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in Discrete Fracture Networks
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NN* Analysis – Predictions

Numerical Experiments - Models and 
Performance Comparisons

Conclusions and future work

Uncertainty in Discrete Fracture Networks (DFN)

Vector Valued Regression in DFNs

Characterization of flow and transport through fractured media in the
subsurface is a crucial issue in many applications (e.g. in oil and gas
extraction or avoidance of drinking water pollution due to industrial waste).
Then models such as Discrete Fracture Networks (DFN), that can accurately
simulate flow through networks of subsurface fractures, are required.

Major issues:
• Building mesh on intersecting fractures (non- conforming meshes);
• Lack of full deterministic data > DFN stochastically generated using

probabilistic distribution for generating:
o Geometrical properties (e.g. fracture density, size, position,

orientation, …);
o Hydrogeological properties such as transmissivity (parameter

that characterizes flow facilitation through a given fracture).
We suppose distribution of fracture transmissivities __ is:

We study NN regression models on a given DFN with fixed and deterministic 
geometry consisting of 107 fractures, in a cubic domain (1000 meters wide) 
and pressure difference between entering and exiting flow surfaces of 
domain is set to                 m.

Since QoI’s moments evaluation needs lot of simulations, usage of Neural
Networks (NN) is considered, to speed up this process (through QoI
regression) and then as an alternative model reduction method.

DFNs with fixed and deterministic geometry are taken into account to deal
with smooth QoI. Let be the total number of fractures in the DFN and let _
be the total number of fractures with flow exiting the network. Let be the
transmissivity of i-th fracture.
In regression problems considered, we want to predict _______ exiting flows
of the given DFN, varying (without loss of generality) transmissivities of first
______ fractures (and supposing others fixed to value _________). More
precisely we want to build a vector valued regression model that, for each
transmissivities vector _______________ with corresponding fluxes
________________, returns a vector of estimated fluxes:

We built vector valued NNs for flux regression problems in DFNs 
and studied their performances varying parameters, with particular 
attention to NN* network. NN* has good performances (very few 
serious prediction mistakes) especially considering distribution and 
moments of QoI considered.
Future works will improve NN architectures and tune parameters 
for training. A new dataset creation criterion, using homogeneous 
quality simulation (adaptive methods), will be considered.
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Numerical solution:
• Non-conforming meshes generated independently for each fracture;
• Strongly parallel approach (fracture-local problems solved within a 

gradient-based approach);
• Different choices available for space discretization (FEM, XFEM, VEM).

Uncertainty and quantities of interest (QoI):
Given a probability space                           and an outcome             , let           
be solution of our mathematical problem and ______________ be the 
application’s QoI (e.g. the overall flux flowing through the network).

Main target: evaluates moments of     via non-intrusive methods:
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<latexit sha1_base64="5XJuOZqU9dYEkLZ4PCgHThvNNwc=">AAACKnicbVDLSgQxEMz4dn2tevQSXAQPssyIqBdB9OJRwVVhZ1x6sq0GM5OQ9Agy7J/4CX6FVz15E/Hmh5hZV/BVlxRV3XSqUqOkozB8CYaGR0bHxicma1PTM7Nz9fmFE6cLK7AltNL2LAWHSubYIkkKz4xFyFKFp+n1fuWf3qB1UufHdGswyeAylxdSAHmpU9+MU6267jbzTxmbK9njO7wd34D1vBOtxaqryfG1LyVLzmPSplNvhM2wD/6XRAPSYAMcdupvcVeLIsOchALn2lFoKCnBkhQKe7W4cGhAXMMltj3NIUOXlP18Pb5SOCDNDVouFe+L+H2jhMxVEfxkBnTlfnuV+J/XLuhiOyllbgrCXFSHSCrsH3LCSl8c8q60SATVz5HLnAuwQIRWchDCi4Vvsub7iH6n/0tO1ptR2IyONhq7e4NmJtgSW2arLGJbbJcdsEPWYoLdsQf2yJ6C++A5eAleP0eHgsHOIvuB4P0DJZ6n2A==</latexit><latexit sha1_base64="5XJuOZqU9dYEkLZ4PCgHThvNNwc=">AAACKnicbVDLSgQxEMz4dn2tevQSXAQPssyIqBdB9OJRwVVhZ1x6sq0GM5OQ9Agy7J/4CX6FVz15E/Hmh5hZV/BVlxRV3XSqUqOkozB8CYaGR0bHxicma1PTM7Nz9fmFE6cLK7AltNL2LAWHSubYIkkKz4xFyFKFp+n1fuWf3qB1UufHdGswyeAylxdSAHmpU9+MU6267jbzTxmbK9njO7wd34D1vBOtxaqryfG1LyVLzmPSplNvhM2wD/6XRAPSYAMcdupvcVeLIsOchALn2lFoKCnBkhQKe7W4cGhAXMMltj3NIUOXlP18Pb5SOCDNDVouFe+L+H2jhMxVEfxkBnTlfnuV+J/XLuhiOyllbgrCXFSHSCrsH3LCSl8c8q60SATVz5HLnAuwQIRWchDCi4Vvsub7iH6n/0tO1ptR2IyONhq7e4NmJtgSW2arLGJbbJcdsEPWYoLdsQf2yJ6C++A5eAleP0eHgsHOIvuB4P0DJZ6n2A==</latexit><latexit sha1_base64="5XJuOZqU9dYEkLZ4PCgHThvNNwc=">AAACKnicbVDLSgQxEMz4dn2tevQSXAQPssyIqBdB9OJRwVVhZ1x6sq0GM5OQ9Agy7J/4CX6FVz15E/Hmh5hZV/BVlxRV3XSqUqOkozB8CYaGR0bHxicma1PTM7Nz9fmFE6cLK7AltNL2LAWHSubYIkkKz4xFyFKFp+n1fuWf3qB1UufHdGswyeAylxdSAHmpU9+MU6267jbzTxmbK9njO7wd34D1vBOtxaqryfG1LyVLzmPSplNvhM2wD/6XRAPSYAMcdupvcVeLIsOchALn2lFoKCnBkhQKe7W4cGhAXMMltj3NIUOXlP18Pb5SOCDNDVouFe+L+H2jhMxVEfxkBnTlfnuV+J/XLuhiOyllbgrCXFSHSCrsH3LCSl8c8q60SATVz5HLnAuwQIRWchDCi4Vvsub7iH6n/0tO1ptR2IyONhq7e4NmJtgSW2arLGJbbJcdsEPWYoLdsQf2yJ6C++A5eAleP0eHgsHOIvuB4P0DJZ6n2A==</latexit><latexit sha1_base64="5XJuOZqU9dYEkLZ4PCgHThvNNwc=">AAACKnicbVDLSgQxEMz4dn2tevQSXAQPssyIqBdB9OJRwVVhZ1x6sq0GM5OQ9Agy7J/4CX6FVz15E/Hmh5hZV/BVlxRV3XSqUqOkozB8CYaGR0bHxicma1PTM7Nz9fmFE6cLK7AltNL2LAWHSubYIkkKz4xFyFKFp+n1fuWf3qB1UufHdGswyeAylxdSAHmpU9+MU6267jbzTxmbK9njO7wd34D1vBOtxaqryfG1LyVLzmPSplNvhM2wD/6XRAPSYAMcdupvcVeLIsOchALn2lFoKCnBkhQKe7W4cGhAXMMltj3NIUOXlP18Pb5SOCDNDVouFe+L+H2jhMxVEfxkBnTlfnuV+J/XLuhiOyllbgrCXFSHSCrsH3LCSl8c8q60SATVz5HLnAuwQIRWchDCi4Vvsub7iH6n/0tO1ptR2IyONhq7e4NmJtgSW2arLGJbbJcdsEPWYoLdsQf2yJ6C++A5eAleP0eHgsHOIvuB4P0DJZ6n2A==</latexit>

