxYykRSeWJEJ4hPqko2mIAiLdZPpjCk+10oM+F7pCBafq34kEBVKOA093ZpfKRS8T//M6sfKv3ISGUaxIiGeL/JhBxWEWGOxRQbBiY00QFlTfCvEA6bSUjrWoQ7AXX14mzfOqbVXth4tS7TaPowCOwQkoAxtcghq4B3XQABi8gDfwAT6NV+PdmBhfs9YVI585AnMwfn4B312k+A==</latexit><latexit sha1_base64="XaykqCM1fOBjm4l84eQ4bECN5xs=">AAACI3icbVDLSsNAFJ34rPUVdelmsAgtSElEUASh6MZlBfuAJpTJdNJOO8mEmYlSQv7Fjb/ixoVS3LjwX5y0WdjWAxcO59zLvfd4EaNSWda3sbK6tr6xWdgqbu/s7u2bB4dNyWOBSQNzxkXbQ5IwGpKGooqRdiQICjxGWt7oLvNbT0RIysNHNY6IG6B+SH2KkdJS17x+7iZ0mN44vkA4cQKkBiJImpylZUcqJGCZng0rlXTeyrS0a5asqjUFXCZ2TkogR71rTpwex3FAQoUZkrJjW5FyEyQUxYykRSeWJEJ4hPqko2mIAiLdZPpjCk+10oM+F7pCBafq34kEBVKOA093ZpfKRS8T//M6sfKv3ISGUaxIiGeL/JhBxWEWGOxRQbBiY00QFlTfCvEA6bSUjrWoQ7AXX14mzfOqbVXth4tS7TaPowCOwQkoAxtcghq4B3XQABi8gDfwAT6NV+PdmBhfs9YVI585AnMwfn4B312k+A==</latexit><latexit sha1_base64="XaykqCM1fOBjm4l84eQ4bECN5xs=">AAACI3icbVDLSsNAFJ34rPUVdelmsAgtSElEUASh6MZlBfuAJpTJdNJOO8mEmYlSQv7Fjb/ixoVS3LjwX5y0WdjWAxcO59zLvfd4EaNSWda3sbK6tr6xWdgqbu/s7u2bB4dNyWOBSQNzxkXbQ5IwGpKGooqRdiQICjxGWt7oLvNbT0RIysNHNY6IG6B+SH2KkdJS17x+7iZ0mN44vkA4cQKkBiJImpylZUcqJGCZng0rlXTeyrS0a5asqjUFXCZ2TkogR71rTpwex3FAQoUZkrJjW5FyEyQUxYykRSeWJEJ4hPqko2mIAiLdZPpjCk+10oM+F7pCBafq34kEBVKOA093ZpfKRS8T//M6sfKv3ISGUaxIiGeL/JhBxWEWGOxRQbBiY00QFlTfCvEA6bSUjrWoQ7AXX14mzfOqbVXth4tS7TaPowCOwQkoAxtcghq4B3XQABi8gDfwAT6NV+PdmBhfs9YVI585AnMwfn4B312k+A==</latexit><latexit sha1_base64="XaykqCM1fOBjm4l84eQ4bECN5xs=">AAACI3icbVDLSsNAFJ34rPUVdelmsAgtSElEUASh6MZlBfuAJpTJdNJOO8mEmYlSQv7Fjb/ixoVS3LjwX5y0WdjWAxcO59zLvfd4EaNSWda3sbK6tr6xWdgqbu/s7u2bB4dNyWOBSQNzxkXbQ5IwGpKGooqRdiQICjxGWt7oLvNbT0RIysNHNY6IG6B+SH2KkdJS17x+7iZ0mN44vkA4cQKkBiJImpylZUcqJGCZng0rlXTeyrS0a5asqjUFXCZ2TkogR71rTpwex3FAQoUZkrJjW5FyEyQUxYykRSeWJEJ4hPqko2mIAiLdZPpjCk+10oM+F7pCBafq34kEBVKOA093ZpfKRS8T//M6sfKv3ISGUaxIiGeL/JhBxWEWGOxRQbBiY00QFlTfCvEA6bSUjrWoQ7AXX14mzfOqbVXth4tS7TaPowCOwQkoAxtcghq4B3XQABi8gDfwAT6NV+PdmBhfs9YVI585AnMwfn4B312k+A==</latexit>



Discrete Laplacian: Finite Volumes
• The set                   spans the space of linear functions. 

• Constants are part of the kernel by default.


• Linear precision:                     for the vertex positions                  . X 2 Rn⇥3
<latexit sha1_base64="gmIrf+9KTUjjUtC93cYJuK7c2s4=">AAACDHicbVC7TsMwFL0pr1JeBUYWiwqJqUpaJBgrWBgLog+pCZXjOq1Vx4lsB6mK+gEs/AoLAwix8gFs/A1OmwFajmTp+Jx7de89fsyZ0rb9bRVWVtfWN4qbpa3tnd298v5BW0WJJLRFIh7Jro8V5UzQlmaa024sKQ59Tjv++CrzOw9UKhaJOz2JqRfioWABI1gbqV+uuCHWIz9AXeQygeY/H93ep8LVLKQK1aemyq7aM6Bl4uSkAjma/fKXO4hIElKhCcdK9Rw71l6KpWaE02nJTRSNMRnjIe0ZKrCZ46WzY6boxCgDFETSPKHRTP3dkeJQqUnom8psWbXoZeJ/Xi/RwYWXMhEnmgoyHxQkHOkIZcmgAZOUaD4xBBPJzK6IjLDERJv8SiYEZ/HkZdKuVZ16tXZzVmlc5nEU4QiO4RQcOIcGXEMTWkDgEZ7hFd6sJ+vFerc+5qUFK+85hD+wPn8AbR+alw==</latexit>

(LX)i = 0
<latexit sha1_base64="zvMY55noYSLZNp9DljpCLRJZ1fQ=">AAACBHicbZDNSsNAFIVv6l+tf1GX3QwWoW5KIoJuhKIbFy4q2FpoQ5hMJ+3QySTMTIQSunDjq7hxoYhbH8Kdb+O0jaCtBwY+zr2XufcECWdKO86XVVhaXlldK66XNja3tnfs3b2WilNJaJPEPJbtACvKmaBNzTSn7URSHAWc3gXDy0n97p5KxWJxq0cJ9SLcFyxkBGtj+Xa52o2wHgQhukY/1D7yGTpHjm9XnJozFVoEN4cK5Gr49me3F5M0okITjpXquE6ivQxLzQin41I3VTTBZIj7tGNQ4IgqL5seMUaHxumhMJbmCY2m7u+JDEdKjaLAdE72VPO1iflfrZPq8MzLmEhSTQWZfRSmHOkYTRJBPSYp0XxkABPJzK6IDLDERJvcSiYEd/7kRWgd11yn5t6cVOoXeRxFKMMBVMGFU6jDFTSgCQQe4Ale4NV6tJ6tN+t91lqw8pl9+CPr4xucPJYf</latexit><latexit sha1_base64="zvMY55noYSLZNp9DljpCLRJZ1fQ=">AAACBHicbZDNSsNAFIVv6l+tf1GX3QwWoW5KIoJuhKIbFy4q2FpoQ5hMJ+3QySTMTIQSunDjq7hxoYhbH8Kdb+O0jaCtBwY+zr2XufcECWdKO86XVVhaXlldK66XNja3tnfs3b2WilNJaJPEPJbtACvKmaBNzTSn7URSHAWc3gXDy0n97p5KxWJxq0cJ9SLcFyxkBGtj+Xa52o2wHgQhukY/1D7yGTpHjm9XnJozFVoEN4cK5Gr49me3F5M0okITjpXquE6ivQxLzQin41I3VTTBZIj7tGNQ4IgqL5seMUaHxumhMJbmCY2m7u+JDEdKjaLAdE72VPO1iflfrZPq8MzLmEhSTQWZfRSmHOkYTRJBPSYp0XxkABPJzK6IDLDERJvcSiYEd/7kRWgd11yn5t6cVOoXeRxFKMMBVMGFU6jDFTSgCQQe4Ale4NV6tJ6tN+t91lqw8pl9+CPr4xucPJYf</latexit><latexit sha1_base64="zvMY55noYSLZNp9DljpCLRJZ1fQ=">AAACBHicbZDNSsNAFIVv6l+tf1GX3QwWoW5KIoJuhKIbFy4q2FpoQ5hMJ+3QySTMTIQSunDjq7hxoYhbH8Kdb+O0jaCtBwY+zr2XufcECWdKO86XVVhaXlldK66XNja3tnfs3b2WilNJaJPEPJbtACvKmaBNzTSn7URSHAWc3gXDy0n97p5KxWJxq0cJ9SLcFyxkBGtj+Xa52o2wHgQhukY/1D7yGTpHjm9XnJozFVoEN4cK5Gr49me3F5M0okITjpXquE6ivQxLzQin41I3VTTBZIj7tGNQ4IgqL5seMUaHxumhMJbmCY2m7u+JDEdKjaLAdE72VPO1iflfrZPq8MzLmEhSTQWZfRSmHOkYTRJBPSYp0XxkABPJzK6IDLDERJvcSiYEd/7kRWgd11yn5t6cVOoXeRxFKMMBVMGFU6jDFTSgCQQe4Ale4NV6tJ6tN+t91lqw8pl9+CPr4xucPJYf</latexit><latexit sha1_base64="zvMY55noYSLZNp9DljpCLRJZ1fQ=">AAACBHicbZDNSsNAFIVv6l+tf1GX3QwWoW5KIoJuhKIbFy4q2FpoQ5hMJ+3QySTMTIQSunDjq7hxoYhbH8Kdb+O0jaCtBwY+zr2XufcECWdKO86XVVhaXlldK66XNja3tnfs3b2WilNJaJPEPJbtACvKmaBNzTSn7URSHAWc3gXDy0n97p5KxWJxq0cJ9SLcFyxkBGtj+Xa52o2wHgQhukY/1D7yGTpHjm9XnJozFVoEN4cK5Gr49me3F5M0okITjpXquE6ivQxLzQin41I3VTTBZIj7tGNQ4IgqL5seMUaHxumhMJbmCY2m7u+JDEdKjaLAdE72VPO1iflfrZPq8MzLmEhSTQWZfRSmHOkYTRJBPSYp0XxkABPJzK6IDLDERJvcSiYEd/7kRWgd11yn5t6cVOoXeRxFKMMBVMGFU6jDFTSgCQQe4Ale4NV6tJ6tN+t91lqw8pl9+CPr4xucPJYf</latexit>

(1,x,y, z)
<latexit sha1_base64="vuQ5by3B2wyQE1MMq/DpgN4Hhe8=">AAACFHicbZC7SgNBFIbPxluMt1VLm8EgRJSwK4IWFgEbywjmAskSZiezyZDZCzOz4hryEDa+io2FIrYWdr6Ns8l6S/xh4OM/5zDn/G7EmVSW9WHk5uYXFpfyy4WV1bX1DXNzqy7DWBBaIyEPRdPFknIW0JpiitNmJCj2XU4b7uA8rTeuqZAsDK5UElHHx72AeYxgpa2OeVBq+1j1XQ/Zh190800o+cHb/Y5ZtMrWWGgW7AyKkKnaMd/b3ZDEPg0U4VjKlm1FyhlioRjhdFRox5JGmAxwj7Y0Btin0hmOjxqhPe10kRcK/QKFxu7viSH2pUx8V3emK8rpWmr+V2vFyjt1hiyIYkUDMvnIizlSIUoTQl0mKFE80YCJYHpXRPpYYKJ0jgUdgj198izUj8q2VbYvj4uVsyyOPOzALpTAhhOowAVUoQYE7uABnuDZuDcejRfjddKaM7KZbfgj4+0TydacvA==</latexit><latexit sha1_base64="vuQ5by3B2wyQE1MMq/DpgN4Hhe8=">AAACFHicbZC7SgNBFIbPxluMt1VLm8EgRJSwK4IWFgEbywjmAskSZiezyZDZCzOz4hryEDa+io2FIrYWdr6Ns8l6S/xh4OM/5zDn/G7EmVSW9WHk5uYXFpfyy4WV1bX1DXNzqy7DWBBaIyEPRdPFknIW0JpiitNmJCj2XU4b7uA8rTeuqZAsDK5UElHHx72AeYxgpa2OeVBq+1j1XQ/Zh190800o+cHb/Y5ZtMrWWGgW7AyKkKnaMd/b3ZDEPg0U4VjKlm1FyhlioRjhdFRox5JGmAxwj7Y0Btin0hmOjxqhPe10kRcK/QKFxu7viSH2pUx8V3emK8rpWmr+V2vFyjt1hiyIYkUDMvnIizlSIUoTQl0mKFE80YCJYHpXRPpYYKJ0jgUdgj198izUj8q2VbYvj4uVsyyOPOzALpTAhhOowAVUoQYE7uABnuDZuDcejRfjddKaM7KZbfgj4+0TydacvA==</latexit><latexit sha1_base64="vuQ5by3B2wyQE1MMq/DpgN4Hhe8=">AAACFHicbZC7SgNBFIbPxluMt1VLm8EgRJSwK4IWFgEbywjmAskSZiezyZDZCzOz4hryEDa+io2FIrYWdr6Ns8l6S/xh4OM/5zDn/G7EmVSW9WHk5uYXFpfyy4WV1bX1DXNzqy7DWBBaIyEPRdPFknIW0JpiitNmJCj2XU4b7uA8rTeuqZAsDK5UElHHx72AeYxgpa2OeVBq+1j1XQ/Zh190800o+cHb/Y5ZtMrWWGgW7AyKkKnaMd/b3ZDEPg0U4VjKlm1FyhlioRjhdFRox5JGmAxwj7Y0Btin0hmOjxqhPe10kRcK/QKFxu7viSH2pUx8V3emK8rpWmr+V2vFyjt1hiyIYkUDMvnIizlSIUoTQl0mKFE80YCJYHpXRPpYYKJ0jgUdgj198izUj8q2VbYvj4uVsyyOPOzALpTAhhOowAVUoQYE7uABnuDZuDcejRfjddKaM7KZbfgj4+0TydacvA==</latexit><latexit sha1_base64="vuQ5by3B2wyQE1MMq/DpgN4Hhe8=">AAACFHicbZC7SgNBFIbPxluMt1VLm8EgRJSwK4IWFgEbywjmAskSZiezyZDZCzOz4hryEDa+io2FIrYWdr6Ns8l6S/xh4OM/5zDn/G7EmVSW9WHk5uYXFpfyy4WV1bX1DXNzqy7DWBBaIyEPRdPFknIW0JpiitNmJCj2XU4b7uA8rTeuqZAsDK5UElHHx72AeYxgpa2OeVBq+1j1XQ/Zh190800o+cHb/Y5ZtMrWWGgW7AyKkKnaMd/b3ZDEPg0U4VjKlm1FyhlioRjhdFRox5JGmAxwj7Y0Btin0hmOjxqhPe10kRcK/QKFxu7viSH2pUx8V3emK8rpWmr+V2vFyjt1hiyIYkUDMvnIizlSIUoTQl0mKFE80YCJYHpXRPpYYKJ0jgUdgj198izUj8q2VbYvj4uVsyyOPOzALpTAhhOowAVUoQYE7uABnuDZuDcejRfjddKaM7KZbfgj4+0TydacvA==</latexit>



Discrete Laplacian: Finite Volumes
• Linear precision:                     for the vertex positions                  .

i
<latexit sha1_base64="8reSy2wLYHSMinvmu0jkpatC36M=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis9EML7btWreXOQVeIXpAoFGn33qzdIWBajNExQrbu+l5ogp8pwJnBa6WUaU8rGdIhdSyWNUQf5/NQpObPKgESJsiUNmau/J3Iaaz2JQ9sZUzPSy95M/M/rZia6DnIu08ygZItFUSaIScjsbzLgCpkRE0soU9zeStiIKsqMTadiQ/CXX14lrYua79X8+8tq/aaIowwncArn4MMV1OEOGtAEBkN4hld4c4Tz4rw7H4vWklPMHMMfOJ8/eraNQQ==</latexit><latexit sha1_base64="8reSy2wLYHSMinvmu0jkpatC36M=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis9EML7btWreXOQVeIXpAoFGn33qzdIWBajNExQrbu+l5ogp8pwJnBa6WUaU8rGdIhdSyWNUQf5/NQpObPKgESJsiUNmau/J3Iaaz2JQ9sZUzPSy95M/M/rZia6DnIu08ygZItFUSaIScjsbzLgCpkRE0soU9zeStiIKsqMTadiQ/CXX14lrYua79X8+8tq/aaIowwncArn4MMV1OEOGtAEBkN4hld4c4Tz4rw7H4vWklPMHMMfOJ8/eraNQQ==</latexit><latexit sha1_base64="8reSy2wLYHSMinvmu0jkpatC36M=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis9EML7btWreXOQVeIXpAoFGn33qzdIWBajNExQrbu+l5ogp8pwJnBa6WUaU8rGdIhdSyWNUQf5/NQpObPKgESJsiUNmau/J3Iaaz2JQ9sZUzPSy95M/M/rZia6DnIu08ygZItFUSaIScjsbzLgCpkRE0soU9zeStiIKsqMTadiQ/CXX14lrYua79X8+8tq/aaIowwncArn4MMV1OEOGtAEBkN4hld4c4Tz4rw7H4vWklPMHMMfOJ8/eraNQQ==</latexit><latexit sha1_base64="8reSy2wLYHSMinvmu0jkpatC36M=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis9EML7btWreXOQVeIXpAoFGn33qzdIWBajNExQrbu+l5ogp8pwJnBa6WUaU8rGdIhdSyWNUQf5/NQpObPKgESJsiUNmau/J3Iaaz2JQ9sZUzPSy95M/M/rZia6DnIu08ygZItFUSaIScjsbzLgCpkRE0soU9zeStiIKsqMTadiQ/CXX14lrYua79X8+8tq/aaIowwncArn4MMV1OEOGtAEBkN4hld4c4Tz4rw7H4vWklPMHMMfOJ8/eraNQQ==</latexit>

j
<latexit sha1_base64="ocTLVc574NOAe/DoMycp9A9e/3g=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3bbzSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikpeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPJ/dxvP6HSPJaPZpqgH9Gh5CFn1FipMe6XK27VXYCsEy8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAmelXqoxoWxCh9i1VNIItZ8tDp2RC6sMSBgrW9KQhfp7IqOR1tMosJ0RNSO96s3F/7xuasJbP+MySQ1KtlwUpoKYmMy/JgOukBkxtYQyxe2thI2ooszYbEo2BG/15XXSuqp6btVrXFdqd3kcRTiDc7gED26gBg9QhyYwQHiGV3hzxs6L8+58LFsLTj5zCn/gfP4A0QGM7g==</latexit><latexit sha1_base64="ocTLVc574NOAe/DoMycp9A9e/3g=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3bbzSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikpeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPJ/dxvP6HSPJaPZpqgH9Gh5CFn1FipMe6XK27VXYCsEy8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAmelXqoxoWxCh9i1VNIItZ8tDp2RC6sMSBgrW9KQhfp7IqOR1tMosJ0RNSO96s3F/7xuasJbP+MySQ1KtlwUpoKYmMy/JgOukBkxtYQyxe2thI2ooszYbEo2BG/15XXSuqp6btVrXFdqd3kcRTiDc7gED26gBg9QhyYwQHiGV3hzxs6L8+58LFsLTj5zCn/gfP4A0QGM7g==</latexit><latexit sha1_base64="ocTLVc574NOAe/DoMycp9A9e/3g=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3bbzSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikpeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPJ/dxvP6HSPJaPZpqgH9Gh5CFn1FipMe6XK27VXYCsEy8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAmelXqoxoWxCh9i1VNIItZ8tDp2RC6sMSBgrW9KQhfp7IqOR1tMosJ0RNSO96s3F/7xuasJbP+MySQ1KtlwUpoKYmMy/JgOukBkxtYQyxe2thI2ooszYbEo2BG/15XXSuqp6btVrXFdqd3kcRTiDc7gED26gBg9QhyYwQHiGV3hzxs6L8+58LFsLTj5zCn/gfP4A0QGM7g==</latexit><latexit sha1_base64="ocTLVc574NOAe/DoMycp9A9e/3g=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3bbzSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikpeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPJ/dxvP6HSPJaPZpqgH9Gh5CFn1FipMe6XK27VXYCsEy8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAmelXqoxoWxCh9i1VNIItZ8tDp2RC6sMSBgrW9KQhfp7IqOR1tMosJ0RNSO96s3F/7xuasJbP+MySQ1KtlwUpoKYmMy/JgOukBkxtYQyxe2thI2ooszYbEo2BG/15XXSuqp6btVrXFdqd3kcRTiDc7gED26gBg9QhyYwQHiGV3hzxs6L8+58LFsLTj5zCn/gfP4A0QGM7g==</latexit>