N̂
<latexit sha1_base64="1YcGG6HVDLZhRYmwvGeSdOau/f4=">AAAB+XicbVC7TsNAEDyHVwivACXNiQiJKrIREpQRNFQoSOQhJVG0vmySU85n626NFFn5CFqo6BAtX0PBv2AbFxCYajSzq50dP1LSkut+OKWV1bX1jfJmZWt7Z3evun/QtmFsBLZEqELT9cGikhpbJElhNzIIga+w48+uM7/zgMbKUN/TPMJBABMtx1IApVKnPwVKbhfDas2tuzn4X+IVpMYKNIfVz/4oFHGAmoQCa3ueG9EgAUNSKFxU+rHFCMQMJthLqYYA7SDJ4y74SWyBQh6h4VLxXMSfGwkE1s4DP50MgKZ22cvE/7xeTOPLQSJ1FBNqkR0iqTA/ZIWRaQ/IR9IgEWTJkUvNBRggQiM5CJGKcVpMJe3DW/7+L2mf1T237t2d1xpXRTNldsSO2Snz2AVrsBvWZC0m2Iw9sif27CTOi/PqvH2Plpxi55D9gvP+BStplCQ=</latexit><latexit sha1_base64="1YcGG6HVDLZhRYmwvGeSdOau/f4=">AAAB+XicbVC7TsNAEDyHVwivACXNiQiJKrIREpQRNFQoSOQhJVG0vmySU85n626NFFn5CFqo6BAtX0PBv2AbFxCYajSzq50dP1LSkut+OKWV1bX1jfJmZWt7Z3evun/QtmFsBLZEqELT9cGikhpbJElhNzIIga+w48+uM7/zgMbKUN/TPMJBABMtx1IApVKnPwVKbhfDas2tuzn4X+IVpMYKNIfVz/4oFHGAmoQCa3ueG9EgAUNSKFxU+rHFCMQMJthLqYYA7SDJ4y74SWyBQh6h4VLxXMSfGwkE1s4DP50MgKZ22cvE/7xeTOPLQSJ1FBNqkR0iqTA/ZIWRaQ/IR9IgEWTJkUvNBRggQiM5CJGKcVpMJe3DW/7+L2mf1T237t2d1xpXRTNldsSO2Snz2AVrsBvWZC0m2Iw9sif27CTOi/PqvH2Plpxi55D9gvP+BStplCQ=</latexit><latexit sha1_base64="1YcGG6HVDLZhRYmwvGeSdOau/f4=">AAAB+XicbVC7TsNAEDyHVwivACXNiQiJKrIREpQRNFQoSOQhJVG0vmySU85n626NFFn5CFqo6BAtX0PBv2AbFxCYajSzq50dP1LSkut+OKWV1bX1jfJmZWt7Z3evun/QtmFsBLZEqELT9cGikhpbJElhNzIIga+w48+uM7/zgMbKUN/TPMJBABMtx1IApVKnPwVKbhfDas2tuzn4X+IVpMYKNIfVz/4oFHGAmoQCa3ueG9EgAUNSKFxU+rHFCMQMJthLqYYA7SDJ4y74SWyBQh6h4VLxXMSfGwkE1s4DP50MgKZ22cvE/7xeTOPLQSJ1FBNqkR0iqTA/ZIWRaQ/IR9IgEWTJkUvNBRggQiM5CJGKcVpMJe3DW/7+L2mf1T237t2d1xpXRTNldsSO2Snz2AVrsBvWZC0m2Iw9sif27CTOi/PqvH2Plpxi55D9gvP+BStplCQ=</latexit><latexit sha1_base64="1YcGG6HVDLZhRYmwvGeSdOau/f4=">AAAB+XicbVC7TsNAEDyHVwivACXNiQiJKrIREpQRNFQoSOQhJVG0vmySU85n626NFFn5CFqo6BAtX0PBv2AbFxCYajSzq50dP1LSkut+OKWV1bX1jfJmZWt7Z3evun/QtmFsBLZEqELT9cGikhpbJElhNzIIga+w48+uM7/zgMbKUN/TPMJBABMtx1IApVKnPwVKbhfDas2tuzn4X+IVpMYKNIfVz/4oFHGAmoQCa3ueG9EgAUNSKFxU+rHFCMQMJthLqYYA7SDJ4y74SWyBQh6h4VLxXMSfGwkE1s4DP50MgKZ22cvE/7xeTOPLQSJ1FBNqkR0iqTA/ZIWRaQ/IR9IgEWTJkUvNBRggQiM5CJGKcVpMJe3DW/7+L2mf1T237t2d1xpXRTNldsSO2Snz2AVrsBvWZC0m2Iw9sif27CTOi/PqvH2Plpxi55D9gvP+BStplCQ=</latexit>

m̂
<latexit sha1_base64="y3AbCSO2sn1mpuubFyAAH9P0LeE=">AAAB+XicbVC7TsNAEDyHVwivACXNiQiJKrIREpQRNJRBIg8psaL1ZZOccmdbd2ukyMpH0EJFh2j5Ggr+BTu4gISpRjO72tkJYiUtue6nU1pb39jcKm9Xdnb39g+qh0dtGyVGYEtEKjLdACwqGWKLJCnsxgZBBwo7wfQ29zuPaKyMwgeaxehrGIdyJAVQJnX6E6BUzwfVmlt3F+CrxCtIjRVoDqpf/WEkEo0hCQXW9jw3Jj8FQ1IonFf6icUYxBTG2MtoCBqtny7izvlZYoEiHqPhUvGFiL83UtDWznSQTWqgiV32cvE/r5fQ6NpPZRgnhKHID5FUuDhkhZFZD8iH0iAR5MmRy5ALMECERnIQIhOTrJhK1oe3/P0qaV/UPbfu3V/WGjdFM2V2wk7ZOfPYFWuwO9ZkLSbYlD2xZ/bipM6r8+a8/4yWnGLnmP2B8/ENW9mUQw==</latexit><latexit sha1_base64="y3AbCSO2sn1mpuubFyAAH9P0LeE=">AAAB+XicbVC7TsNAEDyHVwivACXNiQiJKrIREpQRNJRBIg8psaL1ZZOccmdbd2ukyMpH0EJFh2j5Ggr+BTu4gISpRjO72tkJYiUtue6nU1pb39jcKm9Xdnb39g+qh0dtGyVGYEtEKjLdACwqGWKLJCnsxgZBBwo7wfQ29zuPaKyMwgeaxehrGIdyJAVQJnX6E6BUzwfVmlt3F+CrxCtIjRVoDqpf/WEkEo0hCQXW9jw3Jj8FQ1IonFf6icUYxBTG2MtoCBqtny7izvlZYoEiHqPhUvGFiL83UtDWznSQTWqgiV32cvE/r5fQ6NpPZRgnhKHID5FUuDhkhZFZD8iH0iAR5MmRy5ALMECERnIQIhOTrJhK1oe3/P0qaV/UPbfu3V/WGjdFM2V2wk7ZOfPYFWuwO9ZkLSbYlD2xZ/bipM6r8+a8/4yWnGLnmP2B8/ENW9mUQw==</latexit><latexit sha1_base64="y3AbCSO2sn1mpuubFyAAH9P0LeE=">AAAB+XicbVC7TsNAEDyHVwivACXNiQiJKrIREpQRNJRBIg8psaL1ZZOccmdbd2ukyMpH0EJFh2j5Ggr+BTu4gISpRjO72tkJYiUtue6nU1pb39jcKm9Xdnb39g+qh0dtGyVGYEtEKjLdACwqGWKLJCnsxgZBBwo7wfQ29zuPaKyMwgeaxehrGIdyJAVQJnX6E6BUzwfVmlt3F+CrxCtIjRVoDqpf/WEkEo0hCQXW9jw3Jj8FQ1IonFf6icUYxBTG2MtoCBqtny7izvlZYoEiHqPhUvGFiL83UtDWznSQTWqgiV32cvE/r5fQ6NpPZRgnhKHID5FUuDhkhZFZD8iH0iAR5MmRy5ALMECERnIQIhOTrJhK1oe3/P0qaV/UPbfu3V/WGjdFM2V2wk7ZOfPYFWuwO9ZkLSbYlD2xZ/bipM6r8+a8/4yWnGLnmP2B8/ENW9mUQw==</latexit><latexit sha1_base64="y3AbCSO2sn1mpuubFyAAH9P0LeE=">AAAB+XicbVC7TsNAEDyHVwivACXNiQiJKrIREpQRNJRBIg8psaL1ZZOccmdbd2ukyMpH0EJFh2j5Ggr+BTu4gISpRjO72tkJYiUtue6nU1pb39jcKm9Xdnb39g+qh0dtGyVGYEtEKjLdACwqGWKLJCnsxgZBBwo7wfQ29zuPaKyMwgeaxehrGIdyJAVQJnX6E6BUzwfVmlt3F+CrxCtIjRVoDqpf/WEkEo0hCQXW9jw3Jj8FQ1IonFf6icUYxBTG2MtoCBqtny7izvlZYoEiHqPhUvGFiL83UtDWznSQTWqgiV32cvE/r5fQ6NpPZRgnhKHID5FUuDhkhZFZD8iH0iAR5MmRy5ALMECERnIQIhOTrJhK1oe3/P0qaV/UPbfu3V/WGjdFM2V2wk7ZOfPYFWuwO9ZkLSbYlD2xZ/bipM6r8+a8/4yWnGLnmP2B8/ENW9mUQw==</latexit>

m  m̂
<latexit sha1_base64="nfKWLZ5chsuuh2qwqsv3AgEHn40=">AAAB/nicbVA9SwNBEN2LXzF+RS1tFoNgFe5E0DJoYxnBfEAuhLnNJFmye3fuzgnhCPgrbLWyE1v/ioX/xcuZQhNf9XhvhnnzglhJS6776RRWVtfWN4qbpa3tnd298v5B00aJEdgQkYpMOwCLSobYIEkK27FB0IHCVjC+nvmtBzRWRuEdTWLsahiGciAFUCb52ld474+AUj3tlStu1c3Bl4k3JxU2R71X/vL7kUg0hiQUWNvx3Ji6KRiSQuG05CcWYxBjGGInoyFotN00zzzlJ4kFiniMhkvFcxF/b6SgrZ3oIJvUQCO76M3E/7xOQoPLbirDOCEMxewQSYX5ISuMzMpA3pcGiWCWHLkMuQADRGgkByEyMcnaKWV9eIvfL5PmWdVzq97teaV2NW+myI7YMTtlHrtgNXbD6qzBBIvZE3tmL86j8+q8Oe8/owVnvnPI/sD5+AZWh5aA</latexit><latexit sha1_base64="nfKWLZ5chsuuh2qwqsv3AgEHn40=">AAAB/nicbVA9SwNBEN2LXzF+RS1tFoNgFe5E0DJoYxnBfEAuhLnNJFmye3fuzgnhCPgrbLWyE1v/ioX/xcuZQhNf9XhvhnnzglhJS6776RRWVtfWN4qbpa3tnd298v5B00aJEdgQkYpMOwCLSobYIEkK27FB0IHCVjC+nvmtBzRWRuEdTWLsahiGciAFUCb52ld474+AUj3tlStu1c3Bl4k3JxU2R71X/vL7kUg0hiQUWNvx3Ji6KRiSQuG05CcWYxBjGGInoyFotN00zzzlJ4kFiniMhkvFcxF/b6SgrZ3oIJvUQCO76M3E/7xOQoPLbirDOCEMxewQSYX5ISuMzMpA3pcGiWCWHLkMuQADRGgkByEyMcnaKWV9eIvfL5PmWdVzq97teaV2NW+myI7YMTtlHrtgNXbD6qzBBIvZE3tmL86j8+q8Oe8/owVnvnPI/sD5+AZWh5aA</latexit><latexit sha1_base64="nfKWLZ5chsuuh2qwqsv3AgEHn40=">AAAB/nicbVA9SwNBEN2LXzF+RS1tFoNgFe5E0DJoYxnBfEAuhLnNJFmye3fuzgnhCPgrbLWyE1v/ioX/xcuZQhNf9XhvhnnzglhJS6776RRWVtfWN4qbpa3tnd298v5B00aJEdgQkYpMOwCLSobYIEkK27FB0IHCVjC+nvmtBzRWRuEdTWLsahiGciAFUCb52ld474+AUj3tlStu1c3Bl4k3JxU2R71X/vL7kUg0hiQUWNvx3Ji6KRiSQuG05CcWYxBjGGInoyFotN00zzzlJ4kFiniMhkvFcxF/b6SgrZ3oIJvUQCO76M3E/7xOQoPLbirDOCEMxewQSYX5ISuMzMpA3pcGiWCWHLkMuQADRGgkByEyMcnaKWV9eIvfL5PmWdVzq97teaV2NW+myI7YMTtlHrtgNXbD6qzBBIvZE3tmL86j8+q8Oe8/owVnvnPI/sD5+AZWh5aA</latexit><latexit sha1_base64="nfKWLZ5chsuuh2qwqsv3AgEHn40=">AAAB/nicbVA9SwNBEN2LXzF+RS1tFoNgFe5E0DJoYxnBfEAuhLnNJFmye3fuzgnhCPgrbLWyE1v/ioX/xcuZQhNf9XhvhnnzglhJS6776RRWVtfWN4qbpa3tnd298v5B00aJEdgQkYpMOwCLSobYIEkK27FB0IHCVjC+nvmtBzRWRuEdTWLsahiGciAFUCb52ld474+AUj3tlStu1c3Bl4k3JxU2R71X/vL7kUg0hiQUWNvx3Ji6KRiSQuG05CcWYxBjGGInoyFotN00zzzlJ4kFiniMhkvFcxF/b6SgrZ3oIJvUQCO76M3E/7xOQoPLbirDOCEMxewQSYX5ISuMzMpA3pcGiWCWHLkMuQADRGgkByEyMcnaKWV9eIvfL5PmWdVzq97teaV2NW+myI7YMTtlHrtgNXbD6qzBBIvZE3tmL86j8+q8Oe8/owVnvnPI/sD5+AZWh5aA</latexit>

n  N̂
<latexit sha1_base64="RQ1adGjq0Ro/Cu7CED2JSf3OsnU=">AAAB/nicbVA9SwNBEN3zM8avqKXNYhCswp0IWgZtrCSC+YBcCHObSbJkb+/cnRPCEfBX2GplJ7b+FQv/i3cxhSa+6vHeDPPmBbGSllz301laXlldWy9sFDe3tnd2S3v7DRslRmBdRCoyrQAsKqmxTpIUtmKDEAYKm8HoKvebD2isjPQdjWPshDDQsi8FUCb52ld47w+B0ptJt1R2K+4UfJF4M1JmM9S6pS+/F4kkRE1CgbVtz42pk4IhKRROin5iMQYxggG2M6ohRNtJp5kn/DixQBGP0XCp+FTE3xsphNaOwyCbDIGGdt7Lxf+8dkL9i04qdZwQapEfIqlwesgKI7MykPekQSLIkyOXmgswQIRGchAiE5OsnWLWhzf//SJpnFY8t+LdnpWrl7NmCuyQHbET5rFzVmXXrMbqTLCYPbFn9uI8Oq/Om/P+M7rkzHYO2B84H98nsZZi</latexit><latexit sha1_base64="RQ1adGjq0Ro/Cu7CED2JSf3OsnU=">AAAB/nicbVA9SwNBEN3zM8avqKXNYhCswp0IWgZtrCSC+YBcCHObSbJkb+/cnRPCEfBX2GplJ7b+FQv/i3cxhSa+6vHeDPPmBbGSllz301laXlldWy9sFDe3tnd2S3v7DRslRmBdRCoyrQAsKqmxTpIUtmKDEAYKm8HoKvebD2isjPQdjWPshDDQsi8FUCb52ld47w+B0ptJt1R2K+4UfJF4M1JmM9S6pS+/F4kkRE1CgbVtz42pk4IhKRROin5iMQYxggG2M6ohRNtJp5kn/DixQBGP0XCp+FTE3xsphNaOwyCbDIGGdt7Lxf+8dkL9i04qdZwQapEfIqlwesgKI7MykPekQSLIkyOXmgswQIRGchAiE5OsnWLWhzf//SJpnFY8t+LdnpWrl7NmCuyQHbET5rFzVmXXrMbqTLCYPbFn9uI8Oq/Om/P+M7rkzHYO2B84H98nsZZi</latexit><latexit sha1_base64="RQ1adGjq0Ro/Cu7CED2JSf3OsnU=">AAAB/nicbVA9SwNBEN3zM8avqKXNYhCswp0IWgZtrCSC+YBcCHObSbJkb+/cnRPCEfBX2GplJ7b+FQv/i3cxhSa+6vHeDPPmBbGSllz301laXlldWy9sFDe3tnd2S3v7DRslRmBdRCoyrQAsKqmxTpIUtmKDEAYKm8HoKvebD2isjPQdjWPshDDQsi8FUCb52ld47w+B0ptJt1R2K+4UfJF4M1JmM9S6pS+/F4kkRE1CgbVtz42pk4IhKRROin5iMQYxggG2M6ohRNtJp5kn/DixQBGP0XCp+FTE3xsphNaOwyCbDIGGdt7Lxf+8dkL9i04qdZwQapEfIqlwesgKI7MykPekQSLIkyOXmgswQIRGchAiE5OsnWLWhzf//SJpnFY8t+LdnpWrl7NmCuyQHbET5rFzVmXXrMbqTLCYPbFn9uI8Oq/Om/P+M7rkzHYO2B84H98nsZZi</latexit><latexit sha1_base64="RQ1adGjq0Ro/Cu7CED2JSf3OsnU=">AAAB/nicbVA9SwNBEN3zM8avqKXNYhCswp0IWgZtrCSC+YBcCHObSbJkb+/cnRPCEfBX2GplJ7b+FQv/i3cxhSa+6vHeDPPmBbGSllz301laXlldWy9sFDe3tnd2S3v7DRslRmBdRCoyrQAsKqmxTpIUtmKDEAYKm8HoKvebD2isjPQdjWPshDDQsi8FUCb52ld47w+B0ptJt1R2K+4UfJF4M1JmM9S6pS+/F4kkRE1CgbVtz42pk4IhKRROin5iMQYxggG2M6ohRNtJp5kn/DixQBGP0XCp+FTE3xsphNaOwyCbDIGGdt7Lxf+8dkL9i04qdZwQapEfIqlwesgKI7MykPekQSLIkyOXmgswQIRGchAiE5OsnWLWhzf//SJpnFY8t+LdnpWrl7NmCuyQHbET5rFzVmXXrMbqTLCYPbFn9uI8Oq/Om/P+M7rkzHYO2B84H98nsZZi</latexit>