(i, j)
<latexit sha1_base64="YumAbx8uKsVzlFDr9re9KqYa2Z0=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJUkJKIoMeiF48VTFtoQ9lsJ+3azSbsboRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dlZW19Y3Ngtbxe2d3b390sFhQyeZYuizRCSqFVKNgkv0DTcCW6lCGocCm+Hwduo3n1BpnsgHM0oxiGlf8ogzaqzkV/j541m3VHar7gxkmXg5KUOOerf01eklLItRGiao1m3PTU0wpspwJnBS7GQaU8qGtI9tSyWNUQfj2bETcmqVHokSZUsaMlN/T4xprPUoDm1nTM1AL3pT8T+vnZnoOhhzmWYGJZsvijJBTEKmn5MeV8iMGFlCmeL2VsIGVFFmbD5FG4K3+PIyaVxUPbfq3V+Wazd5HAU4hhOogAdXUIM7qIMPDDg8wyu8OdJ5cd6dj3nripPPHMEfOJ8/w/CN/A==</latexit><latexit sha1_base64="YumAbx8uKsVzlFDr9re9KqYa2Z0=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJUkJKIoMeiF48VTFtoQ9lsJ+3azSbsboRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dlZW19Y3Ngtbxe2d3b390sFhQyeZYuizRCSqFVKNgkv0DTcCW6lCGocCm+Hwduo3n1BpnsgHM0oxiGlf8ogzaqzkV/j541m3VHar7gxkmXg5KUOOerf01eklLItRGiao1m3PTU0wpspwJnBS7GQaU8qGtI9tSyWNUQfj2bETcmqVHokSZUsaMlN/T4xprPUoDm1nTM1AL3pT8T+vnZnoOhhzmWYGJZsvijJBTEKmn5MeV8iMGFlCmeL2VsIGVFFmbD5FG4K3+PIyaVxUPbfq3V+Wazd5HAU4hhOogAdXUIM7qIMPDDg8wyu8OdJ5cd6dj3nripPPHMEfOJ8/w/CN/A==</latexit><latexit sha1_base64="YumAbx8uKsVzlFDr9re9KqYa2Z0=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJUkJKIoMeiF48VTFtoQ9lsJ+3azSbsboRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dlZW19Y3Ngtbxe2d3b390sFhQyeZYuizRCSqFVKNgkv0DTcCW6lCGocCm+Hwduo3n1BpnsgHM0oxiGlf8ogzaqzkV/j541m3VHar7gxkmXg5KUOOerf01eklLItRGiao1m3PTU0wpspwJnBS7GQaU8qGtI9tSyWNUQfj2bETcmqVHokSZUsaMlN/T4xprPUoDm1nTM1AL3pT8T+vnZnoOhhzmWYGJZsvijJBTEKmn5MeV8iMGFlCmeL2VsIGVFFmbD5FG4K3+PIyaVxUPbfq3V+Wazd5HAU4hhOogAdXUIM7qIMPDDg8wyu8OdJ5cd6dj3nripPPHMEfOJ8/w/CN/A==</latexit><latexit sha1_base64="YumAbx8uKsVzlFDr9re9KqYa2Z0=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJUkJKIoMeiF48VTFtoQ9lsJ+3azSbsboRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dlZW19Y3Ngtbxe2d3b390sFhQyeZYuizRCSqFVKNgkv0DTcCW6lCGocCm+Hwduo3n1BpnsgHM0oxiGlf8ogzaqzkV/j541m3VHar7gxkmXg5KUOOerf01eklLItRGiao1m3PTU0wpspwJnBS7GQaU8qGtI9tSyWNUQfj2bETcmqVHokSZUsaMlN/T4xprPUoDm1nTM1AL3pT8T+vnZnoOhhzmWYGJZsvijJBTEKmn5MeV8iMGFlCmeL2VsIGVFFmbD5FG4K3+PIyaVxUPbfq3V+Wazd5HAU4hhOogAdXUIM7qIMPDDg8wyu8OdJ5cd6dj3nripPPHMEfOJ8/w/CN/A==</latexit>

?(i, j)
<latexit sha1_base64="6wrXu09VgS8YkYp6lRIYZOt6PUw=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJUkJKIoMeiF48V7AekoWy2m3btJht2J0Ip/RlePCji1V/jzX/jts1BWx8MPN6bYWZemEph0HW/nZXVtfWNzcJWcXtnd2+/dHDYNCrTjDeYkkq3Q2q4FAlvoEDJ26nmNA4lb4XD26nfeuLaCJU84CjlQUz7iYgEo2glv2OQalIR549n3VLZrbozkGXi5aQMOerd0lenp1gW8wSZpMb4nptiMKYaBZN8UuxkhqeUDWmf+5YmNOYmGM9OnpBTq/RIpLStBMlM/T0xprExozi0nTHFgVn0puJ/np9hdB2MRZJmyBM2XxRlkqAi0/9JT2jOUI4soUwLeythA6opQ5tS0YbgLb68TJoXVc+teveX5dpNHkcBjuEEKuDBFdTgDurQAAYKnuEV3hx0Xpx352PeuuLkM0fwB87nDwzvkG4=</latexit><latexit sha1_base64="6wrXu09VgS8YkYp6lRIYZOt6PUw=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJUkJKIoMeiF48V7AekoWy2m3btJht2J0Ip/RlePCji1V/jzX/jts1BWx8MPN6bYWZemEph0HW/nZXVtfWNzcJWcXtnd2+/dHDYNCrTjDeYkkq3Q2q4FAlvoEDJ26nmNA4lb4XD26nfeuLaCJU84CjlQUz7iYgEo2glv2OQalIR549n3VLZrbozkGXi5aQMOerd0lenp1gW8wSZpMb4nptiMKYaBZN8UuxkhqeUDWmf+5YmNOYmGM9OnpBTq/RIpLStBMlM/T0xprExozi0nTHFgVn0puJ/np9hdB2MRZJmyBM2XxRlkqAi0/9JT2jOUI4soUwLeythA6opQ5tS0YbgLb68TJoXVc+teveX5dpNHkcBjuEEKuDBFdTgDurQAAYKnuEV3hx0Xpx352PeuuLkM0fwB87nDwzvkG4=</latexit><latexit sha1_base64="6wrXu09VgS8YkYp6lRIYZOt6PUw=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJUkJKIoMeiF48V7AekoWy2m3btJht2J0Ip/RlePCji1V/jzX/jts1BWx8MPN6bYWZemEph0HW/nZXVtfWNzcJWcXtnd2+/dHDYNCrTjDeYkkq3Q2q4FAlvoEDJ26nmNA4lb4XD26nfeuLaCJU84CjlQUz7iYgEo2glv2OQalIR549n3VLZrbozkGXi5aQMOerd0lenp1gW8wSZpMb4nptiMKYaBZN8UuxkhqeUDWmf+5YmNOYmGM9OnpBTq/RIpLStBMlM/T0xprExozi0nTHFgVn0puJ/np9hdB2MRZJmyBM2XxRlkqAi0/9JT2jOUI4soUwLeythA6opQ5tS0YbgLb68TJoXVc+teveX5dpNHkcBjuEEKuDBFdTgDurQAAYKnuEV3hx0Xpx352PeuuLkM0fwB87nDwzvkG4=</latexit><latexit sha1_base64="6wrXu09VgS8YkYp6lRIYZOt6PUw=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJUkJKIoMeiF48V7AekoWy2m3btJht2J0Ip/RlePCji1V/jzX/jts1BWx8MPN6bYWZemEph0HW/nZXVtfWNzcJWcXtnd2+/dHDYNCrTjDeYkkq3Q2q4FAlvoEDJ26nmNA4lb4XD26nfeuLaCJU84CjlQUz7iYgEo2glv2OQalIR549n3VLZrbozkGXi5aQMOerd0lenp1gW8wSZpMb4nptiMKYaBZN8UuxkhqeUDWmf+5YmNOYmGM9OnpBTq/RIpLStBMlM/T0xprExozi0nTHFgVn0puJ/np9hdB2MRZJmyBM2XxRlkqAi0/9JT2jOUI4soUwLeythA6opQ5tS0YbgLb68TJoXVc+teveX5dpNHkcBjuEEKuDBFdTgDurQAAYKnuEV3hx0Xpx352PeuuLkM0fwB87nDwzvkG4=</latexit>

(LX)i = 0
<latexit sha1_base64="zvMY55noYSLZNp9DljpCLRJZ1fQ=">AAACBHicbZDNSsNAFIVv6l+tf1GX3QwWoW5KIoJuhKIbFy4q2FpoQ5hMJ+3QySTMTIQSunDjq7hxoYhbH8Kdb+O0jaCtBwY+zr2XufcECWdKO86XVVhaXlldK66XNja3tnfs3b2WilNJaJPEPJbtACvKmaBNzTSn7URSHAWc3gXDy0n97p5KxWJxq0cJ9SLcFyxkBGtj+Xa52o2wHgQhukY/1D7yGTpHjm9XnJozFVoEN4cK5Gr49me3F5M0okITjpXquE6ivQxLzQin41I3VTTBZIj7tGNQ4IgqL5seMUaHxumhMJbmCY2m7u+JDEdKjaLAdE72VPO1iflfrZPq8MzLmEhSTQWZfRSmHOkYTRJBPSYp0XxkABPJzK6IDLDERJvcSiYEd/7kRWgd11yn5t6cVOoXeRxFKMMBVMGFU6jDFTSgCQQe4Ale4NV6tJ6tN+t91lqw8pl9+CPr4xucPJYf</latexit><latexit sha1_base64="zvMY55noYSLZNp9DljpCLRJZ1fQ=">AAACBHicbZDNSsNAFIVv6l+tf1GX3QwWoW5KIoJuhKIbFy4q2FpoQ5hMJ+3QySTMTIQSunDjq7hxoYhbH8Kdb+O0jaCtBwY+zr2XufcECWdKO86XVVhaXlldK66XNja3tnfs3b2WilNJaJPEPJbtACvKmaBNzTSn7URSHAWc3gXDy0n97p5KxWJxq0cJ9SLcFyxkBGtj+Xa52o2wHgQhukY/1D7yGTpHjm9XnJozFVoEN4cK5Gr49me3F5M0okITjpXquE6ivQxLzQin41I3VTTBZIj7tGNQ4IgqL5seMUaHxumhMJbmCY2m7u+JDEdKjaLAdE72VPO1iflfrZPq8MzLmEhSTQWZfRSmHOkYTRJBPSYp0XxkABPJzK6IDLDERJvcSiYEd/7kRWgd11yn5t6cVOoXeRxFKMMBVMGFU6jDFTSgCQQe4Ale4NV6tJ6tN+t91lqw8pl9+CPr4xucPJYf</latexit><latexit sha1_base64="zvMY55noYSLZNp9DljpCLRJZ1fQ=">AAACBHicbZDNSsNAFIVv6l+tf1GX3QwWoW5KIoJuhKIbFy4q2FpoQ5hMJ+3QySTMTIQSunDjq7hxoYhbH8Kdb+O0jaCtBwY+zr2XufcECWdKO86XVVhaXlldK66XNja3tnfs3b2WilNJaJPEPJbtACvKmaBNzTSn7URSHAWc3gXDy0n97p5KxWJxq0cJ9SLcFyxkBGtj+Xa52o2wHgQhukY/1D7yGTpHjm9XnJozFVoEN4cK5Gr49me3F5M0okITjpXquE6ivQxLzQin41I3VTTBZIj7tGNQ4IgqL5seMUaHxumhMJbmCY2m7u+JDEdKjaLAdE72VPO1iflfrZPq8MzLmEhSTQWZfRSmHOkYTRJBPSYp0XxkABPJzK6IDLDERJvcSiYEd/7kRWgd11yn5t6cVOoXeRxFKMMBVMGFU6jDFTSgCQQe4Ale4NV6tJ6tN+t91lqw8pl9+CPr4xucPJYf</latexit><latexit sha1_base64="zvMY55noYSLZNp9DljpCLRJZ1fQ=">AAACBHicbZDNSsNAFIVv6l+tf1GX3QwWoW5KIoJuhKIbFy4q2FpoQ5hMJ+3QySTMTIQSunDjq7hxoYhbH8Kdb+O0jaCtBwY+zr2XufcECWdKO86XVVhaXlldK66XNja3tnfs3b2WilNJaJPEPJbtACvKmaBNzTSn7URSHAWc3gXDy0n97p5KxWJxq0cJ9SLcFyxkBGtj+Xa52o2wHgQhukY/1D7yGTpHjm9XnJozFVoEN4cK5Gr49me3F5M0okITjpXquE6ivQxLzQin41I3VTTBZIj7tGNQ4IgqL5seMUaHxumhMJbmCY2m7u+JDEdKjaLAdE72VPO1iflfrZPq8MzLmEhSTQWZfRSmHOkYTRJBPSYp0XxkABPJzK6IDLDERJvcSiYEd/7kRWgd11yn5t6cVOoXeRxFKMMBVMGFU6jDFTSgCQQe4Ale4NV6tJ6tN+t91lqw8pl9+CPr4xucPJYf</latexit>

X 2 Rn⇥3
<latexit sha1_base64="gmIrf+9KTUjjUtC93cYJuK7c2s4=">AAACDHicbVC7TsMwFL0pr1JeBUYWiwqJqUpaJBgrWBgLog+pCZXjOq1Vx4lsB6mK+gEs/AoLAwix8gFs/A1OmwFajmTp+Jx7de89fsyZ0rb9bRVWVtfWN4qbpa3tnd298v5BW0WJJLRFIh7Jro8V5UzQlmaa024sKQ59Tjv++CrzOw9UKhaJOz2JqRfioWABI1gbqV+uuCHWIz9AXeQygeY/H93ep8LVLKQK1aemyq7aM6Bl4uSkAjma/fKXO4hIElKhCcdK9Rw71l6KpWaE02nJTRSNMRnjIe0ZKrCZ46WzY6boxCgDFETSPKHRTP3dkeJQqUnom8psWbXoZeJ/Xi/RwYWXMhEnmgoyHxQkHOkIZcmgAZOUaD4xBBPJzK6IjLDERJv8SiYEZ/HkZdKuVZ16tXZzVmlc5nEU4QiO4RQcOIcGXEMTWkDgEZ7hFd6sJ+vFerc+5qUFK+85hD+wPn8AbR+alw==</latexit>

X

(ij)2M

(vj � vi)

kvj � vik
Vol(?(i, j))

<latexit sha1_base64="4uFKgzsf/1gRnUBwHlhy/U6Oeeo="></latexit><latexit sha1_base64="4uFKgzsf/1gRnUBwHlhy/U6Oeeo="></latexit><latexit sha1_base64="4uFKgzsf/1gRnUBwHlhy/U6Oeeo="></latexit><latexit sha1_base64="4uFKgzsf/1gRnUBwHlhy/U6Oeeo="></latexit>

= 0
<latexit sha1_base64="Rh8XaEFVQHdhx+yqLK5EbANfOaY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqBeh6MVjRfsBbSib7aRdutmE3Y1QQn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfy0UwS9CM6lDzkjBorPVwTt1+uuFV3DrJKvJxUIEejX/7qDWKWRigNE1Trrucmxs+oMpwJnJZ6qcaEsjEdYtdSSSPUfjY/dUrOrDIgYaxsSUPm6u+JjEZaT6LAdkbUjPSyNxP/87qpCa/8jMskNSjZYlGYCmJiMvubDLhCZsTEEsoUt7cSNqKKMmPTKdkQvOWXV0nrouq5Ve/+slK/yeMowgmcwjl4UIM63EEDmsBgCM/wCm+OcF6cd+dj0Vpw8plj+APn8wdQgI0l</latexit><latexit sha1_base64="Rh8XaEFVQHdhx+yqLK5EbANfOaY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqBeh6MVjRfsBbSib7aRdutmE3Y1QQn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfy0UwS9CM6lDzkjBorPVwTt1+uuFV3DrJKvJxUIEejX/7qDWKWRigNE1Trrucmxs+oMpwJnJZ6qcaEsjEdYtdSSSPUfjY/dUrOrDIgYaxsSUPm6u+JjEZaT6LAdkbUjPSyNxP/87qpCa/8jMskNSjZYlGYCmJiMvubDLhCZsTEEsoUt7cSNqKKMmPTKdkQvOWXV0nrouq5Ve/+slK/yeMowgmcwjl4UIM63EEDmsBgCM/wCm+OcF6cd+dj0Vpw8plj+APn8wdQgI0l</latexit><latexit sha1_base64="Rh8XaEFVQHdhx+yqLK5EbANfOaY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqBeh6MVjRfsBbSib7aRdutmE3Y1QQn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfy0UwS9CM6lDzkjBorPVwTt1+uuFV3DrJKvJxUIEejX/7qDWKWRigNE1Trrucmxs+oMpwJnJZ6qcaEsjEdYtdSSSPUfjY/dUrOrDIgYaxsSUPm6u+JjEZaT6LAdkbUjPSyNxP/87qpCa/8jMskNSjZYlGYCmJiMvubDLhCZsTEEsoUt7cSNqKKMmPTKdkQvOWXV0nrouq5Ve/+slK/yeMowgmcwjl4UIM63EEDmsBgCM/wCm+OcF6cd+dj0Vpw8plj+APn8wdQgI0l</latexit><latexit sha1_base64="Rh8XaEFVQHdhx+yqLK5EbANfOaY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqBeh6MVjRfsBbSib7aRdutmE3Y1QQn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfy0UwS9CM6lDzkjBorPVwTt1+uuFV3DrJKvJxUIEejX/7qDWKWRigNE1Trrucmxs+oMpwJnJZ6qcaEsjEdYtdSSSPUfjY/dUrOrDIgYaxsSUPm6u+JjEZaT6LAdkbUjPSyNxP/87qpCa/8jMskNSjZYlGYCmJiMvubDLhCZsTEEsoUt7cSNqKKMmPTKdkQvOWXV0nrouq5Ve/+slK/yeMowgmcwjl4UIM63EEDmsBgCM/wCm+OcF6cd+dj0Vpw8plj+APn8wdQgI0l</latexit>

Vector area integrated over a 

closed surface vanishes.



Discrete Laplacian: Finite Volumes
• Positivity:


• The vector                    is the outward directed boundary normal.             

wij =
Vol(?(i, j))