i
<latexit sha1_base64="wa9Efg+EX7aDylR7wZJWmebZVVk=">AAAB+nicbVC7TsNAEDyHVwivACXNiQiJKrIREpQRNJRBIg8psaL1ZRNOOdunuzVSFPITtFDRIVp+hoJ/wTYuIGGq0cyudnYCraQl1/10Siura+sb5c3K1vbO7l51/6Bt48QIbIlYxaYbgEUlI2yRJIVdbRDCQGEnmFxnfucBjZVxdEdTjX4I40iOpABKpW5/AlrDQA6qNbfu5uDLxCtIjRVoDqpf/WEskhAjEgqs7XmuJn8GhqRQOK/0E4saxATG2EtpBCFaf5bnnfOTxALFXKPhUvFcxN8bMwitnYZBOhkC3dtFLxP/83oJjS79mYx0QhiJ7BBJhfkhK4xMi0A+lAaJIEuOXEZcgAEiNJKDEKmYpM1U0j68xe+XSfus7rl17/a81rgqmimzI3bMTpnHLliD3bAmazHBFHtiz+zFeXRenTfn/We05BQ7h+wPnI9v0vqUgA==</latexit><latexit sha1_base64="wa9Efg+EX7aDylR7wZJWmebZVVk=">AAAB+nicbVC7TsNAEDyHVwivACXNiQiJKrIREpQRNJRBIg8psaL1ZRNOOdunuzVSFPITtFDRIVp+hoJ/wTYuIGGq0cyudnYCraQl1/10Siura+sb5c3K1vbO7l51/6Bt48QIbIlYxaYbgEUlI2yRJIVdbRDCQGEnmFxnfucBjZVxdEdTjX4I40iOpABKpW5/AlrDQA6qNbfu5uDLxCtIjRVoDqpf/WEskhAjEgqs7XmuJn8GhqRQOK/0E4saxATG2EtpBCFaf5bnnfOTxALFXKPhUvFcxN8bMwitnYZBOhkC3dtFLxP/83oJjS79mYx0QhiJ7BBJhfkhK4xMi0A+lAaJIEuOXEZcgAEiNJKDEKmYpM1U0j68xe+XSfus7rl17/a81rgqmimzI3bMTpnHLliD3bAmazHBFHtiz+zFeXRenTfn/We05BQ7h+wPnI9v0vqUgA==</latexit><latexit sha1_base64="wa9Efg+EX7aDylR7wZJWmebZVVk=">AAAB+nicbVC7TsNAEDyHVwivACXNiQiJKrIREpQRNJRBIg8psaL1ZRNOOdunuzVSFPITtFDRIVp+hoJ/wTYuIGGq0cyudnYCraQl1/10Siura+sb5c3K1vbO7l51/6Bt48QIbIlYxaYbgEUlI2yRJIVdbRDCQGEnmFxnfucBjZVxdEdTjX4I40iOpABKpW5/AlrDQA6qNbfu5uDLxCtIjRVoDqpf/WEskhAjEgqs7XmuJn8GhqRQOK/0E4saxATG2EtpBCFaf5bnnfOTxALFXKPhUvFcxN8bMwitnYZBOhkC3dtFLxP/83oJjS79mYx0QhiJ7BBJhfkhK4xMi0A+lAaJIEuOXEZcgAEiNJKDEKmYpM1U0j68xe+XSfus7rl17/a81rgqmimzI3bMTpnHLliD3bAmazHBFHtiz+zFeXRenTfn/We05BQ7h+wPnI9v0vqUgA==</latexit><latexit sha1_base64="wa9Efg+EX7aDylR7wZJWmebZVVk=">AAAB+nicbVC7TsNAEDyHVwivACXNiQiJKrIREpQRNJRBIg8psaL1ZRNOOdunuzVSFPITtFDRIVp+hoJ/wTYuIGGq0cyudnYCraQl1/10Siura+sb5c3K1vbO7l51/6Bt48QIbIlYxaYbgEUlI2yRJIVdbRDCQGEnmFxnfucBjZVxdEdTjX4I40iOpABKpW5/AlrDQA6qNbfu5uDLxCtIjRVoDqpf/WEskhAjEgqs7XmuJn8GhqRQOK/0E4saxATG2EtpBCFaf5bnnfOTxALFXKPhUvFcxN8bMwitnYZBOhkC3dtFLxP/83oJjS79mYx0QhiJ7BBJhfkhK4xMi0A+lAaJIEuOXEZcgAEiNJKDEKmYpM1U0j68xe+XSfus7rl17/a81rgqmimzI3bMTpnHLliD3bAmazHBFHtiz+zFeXRenTfn/We05BQ7h+wPnI9v0vqUgA==</latexit>
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Example of NN for vector valued regression 
for flux prediction ____________________ .(n = 3 , m = 2 , d = 2)

<latexit sha1_base64="k+Zk30VTrnllO070beaIv9bfwKQ=">AAACEXicbVDLSgNBEJyNrxhfUY8iDAZBIYTdKOglEPTiMYJ5QBJC76QTh8zOrjO9ggRPfoJf4VVP3sSrX+DBf3ETg6ixTkVVN91VfqSkJdd9d1Izs3PzC+nFzNLyyupadn2jZsPYCKyKUIWm4YNFJTVWSZLCRmQQAl9h3R+cjvz6NRorQ31BNxG2A+hr2ZMCKJE62e09XTpo5fOtqxi6PCgVv3m3VNzvZHNuwR2DTxNvQnJsgkon+9HqhiIOUJNQYG3TcyNqD8GQFApvM63YYgRiAH1sJlRDgLY9HMe45buxBQp5hIZLxcci/twYQmDtTeAnkwHQpf3rjcT/vGZMveP2UOooJtRidIikwvEhK4xM+kHelQaJYPQ5cqm5AANEaCQHIRIxTgrLJH14f9NPk1qx4LkF7/wwVz6ZNJNmW2yH7TGPHbEyO2MVVmWC3bEH9sienHvn2XlxXr9GU85kZ5P9gvP2CSvPmuY=</latexit><latexit sha1_base64="k+Zk30VTrnllO070beaIv9bfwKQ=">AAACEXicbVDLSgNBEJyNrxhfUY8iDAZBIYTdKOglEPTiMYJ5QBJC76QTh8zOrjO9ggRPfoJf4VVP3sSrX+DBf3ETg6ixTkVVN91VfqSkJdd9d1Izs3PzC+nFzNLyyupadn2jZsPYCKyKUIWm4YNFJTVWSZLCRmQQAl9h3R+cjvz6NRorQ31BNxG2A+hr2ZMCKJE62e09XTpo5fOtqxi6PCgVv3m3VNzvZHNuwR2DTxNvQnJsgkon+9HqhiIOUJNQYG3TcyNqD8GQFApvM63YYgRiAH1sJlRDgLY9HMe45buxBQp5hIZLxcci/twYQmDtTeAnkwHQpf3rjcT/vGZMveP2UOooJtRidIikwvEhK4xM+kHelQaJYPQ5cqm5AANEaCQHIRIxTgrLJH14f9NPk1qx4LkF7/wwVz6ZNJNmW2yH7TGPHbEyO2MVVmWC3bEH9sienHvn2XlxXr9GU85kZ5P9gvP2CSvPmuY=</latexit><latexit sha1_base64="k+Zk30VTrnllO070beaIv9bfwKQ=">AAACEXicbVDLSgNBEJyNrxhfUY8iDAZBIYTdKOglEPTiMYJ5QBJC76QTh8zOrjO9ggRPfoJf4VVP3sSrX+DBf3ETg6ixTkVVN91VfqSkJdd9d1Izs3PzC+nFzNLyyupadn2jZsPYCKyKUIWm4YNFJTVWSZLCRmQQAl9h3R+cjvz6NRorQ31BNxG2A+hr2ZMCKJE62e09XTpo5fOtqxi6PCgVv3m3VNzvZHNuwR2DTxNvQnJsgkon+9HqhiIOUJNQYG3TcyNqD8GQFApvM63YYgRiAH1sJlRDgLY9HMe45buxBQp5hIZLxcci/twYQmDtTeAnkwHQpf3rjcT/vGZMveP2UOooJtRidIikwvEhK4xM+kHelQaJYPQ5cqm5AANEaCQHIRIxTgrLJH14f9NPk1qx4LkF7/wwVz6ZNJNmW2yH7TGPHbEyO2MVVmWC3bEH9sienHvn2XlxXr9GU85kZ5P9gvP2CSvPmuY=</latexit><latexit sha1_base64="k+Zk30VTrnllO070beaIv9bfwKQ=">AAACEXicbVDLSgNBEJyNrxhfUY8iDAZBIYTdKOglEPTiMYJ5QBJC76QTh8zOrjO9ggRPfoJf4VVP3sSrX+DBf3ETg6ixTkVVN91VfqSkJdd9d1Izs3PzC+nFzNLyyupadn2jZsPYCKyKUIWm4YNFJTVWSZLCRmQQAl9h3R+cjvz6NRorQ31BNxG2A+hr2ZMCKJE62e09XTpo5fOtqxi6PCgVv3m3VNzvZHNuwR2DTxNvQnJsgkon+9HqhiIOUJNQYG3TcyNqD8GQFApvM63YYgRiAH1sJlRDgLY9HMe45buxBQp5hIZLxcci/twYQmDtTeAnkwHQpf3rjcT/vGZMveP2UOooJtRidIikwvEhK4xM+kHelQaJYPQ5cqm5AANEaCQHIRIxTgrLJH14f9NPk1qx4LkF7/wwVz6ZNJNmW2yH7TGPHbEyO2MVVmWC3bEH9sienHvn2XlxXr9GU85kZ5P9gvP2CSvPmuY=</latexit>

NN architecture:
• Input layer of _ softplus units;
• shared layers of _ softplus

units;
• task-specific layers of _

softplus units for each one of 
the _ outputs;

• Output layer of _ units (linked 
to its last task-specific layer).

n
<latexit sha1_base64="AjTe1ftOzOPZDqs5/X4gPm2NIh4=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrIREpQRNJSJRB5SYkXryyaccj5bd2ukKMoX0EJFh2j5IAr+Bdu4gISpRjO72tkJYiUtue6nU1pb39jcKm9Xdnb39g+qh0cdGyVGYFtEKjK9ACwqqbFNkhT2YoMQBgq7wfQ287uPaKyM9D3NYvRDmGg5lgIolVp6WK25dTcHXyVeQWqsQHNY/RqMIpGEqEkosLbvuTH5czAkhcJFZZBYjEFMYYL9lGoI0frzPOiCnyUWKOIxGi4Vz0X8vTGH0NpZGKSTIdCDXfYy8T+vn9D42p9LHSeEWmSHSCrMD1lhZNoA8pE0SARZcuRScwEGiNBIDkKkYpJWUkn78Ja/XyWdi7rn1r3WZa1xUzRTZifslJ0zj12xBrtjTdZmgiF7Ys/sxUmcV+fNef8ZLTnFzjH7A+fjG3bzkXc=</latexit><latexit sha1_base64="AjTe1ftOzOPZDqs5/X4gPm2NIh4=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrIREpQRNJSJRB5SYkXryyaccj5bd2ukKMoX0EJFh2j5IAr+Bdu4gISpRjO72tkJYiUtue6nU1pb39jcKm9Xdnb39g+qh0cdGyVGYFtEKjK9ACwqqbFNkhT2YoMQBgq7wfQ287uPaKyM9D3NYvRDmGg5lgIolVp6WK25dTcHXyVeQWqsQHNY/RqMIpGEqEkosLbvuTH5czAkhcJFZZBYjEFMYYL9lGoI0frzPOiCnyUWKOIxGi4Vz0X8vTGH0NpZGKSTIdCDXfYy8T+vn9D42p9LHSeEWmSHSCrMD1lhZNoA8pE0SARZcuRScwEGiNBIDkKkYpJWUkn78Ja/XyWdi7rn1r3WZa1xUzRTZifslJ0zj12xBrtjTdZmgiF7Ys/sxUmcV+fNef8ZLTnFzjH7A+fjG3bzkXc=</latexit><latexit sha1_base64="AjTe1ftOzOPZDqs5/X4gPm2NIh4=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrIREpQRNJSJRB5SYkXryyaccj5bd2ukKMoX0EJFh2j5IAr+Bdu4gISpRjO72tkJYiUtue6nU1pb39jcKm9Xdnb39g+qh0cdGyVGYFtEKjK9ACwqqbFNkhT2YoMQBgq7wfQ287uPaKyM9D3NYvRDmGg5lgIolVp6WK25dTcHXyVeQWqsQHNY/RqMIpGEqEkosLbvuTH5czAkhcJFZZBYjEFMYYL9lGoI0frzPOiCnyUWKOIxGi4Vz0X8vTGH0NpZGKSTIdCDXfYy8T+vn9D42p9LHSeEWmSHSCrMD1lhZNoA8pE0SARZcuRScwEGiNBIDkKkYpJWUkn78Ja/XyWdi7rn1r3WZa1xUzRTZifslJ0zj12xBrtjTdZmgiF7Ys/sxUmcV+fNef8ZLTnFzjH7A+fjG3bzkXc=</latexit><latexit sha1_base64="AjTe1ftOzOPZDqs5/X4gPm2NIh4=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrIREpQRNJSJRB5SYkXryyaccj5bd2ukKMoX0EJFh2j5IAr+Bdu4gISpRjO72tkJYiUtue6nU1pb39jcKm9Xdnb39g+qh0cdGyVGYFtEKjK9ACwqqbFNkhT2YoMQBgq7wfQ287uPaKyM9D3NYvRDmGg5lgIolVp6WK25dTcHXyVeQWqsQHNY/RqMIpGEqEkosLbvuTH5czAkhcJFZZBYjEFMYYL9lGoI0frzPOiCnyUWKOIxGi4Vz0X8vTGH0NpZGKSTIdCDXfYy8T+vn9D42p9LHSeEWmSHSCrMD1lhZNoA8pE0SARZcuRScwEGiNBIDkKkYpJWUkn78Ja/XyWdi7rn1r3WZa1xUzRTZifslJ0zj12xBrtjTdZmgiF7Ys/sxUmcV+fNef8ZLTnFzjH7A+fjG3bzkXc=</latexit>