Vol(i, j)
<latexit sha1_base64="XaykqCM1fOBjm4l84eQ4bECN5xs=">AAACI3icbVDLSsNAFJ34rPUVdelmsAgtSElEUASh6MZlBfuAJpTJdNJOO8mEmYlSQv7Fjb/ixoVS3LjwX5y0WdjWAxcO59zLvfd4EaNSWda3sbK6tr6xWdgqbu/s7u2bB4dNyWOBSQNzxkXbQ5IwGpKGooqRdiQICjxGWt7oLvNbT0RIysNHNY6IG6B+SH2KkdJS17x+7iZ0mN44vkA4cQKkBiJImpylZUcqJGCZng0rlXTeyrS0a5asqjUFXCZ2TkogR71rTpwex3FAQoUZkrJjW5FyEyQUxYykRSeWJEJ4hPqko2mIAiLdZPpjCk+10oM+F7pCBafq34kEBVKOA093ZpfKRS8T//M6sfKv3ISGUaxIiGeL/JhBxWEWGOxRQbBiY00QFlTfCvEA6bSUjrWoQ7AXX14mzfOqbVXth4tS7TaPowCOwQkoAxtcghq4B3XQABi8gDfwAT6NV+PdmBhfs9YVI585AnMwfn4B312k+A==</latexit><latexit sha1_base64="XaykqCM1fOBjm4l84eQ4bECN5xs=">AAACI3icbVDLSsNAFJ34rPUVdelmsAgtSElEUASh6MZlBfuAJpTJdNJOO8mEmYlSQv7Fjb/ixoVS3LjwX5y0WdjWAxcO59zLvfd4EaNSWda3sbK6tr6xWdgqbu/s7u2bB4dNyWOBSQNzxkXbQ5IwGpKGooqRdiQICjxGWt7oLvNbT0RIysNHNY6IG6B+SH2KkdJS17x+7iZ0mN44vkA4cQKkBiJImpylZUcqJGCZng0rlXTeyrS0a5asqjUFXCZ2TkogR71rTpwex3FAQoUZkrJjW5FyEyQUxYykRSeWJEJ4hPqko2mIAiLdZPpjCk+10oM+F7pCBafq34kEBVKOA093ZpfKRS8T//M6sfKv3ISGUaxIiGeL/JhBxWEWGOxRQbBiY00QFlTfCvEA6bSUjrWoQ7AXX14mzfOqbVXth4tS7TaPowCOwQkoAxtcghq4B3XQABi8gDfwAT6NV+PdmBhfs9YVI585AnMwfn4B312k+A==</latexit><latexit sha1_base64="XaykqCM1fOBjm4l84eQ4bECN5xs=">AAACI3icbVDLSsNAFJ34rPUVdelmsAgtSElEUASh6MZlBfuAJpTJdNJOO8mEmYlSQv7Fjb/ixoVS3LjwX5y0WdjWAxcO59zLvfd4EaNSWda3sbK6tr6xWdgqbu/s7u2bB4dNyWOBSQNzxkXbQ5IwGpKGooqRdiQICjxGWt7oLvNbT0RIysNHNY6IG6B+SH2KkdJS17x+7iZ0mN44vkA4cQKkBiJImpylZUcqJGCZng0rlXTeyrS0a5asqjUFXCZ2TkogR71rTpwex3FAQoUZkrJjW5FyEyQUxYykRSeWJEJ4hPqko2mIAiLdZPpjCk+10oM+F7pCBafq34kEBVKOA093ZpfKRS8T//M6sfKv3ISGUaxIiGeL/JhBxWEWGOxRQbBiY00QFlTfCvEA6bSUjrWoQ7AXX14mzfOqbVXth4tS7TaPowCOwQkoAxtcghq4B3XQABi8gDfwAT6NV+PdmBhfs9YVI585AnMwfn4B312k+A==</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="Uf1te6sHZD0iXW6cJ+e24FFFTu4=">AAACGHicbZBLSwMxFIXv+Ky16ujWTbAILUiZcaMIguDGZQX7gM4wZNJMmzbzIMkoZZj/4sa/4saFUtz4b8y0XdjWA4HDOQm59/MTzqSyrB9jY3Nre2e3tFferxwcHpnHlbaMU0Foi8Q8Fl0fS8pZRFuKKU67iaA49Dnt+OP7ou88UyFZHD2pSULdEA8iFjCClY488+bFy9gov3UCgUnmhFgNRZi1Y57XHKmwQDV2MarX8+WqyHLPrFoNaya0buyFqcJCTc+cOv2YpCGNFOFYyp5tJcrNsFCMcJqXnVTSBJMxHtCethEOqXSz2Y45OtdJHwWx0CdSaJb+fZHhUMpJ6OubxaRytSvC/7peqoJrN2NRkioakflHQcqRilEBDPWZoETxiTaYCKZnRWSINS2lsZY1BHt15XXTvmzYVsN+tKAEp3AGNbDhCu7gAZrQAgKv8A6f8GW8GR/GdI5rw1hwO4ElGd+/zW6jag==</latexit><latexit sha1_base64="Uf1te6sHZD0iXW6cJ+e24FFFTu4=">AAACGHicbZBLSwMxFIXv+Ky16ujWTbAILUiZcaMIguDGZQX7gM4wZNJMmzbzIMkoZZj/4sa/4saFUtz4b8y0XdjWA4HDOQm59/MTzqSyrB9jY3Nre2e3tFferxwcHpnHlbaMU0Foi8Q8Fl0fS8pZRFuKKU67iaA49Dnt+OP7ou88UyFZHD2pSULdEA8iFjCClY488+bFy9gov3UCgUnmhFgNRZi1Y57XHKmwQDV2MarX8+WqyHLPrFoNaya0buyFqcJCTc+cOv2YpCGNFOFYyp5tJcrNsFCMcJqXnVTSBJMxHtCethEOqXSz2Y45OtdJHwWx0CdSaJb+fZHhUMpJ6OubxaRytSvC/7peqoJrN2NRkioakflHQcqRilEBDPWZoETxiTaYCKZnRWSINS2lsZY1BHt15XXTvmzYVsN+tKAEp3AGNbDhCu7gAZrQAgKv8A6f8GW8GR/GdI5rw1hwO4ElGd+/zW6jag==</latexit><latexit sha1_base64="rw0IrfO0TJXMaDVwHTV677U3CPM=">AAACI3icbVDLSsNAFJ3UV62vqEs3g0VoQUriRhGEohuXFewDmlAm00k77WQSZiZKCfkXN/6KGxdKcePCf3HSZmFbD1w4nHMv997jRYxKZVnfRmFtfWNzq7hd2tnd2z8wD49aMowFJk0cslB0PCQJo5w0FVWMdCJBUOAx0vbGd5nffiJC0pA/qklE3AANOPUpRkpLPfP6uZfQUXrj+ALhxAmQGoogaYUsrThSIQEr9HxUraaLVqalPbNs1awZ4Cqxc1IGORo9c+r0QxwHhCvMkJRd24qUmyChKGYkLTmxJBHCYzQgXU05Coh0k9mPKTzTSh/6odDFFZypfycSFEg5CTzdmV0ql71M/M/rxsq/chPKo1gRjueL/JhBFcIsMNingmDFJpogLKi+FeIh0mkpHWtJh2Avv7xKWhc126rZD1a5fpvHUQQn4BRUgA0uQR3cgwZoAgxewBv4AJ/Gq/FuTI2veWvByGeOwQKMn1/eHaT0</latexit><latexit sha1_base64="XaykqCM1fOBjm4l84eQ4bECN5xs=">AAACI3icbVDLSsNAFJ34rPUVdelmsAgtSElEUASh6MZlBfuAJpTJdNJOO8mEmYlSQv7Fjb/ixoVS3LjwX5y0WdjWAxcO59zLvfd4EaNSWda3sbK6tr6xWdgqbu/s7u2bB4dNyWOBSQNzxkXbQ5IwGpKGooqRdiQICjxGWt7oLvNbT0RIysNHNY6IG6B+SH2KkdJS17x+7iZ0mN44vkA4cQKkBiJImpylZUcqJGCZng0rlXTeyrS0a5asqjUFXCZ2TkogR71rTpwex3FAQoUZkrJjW5FyEyQUxYykRSeWJEJ4hPqko2mIAiLdZPpjCk+10oM+F7pCBafq34kEBVKOA093ZpfKRS8T//M6sfKv3ISGUaxIiGeL/JhBxWEWGOxRQbBiY00QFlTfCvEA6bSUjrWoQ7AXX14mzfOqbVXth4tS7TaPowCOwQkoAxtcghq4B3XQABi8gDfwAT6NV+PdmBhfs9YVI585AnMwfn4B312k+A==</latexit><latexit sha1_base64="XaykqCM1fOBjm4l84eQ4bECN5xs=">AAACI3icbVDLSsNAFJ34rPUVdelmsAgtSElEUASh6MZlBfuAJpTJdNJOO8mEmYlSQv7Fjb/ixoVS3LjwX5y0WdjWAxcO59zLvfd4EaNSWda3sbK6tr6xWdgqbu/s7u2bB4dNyWOBSQNzxkXbQ5IwGpKGooqRdiQICjxGWt7oLvNbT0RIysNHNY6IG6B+SH2KkdJS17x+7iZ0mN44vkA4cQKkBiJImpylZUcqJGCZng0rlXTeyrS0a5asqjUFXCZ2TkogR71rTpwex3FAQoUZkrJjW5FyEyQUxYykRSeWJEJ4hPqko2mIAiLdZPpjCk+10oM+F7pCBafq34kEBVKOA093ZpfKRS8T//M6sfKv3ISGUaxIiGeL/JhBxWEWGOxRQbBiY00QFlTfCvEA6bSUjrWoQ7AXX14mzfOqbVXth4tS7TaPowCOwQkoAxtcghq4B3XQABi8gDfwAT6NV+PdmBhfs9YVI585AnMwfn4B312k+A==</latexit><latexit sha1_base64="XaykqCM1fOBjm4l84eQ4bECN5xs=">AAACI3icbVDLSsNAFJ34rPUVdelmsAgtSElEUASh6MZlBfuAJpTJdNJOO8mEmYlSQv7Fjb/ixoVS3LjwX5y0WdjWAxcO59zLvfd4EaNSWda3sbK6tr6xWdgqbu/s7u2bB4dNyWOBSQNzxkXbQ5IwGpKGooqRdiQICjxGWt7oLvNbT0RIysNHNY6IG6B+SH2KkdJS17x+7iZ0mN44vkA4cQKkBiJImpylZUcqJGCZng0rlXTeyrS0a5asqjUFXCZ2TkogR71rTpwex3FAQoUZkrJjW5FyEyQUxYykRSeWJEJ4hPqko2mIAiLdZPpjCk+10oM+F7pCBafq34kEBVKOA093ZpfKRS8T//M6sfKv3ISGUaxIiGeL/JhBxWEWGOxRQbBiY00QFlTfCvEA6bSUjrWoQ7AXX14mzfOqbVXth4tS7TaPowCOwQkoAxtcghq4B3XQABi8gDfwAT6NV+PdmBhfs9YVI585AnMwfn4B312k+A==</latexit><latexit sha1_base64="XaykqCM1fOBjm4l84eQ4bECN5xs=">AAACI3icbVDLSsNAFJ34rPUVdelmsAgtSElEUASh6MZlBfuAJpTJdNJOO8mEmYlSQv7Fjb/ixoVS3LjwX5y0WdjWAxcO59zLvfd4EaNSWda3sbK6tr6xWdgqbu/s7u2bB4dNyWOBSQNzxkXbQ5IwGpKGooqRdiQICjxGWt7oLvNbT0RIysNHNY6IG6B+SH2KkdJS17x+7iZ0mN44vkA4cQKkBiJImpylZUcqJGCZng0rlXTeyrS0a5asqjUFXCZ2TkogR71rTpwex3FAQoUZkrJjW5FyEyQUxYykRSeWJEJ4hPqko2mIAiLdZPpjCk+10oM+F7pCBafq34kEBVKOA093ZpfKRS8T//M6sfKv3ISGUaxIiGeL/JhBxWEWGOxRQbBiY00QFlTfCvEA6bSUjrWoQ7AXX14mzfOqbVXth4tS7TaPowCOwQkoAxtcghq4B3XQABi8gDfwAT6NV+PdmBhfs9YVI585AnMwfn4B312k+A==</latexit><latexit sha1_base64="XaykqCM1fOBjm4l84eQ4bECN5xs=">AAACI3icbVDLSsNAFJ34rPUVdelmsAgtSElEUASh6MZlBfuAJpTJdNJOO8mEmYlSQv7Fjb/ixoVS3LjwX5y0WdjWAxcO59zLvfd4EaNSWda3sbK6tr6xWdgqbu/s7u2bB4dNyWOBSQNzxkXbQ5IwGpKGooqRdiQICjxGWt7oLvNbT0RIysNHNY6IG6B+SH2KkdJS17x+7iZ0mN44vkA4cQKkBiJImpylZUcqJGCZng0rlXTeyrS0a5asqjUFXCZ2TkogR71rTpwex3FAQoUZkrJjW5FyEyQUxYykRSeWJEJ4hPqko2mIAiLdZPpjCk+10oM+F7pCBafq34kEBVKOA093ZpfKRS8T//M6sfKv3ISGUaxIiGeL/JhBxWEWGOxRQbBiY00QFlTfCvEA6bSUjrWoQ7AXX14mzfOqbVXth4tS7TaPowCOwQkoAxtcghq4B3XQABi8gDfwAT6NV+PdmBhfs9YVI585AnMwfn4B312k+A==</latexit><latexit sha1_base64="XaykqCM1fOBjm4l84eQ4bECN5xs=">AAACI3icbVDLSsNAFJ34rPUVdelmsAgtSElEUASh6MZlBfuAJpTJdNJOO8mEmYlSQv7Fjb/ixoVS3LjwX5y0WdjWAxcO59zLvfd4EaNSWda3sbK6tr6xWdgqbu/s7u2bB4dNyWOBSQNzxkXbQ5IwGpKGooqRdiQICjxGWt7oLvNbT0RIysNHNY6IG6B+SH2KkdJS17x+7iZ0mN44vkA4cQKkBiJImpylZUcqJGCZng0rlXTeyrS0a5asqjUFXCZ2TkogR71rTpwex3FAQoUZkrJjW5FyEyQUxYykRSeWJEJ4hPqko2mIAiLdZPpjCk+10oM+F7pCBafq34kEBVKOA093ZpfKRS8T//M6sfKv3ISGUaxIiGeL/JhBxWEWGOxRQbBiY00QFlTfCvEA6bSUjrWoQ7AXX14mzfOqbVXth4tS7TaPowCOwQkoAxtcghq4B3XQABi8gDfwAT6NV+PdmBhfs9YVI585AnMwfn4B312k+A==</latexit>

(i, j)
<latexit sha1_base64="YumAbx8uKsVzlFDr9re9KqYa2Z0=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJUkJKIoMeiF48VTFtoQ9lsJ+3azSbsboRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dlZW19Y3Ngtbxe2d3b390sFhQyeZYuizRCSqFVKNgkv0DTcCW6lCGocCm+Hwduo3n1BpnsgHM0oxiGlf8ogzaqzkV/j541m3VHar7gxkmXg5KUOOerf01eklLItRGiao1m3PTU0wpspwJnBS7GQaU8qGtI9tSyWNUQfj2bETcmqVHokSZUsaMlN/T4xprPUoDm1nTM1AL3pT8T+vnZnoOhhzmWYGJZsvijJBTEKmn5MeV8iMGFlCmeL2VsIGVFFmbD5FG4K3+PIyaVxUPbfq3V+Wazd5HAU4hhOogAdXUIM7qIMPDDg8wyu8OdJ5cd6dj3nripPPHMEfOJ8/w/CN/A==</latexit><latexit sha1_base64="YumAbx8uKsVzlFDr9re9KqYa2Z0=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJUkJKIoMeiF48VTFtoQ9lsJ+3azSbsboRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dlZW19Y3Ngtbxe2d3b390sFhQyeZYuizRCSqFVKNgkv0DTcCW6lCGocCm+Hwduo3n1BpnsgHM0oxiGlf8ogzaqzkV/j541m3VHar7gxkmXg5KUOOerf01eklLItRGiao1m3PTU0wpspwJnBS7GQaU8qGtI9tSyWNUQfj2bETcmqVHokSZUsaMlN/T4xprPUoDm1nTM1AL3pT8T+vnZnoOhhzmWYGJZsvijJBTEKmn5MeV8iMGFlCmeL2VsIGVFFmbD5FG4K3+PIyaVxUPbfq3V+Wazd5HAU4hhOogAdXUIM7qIMPDDg8wyu8OdJ5cd6dj3nripPPHMEfOJ8/w/CN/A==</latexit><latexit sha1_base64="YumAbx8uKsVzlFDr9re9KqYa2Z0=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJUkJKIoMeiF48VTFtoQ9lsJ+3azSbsboRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dlZW19Y3Ngtbxe2d3b390sFhQyeZYuizRCSqFVKNgkv0DTcCW6lCGocCm+Hwduo3n1BpnsgHM0oxiGlf8ogzaqzkV/j541m3VHar7gxkmXg5KUOOerf01eklLItRGiao1m3PTU0wpspwJnBS7GQaU8qGtI9tSyWNUQfj2bETcmqVHokSZUsaMlN/T4xprPUoDm1nTM1AL3pT8T+vnZnoOhhzmWYGJZsvijJBTEKmn5MeV8iMGFlCmeL2VsIGVFFmbD5FG4K3+PIyaVxUPbfq3V+Wazd5HAU4hhOogAdXUIM7qIMPDDg8wyu8OdJ5cd6dj3nripPPHMEfOJ8/w/CN/A==</latexit><latexit sha1_base64="YumAbx8uKsVzlFDr9re9KqYa2Z0=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJUkJKIoMeiF48VTFtoQ9lsJ+3azSbsboRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dlZW19Y3Ngtbxe2d3b390sFhQyeZYuizRCSqFVKNgkv0DTcCW6lCGocCm+Hwduo3n1BpnsgHM0oxiGlf8ogzaqzkV/j541m3VHar7gxkmXg5KUOOerf01eklLItRGiao1m3PTU0wpspwJnBS7GQaU8qGtI9tSyWNUQfj2bETcmqVHokSZUsaMlN/T4xprPUoDm1nTM1AL3pT8T+vnZnoOhhzmWYGJZsvijJBTEKmn5MeV8iMGFlCmeL2VsIGVFFmbD5FG4K3+PIyaVxUPbfq3V+Wazd5HAU4hhOogAdXUIM7qIMPDDg8wyu8OdJ5cd6dj3nripPPHMEfOJ8/w/CN/A==</latexit>

?(i, j)
<latexit sha1_base64="6wrXu09VgS8YkYp6lRIYZOt6PUw=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJUkJKIoMeiF48V7AekoWy2m3btJht2J0Ip/RlePCji1V/jzX/jts1BWx8MPN6bYWZemEph0HW/nZXVtfWNzcJWcXtnd2+/dHDYNCrTjDeYkkq3Q2q4FAlvoEDJ26nmNA4lb4XD26nfeuLaCJU84CjlQUz7iYgEo2glv2OQalIR549n3VLZrbozkGXi5aQMOerd0lenp1gW8wSZpMb4nptiMKYaBZN8UuxkhqeUDWmf+5YmNOYmGM9OnpBTq/RIpLStBMlM/T0xprExozi0nTHFgVn0puJ/np9hdB2MRZJmyBM2XxRlkqAi0/9JT2jOUI4soUwLeythA6opQ5tS0YbgLb68TJoXVc+teveX5dpNHkcBjuEEKuDBFdTgDurQAAYKnuEV3hx0Xpx352PeuuLkM0fwB87nDwzvkG4=</latexit><latexit sha1_base64="6wrXu09VgS8YkYp6lRIYZOt6PUw=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJUkJKIoMeiF48V7AekoWy2m3btJht2J0Ip/RlePCji1V/jzX/jts1BWx8MPN6bYWZemEph0HW/nZXVtfWNzcJWcXtnd2+/dHDYNCrTjDeYkkq3Q2q4FAlvoEDJ26nmNA4lb4XD26nfeuLaCJU84CjlQUz7iYgEo2glv2OQalIR549n3VLZrbozkGXi5aQMOerd0lenp1gW8wSZpMb4nptiMKYaBZN8UuxkhqeUDWmf+5YmNOYmGM9OnpBTq/RIpLStBMlM/T0xprExozi0nTHFgVn0puJ/np9hdB2MRZJmyBM2XxRlkqAi0/9JT2jOUI4soUwLeythA6opQ5tS0YbgLb68TJoXVc+teveX5dpNHkcBjuEEKuDBFdTgDurQAAYKnuEV3hx0Xpx352PeuuLkM0fwB87nDwzvkG4=</latexit><latexit sha1_base64="6wrXu09VgS8YkYp6lRIYZOt6PUw=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJUkJKIoMeiF48V7AekoWy2m3btJht2J0Ip/RlePCji1V/jzX/jts1BWx8MPN6bYWZemEph0HW/nZXVtfWNzcJWcXtnd2+/dHDYNCrTjDeYkkq3Q2q4FAlvoEDJ26nmNA4lb4XD26nfeuLaCJU84CjlQUz7iYgEo2glv2OQalIR549n3VLZrbozkGXi5aQMOerd0lenp1gW8wSZpMb4nptiMKYaBZN8UuxkhqeUDWmf+5YmNOYmGM9OnpBTq/RIpLStBMlM/T0xprExozi0nTHFgVn0puJ/np9hdB2MRZJmyBM2XxRlkqAi0/9JT2jOUI4soUwLeythA6opQ5tS0YbgLb68TJoXVc+teveX5dpNHkcBjuEEKuDBFdTgDurQAAYKnuEV3hx0Xpx352PeuuLkM0fwB87nDwzvkG4=</latexit><latexit sha1_base64="6wrXu09VgS8YkYp6lRIYZOt6PUw=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJUkJKIoMeiF48V7AekoWy2m3btJht2J0Ip/RlePCji1V/jzX/jts1BWx8MPN6bYWZemEph0HW/nZXVtfWNzcJWcXtnd2+/dHDYNCrTjDeYkkq3Q2q4FAlvoEDJ26nmNA4lb4XD26nfeuLaCJU84CjlQUz7iYgEo2glv2OQalIR549n3VLZrbozkGXi5aQMOerd0lenp1gW8wSZpMb4nptiMKYaBZN8UuxkhqeUDWmf+5YmNOYmGM9OnpBTq/RIpLStBMlM/T0xprExozi0nTHFgVn0puJ/np9hdB2MRZJmyBM2XxRlkqAi0/9JT2jOUI4soUwLeythA6opQ5tS0YbgLb68TJoXVc+teveX5dpNHkcBjuEEKuDBFdTgDurQAAYKnuEV3hx0Xpx352PeuuLkM0fwB87nDwzvkG4=</latexit>

vj � vi

kvj � vik
<latexit sha1_base64="RuXV6u9hQXNnDwCKiqBSO+XaMnY=">AAACKnicdVDLSsNAFJ34rPUVdelmsAhuLIkIuqy6cVnBPqAJYTKdtGMnkzAzKZQ03+PGX3HThVLc+iFO2oDa6oGBM+fcy733+DGjUlnW1FhZXVvf2Cxtlbd3dvf2zYPDpowSgUkDRywSbR9JwignDUUVI+1YEBT6jLT8wV3ut4ZESBrxRzWKiRuiHqcBxUhpyTNvnEAgnDohUn0/gEPvCZ7D7x/NUmcM/3WhM848s2JVrRngMrELUgEF6p45cboRTkLCFWZIyo5txcpNkVAUM5KVnUSSGOEB6pGOphyFRLrp7NQMnmqlC4NI6McVnKk/O1IUSjkKfV2ZrykXvVz8y+skKrh2U8rjRBGO54OChEEVwTw32KWCYMVGmiAsqN4V4j7S2SmdblmHYC+evEyaF1XbqtoPl5XabRFHCRyDE3AGbHAFauAe1EEDYPAMXsEbeDdejIkxNT7mpStG0XMEfsH4/AJjeaaZ</latexit><latexit sha1_base64="RuXV6u9hQXNnDwCKiqBSO+XaMnY=">AAACKnicdVDLSsNAFJ34rPUVdelmsAhuLIkIuqy6cVnBPqAJYTKdtGMnkzAzKZQ03+PGX3HThVLc+iFO2oDa6oGBM+fcy733+DGjUlnW1FhZXVvf2Cxtlbd3dvf2zYPDpowSgUkDRywSbR9JwignDUUVI+1YEBT6jLT8wV3ut4ZESBrxRzWKiRuiHqcBxUhpyTNvnEAgnDohUn0/gEPvCZ7D7x/NUmcM/3WhM848s2JVrRngMrELUgEF6p45cboRTkLCFWZIyo5txcpNkVAUM5KVnUSSGOEB6pGOphyFRLrp7NQMnmqlC4NI6McVnKk/O1IUSjkKfV2ZrykXvVz8y+skKrh2U8rjRBGO54OChEEVwTw32KWCYMVGmiAsqN4V4j7S2SmdblmHYC+evEyaF1XbqtoPl5XabRFHCRyDE3AGbHAFauAe1EEDYPAMXsEbeDdejIkxNT7mpStG0XMEfsH4/AJjeaaZ</latexit><latexit sha1_base64="RuXV6u9hQXNnDwCKiqBSO+XaMnY=">AAACKnicdVDLSsNAFJ34rPUVdelmsAhuLIkIuqy6cVnBPqAJYTKdtGMnkzAzKZQ03+PGX3HThVLc+iFO2oDa6oGBM+fcy733+DGjUlnW1FhZXVvf2Cxtlbd3dvf2zYPDpowSgUkDRywSbR9JwignDUUVI+1YEBT6jLT8wV3ut4ZESBrxRzWKiRuiHqcBxUhpyTNvnEAgnDohUn0/gEPvCZ7D7x/NUmcM/3WhM848s2JVrRngMrELUgEF6p45cboRTkLCFWZIyo5txcpNkVAUM5KVnUSSGOEB6pGOphyFRLrp7NQMnmqlC4NI6McVnKk/O1IUSjkKfV2ZrykXvVz8y+skKrh2U8rjRBGO54OChEEVwTw32KWCYMVGmiAsqN4V4j7S2SmdblmHYC+evEyaF1XbqtoPl5XabRFHCRyDE3AGbHAFauAe1EEDYPAMXsEbeDdejIkxNT7mpStG0XMEfsH4/AJjeaaZ</latexit><latexit sha1_base64="RuXV6u9hQXNnDwCKiqBSO+XaMnY=">AAACKnicdVDLSsNAFJ34rPUVdelmsAhuLIkIuqy6cVnBPqAJYTKdtGMnkzAzKZQ03+PGX3HThVLc+iFO2oDa6oGBM+fcy733+DGjUlnW1FhZXVvf2Cxtlbd3dvf2zYPDpowSgUkDRywSbR9JwignDUUVI+1YEBT6jLT8wV3ut4ZESBrxRzWKiRuiHqcBxUhpyTNvnEAgnDohUn0/gEPvCZ7D7x/NUmcM/3WhM848s2JVrRngMrELUgEF6p45cboRTkLCFWZIyo5txcpNkVAUM5KVnUSSGOEB6pGOphyFRLrp7NQMnmqlC4NI6McVnKk/O1IUSjkKfV2ZrykXvVz8y+skKrh2U8rjRBGO54OChEEVwTw32KWCYMVGmiAsqN4V4j7S2SmdblmHYC+evEyaF1XbqtoPl5XabRFHCRyDE3AGbHAFauAe1EEDYPAMXsEbeDdejIkxNT7mpStG0XMEfsH4/AJjeaaZ</latexit>



Discrete Laplacian: Finite Volumes
• Positivity:

wij =
Vol(?(i, j))

Vol(i, j)
<latexit sha1_base64="XaykqCM1fOBjm4l84eQ4bECN5xs=">AAACI3icbVDLSsNAFJ34rPUVdelmsAgtSElEUASh6MZlBfuAJpTJdNJOO8mEmYlSQv7Fjb/ixoVS3LjwX5y0WdjWAxcO59zLvfd4EaNSWda3sbK6tr6xWdgqbu/s7u2bB4dNyWOBSQNzxkXbQ5IwGpKGooqRdiQICjxGWt7oLvNbT0RIysNHNY6IG6B+SH2KkdJS17x+7iZ0mN44vkA4cQKkBiJImpylZUcqJGCZng0rlXTeyrS0a5asqjUFXCZ2TkogR71rTpwex3FAQoUZkrJjW5FyEyQUxYykRSeWJEJ4hPqko2mIAiLdZPpjCk+10oM+F7pCBafq34kEBVKOA093ZpfKRS8T//M6sfKv3ISGUaxIiGeL/JhBxWEWGOxRQbBiY00QFlTfCvEA6bSUjrWoQ7AXX14mzfOqbVXth4tS7TaPowCOwQkoAxtcghq4B3XQABi8gDfwAT6NV+PdmBhfs9YVI585AnMwfn4B312k+A==</latexit><latexit sha1_base64="XaykqCM1fOBjm4l84eQ4bECN5xs=">AAACI3icbVDLSsNAFJ34rPUVdelmsAgtSElEUASh6MZlBfuAJpTJdNJOO8mEmYlSQv7Fjb/ixoVS3LjwX5y0WdjWAxcO59zLvfd4EaNSWda3sbK6tr6xWdgqbu/s7u2bB4dNyWOBSQNzxkXbQ5IwGpKGooqRdiQICjxGWt7oLvNbT0RIysNHNY6IG6B+SH2KkdJS17x+7iZ0mN44vkA4cQKkBiJImpylZUcqJGCZng0rlXTeyrS0a5asqjUFXCZ2TkogR71rTpwex3FAQoUZkrJjW5FyEyQUxYykRSeWJEJ4hPqko2mIAiLdZPpjCk+10oM+F7pCBafq34kEBVKOA093ZpfKRS8T//M6sfKv3ISGUaxIiGeL/JhBxWEWGOxRQbBiY00QFlTfCvEA6bSUjrWoQ7AXX14mzfOqbVXth4tS7TaPowCOwQkoAxtcghq4B3XQABi8gDfwAT6NV+PdmBhfs9YVI585AnMwfn4B312k+A==</latexit><latexit sha1_base64="XaykqCM1fOBjm4l84eQ4bECN5xs=">AAACI3icbVDLSsNAFJ34rPUVdelmsAgtSElEUASh6MZlBfuAJpTJdNJOO8mEmYlSQv7Fjb/ixoVS3LjwX5y0WdjWAxcO59zLvfd4EaNSWda3sbK6tr6xWdgqbu/s7u2bB4dNyWOBSQNzxkXbQ5IwGpKGooqRdiQICjxGWt7oLvNbT0RIysNHNY6IG6B+SH2KkdJS17x+7iZ0mN44vkA4cQKkBiJImpylZUcqJGCZng0rlXTeyrS0a5asqjUFXCZ2TkogR71rTpwex3FAQoUZkrJjW5FyEyQUxYykRSeWJEJ4hPqko2mIAiLdZPpjCk+10oM+F7pCBafq34kEBVKOA093ZpfKRS8T//M6sfKv3ISGUaxIiGeL/JhBxWEWGOxRQbBiY00QFlTfCvEA6bSUjrWoQ7AXX14mzfOqbVXth4tS7TaPowCOwQkoAxtcghq4B3XQABi8gDfwAT6NV+PdmBhfs9YVI585AnMwfn4B312k+A==</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="Uf1te6sHZD0iXW6cJ+e24FFFTu4=">AAACGHicbZBLSwMxFIXv+Ky16ujWTbAILUiZcaMIguDGZQX7gM4wZNJMmzbzIMkoZZj/4sa/4saFUtz4b8y0XdjWA4HDOQm59/MTzqSyrB9jY3Nre2e3tFferxwcHpnHlbaMU0Foi8Q8Fl0fS8pZRFuKKU67iaA49Dnt+OP7ou88UyFZHD2pSULdEA8iFjCClY488+bFy9gov3UCgUnmhFgNRZi1Y57XHKmwQDV2MarX8+WqyHLPrFoNaya0buyFqcJCTc+cOv2YpCGNFOFYyp5tJcrNsFCMcJqXnVTSBJMxHtCethEOqXSz2Y45OtdJHwWx0CdSaJb+fZHhUMpJ6OubxaRytSvC/7peqoJrN2NRkioakflHQcqRilEBDPWZoETxiTaYCKZnRWSINS2lsZY1BHt15XXTvmzYVsN+tKAEp3AGNbDhCu7gAZrQAgKv8A6f8GW8GR/GdI5rw1hwO4ElGd+/zW6jag==</latexit><latexit sha1_base64="Uf1te6sHZD0iXW6cJ+e24FFFTu4=">AAACGHicbZBLSwMxFIXv+Ky16ujWTbAILUiZcaMIguDGZQX7gM4wZNJMmzbzIMkoZZj/4sa/4saFUtz4b8y0XdjWA4HDOQm59/MTzqSyrB9jY3Nre2e3tFferxwcHpnHlbaMU0Foi8Q8Fl0fS8pZRFuKKU67iaA49Dnt+OP7ou88UyFZHD2pSULdEA8iFjCClY488+bFy9gov3UCgUnmhFgNRZi1Y57XHKmwQDV2MarX8+WqyHLPrFoNaya0buyFqcJCTc+cOv2YpCGNFOFYyp5tJcrNsFCMcJqXnVTSBJMxHtCethEOqXSz2Y45OtdJHwWx0CdSaJb+fZHhUMpJ6OubxaRytSvC/7peqoJrN2NRkioakflHQcqRilEBDPWZoETxiTaYCKZnRWSINS2lsZY1BHt15XXTvmzYVsN+tKAEp3AGNbDhCu7gAZrQAgKv8A6f8GW8GR/GdI5rw1hwO4ElGd+/zW6jag==</latexit><latexit sha1_base64="rw0IrfO0TJXMaDVwHTV677U3CPM=">AAACI3icbVDLSsNAFJ3UV62vqEs3g0VoQUriRhGEohuXFewDmlAm00k77WQSZiZKCfkXN/6KGxdKcePCf3HSZmFbD1w4nHMv997jRYxKZVnfRmFtfWNzq7hd2tnd2z8wD49aMowFJk0cslB0PCQJo5w0FVWMdCJBUOAx0vbGd5nffiJC0pA/qklE3AANOPUpRkpLPfP6uZfQUXrj+ALhxAmQGoogaYUsrThSIQEr9HxUraaLVqalPbNs1awZ4Cqxc1IGORo9c+r0QxwHhCvMkJRd24qUmyChKGYkLTmxJBHCYzQgXU05Coh0k9mPKTzTSh/6odDFFZypfycSFEg5CTzdmV0ql71M/M/rxsq/chPKo1gRjueL/JhBFcIsMNingmDFJpogLKi+FeIh0mkpHWtJh2Avv7xKWhc126rZD1a5fpvHUQQn4BRUgA0uQR3cgwZoAgxewBv4AJ/Gq/FuTI2veWvByGeOwQKMn1/eHaT0</latexit><latexit sha1_base64="XaykqCM1fOBjm4l84eQ4bECN5xs=">AAACI3icbVDLSsNAFJ34rPUVdelmsAgtSElEUASh6MZlBfuAJpTJdNJOO8mEmYlSQv7Fjb/ixoVS3LjwX5y0WdjWAxcO59zLvfd4EaNSWda3sbK6tr6xWdgqbu/s7u2bB4dNyWOBSQNzxkXbQ5IwGpKGooqRdiQICjxGWt7oLvNbT0RIysNHNY6IG6B+SH2KkdJS17x+7iZ0mN44vkA4cQKkBiJImpylZUcqJGCZng0rlXTeyrS0a5asqjUFXCZ2TkogR71rTpwex3FAQoUZkrJjW5FyEyQUxYykRSeWJEJ4hPqko2mIAiLdZPpjCk+10oM+F7pCBafq34kEBVKOA093ZpfKRS8T//M6sfKv3ISGUaxIiGeL/JhBxWEWGOxRQbBiY00QFlTfCvEA6bSUjrWoQ7AXX14mzfOqbVXth4tS7TaPowCOwQkoAxtcghq4B3XQABi8gDfwAT6NV+PdmBhfs9YVI585AnMwfn4B312k+A==</latexit><latexit sha1_base64="XaykqCM1fOBjm4l84eQ4bECN5xs=">AAACI3icbVDLSsNAFJ34rPUVdelmsAgtSElEUASh6MZlBfuAJpTJdNJOO8mEmYlSQv7Fjb/ixoVS3LjwX5y0WdjWAxcO59zLvfd4EaNSWda3sbK6tr6xWdgqbu/s7u2bB4dNyWOBSQNzxkXbQ5IwGpKGooqRdiQICjxGWt7oLvNbT0RIysNHNY6IG6B+SH2KkdJS17x+7iZ0mN44vkA4cQKkBiJImpylZUcqJGCZng0rlXTeyrS0a5asqjUFXCZ2TkogR71rTpwex3FAQoUZkrJjW5FyEyQUxYykRSeWJEJ4hPqko2mIAiLdZPpjCk+10oM+F7pCBafq34kEBVKOA093ZpfKRS8T//M6sfKv3ISGUaxIiGeL/JhBxWEWGOxRQbBiY00QFlTfCvEA6bSUjrWoQ7AXX14mzfOqbVXth4tS7TaPowCOwQkoAxtcghq4B3XQABi8gDfwAT6NV+PdmBhfs9YVI585AnMwfn4B312k+A==</latexit><latexit sha1_base64="XaykqCM1fOBjm4l84eQ4bECN5xs=">AAACI3icbVDLSsNAFJ34rPUVdelmsAgtSElEUASh6MZlBfuAJpTJdNJOO8mEmYlSQv7Fjb/ixoVS3LjwX5y0WdjWAxcO59zLvfd4EaNSWda3sbK6tr6xWdgqbu/s7u2bB4dNyWOBSQNzxkXbQ5IwGpKGooqRdiQICjxGWt7oLvNbT0RIysNHNY6IG6B+SH2KkdJS17x+7iZ0mN44vkA4cQKkBiJImpylZUcqJGCZng0rlXTeyrS0a5asqjUFXCZ2TkogR71rTpwex3FAQoUZkrJjW5FyEyQUxYykRSeWJEJ4hPqko2mIAiLdZPpjCk+10oM+F7pCBafq34kEBVKOA093ZpfKRS8T//M6sfKv3ISGUaxIiGeL/JhBxWEWGOxRQbBiY00QFlTfCvEA6bSUjrWoQ7AXX14mzfOqbVXth4tS7TaPowCOwQkoAxtcghq4B3XQABi8gDfwAT6NV+PdmBhfs9YVI585AnMwfn4B312k+A==</latexit><latexit sha1_base64="XaykqCM1fOBjm4l84eQ4bECN5xs=">AAACI3icbVDLSsNAFJ34rPUVdelmsAgtSElEUASh6MZlBfuAJpTJdNJOO8mEmYlSQv7Fjb/ixoVS3LjwX5y0WdjWAxcO59zLvfd4EaNSWda3sbK6tr6xWdgqbu/s7u2bB4dNyWOBSQNzxkXbQ5IwGpKGooqRdiQICjxGWt7oLvNbT0RIysNHNY6IG6B+SH2KkdJS17x+7iZ0mN44vkA4cQKkBiJImpylZUcqJGCZng0rlXTeyrS0a5asqjUFXCZ2TkogR71rTpwex3FAQoUZkrJjW5FyEyQUxYykRSeWJEJ4hPqko2mIAiLdZPpjCk+10oM+F7pCBafq34kEBVKOA093ZpfKRS8T//M6sfKv3ISGUaxIiGeL/JhBxWEWGOxRQbBiY00QFlTfCvEA6bSUjrWoQ7AXX14mzfOqbVXth4tS7TaPowCOwQkoAxtcghq4B3XQABi8gDfwAT6NV+PdmBhfs9YVI585AnMwfn4B312k+A==</latexit><latexit sha1_base64="XaykqCM1fOBjm4l84eQ4bECN5xs=">AAACI3icbVDLSsNAFJ34rPUVdelmsAgtSElEUASh6MZlBfuAJpTJdNJOO8mEmYlSQv7Fjb/ixoVS3LjwX5y0WdjWAxcO59zLvfd4EaNSWda3sbK6tr6xWdgqbu/s7u2bB4dNyWOBSQNzxkXbQ5IwGpKGooqRdiQICjxGWt7oLvNbT0RIysNHNY6IG6B+SH2KkdJS17x+7iZ0mN44vkA4cQKkBiJImpylZUcqJGCZng0rlXTeyrS0a5asqjUFXCZ2TkogR71rTpwex3FAQoUZkrJjW5FyEyQUxYykRSeWJEJ4hPqko2mIAiLdZPpjCk+10oM+F7pCBafq34kEBVKOA093ZpfKRS8T//M6sfKv3ISGUaxIiGeL/JhBxWEWGOxRQbBiY00QFlTfCvEA6bSUjrWoQ7AXX14mzfOqbVXth4tS7TaPowCOwQkoAxtcghq4B3XQABi8gDfwAT6NV+PdmBhfs9YVI585AnMwfn4B312k+A==</latexit><latexit sha1_base64="XaykqCM1fOBjm4l84eQ4bECN5xs=">AAACI3icbVDLSsNAFJ34rPUVdelmsAgtSElEUASh6MZlBfuAJpTJdNJOO8mEmYlSQv7Fjb/ixoVS3LjwX5y0WdjWAxcO59zLvfd4EaNSWda3sbK6tr6xWdgqbu/s7u2bB4dNyWOBSQNzxkXbQ5IwGpKGooqRdiQICjxGWt7oLvNbT0RIysNHNY6IG6B+SH2KkdJS17x+7iZ0mN44vkA4cQKkBiJImpylZUcqJGCZng0rlXTeyrS0a5asqjUFXCZ2TkogR71rTpwex3FAQoUZkrJjW5FyEyQUxYykRSeWJEJ4hPqko2mIAiLdZPpjCk+10oM+F7pCBafq34kEBVKOA093ZpfKRS8T//M6sfKv3ISGUaxIiGeL/JhBxWEWGOxRQbBiY00QFlTfCvEA6bSUjrWoQ7AXX14mzfOqbVXth4tS7TaPowCOwQkoAxtcghq4B3XQABi8gDfwAT6NV+PdmBhfs9YVI585AnMwfn4B312k+A==</latexit>

(i, j)
<latexit sha1_base64="YumAbx8uKsVzlFDr9re9KqYa2Z0=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJUkJKIoMeiF48VTFtoQ9lsJ+3azSbsboRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dlZW19Y3Ngtbxe2d3b390sFhQyeZYuizRCSqFVKNgkv0DTcCW6lCGocCm+Hwduo3n1BpnsgHM0oxiGlf8ogzaqzkV/j541m3VHar7gxkmXg5KUOOerf01eklLItRGiao1m3PTU0wpspwJnBS7GQaU8qGtI9tSyWNUQfj2bETcmqVHokSZUsaMlN/T4xprPUoDm1nTM1AL3pT8T+vnZnoOhhzmWYGJZsvijJBTEKmn5MeV8iMGFlCmeL2VsIGVFFmbD5FG4K3+PIyaVxUPbfq3V+Wazd5HAU4hhOogAdXUIM7qIMPDDg8wyu8OdJ5cd6dj3nripPPHMEfOJ8/w/CN/A==</latexit><latexit sha1_base64="YumAbx8uKsVzlFDr9re9KqYa2Z0=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJUkJKIoMeiF48VTFtoQ9lsJ+3azSbsboRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dlZW19Y3Ngtbxe2d3b390sFhQyeZYuizRCSqFVKNgkv0DTcCW6lCGocCm+Hwduo3n1BpnsgHM0oxiGlf8ogzaqzkV/j541m3VHar7gxkmXg5KUOOerf01eklLItRGiao1m3PTU0wpspwJnBS7GQaU8qGtI9tSyWNUQfj2bETcmqVHokSZUsaMlN/T4xprPUoDm1nTM1AL3pT8T+vnZnoOhhzmWYGJZsvijJBTEKmn5MeV8iMGFlCmeL2VsIGVFFmbD5FG4K3+PIyaVxUPbfq3V+Wazd5HAU4hhOogAdXUIM7qIMPDDg8wyu8OdJ5cd6dj3nripPPHMEfOJ8/w/CN/A==</latexit><latexit sha1_base64="YumAbx8uKsVzlFDr9re9KqYa2Z0=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJUkJKIoMeiF48VTFtoQ9lsJ+3azSbsboRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dlZW19Y3Ngtbxe2d3b390sFhQyeZYuizRCSqFVKNgkv0DTcCW6lCGocCm+Hwduo3n1BpnsgHM0oxiGlf8ogzaqzkV/j541m3VHar7gxkmXg5KUOOerf01eklLItRGiao1m3PTU0wpspwJnBS7GQaU8qGtI9tSyWNUQfj2bETcmqVHokSZUsaMlN/T4xprPUoDm1nTM1AL3pT8T+vnZnoOhhzmWYGJZsvijJBTEKmn5MeV8iMGFlCmeL2VsIGVFFmbD5FG4K3+PIyaVxUPbfq3V+Wazd5HAU4hhOogAdXUIM7qIMPDDg8wyu8OdJ5cd6dj3nripPPHMEfOJ8/w/CN/A==</latexit><latexit sha1_base64="YumAbx8uKsVzlFDr9re9KqYa2Z0=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJUkJKIoMeiF48VTFtoQ9lsJ+3azSbsboRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dlZW19Y3Ngtbxe2d3b390sFhQyeZYuizRCSqFVKNgkv0DTcCW6lCGocCm+Hwduo3n1BpnsgHM0oxiGlf8ogzaqzkV/j541m3VHar7gxkmXg5KUOOerf01eklLItRGiao1m3PTU0wpspwJnBS7GQaU8qGtI9tSyWNUQfj2bETcmqVHokSZUsaMlN/T4xprPUoDm1nTM1AL3pT8T+vnZnoOhhzmWYGJZsvijJBTEKmn5MeV8iMGFlCmeL2VsIGVFFmbD5FG4K3+PIyaVxUPbfq3V+Wazd5HAU4hhOogAdXUIM7qIMPDDg8wyu8OdJ5cd6dj3nripPPHMEfOJ8/w/CN/A==</latexit>

?(i, j)
<latexit sha1_base64="6wrXu09VgS8YkYp6lRIYZOt6PUw=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJUkJKIoMeiF48V7AekoWy2m3btJht2J0Ip/RlePCji1V/jzX/jts1BWx8MPN6bYWZemEph0HW/nZXVtfWNzcJWcXtnd2+/dHDYNCrTjDeYkkq3Q2q4FAlvoEDJ26nmNA4lb4XD26nfeuLaCJU84CjlQUz7iYgEo2glv2OQalIR549n3VLZrbozkGXi5aQMOerd0lenp1gW8wSZpMb4nptiMKYaBZN8UuxkhqeUDWmf+5YmNOYmGM9OnpBTq/RIpLStBMlM/T0xprExozi0nTHFgVn0puJ/np9hdB2MRZJmyBM2XxRlkqAi0/9JT2jOUI4soUwLeythA6opQ5tS0YbgLb68TJoXVc+teveX5dpNHkcBjuEEKuDBFdTgDurQAAYKnuEV3hx0Xpx352PeuuLkM0fwB87nDwzvkG4=</latexit><latexit sha1_base64="6wrXu09VgS8YkYp6lRIYZOt6PUw=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJUkJKIoMeiF48V7AekoWy2m3btJht2J0Ip/RlePCji1V/jzX/jts1BWx8MPN6bYWZemEph0HW/nZXVtfWNzcJWcXtnd2+/dHDYNCrTjDeYkkq3Q2q4FAlvoEDJ26nmNA4lb4XD26nfeuLaCJU84CjlQUz7iYgEo2glv2OQalIR549n3VLZrbozkGXi5aQMOerd0lenp1gW8wSZpMb4nptiMKYaBZN8UuxkhqeUDWmf+5YmNOYmGM9OnpBTq/RIpLStBMlM/T0xprExozi0nTHFgVn0puJ/np9hdB2MRZJmyBM2XxRlkqAi0/9JT2jOUI4soUwLeythA6opQ5tS0YbgLb68TJoXVc+teveX5dpNHkcBjuEEKuDBFdTgDurQAAYKnuEV3hx0Xpx352PeuuLkM0fwB87nDwzvkG4=</latexit><latexit sha1_base64="6wrXu09VgS8YkYp6lRIYZOt6PUw=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJUkJKIoMeiF48V7AekoWy2m3btJht2J0Ip/RlePCji1V/jzX/jts1BWx8MPN6bYWZemEph0HW/nZXVtfWNzcJWcXtnd2+/dHDYNCrTjDeYkkq3Q2q4FAlvoEDJ26nmNA4lb4XD26nfeuLaCJU84CjlQUz7iYgEo2glv2OQalIR549n3VLZrbozkGXi5aQMOerd0lenp1gW8wSZpMb4nptiMKYaBZN8UuxkhqeUDWmf+5YmNOYmGM9OnpBTq/RIpLStBMlM/T0xprExozi0nTHFgVn0puJ/np9hdB2MRZJmyBM2XxRlkqAi0/9JT2jOUI4soUwLeythA6opQ5tS0YbgLb68TJoXVc+teveX5dpNHkcBjuEEKuDBFdTgDurQAAYKnuEV3hx0Xpx352PeuuLkM0fwB87nDwzvkG4=</latexit><latexit sha1_base64="6wrXu09VgS8YkYp6lRIYZOt6PUw=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJUkJKIoMeiF48V7AekoWy2m3btJht2J0Ip/RlePCji1V/jzX/jts1BWx8MPN6bYWZemEph0HW/nZXVtfWNzcJWcXtnd2+/dHDYNCrTjDeYkkq3Q2q4FAlvoEDJ26nmNA4lb4XD26nfeuLaCJU84CjlQUz7iYgEo2glv2OQalIR549n3VLZrbozkGXi5aQMOerd0lenp1gW8wSZpMb4nptiMKYaBZN8UuxkhqeUDWmf+5YmNOYmGM9OnpBTq/RIpLStBMlM/T0xprExozi0nTHFgVn0puJ/np9hdB2MRZJmyBM2XxRlkqAi0/9JT2jOUI4soUwLeythA6opQ5tS0YbgLb68TJoXVc+teveX5dpNHkcBjuEEKuDBFdTgDurQAAYKnuEV3hx0Xpx352PeuuLkM0fwB87nDwzvkG4=</latexit>