m
<latexit sha1_base64="2K2NVqXk85p3C3hTWxLmd7tZ+HY=">AAAB83icbVC7SgNBFJ2NrxhfUUubwSBYhV0RtAzaWCZgHpAsYXZyE4fMzC4zd4QQ8gW2WtmJrR9k4b+4u26hiac6nHMv99wTJVJY9P1Pr7S2vrG5Vd6u7Ozu7R9UD486NnaGQ5vHMja9iFmQQkMbBUroJQaYiiR0o+lt5ncfwVgR63ucJRAqNtFiLDjDVGqpYbXm1/0cdJUEBamRAs1h9WswirlToJFLZm0/8BMM58yg4BIWlYGzkDA+ZRPop1QzBTac50EX9MxZhjFNwFAhaS7C7405U9bOVJROKoYPdtnLxP+8vsPxdTgXOnEImmeHUEjID1luRNoA0JEwgMiy5ECFppwZhghGUMZ5Krq0kkraR7D8/SrpXNQDvx60LmuNm6KZMjkhp+ScBOSKNMgdaZI24QTIE3kmL57zXr037/1ntOQVO8fkD7yPb3VkkXY=</latexit><latexit sha1_base64="2K2NVqXk85p3C3hTWxLmd7tZ+HY=">AAAB83icbVC7SgNBFJ2NrxhfUUubwSBYhV0RtAzaWCZgHpAsYXZyE4fMzC4zd4QQ8gW2WtmJrR9k4b+4u26hiac6nHMv99wTJVJY9P1Pr7S2vrG5Vd6u7Ozu7R9UD486NnaGQ5vHMja9iFmQQkMbBUroJQaYiiR0o+lt5ncfwVgR63ucJRAqNtFiLDjDVGqpYbXm1/0cdJUEBamRAs1h9WswirlToJFLZm0/8BMM58yg4BIWlYGzkDA+ZRPop1QzBTac50EX9MxZhjFNwFAhaS7C7405U9bOVJROKoYPdtnLxP+8vsPxdTgXOnEImmeHUEjID1luRNoA0JEwgMiy5ECFppwZhghGUMZ5Krq0kkraR7D8/SrpXNQDvx60LmuNm6KZMjkhp+ScBOSKNMgdaZI24QTIE3kmL57zXr037/1ntOQVO8fkD7yPb3VkkXY=</latexit><latexit sha1_base64="2K2NVqXk85p3C3hTWxLmd7tZ+HY=">AAAB83icbVC7SgNBFJ2NrxhfUUubwSBYhV0RtAzaWCZgHpAsYXZyE4fMzC4zd4QQ8gW2WtmJrR9k4b+4u26hiac6nHMv99wTJVJY9P1Pr7S2vrG5Vd6u7Ozu7R9UD486NnaGQ5vHMja9iFmQQkMbBUroJQaYiiR0o+lt5ncfwVgR63ucJRAqNtFiLDjDVGqpYbXm1/0cdJUEBamRAs1h9WswirlToJFLZm0/8BMM58yg4BIWlYGzkDA+ZRPop1QzBTac50EX9MxZhjFNwFAhaS7C7405U9bOVJROKoYPdtnLxP+8vsPxdTgXOnEImmeHUEjID1luRNoA0JEwgMiy5ECFppwZhghGUMZ5Krq0kkraR7D8/SrpXNQDvx60LmuNm6KZMjkhp+ScBOSKNMgdaZI24QTIE3kmL57zXr037/1ntOQVO8fkD7yPb3VkkXY=</latexit><latexit sha1_base64="2K2NVqXk85p3C3hTWxLmd7tZ+HY=">AAAB83icbVC7SgNBFJ2NrxhfUUubwSBYhV0RtAzaWCZgHpAsYXZyE4fMzC4zd4QQ8gW2WtmJrR9k4b+4u26hiac6nHMv99wTJVJY9P1Pr7S2vrG5Vd6u7Ozu7R9UD486NnaGQ5vHMja9iFmQQkMbBUroJQaYiiR0o+lt5ncfwVgR63ucJRAqNtFiLDjDVGqpYbXm1/0cdJUEBamRAs1h9WswirlToJFLZm0/8BMM58yg4BIWlYGzkDA+ZRPop1QzBTac50EX9MxZhjFNwFAhaS7C7405U9bOVJROKoYPdtnLxP+8vsPxdTgXOnEImmeHUEjID1luRNoA0JEwgMiy5ECFppwZhghGUMZ5Krq0kkraR7D8/SrpXNQDvx60LmuNm6KZMjkhp+ScBOSKNMgdaZI24QTIE3kmL57zXr037/1ntOQVO8fkD7yPb3VkkXY=</latexit>

d
<latexit sha1_base64="3++v4MUstUxZFggT25an+WDZjE8=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48JmAckS5iddOKQ2QczPUII+QKvevImXv0gD/6Lu+seNLFORVU3XV1BoqQh1/10SmvrG5tb5e3Kzu7e/kH18KhjYqsFtkWsYt0LuEElI2yTJIW9RCMPA4XdYHqb+d1H1EbG0T3NEvRDPonkWApOqdQaDas1t+7mYKvEK0gNCjSH1a/BKBY2xIiE4sb0PTchf841SaFwURlYgwkXUz7BfkojHqLx53nQBTuzhlPMEtRMKpaL+HtjzkNjZmGQToacHsyyl4n/eX1L42t/LqPEEkYiO0RSYX7ICC3TBpCNpEYiniVHJiMmuOZEqCXjQqSiTSuppH14y9+vks5F3XPrXuuy1rgpminDCZzCOXhwBQ24gya0QQDCEzzDi2OdV+fNef8ZLTnFzjH8gfPxDWddkW0=</latexit><latexit sha1_base64="3++v4MUstUxZFggT25an+WDZjE8=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48JmAckS5iddOKQ2QczPUII+QKvevImXv0gD/6Lu+seNLFORVU3XV1BoqQh1/10SmvrG5tb5e3Kzu7e/kH18KhjYqsFtkWsYt0LuEElI2yTJIW9RCMPA4XdYHqb+d1H1EbG0T3NEvRDPonkWApOqdQaDas1t+7mYKvEK0gNCjSH1a/BKBY2xIiE4sb0PTchf841SaFwURlYgwkXUz7BfkojHqLx53nQBTuzhlPMEtRMKpaL+HtjzkNjZmGQToacHsyyl4n/eX1L42t/LqPEEkYiO0RSYX7ICC3TBpCNpEYiniVHJiMmuOZEqCXjQqSiTSuppH14y9+vks5F3XPrXuuy1rgpminDCZzCOXhwBQ24gya0QQDCEzzDi2OdV+fNef8ZLTnFzjH8gfPxDWddkW0=</latexit><latexit sha1_base64="3++v4MUstUxZFggT25an+WDZjE8=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48JmAckS5iddOKQ2QczPUII+QKvevImXv0gD/6Lu+seNLFORVU3XV1BoqQh1/10SmvrG5tb5e3Kzu7e/kH18KhjYqsFtkWsYt0LuEElI2yTJIW9RCMPA4XdYHqb+d1H1EbG0T3NEvRDPonkWApOqdQaDas1t+7mYKvEK0gNCjSH1a/BKBY2xIiE4sb0PTchf841SaFwURlYgwkXUz7BfkojHqLx53nQBTuzhlPMEtRMKpaL+HtjzkNjZmGQToacHsyyl4n/eX1L42t/LqPEEkYiO0RSYX7ICC3TBpCNpEYiniVHJiMmuOZEqCXjQqSiTSuppH14y9+vks5F3XPrXuuy1rgpminDCZzCOXhwBQ24gya0QQDCEzzDi2OdV+fNef8ZLTnFzjH8gfPxDWddkW0=</latexit><latexit sha1_base64="3++v4MUstUxZFggT25an+WDZjE8=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48JmAckS5iddOKQ2QczPUII+QKvevImXv0gD/6Lu+seNLFORVU3XV1BoqQh1/10SmvrG5tb5e3Kzu7e/kH18KhjYqsFtkWsYt0LuEElI2yTJIW9RCMPA4XdYHqb+d1H1EbG0T3NEvRDPonkWApOqdQaDas1t+7mYKvEK0gNCjSH1a/BKBY2xIiE4sb0PTchf841SaFwURlYgwkXUz7BfkojHqLx53nQBTuzhlPMEtRMKpaL+HtjzkNjZmGQToacHsyyl4n/eX1L42t/LqPEEkYiO0RSYX7ICC3TBpCNpEYiniVHJiMmuOZEqCXjQqSiTSuppH14y9+vks5F3XPrXuuy1rgpminDCZzCOXhwBQ24gya0QQDCEzzDi2OdV+fNef8ZLTnFzjH8gfPxDWddkW0=</latexit> n