Discrete Laplacian: Finite Volumes
• Positivity:


• The vector                    is the inward directed boundary normal.             

wij =
Vol(?(i, j))

Vol(i, j)
<latexit sha1_base64="XaykqCM1fOBjm4l84eQ4bECN5xs=">AAACI3icbVDLSsNAFJ34rPUVdelmsAgtSElEUASh6MZlBfuAJpTJdNJOO8mEmYlSQv7Fjb/ixoVS3LjwX5y0WdjWAxcO59zLvfd4EaNSWda3sbK6tr6xWdgqbu/s7u2bB4dNyWOBSQNzxkXbQ5IwGpKGooqRdiQICjxGWt7oLvNbT0RIysNHNY6IG6B+SH2KkdJS17x+7iZ0mN44vkA4cQKkBiJImpylZUcqJGCZng0rlXTeyrS0a5asqjUFXCZ2TkogR71rTpwex3FAQoUZkrJjW5FyEyQUxYykRSeWJEJ4hPqko2mIAiLdZPpjCk+10oM+F7pCBafq34kEBVKOA093ZpfKRS8T//M6sfKv3ISGUaxIiGeL/JhBxWEWGOxRQbBiY00QFlTfCvEA6bSUjrWoQ7AXX14mzfOqbVXth4tS7TaPowCOwQkoAxtcghq4B3XQABi8gDfwAT6NV+PdmBhfs9YVI585AnMwfn4B312k+A==</latexit><latexit sha1_base64="XaykqCM1fOBjm4l84eQ4bECN5xs=">AAACI3icbVDLSsNAFJ34rPUVdelmsAgtSElEUASh6MZlBfuAJpTJdNJOO8mEmYlSQv7Fjb/ixoVS3LjwX5y0WdjWAxcO59zLvfd4EaNSWda3sbK6tr6xWdgqbu/s7u2bB4dNyWOBSQNzxkXbQ5IwGpKGooqRdiQICjxGWt7oLvNbT0RIysNHNY6IG6B+SH2KkdJS17x+7iZ0mN44vkA4cQKkBiJImpylZUcqJGCZng0rlXTeyrS0a5asqjUFXCZ2TkogR71rTpwex3FAQoUZkrJjW5FyEyQUxYykRSeWJEJ4hPqko2mIAiLdZPpjCk+10oM+F7pCBafq34kEBVKOA093ZpfKRS8T//M6sfKv3ISGUaxIiGeL/JhBxWEWGOxRQbBiY00QFlTfCvEA6bSUjrWoQ7AXX14mzfOqbVXth4tS7TaPowCOwQkoAxtcghq4B3XQABi8gDfwAT6NV+PdmBhfs9YVI585AnMwfn4B312k+A==</latexit><latexit sha1_base64="XaykqCM1fOBjm4l84eQ4bECN5xs=">AAACI3icbVDLSsNAFJ34rPUVdelmsAgtSElEUASh6MZlBfuAJpTJdNJOO8mEmYlSQv7Fjb/ixoVS3LjwX5y0WdjWAxcO59zLvfd4EaNSWda3sbK6tr6xWdgqbu/s7u2bB4dNyWOBSQNzxkXbQ5IwGpKGooqRdiQICjxGWt7oLvNbT0RIysNHNY6IG6B+SH2KkdJS17x+7iZ0mN44vkA4cQKkBiJImpylZUcqJGCZng0rlXTeyrS0a5asqjUFXCZ2TkogR71rTpwex3FAQoUZkrJjW5FyEyQUxYykRSeWJEJ4hPqko2mIAiLdZPpjCk+10oM+F7pCBafq34kEBVKOA093ZpfKRS8T//M6sfKv3ISGUaxIiGeL/JhBxWEWGOxRQbBiY00QFlTfCvEA6bSUjrWoQ7AXX14mzfOqbVXth4tS7TaPowCOwQkoAxtcghq4B3XQABi8gDfwAT6NV+PdmBhfs9YVI585AnMwfn4B312k+A==</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="Uf1te6sHZD0iXW6cJ+e24FFFTu4=">AAACGHicbZBLSwMxFIXv+Ky16ujWTbAILUiZcaMIguDGZQX7gM4wZNJMmzbzIMkoZZj/4sa/4saFUtz4b8y0XdjWA4HDOQm59/MTzqSyrB9jY3Nre2e3tFferxwcHpnHlbaMU0Foi8Q8Fl0fS8pZRFuKKU67iaA49Dnt+OP7ou88UyFZHD2pSULdEA8iFjCClY488+bFy9gov3UCgUnmhFgNRZi1Y57XHKmwQDV2MarX8+WqyHLPrFoNaya0buyFqcJCTc+cOv2YpCGNFOFYyp5tJcrNsFCMcJqXnVTSBJMxHtCethEOqXSz2Y45OtdJHwWx0CdSaJb+fZHhUMpJ6OubxaRytSvC/7peqoJrN2NRkioakflHQcqRilEBDPWZoETxiTaYCKZnRWSINS2lsZY1BHt15XXTvmzYVsN+tKAEp3AGNbDhCu7gAZrQAgKv8A6f8GW8GR/GdI5rw1hwO4ElGd+/zW6jag==</latexit><latexit sha1_base64="Uf1te6sHZD0iXW6cJ+e24FFFTu4=">AAACGHicbZBLSwMxFIXv+Ky16ujWTbAILUiZcaMIguDGZQX7gM4wZNJMmzbzIMkoZZj/4sa/4saFUtz4b8y0XdjWA4HDOQm59/MTzqSyrB9jY3Nre2e3tFferxwcHpnHlbaMU0Foi8Q8Fl0fS8pZRFuKKU67iaA49Dnt+OP7ou88UyFZHD2pSULdEA8iFjCClY488+bFy9gov3UCgUnmhFgNRZi1Y57XHKmwQDV2MarX8+WqyHLPrFoNaya0buyFqcJCTc+cOv2YpCGNFOFYyp5tJcrNsFCMcJqXnVTSBJMxHtCethEOqXSz2Y45OtdJHwWx0CdSaJb+fZHhUMpJ6OubxaRytSvC/7peqoJrN2NRkioakflHQcqRilEBDPWZoETxiTaYCKZnRWSINS2lsZY1BHt15XXTvmzYVsN+tKAEp3AGNbDhCu7gAZrQAgKv8A6f8GW8GR/GdI5rw1hwO4ElGd+/zW6jag==</latexit><latexit sha1_base64="rw0IrfO0TJXMaDVwHTV677U3CPM=">AAACI3icbVDLSsNAFJ3UV62vqEs3g0VoQUriRhGEohuXFewDmlAm00k77WQSZiZKCfkXN/6KGxdKcePCf3HSZmFbD1w4nHMv997jRYxKZVnfRmFtfWNzq7hd2tnd2z8wD49aMowFJk0cslB0PCQJo5w0FVWMdCJBUOAx0vbGd5nffiJC0pA/qklE3AANOPUpRkpLPfP6uZfQUXrj+ALhxAmQGoogaYUsrThSIQEr9HxUraaLVqalPbNs1awZ4Cqxc1IGORo9c+r0QxwHhCvMkJRd24qUmyChKGYkLTmxJBHCYzQgXU05Coh0k9mPKTzTSh/6odDFFZypfycSFEg5CTzdmV0ql71M/M/rxsq/chPKo1gRjueL/JhBFcIsMNingmDFJpogLKi+FeIh0mkpHWtJh2Avv7xKWhc126rZD1a5fpvHUQQn4BRUgA0uQR3cgwZoAgxewBv4AJ/Gq/FuTI2veWvByGeOwQKMn1/eHaT0</latexit><latexit sha1_base64="XaykqCM1fOBjm4l84eQ4bECN5xs=">AAACI3icbVDLSsNAFJ34rPUVdelmsAgtSElEUASh6MZlBfuAJpTJdNJOO8mEmYlSQv7Fjb/ixoVS3LjwX5y0WdjWAxcO59zLvfd4EaNSWda3sbK6tr6xWdgqbu/s7u2bB4dNyWOBSQNzxkXbQ5IwGpKGooqRdiQICjxGWt7oLvNbT0RIysNHNY6IG6B+SH2KkdJS17x+7iZ0mN44vkA4cQKkBiJImpylZUcqJGCZng0rlXTeyrS0a5asqjUFXCZ2TkogR71rTpwex3FAQoUZkrJjW5FyEyQUxYykRSeWJEJ4hPqko2mIAiLdZPpjCk+10oM+F7pCBafq34kEBVKOA093ZpfKRS8T//M6sfKv3ISGUaxIiGeL/JhBxWEWGOxRQbBiY00QFlTfCvEA6bSUjrWoQ7AXX14mzfOqbVXth4tS7TaPowCOwQkoAxtcghq4B3XQABi8gDfwAT6NV+PdmBhfs9YVI585AnMwfn4B312k+A==</latexit><latexit sha1_base64="XaykqCM1fOBjm4l84eQ4bECN5xs=">AAACI3icbVDLSsNAFJ34rPUVdelmsAgtSElEUASh6MZlBfuAJpTJdNJOO8mEmYlSQv7Fjb/ixoVS3LjwX5y0WdjWAxcO59zLvfd4EaNSWda3sbK6tr6xWdgqbu/s7u2bB4dNyWOBSQNzxkXbQ5IwGpKGooqRdiQICjxGWt7oLvNbT0RIysNHNY6IG6B+SH2KkdJS17x+7iZ0mN44vkA4cQKkBiJImpylZUcqJGCZng0rlXTeyrS0a5asqjUFXCZ2TkogR71rTpwex3FAQoUZkrJjW5FyEyQUxYykRSeWJEJ4hPqko2mIAiLdZPpjCk+10oM+F7pCBafq34kEBVKOA093ZpfKRS8T//M6sfKv3ISGUaxIiGeL/JhBxWEWGOxRQbBiY00QFlTfCvEA6bSUjrWoQ7AXX14mzfOqbVXth4tS7TaPowCOwQkoAxtcghq4B3XQABi8gDfwAT6NV+PdmBhfs9YVI585AnMwfn4B312k+A==</latexit><latexit sha1_base64="XaykqCM1fOBjm4l84eQ4bECN5xs=">AAACI3icbVDLSsNAFJ34rPUVdelmsAgtSElEUASh6MZlBfuAJpTJdNJOO8mEmYlSQv7Fjb/ixoVS3LjwX5y0WdjWAxcO59zLvfd4EaNSWda3sbK6tr6xWdgqbu/s7u2bB4dNyWOBSQNzxkXbQ5IwGpKGooqRdiQICjxGWt7oLvNbT0RIysNHNY6IG6B+SH2KkdJS17x+7iZ0mN44vkA4cQKkBiJImpylZUcqJGCZng0rlXTeyrS0a5asqjUFXCZ2TkogR71rTpwex3FAQoUZkrJjW5FyEyQUxYykRSeWJEJ4hPqko2mIAiLdZPpjCk+10oM+F7pCBafq34kEBVKOA093ZpfKRS8T//M6sfKv3ISGUaxIiGeL/JhBxWEWGOxRQbBiY00QFlTfCvEA6bSUjrWoQ7AXX14mzfOqbVXth4tS7TaPowCOwQkoAxtcghq4B3XQABi8gDfwAT6NV+PdmBhfs9YVI585AnMwfn4B312k+A==</latexit><latexit sha1_base64="XaykqCM1fOBjm4l84eQ4bECN5xs=">AAACI3icbVDLSsNAFJ34rPUVdelmsAgtSElEUASh6MZlBfuAJpTJdNJOO8mEmYlSQv7Fjb/ixoVS3LjwX5y0WdjWAxcO59zLvfd4EaNSWda3sbK6tr6xWdgqbu/s7u2bB4dNyWOBSQNzxkXbQ5IwGpKGooqRdiQICjxGWt7oLvNbT0RIysNHNY6IG6B+SH2KkdJS17x+7iZ0mN44vkA4cQKkBiJImpylZUcqJGCZng0rlXTeyrS0a5asqjUFXCZ2TkogR71rTpwex3FAQoUZkrJjW5FyEyQUxYykRSeWJEJ4hPqko2mIAiLdZPpjCk+10oM+F7pCBafq34kEBVKOA093ZpfKRS8T//M6sfKv3ISGUaxIiGeL/JhBxWEWGOxRQbBiY00QFlTfCvEA6bSUjrWoQ7AXX14mzfOqbVXth4tS7TaPowCOwQkoAxtcghq4B3XQABi8gDfwAT6NV+PdmBhfs9YVI585AnMwfn4B312k+A==</latexit><latexit sha1_base64="XaykqCM1fOBjm4l84eQ4bECN5xs=">AAACI3icbVDLSsNAFJ34rPUVdelmsAgtSElEUASh6MZlBfuAJpTJdNJOO8mEmYlSQv7Fjb/ixoVS3LjwX5y0WdjWAxcO59zLvfd4EaNSWda3sbK6tr6xWdgqbu/s7u2bB4dNyWOBSQNzxkXbQ5IwGpKGooqRdiQICjxGWt7oLvNbT0RIysNHNY6IG6B+SH2KkdJS17x+7iZ0mN44vkA4cQKkBiJImpylZUcqJGCZng0rlXTeyrS0a5asqjUFXCZ2TkogR71rTpwex3FAQoUZkrJjW5FyEyQUxYykRSeWJEJ4hPqko2mIAiLdZPpjCk+10oM+F7pCBafq34kEBVKOA093ZpfKRS8T//M6sfKv3ISGUaxIiGeL/JhBxWEWGOxRQbBiY00QFlTfCvEA6bSUjrWoQ7AXX14mzfOqbVXth4tS7TaPowCOwQkoAxtcghq4B3XQABi8gDfwAT6NV+PdmBhfs9YVI585AnMwfn4B312k+A==</latexit><latexit sha1_base64="XaykqCM1fOBjm4l84eQ4bECN5xs=">AAACI3icbVDLSsNAFJ34rPUVdelmsAgtSElEUASh6MZlBfuAJpTJdNJOO8mEmYlSQv7Fjb/ixoVS3LjwX5y0WdjWAxcO59zLvfd4EaNSWda3sbK6tr6xWdgqbu/s7u2bB4dNyWOBSQNzxkXbQ5IwGpKGooqRdiQICjxGWt7oLvNbT0RIysNHNY6IG6B+SH2KkdJS17x+7iZ0mN44vkA4cQKkBiJImpylZUcqJGCZng0rlXTeyrS0a5asqjUFXCZ2TkogR71rTpwex3FAQoUZkrJjW5FyEyQUxYykRSeWJEJ4hPqko2mIAiLdZPpjCk+10oM+F7pCBafq34kEBVKOA093ZpfKRS8T//M6sfKv3ISGUaxIiGeL/JhBxWEWGOxRQbBiY00QFlTfCvEA6bSUjrWoQ7AXX14mzfOqbVXth4tS7TaPowCOwQkoAxtcghq4B3XQABi8gDfwAT6NV+PdmBhfs9YVI585AnMwfn4B312k+A==</latexit>

(i, j)
<latexit sha1_base64="YumAbx8uKsVzlFDr9re9KqYa2Z0=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJUkJKIoMeiF48VTFtoQ9lsJ+3azSbsboRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dlZW19Y3Ngtbxe2d3b390sFhQyeZYuizRCSqFVKNgkv0DTcCW6lCGocCm+Hwduo3n1BpnsgHM0oxiGlf8ogzaqzkV/j541m3VHar7gxkmXg5KUOOerf01eklLItRGiao1m3PTU0wpspwJnBS7GQaU8qGtI9tSyWNUQfj2bETcmqVHokSZUsaMlN/T4xprPUoDm1nTM1AL3pT8T+vnZnoOhhzmWYGJZsvijJBTEKmn5MeV8iMGFlCmeL2VsIGVFFmbD5FG4K3+PIyaVxUPbfq3V+Wazd5HAU4hhOogAdXUIM7qIMPDDg8wyu8OdJ5cd6dj3nripPPHMEfOJ8/w/CN/A==</latexit><latexit sha1_base64="YumAbx8uKsVzlFDr9re9KqYa2Z0=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJUkJKIoMeiF48VTFtoQ9lsJ+3azSbsboRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dlZW19Y3Ngtbxe2d3b390sFhQyeZYuizRCSqFVKNgkv0DTcCW6lCGocCm+Hwduo3n1BpnsgHM0oxiGlf8ogzaqzkV/j541m3VHar7gxkmXg5KUOOerf01eklLItRGiao1m3PTU0wpspwJnBS7GQaU8qGtI9tSyWNUQfj2bETcmqVHokSZUsaMlN/T4xprPUoDm1nTM1AL3pT8T+vnZnoOhhzmWYGJZsvijJBTEKmn5MeV8iMGFlCmeL2VsIGVFFmbD5FG4K3+PIyaVxUPbfq3V+Wazd5HAU4hhOogAdXUIM7qIMPDDg8wyu8OdJ5cd6dj3nripPPHMEfOJ8/w/CN/A==</latexit><latexit sha1_base64="YumAbx8uKsVzlFDr9re9KqYa2Z0=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJUkJKIoMeiF48VTFtoQ9lsJ+3azSbsboRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dlZW19Y3Ngtbxe2d3b390sFhQyeZYuizRCSqFVKNgkv0DTcCW6lCGocCm+Hwduo3n1BpnsgHM0oxiGlf8ogzaqzkV/j541m3VHar7gxkmXg5KUOOerf01eklLItRGiao1m3PTU0wpspwJnBS7GQaU8qGtI9tSyWNUQfj2bETcmqVHokSZUsaMlN/T4xprPUoDm1nTM1AL3pT8T+vnZnoOhhzmWYGJZsvijJBTEKmn5MeV8iMGFlCmeL2VsIGVFFmbD5FG4K3+PIyaVxUPbfq3V+Wazd5HAU4hhOogAdXUIM7qIMPDDg8wyu8OdJ5cd6dj3nripPPHMEfOJ8/w/CN/A==</latexit><latexit sha1_base64="YumAbx8uKsVzlFDr9re9KqYa2Z0=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJUkJKIoMeiF48VTFtoQ9lsJ+3azSbsboRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dlZW19Y3Ngtbxe2d3b390sFhQyeZYuizRCSqFVKNgkv0DTcCW6lCGocCm+Hwduo3n1BpnsgHM0oxiGlf8ogzaqzkV/j541m3VHar7gxkmXg5KUOOerf01eklLItRGiao1m3PTU0wpspwJnBS7GQaU8qGtI9tSyWNUQfj2bETcmqVHokSZUsaMlN/T4xprPUoDm1nTM1AL3pT8T+vnZnoOhhzmWYGJZsvijJBTEKmn5MeV8iMGFlCmeL2VsIGVFFmbD5FG4K3+PIyaVxUPbfq3V+Wazd5HAU4hhOogAdXUIM7qIMPDDg8wyu8OdJ5cd6dj3nripPPHMEfOJ8/w/CN/A==</latexit>