<latexit sha1_base64="AjTe1ftOzOPZDqs5/X4gPm2NIh4=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrIREpQRNJSJRB5SYkXryyaccj5bd2ukKMoX0EJFh2j5IAr+Bdu4gISpRjO72tkJYiUtue6nU1pb39jcKm9Xdnb39g+qh0cdGyVGYFtEKjK9ACwqqbFNkhT2YoMQBgq7wfQ287uPaKyM9D3NYvRDmGg5lgIolVp6WK25dTcHXyVeQWqsQHNY/RqMIpGEqEkosLbvuTH5czAkhcJFZZBYjEFMYYL9lGoI0frzPOiCnyUWKOIxGi4Vz0X8vTGH0NpZGKSTIdCDXfYy8T+vn9D42p9LHSeEWmSHSCrMD1lhZNoA8pE0SARZcuRScwEGiNBIDkKkYpJWUkn78Ja/XyWdi7rn1r3WZa1xUzRTZifslJ0zj12xBrtjTdZmgiF7Ys/sxUmcV+fNef8ZLTnFzjH7A+fjG3bzkXc=</latexit><latexit sha1_base64="AjTe1ftOzOPZDqs5/X4gPm2NIh4=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrIREpQRNJSJRB5SYkXryyaccj5bd2ukKMoX0EJFh2j5IAr+Bdu4gISpRjO72tkJYiUtue6nU1pb39jcKm9Xdnb39g+qh0cdGyVGYFtEKjK9ACwqqbFNkhT2YoMQBgq7wfQ287uPaKyM9D3NYvRDmGg5lgIolVp6WK25dTcHXyVeQWqsQHNY/RqMIpGEqEkosLbvuTH5czAkhcJFZZBYjEFMYYL9lGoI0frzPOiCnyUWKOIxGi4Vz0X8vTGH0NpZGKSTIdCDXfYy8T+vn9D42p9LHSeEWmSHSCrMD1lhZNoA8pE0SARZcuRScwEGiNBIDkKkYpJWUkn78Ja/XyWdi7rn1r3WZa1xUzRTZifslJ0zj12xBrtjTdZmgiF7Ys/sxUmcV+fNef8ZLTnFzjH7A+fjG3bzkXc=</latexit><latexit sha1_base64="AjTe1ftOzOPZDqs5/X4gPm2NIh4=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrIREpQRNJSJRB5SYkXryyaccj5bd2ukKMoX0EJFh2j5IAr+Bdu4gISpRjO72tkJYiUtue6nU1pb39jcKm9Xdnb39g+qh0cdGyVGYFtEKjK9ACwqqbFNkhT2YoMQBgq7wfQ287uPaKyM9D3NYvRDmGg5lgIolVp6WK25dTcHXyVeQWqsQHNY/RqMIpGEqEkosLbvuTH5czAkhcJFZZBYjEFMYYL9lGoI0frzPOiCnyUWKOIxGi4Vz0X8vTGH0NpZGKSTIdCDXfYy8T+vn9D42p9LHSeEWmSHSCrMD1lhZNoA8pE0SARZcuRScwEGiNBIDkKkYpJWUkn78Ja/XyWdi7rn1r3WZa1xUzRTZifslJ0zj12xBrtjTdZmgiF7Ys/sxUmcV+fNef8ZLTnFzjH7A+fjG3bzkXc=</latexit><latexit sha1_base64="AjTe1ftOzOPZDqs5/X4gPm2NIh4=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrIREpQRNJSJRB5SYkXryyaccj5bd2ukKMoX0EJFh2j5IAr+Bdu4gISpRjO72tkJYiUtue6nU1pb39jcKm9Xdnb39g+qh0cdGyVGYFtEKjK9ACwqqbFNkhT2YoMQBgq7wfQ287uPaKyM9D3NYvRDmGg5lgIolVp6WK25dTcHXyVeQWqsQHNY/RqMIpGEqEkosLbvuTH5czAkhcJFZZBYjEFMYYL9lGoI0frzPOiCnyUWKOIxGi4Vz0X8vTGH0NpZGKSTIdCDXfYy8T+vn9D42p9LHSeEWmSHSCrMD1lhZNoA8pE0SARZcuRScwEGiNBIDkKkYpJWUkn78Ja/XyWdi7rn1r3WZa1xUzRTZifslJ0zj12xBrtjTdZmgiF7Ys/sxUmcV+fNef8ZLTnFzjH7A+fjG3bzkXc=</latexit>

n
<latexit sha1_base64="AjTe1ftOzOPZDqs5/X4gPm2NIh4=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrIREpQRNJSJRB5SYkXryyaccj5bd2ukKMoX0EJFh2j5IAr+Bdu4gISpRjO72tkJYiUtue6nU1pb39jcKm9Xdnb39g+qh0cdGyVGYFtEKjK9ACwqqbFNkhT2YoMQBgq7wfQ287uPaKyM9D3NYvRDmGg5lgIolVp6WK25dTcHXyVeQWqsQHNY/RqMIpGEqEkosLbvuTH5czAkhcJFZZBYjEFMYYL9lGoI0frzPOiCnyUWKOIxGi4Vz0X8vTGH0NpZGKSTIdCDXfYy8T+vn9D42p9LHSeEWmSHSCrMD1lhZNoA8pE0SARZcuRScwEGiNBIDkKkYpJWUkn78Ja/XyWdi7rn1r3WZa1xUzRTZifslJ0zj12xBrtjTdZmgiF7Ys/sxUmcV+fNef8ZLTnFzjH7A+fjG3bzkXc=</latexit><latexit sha1_base64="AjTe1ftOzOPZDqs5/X4gPm2NIh4=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrIREpQRNJSJRB5SYkXryyaccj5bd2ukKMoX0EJFh2j5IAr+Bdu4gISpRjO72tkJYiUtue6nU1pb39jcKm9Xdnb39g+qh0cdGyVGYFtEKjK9ACwqqbFNkhT2YoMQBgq7wfQ287uPaKyM9D3NYvRDmGg5lgIolVp6WK25dTcHXyVeQWqsQHNY/RqMIpGEqEkosLbvuTH5czAkhcJFZZBYjEFMYYL9lGoI0frzPOiCnyUWKOIxGi4Vz0X8vTGH0NpZGKSTIdCDXfYy8T+vn9D42p9LHSeEWmSHSCrMD1lhZNoA8pE0SARZcuRScwEGiNBIDkKkYpJWUkn78Ja/XyWdi7rn1r3WZa1xUzRTZifslJ0zj12xBrtjTdZmgiF7Ys/sxUmcV+fNef8ZLTnFzjH7A+fjG3bzkXc=</latexit><latexit sha1_base64="AjTe1ftOzOPZDqs5/X4gPm2NIh4=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrIREpQRNJSJRB5SYkXryyaccj5bd2ukKMoX0EJFh2j5IAr+Bdu4gISpRjO72tkJYiUtue6nU1pb39jcKm9Xdnb39g+qh0cdGyVGYFtEKjK9ACwqqbFNkhT2YoMQBgq7wfQ287uPaKyM9D3NYvRDmGg5lgIolVp6WK25dTcHXyVeQWqsQHNY/RqMIpGEqEkosLbvuTH5czAkhcJFZZBYjEFMYYL9lGoI0frzPOiCnyUWKOIxGi4Vz0X8vTGH0NpZGKSTIdCDXfYy8T+vn9D42p9LHSeEWmSHSCrMD1lhZNoA8pE0SARZcuRScwEGiNBIDkKkYpJWUkn78Ja/XyWdi7rn1r3WZa1xUzRTZifslJ0zj12xBrtjTdZmgiF7Ys/sxUmcV+fNef8ZLTnFzjH7A+fjG3bzkXc=</latexit><latexit sha1_base64="AjTe1ftOzOPZDqs5/X4gPm2NIh4=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrIREpQRNJSJRB5SYkXryyaccj5bd2ukKMoX0EJFh2j5IAr+Bdu4gISpRjO72tkJYiUtue6nU1pb39jcKm9Xdnb39g+qh0cdGyVGYFtEKjK9ACwqqbFNkhT2YoMQBgq7wfQ287uPaKyM9D3NYvRDmGg5lgIolVp6WK25dTcHXyVeQWqsQHNY/RqMIpGEqEkosLbvuTH5czAkhcJFZZBYjEFMYYL9lGoI0frzPOiCnyUWKOIxGi4Vz0X8vTGH0NpZGKSTIdCDXfYy8T+vn9D42p9LHSeEWmSHSCrMD1lhZNoA8pE0SARZcuRScwEGiNBIDkKkYpJWUkn78Ja/XyWdi7rn1r3WZa1xUzRTZifslJ0zj12xBrtjTdZmgiF7Ys/sxUmcV+fNef8ZLTnFzjH7A+fjG3bzkXc=</latexit>