?(i, j)
<latexit sha1_base64="6wrXu09VgS8YkYp6lRIYZOt6PUw=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJUkJKIoMeiF48V7AekoWy2m3btJht2J0Ip/RlePCji1V/jzX/jts1BWx8MPN6bYWZemEph0HW/nZXVtfWNzcJWcXtnd2+/dHDYNCrTjDeYkkq3Q2q4FAlvoEDJ26nmNA4lb4XD26nfeuLaCJU84CjlQUz7iYgEo2glv2OQalIR549n3VLZrbozkGXi5aQMOerd0lenp1gW8wSZpMb4nptiMKYaBZN8UuxkhqeUDWmf+5YmNOYmGM9OnpBTq/RIpLStBMlM/T0xprExozi0nTHFgVn0puJ/np9hdB2MRZJmyBM2XxRlkqAi0/9JT2jOUI4soUwLeythA6opQ5tS0YbgLb68TJoXVc+teveX5dpNHkcBjuEEKuDBFdTgDurQAAYKnuEV3hx0Xpx352PeuuLkM0fwB87nDwzvkG4=</latexit><latexit sha1_base64="6wrXu09VgS8YkYp6lRIYZOt6PUw=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJUkJKIoMeiF48V7AekoWy2m3btJht2J0Ip/RlePCji1V/jzX/jts1BWx8MPN6bYWZemEph0HW/nZXVtfWNzcJWcXtnd2+/dHDYNCrTjDeYkkq3Q2q4FAlvoEDJ26nmNA4lb4XD26nfeuLaCJU84CjlQUz7iYgEo2glv2OQalIR549n3VLZrbozkGXi5aQMOerd0lenp1gW8wSZpMb4nptiMKYaBZN8UuxkhqeUDWmf+5YmNOYmGM9OnpBTq/RIpLStBMlM/T0xprExozi0nTHFgVn0puJ/np9hdB2MRZJmyBM2XxRlkqAi0/9JT2jOUI4soUwLeythA6opQ5tS0YbgLb68TJoXVc+teveX5dpNHkcBjuEEKuDBFdTgDurQAAYKnuEV3hx0Xpx352PeuuLkM0fwB87nDwzvkG4=</latexit><latexit sha1_base64="6wrXu09VgS8YkYp6lRIYZOt6PUw=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJUkJKIoMeiF48V7AekoWy2m3btJht2J0Ip/RlePCji1V/jzX/jts1BWx8MPN6bYWZemEph0HW/nZXVtfWNzcJWcXtnd2+/dHDYNCrTjDeYkkq3Q2q4FAlvoEDJ26nmNA4lb4XD26nfeuLaCJU84CjlQUz7iYgEo2glv2OQalIR549n3VLZrbozkGXi5aQMOerd0lenp1gW8wSZpMb4nptiMKYaBZN8UuxkhqeUDWmf+5YmNOYmGM9OnpBTq/RIpLStBMlM/T0xprExozi0nTHFgVn0puJ/np9hdB2MRZJmyBM2XxRlkqAi0/9JT2jOUI4soUwLeythA6opQ5tS0YbgLb68TJoXVc+teveX5dpNHkcBjuEEKuDBFdTgDurQAAYKnuEV3hx0Xpx352PeuuLkM0fwB87nDwzvkG4=</latexit><latexit sha1_base64="6wrXu09VgS8YkYp6lRIYZOt6PUw=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJUkJKIoMeiF48V7AekoWy2m3btJht2J0Ip/RlePCji1V/jzX/jts1BWx8MPN6bYWZemEph0HW/nZXVtfWNzcJWcXtnd2+/dHDYNCrTjDeYkkq3Q2q4FAlvoEDJ26nmNA4lb4XD26nfeuLaCJU84CjlQUz7iYgEo2glv2OQalIR549n3VLZrbozkGXi5aQMOerd0lenp1gW8wSZpMb4nptiMKYaBZN8UuxkhqeUDWmf+5YmNOYmGM9OnpBTq/RIpLStBMlM/T0xprExozi0nTHFgVn0puJ/np9hdB2MRZJmyBM2XxRlkqAi0/9JT2jOUI4soUwLeythA6opQ5tS0YbgLb68TJoXVc+teveX5dpNHkcBjuEEKuDBFdTgDurQAAYKnuEV3hx0Xpx352PeuuLkM0fwB87nDwzvkG4=</latexit>

vj � vi

kvj � vik
<latexit sha1_base64="RuXV6u9hQXNnDwCKiqBSO+XaMnY=">AAACKnicdVDLSsNAFJ34rPUVdelmsAhuLIkIuqy6cVnBPqAJYTKdtGMnkzAzKZQ03+PGX3HThVLc+iFO2oDa6oGBM+fcy733+DGjUlnW1FhZXVvf2Cxtlbd3dvf2zYPDpowSgUkDRywSbR9JwignDUUVI+1YEBT6jLT8wV3ut4ZESBrxRzWKiRuiHqcBxUhpyTNvnEAgnDohUn0/gEPvCZ7D7x/NUmcM/3WhM848s2JVrRngMrELUgEF6p45cboRTkLCFWZIyo5txcpNkVAUM5KVnUSSGOEB6pGOphyFRLrp7NQMnmqlC4NI6McVnKk/O1IUSjkKfV2ZrykXvVz8y+skKrh2U8rjRBGO54OChEEVwTw32KWCYMVGmiAsqN4V4j7S2SmdblmHYC+evEyaF1XbqtoPl5XabRFHCRyDE3AGbHAFauAe1EEDYPAMXsEbeDdejIkxNT7mpStG0XMEfsH4/AJjeaaZ</latexit><latexit sha1_base64="RuXV6u9hQXNnDwCKiqBSO+XaMnY=">AAACKnicdVDLSsNAFJ34rPUVdelmsAhuLIkIuqy6cVnBPqAJYTKdtGMnkzAzKZQ03+PGX3HThVLc+iFO2oDa6oGBM+fcy733+DGjUlnW1FhZXVvf2Cxtlbd3dvf2zYPDpowSgUkDRywSbR9JwignDUUVI+1YEBT6jLT8wV3ut4ZESBrxRzWKiRuiHqcBxUhpyTNvnEAgnDohUn0/gEPvCZ7D7x/NUmcM/3WhM848s2JVrRngMrELUgEF6p45cboRTkLCFWZIyo5txcpNkVAUM5KVnUSSGOEB6pGOphyFRLrp7NQMnmqlC4NI6McVnKk/O1IUSjkKfV2ZrykXvVz8y+skKrh2U8rjRBGO54OChEEVwTw32KWCYMVGmiAsqN4V4j7S2SmdblmHYC+evEyaF1XbqtoPl5XabRFHCRyDE3AGbHAFauAe1EEDYPAMXsEbeDdejIkxNT7mpStG0XMEfsH4/AJjeaaZ</latexit><latexit sha1_base64="RuXV6u9hQXNnDwCKiqBSO+XaMnY=">AAACKnicdVDLSsNAFJ34rPUVdelmsAhuLIkIuqy6cVnBPqAJYTKdtGMnkzAzKZQ03+PGX3HThVLc+iFO2oDa6oGBM+fcy733+DGjUlnW1FhZXVvf2Cxtlbd3dvf2zYPDpowSgUkDRywSbR9JwignDUUVI+1YEBT6jLT8wV3ut4ZESBrxRzWKiRuiHqcBxUhpyTNvnEAgnDohUn0/gEPvCZ7D7x/NUmcM/3WhM848s2JVrRngMrELUgEF6p45cboRTkLCFWZIyo5txcpNkVAUM5KVnUSSGOEB6pGOphyFRLrp7NQMnmqlC4NI6McVnKk/O1IUSjkKfV2ZrykXvVz8y+skKrh2U8rjRBGO54OChEEVwTw32KWCYMVGmiAsqN4V4j7S2SmdblmHYC+evEyaF1XbqtoPl5XabRFHCRyDE3AGbHAFauAe1EEDYPAMXsEbeDdejIkxNT7mpStG0XMEfsH4/AJjeaaZ</latexit><latexit sha1_base64="RuXV6u9hQXNnDwCKiqBSO+XaMnY=">AAACKnicdVDLSsNAFJ34rPUVdelmsAhuLIkIuqy6cVnBPqAJYTKdtGMnkzAzKZQ03+PGX3HThVLc+iFO2oDa6oGBM+fcy733+DGjUlnW1FhZXVvf2Cxtlbd3dvf2zYPDpowSgUkDRywSbR9JwignDUUVI+1YEBT6jLT8wV3ut4ZESBrxRzWKiRuiHqcBxUhpyTNvnEAgnDohUn0/gEPvCZ7D7x/NUmcM/3WhM848s2JVrRngMrELUgEF6p45cboRTkLCFWZIyo5txcpNkVAUM5KVnUSSGOEB6pGOphyFRLrp7NQMnmqlC4NI6McVnKk/O1IUSjkKfV2ZrykXvVz8y+skKrh2U8rjRBGO54OChEEVwTw32KWCYMVGmiAsqN4V4j7S2SmdblmHYC+evEyaF1XbqtoPl5XabRFHCRyDE3AGbHAFauAe1EEDYPAMXsEbeDdejIkxNT7mpStG0XMEfsH4/AJjeaaZ</latexit>



Discrete Laplacian: Finite Volumes
• Positivity:


• The vector                    is the inward directed boundary normal.             

wij =
Vol(?(i, j))

Vol(i, j)
<latexit sha1_base64="XaykqCM1fOBjm4l84eQ4bECN5xs=">AAACI3icbVDLSsNAFJ34rPUVdelmsAgtSElEUASh6MZlBfuAJpTJdNJOO8mEmYlSQv7Fjb/ixoVS3LjwX5y0WdjWAxcO59zLvfd4EaNSWda3sbK6tr6xWdgqbu/s7u2bB4dNyWOBSQNzxkXbQ5IwGpKGooqRdiQICjxGWt7oLvNbT0RIysNHNY6IG6B+SH2KkdJS17x+7iZ0mN44vkA4cQKkBiJImpylZUcqJGCZng0rlXTeyrS0a5asqjUFXCZ2TkogR71rTpwex3FAQoUZkrJjW5FyEyQUxYykRSeWJEJ4hPqko2mIAiLdZPpjCk+10oM+F7pCBafq34kEBVKOA093ZpfKRS8T//M6sfKv3ISGUaxIiGeL/JhBxWEWGOxRQbBiY00QFlTfCvEA6bSUjrWoQ7AXX14mzfOqbVXth4tS7TaPowCOwQkoAxtcghq4B3XQABi8gDfwAT6NV+PdmBhfs9YVI585AnMwfn4B312k+A==</latexit><latexit sha1_base64="XaykqCM1fOBjm4l84eQ4bECN5xs=">AAACI3icbVDLSsNAFJ34rPUVdelmsAgtSElEUASh6MZlBfuAJpTJdNJOO8mEmYlSQv7Fjb/ixoVS3LjwX5y0WdjWAxcO59zLvfd4EaNSWda3sbK6tr6xWdgqbu/s7u2bB4dNyWOBSQNzxkXbQ5IwGpKGooqRdiQICjxGWt7oLvNbT0RIysNHNY6IG6B+SH2KkdJS17x+7iZ0mN44vkA4cQKkBiJImpylZUcqJGCZng0rlXTeyrS0a5asqjUFXCZ2TkogR71rTpwex3FAQoUZkrJjW5FyEyQUxYykRSeWJEJ4hPqko2mIAiLdZPpjCk+10oM+F7pCBafq34kEBVKOA093ZpfKRS8T//M6sfKv3ISGUaxIiGeL/JhBxWEWGOxRQbBiY00QFlTfCvEA6bSUjrWoQ7AXX14mzfOqbVXth4tS7TaPowCOwQkoAxtcghq4B3XQABi8gDfwAT6NV+PdmBhfs9YVI585AnMwfn4B312k+A==</latexit><latexit sha1_base64="XaykqCM1fOBjm4l84eQ4bECN5xs=">AAACI3icbVDLSsNAFJ34rPUVdelmsAgtSElEUASh6MZlBfuAJpTJdNJOO8mEmYlSQv7Fjb/ixoVS3LjwX5y0WdjWAxcO59zLvfd4EaNSWda3sbK6tr6xWdgqbu/s7u2bB4dNyWOBSQNzxkXbQ5IwGpKGooqRdiQICjxGWt7oLvNbT0RIysNHNY6IG6B+SH2KkdJS17x+7iZ0mN44vkA4cQKkBiJImpylZUcqJGCZng0rlXTeyrS0a5asqjUFXCZ2TkogR71rTpwex3FAQoUZkrJjW5FyEyQUxYykRSeWJEJ4hPqko2mIAiLdZPpjCk+10oM+F7pCBafq34kEBVKOA093ZpfKRS8T//M6sfKv3ISGUaxIiGeL/JhBxWEWGOxRQbBiY00QFlTfCvEA6bSUjrWoQ7AXX14mzfOqbVXth4tS7TaPowCOwQkoAxtcghq4B3XQABi8gDfwAT6NV+PdmBhfs9YVI585AnMwfn4B312k+A==</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="Uf1te6sHZD0iXW6cJ+e24FFFTu4=">AAACGHicbZBLSwMxFIXv+Ky16ujWTbAILUiZcaMIguDGZQX7gM4wZNJMmzbzIMkoZZj/4sa/4saFUtz4b8y0XdjWA4HDOQm59/MTzqSyrB9jY3Nre2e3tFferxwcHpnHlbaMU0Foi8Q8Fl0fS8pZRFuKKU67iaA49Dnt+OP7ou88UyFZHD2pSULdEA8iFjCClY488+bFy9gov3UCgUnmhFgNRZi1Y57XHKmwQDV2MarX8+WqyHLPrFoNaya0buyFqcJCTc+cOv2YpCGNFOFYyp5tJcrNsFCMcJqXnVTSBJMxHtCethEOqXSz2Y45OtdJHwWx0CdSaJb+fZHhUMpJ6OubxaRytSvC/7peqoJrN2NRkioakflHQcqRilEBDPWZoETxiTaYCKZnRWSINS2lsZY1BHt15XXTvmzYVsN+tKAEp3AGNbDhCu7gAZrQAgKv8A6f8GW8GR/GdI5rw1hwO4ElGd+/zW6jag==</latexit><latexit sha1_base64="Uf1te6sHZD0iXW6cJ+e24FFFTu4=">AAACGHicbZBLSwMxFIXv+Ky16ujWTbAILUiZcaMIguDGZQX7gM4wZNJMmzbzIMkoZZj/4sa/4saFUtz4b8y0XdjWA4HDOQm59/MTzqSyrB9jY3Nre2e3tFferxwcHpnHlbaMU0Foi8Q8Fl0fS8pZRFuKKU67iaA49Dnt+OP7ou88UyFZHD2pSULdEA8iFjCClY488+bFy9gov3UCgUnmhFgNRZi1Y57XHKmwQDV2MarX8+WqyHLPrFoNaya0buyFqcJCTc+cOv2YpCGNFOFYyp5tJcrNsFCMcJqXnVTSBJMxHtCethEOqXSz2Y45OtdJHwWx0CdSaJb+fZHhUMpJ6OubxaRytSvC/7peqoJrN2NRkioakflHQcqRilEBDPWZoETxiTaYCKZnRWSINS2lsZY1BHt15XXTvmzYVsN+tKAEp3AGNbDhCu7gAZrQAgKv8A6f8GW8GR/GdI5rw1hwO4ElGd+/zW6jag==</latexit><latexit sha1_base64="rw0IrfO0TJXMaDVwHTV677U3CPM=">AAACI3icbVDLSsNAFJ3UV62vqEs3g0VoQUriRhGEohuXFewDmlAm00k77WQSZiZKCfkXN/6KGxdKcePCf3HSZmFbD1w4nHMv997jRYxKZVnfRmFtfWNzq7hd2tnd2z8wD49aMowFJk0cslB0PCQJo5w0FVWMdCJBUOAx0vbGd5nffiJC0pA/qklE3AANOPUpRkpLPfP6uZfQUXrj+ALhxAmQGoogaYUsrThSIQEr9HxUraaLVqalPbNs1awZ4Cqxc1IGORo9c+r0QxwHhCvMkJRd24qUmyChKGYkLTmxJBHCYzQgXU05Coh0k9mPKTzTSh/6odDFFZypfycSFEg5CTzdmV0ql71M/M/rxsq/chPKo1gRjueL/JhBFcIsMNingmDFJpogLKi+FeIh0mkpHWtJh2Avv7xKWhc126rZD1a5fpvHUQQn4BRUgA0uQR3cgwZoAgxewBv4AJ/Gq/FuTI2veWvByGeOwQKMn1/eHaT0</latexit><latexit sha1_base64="XaykqCM1fOBjm4l84eQ4bECN5xs=">AAACI3icbVDLSsNAFJ34rPUVdelmsAgtSElEUASh6MZlBfuAJpTJdNJOO8mEmYlSQv7Fjb/ixoVS3LjwX5y0WdjWAxcO59zLvfd4EaNSWda3sbK6tr6xWdgqbu/s7u2bB4dNyWOBSQNzxkXbQ5IwGpKGooqRdiQICjxGWt7oLvNbT0RIysNHNY6IG6B+SH2KkdJS17x+7iZ0mN44vkA4cQKkBiJImpylZUcqJGCZng0rlXTeyrS0a5asqjUFXCZ2TkogR71rTpwex3FAQoUZkrJjW5FyEyQUxYykRSeWJEJ4hPqko2mIAiLdZPpjCk+10oM+F7pCBafq34kEBVKOA093ZpfKRS8T//M6sfKv3ISGUaxIiGeL/JhBxWEWGOxRQbBiY00QFlTfCvEA6bSUjrWoQ7AXX14mzfOqbVXth4tS7TaPowCOwQkoAxtcghq4B3XQABi8gDfwAT6NV+PdmBhfs9YVI585AnMwfn4B312k+A==</latexit><latexit sha1_base64="XaykqCM1fOBjm4l84eQ4bECN5xs=">AAACI3icbVDLSsNAFJ34rPUVdelmsAgtSElEUASh6MZlBfuAJpTJdNJOO8mEmYlSQv7Fjb/ixoVS3LjwX5y0WdjWAxcO59zLvfd4EaNSWda3sbK6tr6xWdgqbu/s7u2bB4dNyWOBSQNzxkXbQ5IwGpKGooqRdiQICjxGWt7oLvNbT0RIysNHNY6IG6B+SH2KkdJS17x+7iZ0mN44vkA4cQKkBiJImpylZUcqJGCZng0rlXTeyrS0a5asqjUFXCZ2TkogR71rTpwex3FAQoUZkrJjW5FyEyQUxYykRSeWJEJ4hPqko2mIAiLdZPpjCk+10oM+F7pCBafq34kEBVKOA093ZpfKRS8T//M6sfKv3ISGUaxIiGeL/JhBxWEWGOxRQbBiY00QFlTfCvEA6bSUjrWoQ7AXX14mzfOqbVXth4tS7TaPowCOwQkoAxtcghq4B3XQABi8gDfwAT6NV+PdmBhfs9YVI585AnMwfn4B312k+A==</latexit><latexit sha1_base64="XaykqCM1fOBjm4l84eQ4bECN5xs=">AAACI3icbVDLSsNAFJ34rPUVdelmsAgtSElEUASh6MZlBfuAJpTJdNJOO8mEmYlSQv7Fjb/ixoVS3LjwX5y0WdjWAxcO59zLvfd4EaNSWda3sbK6tr6xWdgqbu/s7u2bB4dNyWOBSQNzxkXbQ5IwGpKGooqRdiQICjxGWt7oLvNbT0RIysNHNY6IG6B+SH2KkdJS17x+7iZ0mN44vkA4cQKkBiJImpylZUcqJGCZng0rlXTeyrS0a5asqjUFXCZ2TkogR71rTpwex3FAQoUZkrJjW5FyEyQUxYykRSeWJEJ4hPqko2mIAiLdZPpjCk+10oM+F7pCBafq34kEBVKOA093ZpfKRS8T//M6sfKv3ISGUaxIiGeL/JhBxWEWGOxRQbBiY00QFlTfCvEA6bSUjrWoQ7AXX14mzfOqbVXth4tS7TaPowCOwQkoAxtcghq4B3XQABi8gDfwAT6NV+PdmBhfs9YVI585AnMwfn4B312k+A==</latexit><latexit sha1_base64="XaykqCM1fOBjm4l84eQ4bECN5xs=">AAACI3icbVDLSsNAFJ34rPUVdelmsAgtSElEUASh6MZlBfuAJpTJdNJOO8mEmYlSQv7Fjb/ixoVS3LjwX5y0WdjWAxcO59zLvfd4EaNSWda3sbK6tr6xWdgqbu/s7u2bB4dNyWOBSQNzxkXbQ5IwGpKGooqRdiQICjxGWt7oLvNbT0RIysNHNY6IG6B+SH2KkdJS17x+7iZ0mN44vkA4cQKkBiJImpylZUcqJGCZng0rlXTeyrS0a5asqjUFXCZ2TkogR71rTpwex3FAQoUZkrJjW5FyEyQUxYykRSeWJEJ4hPqko2mIAiLdZPpjCk+10oM+F7pCBafq34kEBVKOA093ZpfKRS8T//M6sfKv3ISGUaxIiGeL/JhBxWEWGOxRQbBiY00QFlTfCvEA6bSUjrWoQ7AXX14mzfOqbVXth4tS7TaPowCOwQkoAxtcghq4B3XQABi8gDfwAT6NV+PdmBhfs9YVI585AnMwfn4B312k+A==</latexit><latexit sha1_base64="XaykqCM1fOBjm4l84eQ4bECN5xs=">AAACI3icbVDLSsNAFJ34rPUVdelmsAgtSElEUASh6MZlBfuAJpTJdNJOO8mEmYlSQv7Fjb/ixoVS3LjwX5y0WdjWAxcO59zLvfd4EaNSWda3sbK6tr6xWdgqbu/s7u2bB4dNyWOBSQNzxkXbQ5IwGpKGooqRdiQICjxGWt7oLvNbT0RIysNHNY6IG6B+SH2KkdJS17x+7iZ0mN44vkA4cQKkBiJImpylZUcqJGCZng0rlXTeyrS0a5asqjUFXCZ2TkogR71rTpwex3FAQoUZkrJjW5FyEyQUxYykRSeWJEJ4hPqko2mIAiLdZPpjCk+10oM+F7pCBafq34kEBVKOA093ZpfKRS8T//M6sfKv3ISGUaxIiGeL/JhBxWEWGOxRQbBiY00QFlTfCvEA6bSUjrWoQ7AXX14mzfOqbVXth4tS7TaPowCOwQkoAxtcghq4B3XQABi8gDfwAT6NV+PdmBhfs9YVI585AnMwfn4B312k+A==</latexit><latexit sha1_base64="XaykqCM1fOBjm4l84eQ4bECN5xs=">AAACI3icbVDLSsNAFJ34rPUVdelmsAgtSElEUASh6MZlBfuAJpTJdNJOO8mEmYlSQv7Fjb/ixoVS3LjwX5y0WdjWAxcO59zLvfd4EaNSWda3sbK6tr6xWdgqbu/s7u2bB4dNyWOBSQNzxkXbQ5IwGpKGooqRdiQICjxGWt7oLvNbT0RIysNHNY6IG6B+SH2KkdJS17x+7iZ0mN44vkA4cQKkBiJImpylZUcqJGCZng0rlXTeyrS0a5asqjUFXCZ2TkogR71rTpwex3FAQoUZkrJjW5FyEyQUxYykRSeWJEJ4hPqko2mIAiLdZPpjCk+10oM+F7pCBafq34kEBVKOA093ZpfKRS8T//M6sfKv3ISGUaxIiGeL/JhBxWEWGOxRQbBiY00QFlTfCvEA6bSUjrWoQ7AXX14mzfOqbVXth4tS7TaPowCOwQkoAxtcghq4B3XQABi8gDfwAT6NV+PdmBhfs9YVI585AnMwfn4B312k+A==</latexit>

(i, j)
<latexit sha1_base64="YumAbx8uKsVzlFDr9re9KqYa2Z0=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJUkJKIoMeiF48VTFtoQ9lsJ+3azSbsboRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dlZW19Y3Ngtbxe2d3b390sFhQyeZYuizRCSqFVKNgkv0DTcCW6lCGocCm+Hwduo3n1BpnsgHM0oxiGlf8ogzaqzkV/j541m3VHar7gxkmXg5KUOOerf01eklLItRGiao1m3PTU0wpspwJnBS7GQaU8qGtI9tSyWNUQfj2bETcmqVHokSZUsaMlN/T4xprPUoDm1nTM1AL3pT8T+vnZnoOhhzmWYGJZsvijJBTEKmn5MeV8iMGFlCmeL2VsIGVFFmbD5FG4K3+PIyaVxUPbfq3V+Wazd5HAU4hhOogAdXUIM7qIMPDDg8wyu8OdJ5cd6dj3nripPPHMEfOJ8/w/CN/A==</latexit><latexit sha1_base64="YumAbx8uKsVzlFDr9re9KqYa2Z0=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJUkJKIoMeiF48VTFtoQ9lsJ+3azSbsboRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dlZW19Y3Ngtbxe2d3b390sFhQyeZYuizRCSqFVKNgkv0DTcCW6lCGocCm+Hwduo3n1BpnsgHM0oxiGlf8ogzaqzkV/j541m3VHar7gxkmXg5KUOOerf01eklLItRGiao1m3PTU0wpspwJnBS7GQaU8qGtI9tSyWNUQfj2bETcmqVHokSZUsaMlN/T4xprPUoDm1nTM1AL3pT8T+vnZnoOhhzmWYGJZsvijJBTEKmn5MeV8iMGFlCmeL2VsIGVFFmbD5FG4K3+PIyaVxUPbfq3V+Wazd5HAU4hhOogAdXUIM7qIMPDDg8wyu8OdJ5cd6dj3nripPPHMEfOJ8/w/CN/A==</latexit><latexit sha1_base64="YumAbx8uKsVzlFDr9re9KqYa2Z0=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJUkJKIoMeiF48VTFtoQ9lsJ+3azSbsboRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dlZW19Y3Ngtbxe2d3b390sFhQyeZYuizRCSqFVKNgkv0DTcCW6lCGocCm+Hwduo3n1BpnsgHM0oxiGlf8ogzaqzkV/j541m3VHar7gxkmXg5KUOOerf01eklLItRGiao1m3PTU0wpspwJnBS7GQaU8qGtI9tSyWNUQfj2bETcmqVHokSZUsaMlN/T4xprPUoDm1nTM1AL3pT8T+vnZnoOhhzmWYGJZsvijJBTEKmn5MeV8iMGFlCmeL2VsIGVFFmbD5FG4K3+PIyaVxUPbfq3V+Wazd5HAU4hhOogAdXUIM7qIMPDDg8wyu8OdJ5cd6dj3nripPPHMEfOJ8/w/CN/A==</latexit><latexit sha1_base64="YumAbx8uKsVzlFDr9re9KqYa2Z0=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJUkJKIoMeiF48VTFtoQ9lsJ+3azSbsboRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dlZW19Y3Ngtbxe2d3b390sFhQyeZYuizRCSqFVKNgkv0DTcCW6lCGocCm+Hwduo3n1BpnsgHM0oxiGlf8ogzaqzkV/j541m3VHar7gxkmXg5KUOOerf01eklLItRGiao1m3PTU0wpspwJnBS7GQaU8qGtI9tSyWNUQfj2bETcmqVHokSZUsaMlN/T4xprPUoDm1nTM1AL3pT8T+vnZnoOhhzmWYGJZsvijJBTEKmn5MeV8iMGFlCmeL2VsIGVFFmbD5FG4K3+PIyaVxUPbfq3V+Wazd5HAU4hhOogAdXUIM7qIMPDDg8wyu8OdJ5cd6dj3nripPPHMEfOJ8/w/CN/A==</latexit>

?(i, j)
<latexit sha1_base64="6wrXu09VgS8YkYp6lRIYZOt6PUw=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJUkJKIoMeiF48V7AekoWy2m3btJht2J0Ip/RlePCji1V/jzX/jts1BWx8MPN6bYWZemEph0HW/nZXVtfWNzcJWcXtnd2+/dHDYNCrTjDeYkkq3Q2q4FAlvoEDJ26nmNA4lb4XD26nfeuLaCJU84CjlQUz7iYgEo2glv2OQalIR549n3VLZrbozkGXi5aQMOerd0lenp1gW8wSZpMb4nptiMKYaBZN8UuxkhqeUDWmf+5YmNOYmGM9OnpBTq/RIpLStBMlM/T0xprExozi0nTHFgVn0puJ/np9hdB2MRZJmyBM2XxRlkqAi0/9JT2jOUI4soUwLeythA6opQ5tS0YbgLb68TJoXVc+teveX5dpNHkcBjuEEKuDBFdTgDurQAAYKnuEV3hx0Xpx352PeuuLkM0fwB87nDwzvkG4=</latexit><latexit sha1_base64="6wrXu09VgS8YkYp6lRIYZOt6PUw=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJUkJKIoMeiF48V7AekoWy2m3btJht2J0Ip/RlePCji1V/jzX/jts1BWx8MPN6bYWZemEph0HW/nZXVtfWNzcJWcXtnd2+/dHDYNCrTjDeYkkq3Q2q4FAlvoEDJ26nmNA4lb4XD26nfeuLaCJU84CjlQUz7iYgEo2glv2OQalIR549n3VLZrbozkGXi5aQMOerd0lenp1gW8wSZpMb4nptiMKYaBZN8UuxkhqeUDWmf+5YmNOYmGM9OnpBTq/RIpLStBMlM/T0xprExozi0nTHFgVn0puJ/np9hdB2MRZJmyBM2XxRlkqAi0/9JT2jOUI4soUwLeythA6opQ5tS0YbgLb68TJoXVc+teveX5dpNHkcBjuEEKuDBFdTgDurQAAYKnuEV3hx0Xpx352PeuuLkM0fwB87nDwzvkG4=</latexit><latexit sha1_base64="6wrXu09VgS8YkYp6lRIYZOt6PUw=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJUkJKIoMeiF48V7AekoWy2m3btJht2J0Ip/RlePCji1V/jzX/jts1BWx8MPN6bYWZemEph0HW/nZXVtfWNzcJWcXtnd2+/dHDYNCrTjDeYkkq3Q2q4FAlvoEDJ26nmNA4lb4XD26nfeuLaCJU84CjlQUz7iYgEo2glv2OQalIR549n3VLZrbozkGXi5aQMOerd0lenp1gW8wSZpMb4nptiMKYaBZN8UuxkhqeUDWmf+5YmNOYmGM9OnpBTq/RIpLStBMlM/T0xprExozi0nTHFgVn0puJ/np9hdB2MRZJmyBM2XxRlkqAi0/9JT2jOUI4soUwLeythA6opQ5tS0YbgLb68TJoXVc+teveX5dpNHkcBjuEEKuDBFdTgDurQAAYKnuEV3hx0Xpx352PeuuLkM0fwB87nDwzvkG4=</latexit><latexit sha1_base64="6wrXu09VgS8YkYp6lRIYZOt6PUw=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJUkJKIoMeiF48V7AekoWy2m3btJht2J0Ip/RlePCji1V/jzX/jts1BWx8MPN6bYWZemEph0HW/nZXVtfWNzcJWcXtnd2+/dHDYNCrTjDeYkkq3Q2q4FAlvoEDJ26nmNA4lb4XD26nfeuLaCJU84CjlQUz7iYgEo2glv2OQalIR549n3VLZrbozkGXi5aQMOerd0lenp1gW8wSZpMb4nptiMKYaBZN8UuxkhqeUDWmf+5YmNOYmGM9OnpBTq/RIpLStBMlM/T0xprExozi0nTHFgVn0puJ/np9hdB2MRZJmyBM2XxRlkqAi0/9JT2jOUI4soUwLeythA6opQ5tS0YbgLb68TJoXVc+teveX5dpNHkcBjuEEKuDBFdTgDurQAAYKnuEV3hx0Xpx352PeuuLkM0fwB87nDwzvkG4=</latexit>

vj � vi

kvj � vik
<latexit sha1_base64="RuXV6u9hQXNnDwCKiqBSO+XaMnY=">AAACKnicdVDLSsNAFJ34rPUVdelmsAhuLIkIuqy6cVnBPqAJYTKdtGMnkzAzKZQ03+PGX3HThVLc+iFO2oDa6oGBM+fcy733+DGjUlnW1FhZXVvf2Cxtlbd3dvf2zYPDpowSgUkDRywSbR9JwignDUUVI+1YEBT6jLT8wV3ut4ZESBrxRzWKiRuiHqcBxUhpyTNvnEAgnDohUn0/gEPvCZ7D7x/NUmcM/3WhM848s2JVrRngMrELUgEF6p45cboRTkLCFWZIyo5txcpNkVAUM5KVnUSSGOEB6pGOphyFRLrp7NQMnmqlC4NI6McVnKk/O1IUSjkKfV2ZrykXvVz8y+skKrh2U8rjRBGO54OChEEVwTw32KWCYMVGmiAsqN4V4j7S2SmdblmHYC+evEyaF1XbqtoPl5XabRFHCRyDE3AGbHAFauAe1EEDYPAMXsEbeDdejIkxNT7mpStG0XMEfsH4/AJjeaaZ</latexit><latexit sha1_base64="RuXV6u9hQXNnDwCKiqBSO+XaMnY=">AAACKnicdVDLSsNAFJ34rPUVdelmsAhuLIkIuqy6cVnBPqAJYTKdtGMnkzAzKZQ03+PGX3HThVLc+iFO2oDa6oGBM+fcy733+DGjUlnW1FhZXVvf2Cxtlbd3dvf2zYPDpowSgUkDRywSbR9JwignDUUVI+1YEBT6jLT8wV3ut4ZESBrxRzWKiRuiHqcBxUhpyTNvnEAgnDohUn0/gEPvCZ7D7x/NUmcM/3WhM848s2JVrRngMrELUgEF6p45cboRTkLCFWZIyo5txcpNkVAUM5KVnUSSGOEB6pGOphyFRLrp7NQMnmqlC4NI6McVnKk/O1IUSjkKfV2ZrykXvVz8y+skKrh2U8rjRBGO54OChEEVwTw32KWCYMVGmiAsqN4V4j7S2SmdblmHYC+evEyaF1XbqtoPl5XabRFHCRyDE3AGbHAFauAe1EEDYPAMXsEbeDdejIkxNT7mpStG0XMEfsH4/AJjeaaZ</latexit><latexit sha1_base64="RuXV6u9hQXNnDwCKiqBSO+XaMnY=">AAACKnicdVDLSsNAFJ34rPUVdelmsAhuLIkIuqy6cVnBPqAJYTKdtGMnkzAzKZQ03+PGX3HThVLc+iFO2oDa6oGBM+fcy733+DGjUlnW1FhZXVvf2Cxtlbd3dvf2zYPDpowSgUkDRywSbR9JwignDUUVI+1YEBT6jLT8wV3ut4ZESBrxRzWKiRuiHqcBxUhpyTNvnEAgnDohUn0/gEPvCZ7D7x/NUmcM/3WhM848s2JVrRngMrELUgEF6p45cboRTkLCFWZIyo5txcpNkVAUM5KVnUSSGOEB6pGOphyFRLrp7NQMnmqlC4NI6McVnKk/O1IUSjkKfV2ZrykXvVz8y+skKrh2U8rjRBGO54OChEEVwTw32KWCYMVGmiAsqN4V4j7S2SmdblmHYC+evEyaF1XbqtoPl5XabRFHCRyDE3AGbHAFauAe1EEDYPAMXsEbeDdejIkxNT7mpStG0XMEfsH4/AJjeaaZ</latexit><latexit sha1_base64="RuXV6u9hQXNnDwCKiqBSO+XaMnY=">AAACKnicdVDLSsNAFJ34rPUVdelmsAhuLIkIuqy6cVnBPqAJYTKdtGMnkzAzKZQ03+PGX3HThVLc+iFO2oDa6oGBM+fcy733+DGjUlnW1FhZXVvf2Cxtlbd3dvf2zYPDpowSgUkDRywSbR9JwignDUUVI+1YEBT6jLT8wV3ut4ZESBrxRzWKiRuiHqcBxUhpyTNvnEAgnDohUn0/gEPvCZ7D7x/NUmcM/3WhM848s2JVrRngMrELUgEF6p45cboRTkLCFWZIyo5txcpNkVAUM5KVnUSSGOEB6pGOphyFRLrp7NQMnmqlC4NI6McVnKk/O1IUSjkKfV2ZrykXvVz8y+skKrh2U8rjRBGO54OChEEVwTw32KWCYMVGmiAsqN4V4j7S2SmdblmHYC+evEyaF1XbqtoPl5XabRFHCRyDE3AGbHAFauAe1EEDYPAMXsEbeDdejIkxNT7mpStG0XMEfsH4/AJjeaaZ</latexit>

negative dual volume



Discrete Laplacian: Finite Volumes
• Positivity:


• Delaunay meshes have embedded circumcentric duals =>               

wij =
Vol(?(i, j))

Vol(i, j)
<latexit sha1_base64="XaykqCM1fOBjm4l84eQ4bECN5xs=">AAACI3icbVDLSsNAFJ34rPUVdelmsAgtSElEUASh6MZlBfuAJpTJdNJOO8mEmYlSQv7Fjb/ixoVS3LjwX5y0WdjWAxcO59zLvfd4EaNSWda3sbK6tr6xWdgqbu/s7u2bB4dNyWOBSQNzxkXbQ5IwGpKGooqRdiQICjxGWt7oLvNbT0RIysNHNY6IG6B+SH2KkdJS17x+7iZ0mN44vkA4cQKkBiJImpylZUcqJGCZng0rlXTeyrS0a5asqjUFXCZ2TkogR71rTpwex3FAQoUZkrJjW5FyEyQUxYykRSeWJEJ4hPqko2mIAiLdZPpjCk+10oM+F7pCBafq34kEBVKOA093ZpfKRS8T//M6sfKv3ISGUaxIiGeL/JhBxWEWGOxRQbBiY00QFlTfCvEA6bSUjrWoQ7AXX14mzfOqbVXth4tS7TaPowCOwQkoAxtcghq4B3XQABi8gDfwAT6NV+PdmBhfs9YVI585AnMwfn4B312k+A==</latexit><latexit sha1_base64="XaykqCM1fOBjm4l84eQ4bECN5xs=">AAACI3icbVDLSsNAFJ34rPUVdelmsAgtSElEUASh6MZlBfuAJpTJdNJOO8mEmYlSQv7Fjb/ixoVS3LjwX5y0WdjWAxcO59zLvfd4EaNSWda3sbK6tr6xWdgqbu/s7u2bB4dNyWOBSQNzxkXbQ5IwGpKGooqRdiQICjxGWt7oLvNbT0RIysNHNY6IG6B+SH2KkdJS17x+7iZ0mN44vkA4cQKkBiJImpylZUcqJGCZng0rlXTeyrS0a5asqjUFXCZ2TkogR71rTpwex3FAQoUZkrJjW5FyEyQUxYykRSeWJEJ4hPqko2mIAiLdZPpjCk+10oM+F7pCBafq34kEBVKOA093ZpfKRS8T//M6sfKv3ISGUaxIiGeL/JhBxWEWGOxRQbBiY00QFlTfCvEA6bSUjrWoQ7AXX14mzfOqbVXth4tS7TaPowCOwQkoAxtcghq4B3XQABi8gDfwAT6NV+PdmBhfs9YVI585AnMwfn4B312k+A==</latexit><latexit sha1_base64="XaykqCM1fOBjm4l84eQ4bECN5xs=">AAACI3icbVDLSsNAFJ34rPUVdelmsAgtSElEUASh6MZlBfuAJpTJdNJOO8mEmYlSQv7Fjb/ixoVS3LjwX5y0WdjWAxcO59zLvfd4EaNSWda3sbK6tr6xWdgqbu/s7u2bB4dNyWOBSQNzxkXbQ5IwGpKGooqRdiQICjxGWt7oLvNbT0RIysNHNY6IG6B+SH2KkdJS17x+7iZ0mN44vkA4cQKkBiJImpylZUcqJGCZng0rlXTeyrS0a5asqjUFXCZ2TkogR71rTpwex3FAQoUZkrJjW5FyEyQUxYykRSeWJEJ4hPqko2mIAiLdZPpjCk+10oM+F7pCBafq34kEBVKOA093ZpfKRS8T//M6sfKv3ISGUaxIiGeL/JhBxWEWGOxRQbBiY00QFlTfCvEA6bSUjrWoQ7AXX14mzfOqbVXth4tS7TaPowCOwQkoAxtcghq4B3XQABi8gDfwAT6NV+PdmBhfs9YVI585AnMwfn4B312k+A==</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="Uf1te6sHZD0iXW6cJ+e24FFFTu4=">AAACGHicbZBLSwMxFIXv+Ky16ujWTbAILUiZcaMIguDGZQX7gM4wZNJMmzbzIMkoZZj/4sa/4saFUtz4b8y0XdjWA4HDOQm59/MTzqSyrB9jY3Nre2e3tFferxwcHpnHlbaMU0Foi8Q8Fl0fS8pZRFuKKU67iaA49Dnt+OP7ou88UyFZHD2pSULdEA8iFjCClY488+bFy9gov3UCgUnmhFgNRZi1Y57XHKmwQDV2MarX8+WqyHLPrFoNaya0buyFqcJCTc+cOv2YpCGNFOFYyp5tJcrNsFCMcJqXnVTSBJMxHtCethEOqXSz2Y45OtdJHwWx0CdSaJb+fZHhUMpJ6OubxaRytSvC/7peqoJrN2NRkioakflHQcqRilEBDPWZoETxiTaYCKZnRWSINS2lsZY1BHt15XXTvmzYVsN+tKAEp3AGNbDhCu7gAZrQAgKv8A6f8GW8GR/GdI5rw1hwO4ElGd+/zW6jag==</latexit><latexit sha1_base64="Uf1te6sHZD0iXW6cJ+e24FFFTu4=">AAACGHicbZBLSwMxFIXv+Ky16ujWTbAILUiZcaMIguDGZQX7gM4wZNJMmzbzIMkoZZj/4sa/4saFUtz4b8y0XdjWA4HDOQm59/MTzqSyrB9jY3Nre2e3tFferxwcHpnHlbaMU0Foi8Q8Fl0fS8pZRFuKKU67iaA49Dnt+OP7ou88UyFZHD2pSULdEA8iFjCClY488+bFy9gov3UCgUnmhFgNRZi1Y57XHKmwQDV2MarX8+WqyHLPrFoNaya0buyFqcJCTc+cOv2YpCGNFOFYyp5tJcrNsFCMcJqXnVTSBJMxHtCethEOqXSz2Y45OtdJHwWx0CdSaJb+fZHhUMpJ6OubxaRytSvC/7peqoJrN2NRkioakflHQcqRilEBDPWZoETxiTaYCKZnRWSINS2lsZY1BHt15XXTvmzYVsN+tKAEp3AGNbDhCu7gAZrQAgKv8A6f8GW8GR/GdI5rw1hwO4ElGd+/zW6jag==</latexit><latexit sha1_base64="rw0IrfO0TJXMaDVwHTV677U3CPM=">AAACI3icbVDLSsNAFJ3UV62vqEs3g0VoQUriRhGEohuXFewDmlAm00k77WQSZiZKCfkXN/6KGxdKcePCf3HSZmFbD1w4nHMv997jRYxKZVnfRmFtfWNzq7hd2tnd2z8wD49aMowFJk0cslB0PCQJo5w0FVWMdCJBUOAx0vbGd5nffiJC0pA/qklE3AANOPUpRkpLPfP6uZfQUXrj+ALhxAmQGoogaYUsrThSIQEr9HxUraaLVqalPbNs1awZ4Cqxc1IGORo9c+r0QxwHhCvMkJRd24qUmyChKGYkLTmxJBHCYzQgXU05Coh0k9mPKTzTSh/6odDFFZypfycSFEg5CTzdmV0ql71M/M/rxsq/chPKo1gRjueL/JhBFcIsMNingmDFJpogLKi+FeIh0mkpHWtJh2Avv7xKWhc126rZD1a5fpvHUQQn4BRUgA0uQR3cgwZoAgxewBv4AJ/Gq/FuTI2veWvByGeOwQKMn1/eHaT0</latexit><latexit sha1_base64="XaykqCM1fOBjm4l84eQ4bECN5xs=">AAACI3icbVDLSsNAFJ34rPUVdelmsAgtSElEUASh6MZlBfuAJpTJdNJOO8mEmYlSQv7Fjb/ixoVS3LjwX5y0WdjWAxcO59zLvfd4EaNSWda3sbK6tr6xWdgqbu/s7u2bB4dNyWOBSQNzxkXbQ5IwGpKGooqRdiQICjxGWt7oLvNbT0RIysNHNY6IG6B+SH2KkdJS17x+7iZ0mN44vkA4cQKkBiJImpylZUcqJGCZng0rlXTeyrS0a5asqjUFXCZ2TkogR71rTpwex3FAQoUZkrJjW5FyEyQUxYykRSeWJEJ4hPqko2mIAiLdZPpjCk+10oM+F7pCBafq34kEBVKOA093ZpfKRS8T//M6sfKv3ISGUaxIiGeL/JhBxWEWGOxRQbBiY00QFlTfCvEA6bSUjrWoQ7AXX14mzfOqbVXth4tS7TaPowCOwQkoAxtcghq4B3XQABi8gDfwAT6NV+PdmBhfs9YVI585AnMwfn4B312k+A==</latexit><latexit sha1_base64="XaykqCM1fOBjm4l84eQ4bECN5xs=">AAACI3icbVDLSsNAFJ34rPUVdelmsAgtSElEUASh6MZlBfuAJpTJdNJOO8mEmYlSQv7Fjb/ixoVS3LjwX5y0WdjWAxcO59zLvfd4EaNSWda3sbK6tr6xWdgqbu/s7u2bB4dNyWOBSQNzxkXbQ5IwGpKGooqRdiQICjxGWt7oLvNbT0RIysNHNY6IG6B+SH2KkdJS17x+7iZ0mN44vkA4cQKkBiJImpylZUcqJGCZng0rlXTeyrS0a5asqjUFXCZ2TkogR71rTpwex3FAQoUZkrJjW5FyEyQUxYykRSeWJEJ4hPqko2mIAiLdZPpjCk+10oM+F7pCBafq34kEBVKOA093ZpfKRS8T//M6sfKv3ISGUaxIiGeL/JhBxWEWGOxRQbBiY00QFlTfCvEA6bSUjrWoQ7AXX14mzfOqbVXth4tS7TaPowCOwQkoAxtcghq4B3XQABi8gDfwAT6NV+PdmBhfs9YVI585AnMwfn4B312k+A==</latexit><latexit sha1_base64="XaykqCM1fOBjm4l84eQ4bECN5xs=">AAACI3icbVDLSsNAFJ34rPUVdelmsAgtSElEUASh6MZlBfuAJpTJdNJOO8mEmYlSQv7Fjb/ixoVS3LjwX5y0WdjWAxcO59zLvfd4EaNSWda3sbK6tr6xWdgqbu/s7u2bB4dNyWOBSQNzxkXbQ5IwGpKGooqRdiQICjxGWt7oLvNbT0RIysNHNY6IG6B+SH2KkdJS17x+7iZ0mN44vkA4cQKkBiJImpylZUcqJGCZng0rlXTeyrS0a5asqjUFXCZ2TkogR71rTpwex3FAQoUZkrJjW5FyEyQUxYykRSeWJEJ4hPqko2mIAiLdZPpjCk+10oM+F7pCBafq34kEBVKOA093ZpfKRS8T//M6sfKv3ISGUaxIiGeL/JhBxWEWGOxRQbBiY00QFlTfCvEA6bSUjrWoQ7AXX14mzfOqbVXth4tS7TaPowCOwQkoAxtcghq4B3XQABi8gDfwAT6NV+PdmBhfs9YVI585AnMwfn4B312k+A==</latexit><latexit sha1_base64="XaykqCM1fOBjm4l84eQ4bECN5xs=">AAACI3icbVDLSsNAFJ34rPUVdelmsAgtSElEUASh6MZlBfuAJpTJdNJOO8mEmYlSQv7Fjb/ixoVS3LjwX5y0WdjWAxcO59zLvfd4EaNSWda3sbK6tr6xWdgqbu/s7u2bB4dNyWOBSQNzxkXbQ5IwGpKGooqRdiQICjxGWt7oLvNbT0RIysNHNY6IG6B+SH2KkdJS17x+7iZ0mN44vkA4cQKkBiJImpylZUcqJGCZng0rlXTeyrS0a5asqjUFXCZ2TkogR71rTpwex3FAQoUZkrJjW5FyEyQUxYykRSeWJEJ4hPqko2mIAiLdZPpjCk+10oM+F7pCBafq34kEBVKOA093ZpfKRS8T//M6sfKv3ISGUaxIiGeL/JhBxWEWGOxRQbBiY00QFlTfCvEA6bSUjrWoQ7AXX14mzfOqbVXth4tS7TaPowCOwQkoAxtcghq4B3XQABi8gDfwAT6NV+PdmBhfs9YVI585AnMwfn4B312k+A==</latexit><latexit sha1_base64="XaykqCM1fOBjm4l84eQ4bECN5xs=">AAACI3icbVDLSsNAFJ34rPUVdelmsAgtSElEUASh6MZlBfuAJpTJdNJOO8mEmYlSQv7Fjb/ixoVS3LjwX5y0WdjWAxcO59zLvfd4EaNSWda3sbK6tr6xWdgqbu/s7u2bB4dNyWOBSQNzxkXbQ5IwGpKGooqRdiQICjxGWt7oLvNbT0RIysNHNY6IG6B+SH2KkdJS17x+7iZ0mN44vkA4cQKkBiJImpylZUcqJGCZng0rlXTeyrS0a5asqjUFXCZ2TkogR71rTpwex3FAQoUZkrJjW5FyEyQUxYykRSeWJEJ4hPqko2mIAiLdZPpjCk+10oM+F7pCBafq34kEBVKOA093ZpfKRS8T//M6sfKv3ISGUaxIiGeL/JhBxWEWGOxRQbBiY00QFlTfCvEA6bSUjrWoQ7AXX14mzfOqbVXth4tS7TaPowCOwQkoAxtcghq4B3XQABi8gDfwAT6NV+PdmBhfs9YVI585AnMwfn4B312k+A==</latexit><latexit sha1_base64="XaykqCM1fOBjm4l84eQ4bECN5xs=">AAACI3icbVDLSsNAFJ34rPUVdelmsAgtSElEUASh6MZlBfuAJpTJdNJOO8mEmYlSQv7Fjb/ixoVS3LjwX5y0WdjWAxcO59zLvfd4EaNSWda3sbK6tr6xWdgqbu/s7u2bB4dNyWOBSQNzxkXbQ5IwGpKGooqRdiQICjxGWt7oLvNbT0RIysNHNY6IG6B+SH2KkdJS17x+7iZ0mN44vkA4cQKkBiJImpylZUcqJGCZng0rlXTeyrS0a5asqjUFXCZ2TkogR71rTpwex3FAQoUZkrJjW5FyEyQUxYykRSeWJEJ4hPqko2mIAiLdZPpjCk+10oM+F7pCBafq34kEBVKOA093ZpfKRS8T//M6sfKv3ISGUaxIiGeL/JhBxWEWGOxRQbBiY00QFlTfCvEA6bSUjrWoQ7AXX14mzfOqbVXth4tS7TaPowCOwQkoAxtcghq4B3XQABi8gDfwAT6NV+PdmBhfs9YVI585AnMwfn4B312k+A==</latexit>

(i, j)
<latexit sha1_base64="YumAbx8uKsVzlFDr9re9KqYa2Z0=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJUkJKIoMeiF48VTFtoQ9lsJ+3azSbsboRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dlZW19Y3Ngtbxe2d3b390sFhQyeZYuizRCSqFVKNgkv0DTcCW6lCGocCm+Hwduo3n1BpnsgHM0oxiGlf8ogzaqzkV/j541m3VHar7gxkmXg5KUOOerf01eklLItRGiao1m3PTU0wpspwJnBS7GQaU8qGtI9tSyWNUQfj2bETcmqVHokSZUsaMlN/T4xprPUoDm1nTM1AL3pT8T+vnZnoOhhzmWYGJZsvijJBTEKmn5MeV8iMGFlCmeL2VsIGVFFmbD5FG4K3+PIyaVxUPbfq3V+Wazd5HAU4hhOogAdXUIM7qIMPDDg8wyu8OdJ5cd6dj3nripPPHMEfOJ8/w/CN/A==</latexit><latexit sha1_base64="YumAbx8uKsVzlFDr9re9KqYa2Z0=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJUkJKIoMeiF48VTFtoQ9lsJ+3azSbsboRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dlZW19Y3Ngtbxe2d3b390sFhQyeZYuizRCSqFVKNgkv0DTcCW6lCGocCm+Hwduo3n1BpnsgHM0oxiGlf8ogzaqzkV/j541m3VHar7gxkmXg5KUOOerf01eklLItRGiao1m3PTU0wpspwJnBS7GQaU8qGtI9tSyWNUQfj2bETcmqVHokSZUsaMlN/T4xprPUoDm1nTM1AL3pT8T+vnZnoOhhzmWYGJZsvijJBTEKmn5MeV8iMGFlCmeL2VsIGVFFmbD5FG4K3+PIyaVxUPbfq3V+Wazd5HAU4hhOogAdXUIM7qIMPDDg8wyu8OdJ5cd6dj3nripPPHMEfOJ8/w/CN/A==</latexit><latexit sha1_base64="YumAbx8uKsVzlFDr9re9KqYa2Z0=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJUkJKIoMeiF48VTFtoQ9lsJ+3azSbsboRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dlZW19Y3Ngtbxe2d3b390sFhQyeZYuizRCSqFVKNgkv0DTcCW6lCGocCm+Hwduo3n1BpnsgHM0oxiGlf8ogzaqzkV/j541m3VHar7gxkmXg5KUOOerf01eklLItRGiao1m3PTU0wpspwJnBS7GQaU8qGtI9tSyWNUQfj2bETcmqVHokSZUsaMlN/T4xprPUoDm1nTM1AL3pT8T+vnZnoOhhzmWYGJZsvijJBTEKmn5MeV8iMGFlCmeL2VsIGVFFmbD5FG4K3+PIyaVxUPbfq3V+Wazd5HAU4hhOogAdXUIM7qIMPDDg8wyu8OdJ5cd6dj3nripPPHMEfOJ8/w/CN/A==</latexit><latexit sha1_base64="YumAbx8uKsVzlFDr9re9KqYa2Z0=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJUkJKIoMeiF48VTFtoQ9lsJ+3azSbsboRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dlZW19Y3Ngtbxe2d3b390sFhQyeZYuizRCSqFVKNgkv0DTcCW6lCGocCm+Hwduo3n1BpnsgHM0oxiGlf8ogzaqzkV/j541m3VHar7gxkmXg5KUOOerf01eklLItRGiao1m3PTU0wpspwJnBS7GQaU8qGtI9tSyWNUQfj2bETcmqVHokSZUsaMlN/T4xprPUoDm1nTM1AL3pT8T+vnZnoOhhzmWYGJZsvijJBTEKmn5MeV8iMGFlCmeL2VsIGVFFmbD5FG4K3+PIyaVxUPbfq3V+Wazd5HAU4hhOogAdXUIM7qIMPDDg8wyu8OdJ5cd6dj3nripPPHMEfOJ8/w/CN/A==</latexit>

?(i, j)
<latexit sha1_base64="6wrXu09VgS8YkYp6lRIYZOt6PUw=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJUkJKIoMeiF48V7AekoWy2m3btJht2J0Ip/RlePCji1V/jzX/jts1BWx8MPN6bYWZemEph0HW/nZXVtfWNzcJWcXtnd2+/dHDYNCrTjDeYkkq3Q2q4FAlvoEDJ26nmNA4lb4XD26nfeuLaCJU84CjlQUz7iYgEo2glv2OQalIR549n3VLZrbozkGXi5aQMOerd0lenp1gW8wSZpMb4nptiMKYaBZN8UuxkhqeUDWmf+5YmNOYmGM9OnpBTq/RIpLStBMlM/T0xprExozi0nTHFgVn0puJ/np9hdB2MRZJmyBM2XxRlkqAi0/9JT2jOUI4soUwLeythA6opQ5tS0YbgLb68TJoXVc+teveX5dpNHkcBjuEEKuDBFdTgDurQAAYKnuEV3hx0Xpx352PeuuLkM0fwB87nDwzvkG4=</latexit><latexit sha1_base64="6wrXu09VgS8YkYp6lRIYZOt6PUw=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJUkJKIoMeiF48V7AekoWy2m3btJht2J0Ip/RlePCji1V/jzX/jts1BWx8MPN6bYWZemEph0HW/nZXVtfWNzcJWcXtnd2+/dHDYNCrTjDeYkkq3Q2q4FAlvoEDJ26nmNA4lb4XD26nfeuLaCJU84CjlQUz7iYgEo2glv2OQalIR549n3VLZrbozkGXi5aQMOerd0lenp1gW8wSZpMb4nptiMKYaBZN8UuxkhqeUDWmf+5YmNOYmGM9OnpBTq/RIpLStBMlM/T0xprExozi0nTHFgVn0puJ/np9hdB2MRZJmyBM2XxRlkqAi0/9JT2jOUI4soUwLeythA6opQ5tS0YbgLb68TJoXVc+teveX5dpNHkcBjuEEKuDBFdTgDurQAAYKnuEV3hx0Xpx352PeuuLkM0fwB87nDwzvkG4=</latexit><latexit sha1_base64="6wrXu09VgS8YkYp6lRIYZOt6PUw=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJUkJKIoMeiF48V7AekoWy2m3btJht2J0Ip/RlePCji1V/jzX/jts1BWx8MPN6bYWZemEph0HW/nZXVtfWNzcJWcXtnd2+/dHDYNCrTjDeYkkq3Q2q4FAlvoEDJ26nmNA4lb4XD26nfeuLaCJU84CjlQUz7iYgEo2glv2OQalIR549n3VLZrbozkGXi5aQMOerd0lenp1gW8wSZpMb4nptiMKYaBZN8UuxkhqeUDWmf+5YmNOYmGM9OnpBTq/RIpLStBMlM/T0xprExozi0nTHFgVn0puJ/np9hdB2MRZJmyBM2XxRlkqAi0/9JT2jOUI4soUwLeythA6opQ5tS0YbgLb68TJoXVc+teveX5dpNHkcBjuEEKuDBFdTgDurQAAYKnuEV3hx0Xpx352PeuuLkM0fwB87nDwzvkG4=</latexit><latexit sha1_base64="6wrXu09VgS8YkYp6lRIYZOt6PUw=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJUkJKIoMeiF48V7AekoWy2m3btJht2J0Ip/RlePCji1V/jzX/jts1BWx8MPN6bYWZemEph0HW/nZXVtfWNzcJWcXtnd2+/dHDYNCrTjDeYkkq3Q2q4FAlvoEDJ26nmNA4lb4XD26nfeuLaCJU84CjlQUz7iYgEo2glv2OQalIR549n3VLZrbozkGXi5aQMOerd0lenp1gW8wSZpMb4nptiMKYaBZN8UuxkhqeUDWmf+5YmNOYmGM9OnpBTq/RIpLStBMlM/T0xprExozi0nTHFgVn0puJ/np9hdB2MRZJmyBM2XxRlkqAi0/9JT2jOUI4soUwLeythA6opQ5tS0YbgLb68TJoXVc+teveX5dpNHkcBjuEEKuDBFdTgDurQAAYKnuEV3hx0Xpx352PeuuLkM0fwB87nDwzvkG4=</latexit>

wij � 0
<latexit sha1_base64="QR2DJUdNAALKOTWBcXZKXpal7ME=">AAAB83icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0MIiYGMZwXxALoS9zVyyZm/v3N1TwpG/YWOhiK1/xs5/4ya5QhMfDDzem2FmXpAIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6Hrqtx5RaR7LOzNOsBvRgeQhZ9RYyX/qZfx+4g/wgbi9csWtujOQZeLlpAI56r3yl9+PWRqhNExQrTuem5huRpXhTOCk5KcaE8pGdIAdSyWNUHez2c0TcmKVPgljZUsaMlN/T2Q00nocBbYzomaoF72p+J/XSU142c24TFKDks0XhakgJibTAEifK2RGjC2hTHF7K2FDqigzNqaSDcFbfHmZNM+qnlv1bs8rtas8jiIcwTGcggcXUIMbqEMDGCTwDK/w5qTOi/PufMxbC04+cwh/4Hz+AMJAkXY=</latexit><latexit sha1_base64="QR2DJUdNAALKOTWBcXZKXpal7ME=">AAAB83icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0MIiYGMZwXxALoS9zVyyZm/v3N1TwpG/YWOhiK1/xs5/4ya5QhMfDDzem2FmXpAIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6Hrqtx5RaR7LOzNOsBvRgeQhZ9RYyX/qZfx+4g/wgbi9csWtujOQZeLlpAI56r3yl9+PWRqhNExQrTuem5huRpXhTOCk5KcaE8pGdIAdSyWNUHez2c0TcmKVPgljZUsaMlN/T2Q00nocBbYzomaoF72p+J/XSU142c24TFKDks0XhakgJibTAEifK2RGjC2hTHF7K2FDqigzNqaSDcFbfHmZNM+qnlv1bs8rtas8jiIcwTGcggcXUIMbqEMDGCTwDK/w5qTOi/PufMxbC04+cwh/4Hz+AMJAkXY=</latexit><latexit sha1_base64="QR2DJUdNAALKOTWBcXZKXpal7ME=">AAAB83icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0MIiYGMZwXxALoS9zVyyZm/v3N1TwpG/YWOhiK1/xs5/4ya5QhMfDDzem2FmXpAIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6Hrqtx5RaR7LOzNOsBvRgeQhZ9RYyX/qZfx+4g/wgbi9csWtujOQZeLlpAI56r3yl9+PWRqhNExQrTuem5huRpXhTOCk5KcaE8pGdIAdSyWNUHez2c0TcmKVPgljZUsaMlN/T2Q00nocBbYzomaoF72p+J/XSU142c24TFKDks0XhakgJibTAEifK2RGjC2hTHF7K2FDqigzNqaSDcFbfHmZNM+qnlv1bs8rtas8jiIcwTGcggcXUIMbqEMDGCTwDK/w5qTOi/PufMxbC04+cwh/4Hz+AMJAkXY=</latexit><latexit sha1_base64="QR2DJUdNAALKOTWBcXZKXpal7ME=">AAAB83icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0MIiYGMZwXxALoS9zVyyZm/v3N1TwpG/YWOhiK1/xs5/4ya5QhMfDDzem2FmXpAIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6Hrqtx5RaR7LOzNOsBvRgeQhZ9RYyX/qZfx+4g/wgbi9csWtujOQZeLlpAI56r3yl9+PWRqhNExQrTuem5huRpXhTOCk5KcaE8pGdIAdSyWNUHez2c0TcmKVPgljZUsaMlN/T2Q00nocBbYzomaoF72p+J/XSU142c24TFKDks0XhakgJibTAEifK2RGjC2hTHF7K2FDqigzNqaSDcFbfHmZNM+qnlv1bs8rtas8jiIcwTGcggcXUIMbqEMDGCTwDK/w5qTOi/PufMxbC04+cwh/4Hz+AMJAkXY=</latexit>



<latexit sha1_base64="6IYTgQ3Dz4TeiMmNb12+kEsXLno=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt2s0l3N0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hodua3nlBpHssHM0nQj+hA8pAzaqzUpr2MP47EtFeuuFV3DrJKvJxUIEe9V/7q9mOWRigNE1Trjucmxs+oMpwJnJa6qcaEshEdYMdSSSPUfja/d0rOrNInYaxsSUPm6u+JjEZaT6LAdkbUDPWyNxP/8zqpCa/9jMskNSjZYlGYCmJiMnue9LlCZsTEEsoUt7cSNqSKMmMjKtkQvOWXV0nzouq5Ve/+slK7yeMowgmcwjl4cAU1uIM6NICBgGd4hTdn7Lw4787HorXg5DPH8AfO5w9fDZAs</latexit>

Discrete Laplacian: Strong Locality
• Element wise construction:


• Applies to non-Delaunay meshes.

• Easy boundary treatment.

wij =
kvi � vjk

8

X

ijkl

cot ✓

✓
2
cot↵ cot�

cos ✓
� cot2 ↵� cot2 �

◆

<latexit sha1_base64="A71bob3NTqd98RZbFwaRihi6ZwE="></latexit>



Discrete Laplacian: Properties
• Properties by construction (finite elements/finite volumes):


• Properties by construction (finite elements): 
       


• Properties by construction (finite volumes, Delaunay mesh):

negative semi-definite

positive coefficients (mesh interior)

symmetry, strong locality, linear precision



Discrete Laplacian: Properties 2d
• For triangle meshes:


• Delaunay meshes:


• non-Delaunay meshes:

negative semi-definite and positive coefficients (interior)

negative semi-definite

finite element Laplace = finite volume Laplace = cotan Laplace



Discrete Laplacian: Properties 3d
• For tetrahedral meshes:

finite element Laplace   finite volume Laplace≠



Discrete Laplacian: Properties 3d
• Finite volume Laplace:

positive weights (away from the boundary) Delaunay mesh:

                                 -                                   non-Delaunay mesh:



Numerical Experiments
• Minimizing Dirichlet energy: Delaunay mesh



Numerical Experiments
• Minimizing Dirichlet energy: Delaunay mesh

<latexit sha1_base64="tlPppMk1+o1Zq5NSEaWgVA8oiVE=">AAAB9XicbVDLTgJBEJzFF+IL9ehlIjHxRHa56JHoxSNGeSSwktmhFybMYzMzq9kQ/sOLB43x6r94828cYA8KVtJJpao73V1Rwpmxvv/tFdbWNza3itulnd29/YPy4VHLqFRTaFLFle5ExABnEpqWWQ6dRAMREYd2NL6e+e1H0IYpeW+zBEJBhpLFjBLrpIe7TAiwOsOgtdL9csWv+nPgVRLkpIJyNPrlr95A0VSAtJQTY7qBn9hwQrRllMO01EsNJISOyRC6jkoiwIST+dVTfOaUAY6VdiUtnqu/JyZEGJOJyHUKYkdm2ZuJ/3nd1MaX4YTJJLUg6WJRnHJsFZ5FgAdMA7U8c4RQzdytmI6IJtS6oEouhGD55VXSqlUDvxrc1ir1qzyOIjpBp+gcBegC1dENaqAmokijZ/SK3rwn78V79z4WrQUvnzlGf+B9/gDaIZK4</latexit>



Numerical Experiments
• Minimizing Dirichlet energy: non-Delaunay mesh

<latexit sha1_base64="tlPppMk1+o1Zq5NSEaWgVA8oiVE=">AAAB9XicbVDLTgJBEJzFF+IL9ehlIjHxRHa56JHoxSNGeSSwktmhFybMYzMzq9kQ/sOLB43x6r94828cYA8KVtJJpao73V1Rwpmxvv/tFdbWNza3itulnd29/YPy4VHLqFRTaFLFle5ExABnEpqWWQ6dRAMREYd2NL6e+e1H0IYpeW+zBEJBhpLFjBLrpIe7TAiwOsOgtdL9csWv+nPgVRLkpIJyNPrlr95A0VSAtJQTY7qBn9hwQrRllMO01EsNJISOyRC6jkoiwIST+dVTfOaUAY6VdiUtnqu/JyZEGJOJyHUKYkdm2ZuJ/3nd1MaX4YTJJLUg6WJRnHJsFZ5FgAdMA7U8c4RQzdytmI6IJtS6oEouhGD55VXSqlUDvxrc1ir1qzyOIjpBp+gcBegC1dENaqAmokijZ/SK3rwn78V79z4WrQUvnzlGf+B9/gDaIZK4</latexit>



Conclusion
• The choice of Laplacian for simplicial meshes depends on:

• mesh type

• problem type

• numerical method 



Thank you.