m
<latexit sha1_base64="2K2NVqXk85p3C3hTWxLmd7tZ+HY=">AAAB83icbVC7SgNBFJ2NrxhfUUubwSBYhV0RtAzaWCZgHpAsYXZyE4fMzC4zd4QQ8gW2WtmJrR9k4b+4u26hiac6nHMv99wTJVJY9P1Pr7S2vrG5Vd6u7Ozu7R9UD486NnaGQ5vHMja9iFmQQkMbBUroJQaYiiR0o+lt5ncfwVgR63ucJRAqNtFiLDjDVGqpYbXm1/0cdJUEBamRAs1h9WswirlToJFLZm0/8BMM58yg4BIWlYGzkDA+ZRPop1QzBTac50EX9MxZhjFNwFAhaS7C7405U9bOVJROKoYPdtnLxP+8vsPxdTgXOnEImmeHUEjID1luRNoA0JEwgMiy5ECFppwZhghGUMZ5Krq0kkraR7D8/SrpXNQDvx60LmuNm6KZMjkhp+ScBOSKNMgdaZI24QTIE3kmL57zXr037/1ntOQVO8fkD7yPb3VkkXY=</latexit><latexit sha1_base64="2K2NVqXk85p3C3hTWxLmd7tZ+HY=">AAAB83icbVC7SgNBFJ2NrxhfUUubwSBYhV0RtAzaWCZgHpAsYXZyE4fMzC4zd4QQ8gW2WtmJrR9k4b+4u26hiac6nHMv99wTJVJY9P1Pr7S2vrG5Vd6u7Ozu7R9UD486NnaGQ5vHMja9iFmQQkMbBUroJQaYiiR0o+lt5ncfwVgR63ucJRAqNtFiLDjDVGqpYbXm1/0cdJUEBamRAs1h9WswirlToJFLZm0/8BMM58yg4BIWlYGzkDA+ZRPop1QzBTac50EX9MxZhjFNwFAhaS7C7405U9bOVJROKoYPdtnLxP+8vsPxdTgXOnEImmeHUEjID1luRNoA0JEwgMiy5ECFppwZhghGUMZ5Krq0kkraR7D8/SrpXNQDvx60LmuNm6KZMjkhp+ScBOSKNMgdaZI24QTIE3kmL57zXr037/1ntOQVO8fkD7yPb3VkkXY=</latexit><latexit sha1_base64="2K2NVqXk85p3C3hTWxLmd7tZ+HY=">AAAB83icbVC7SgNBFJ2NrxhfUUubwSBYhV0RtAzaWCZgHpAsYXZyE4fMzC4zd4QQ8gW2WtmJrR9k4b+4u26hiac6nHMv99wTJVJY9P1Pr7S2vrG5Vd6u7Ozu7R9UD486NnaGQ5vHMja9iFmQQkMbBUroJQaYiiR0o+lt5ncfwVgR63ucJRAqNtFiLDjDVGqpYbXm1/0cdJUEBamRAs1h9WswirlToJFLZm0/8BMM58yg4BIWlYGzkDA+ZRPop1QzBTac50EX9MxZhjFNwFAhaS7C7405U9bOVJROKoYPdtnLxP+8vsPxdTgXOnEImmeHUEjID1luRNoA0JEwgMiy5ECFppwZhghGUMZ5Krq0kkraR7D8/SrpXNQDvx60LmuNm6KZMjkhp+ScBOSKNMgdaZI24QTIE3kmL57zXr037/1ntOQVO8fkD7yPb3VkkXY=</latexit><latexit sha1_base64="2K2NVqXk85p3C3hTWxLmd7tZ+HY=">AAAB83icbVC7SgNBFJ2NrxhfUUubwSBYhV0RtAzaWCZgHpAsYXZyE4fMzC4zd4QQ8gW2WtmJrR9k4b+4u26hiac6nHMv99wTJVJY9P1Pr7S2vrG5Vd6u7Ozu7R9UD486NnaGQ5vHMja9iFmQQkMbBUroJQaYiiR0o+lt5ncfwVgR63ucJRAqNtFiLDjDVGqpYbXm1/0cdJUEBamRAs1h9WswirlToJFLZm0/8BMM58yg4BIWlYGzkDA+ZRPop1QzBTac50EX9MxZhjFNwFAhaS7C7405U9bOVJROKoYPdtnLxP+8vsPxdTgXOnEImmeHUEjID1luRNoA0JEwgMiy5ECFppwZhghGUMZ5Krq0kkraR7D8/SrpXNQDvx60LmuNm6KZMjkhp+ScBOSKNMgdaZI24QTIE3kmL57zXr037/1ntOQVO8fkD7yPb3VkkXY=</latexit>

d
<latexit sha1_base64="3++v4MUstUxZFggT25an+WDZjE8=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48JmAckS5iddOKQ2QczPUII+QKvevImXv0gD/6Lu+seNLFORVU3XV1BoqQh1/10SmvrG5tb5e3Kzu7e/kH18KhjYqsFtkWsYt0LuEElI2yTJIW9RCMPA4XdYHqb+d1H1EbG0T3NEvRDPonkWApOqdQaDas1t+7mYKvEK0gNCjSH1a/BKBY2xIiE4sb0PTchf841SaFwURlYgwkXUz7BfkojHqLx53nQBTuzhlPMEtRMKpaL+HtjzkNjZmGQToacHsyyl4n/eX1L42t/LqPEEkYiO0RSYX7ICC3TBpCNpEYiniVHJiMmuOZEqCXjQqSiTSuppH14y9+vks5F3XPrXuuy1rgpminDCZzCOXhwBQ24gya0QQDCEzzDi2OdV+fNef8ZLTnFzjH8gfPxDWddkW0=</latexit><latexit sha1_base64="3++v4MUstUxZFggT25an+WDZjE8=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48JmAckS5iddOKQ2QczPUII+QKvevImXv0gD/6Lu+seNLFORVU3XV1BoqQh1/10SmvrG5tb5e3Kzu7e/kH18KhjYqsFtkWsYt0LuEElI2yTJIW9RCMPA4XdYHqb+d1H1EbG0T3NEvRDPonkWApOqdQaDas1t+7mYKvEK0gNCjSH1a/BKBY2xIiE4sb0PTchf841SaFwURlYgwkXUz7BfkojHqLx53nQBTuzhlPMEtRMKpaL+HtjzkNjZmGQToacHsyyl4n/eX1L42t/LqPEEkYiO0RSYX7ICC3TBpCNpEYiniVHJiMmuOZEqCXjQqSiTSuppH14y9+vks5F3XPrXuuy1rgpminDCZzCOXhwBQ24gya0QQDCEzzDi2OdV+fNef8ZLTnFzjH8gfPxDWddkW0=</latexit><latexit sha1_base64="3++v4MUstUxZFggT25an+WDZjE8=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48JmAckS5iddOKQ2QczPUII+QKvevImXv0gD/6Lu+seNLFORVU3XV1BoqQh1/10SmvrG5tb5e3Kzu7e/kH18KhjYqsFtkWsYt0LuEElI2yTJIW9RCMPA4XdYHqb+d1H1EbG0T3NEvRDPonkWApOqdQaDas1t+7mYKvEK0gNCjSH1a/BKBY2xIiE4sb0PTchf841SaFwURlYgwkXUz7BfkojHqLx53nQBTuzhlPMEtRMKpaL+HtjzkNjZmGQToacHsyyl4n/eX1L42t/LqPEEkYiO0RSYX7ICC3TBpCNpEYiniVHJiMmuOZEqCXjQqSiTSuppH14y9+vks5F3XPrXuuy1rgpminDCZzCOXhwBQ24gya0QQDCEzzDi2OdV+fNef8ZLTnFzjH8gfPxDWddkW0=</latexit><latexit sha1_base64="3++v4MUstUxZFggT25an+WDZjE8=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48JmAckS5iddOKQ2QczPUII+QKvevImXv0gD/6Lu+seNLFORVU3XV1BoqQh1/10SmvrG5tb5e3Kzu7e/kH18KhjYqsFtkWsYt0LuEElI2yTJIW9RCMPA4XdYHqb+d1H1EbG0T3NEvRDPonkWApOqdQaDas1t+7mYKvEK0gNCjSH1a/BKBY2xIiE4sb0PTchf841SaFwURlYgwkXUz7BfkojHqLx53nQBTuzhlPMEtRMKpaL+HtjzkNjZmGQToacHsyyl4n/eX1L42t/LqPEEkYiO0RSYX7ICC3TBpCNpEYiniVHJiMmuOZEqCXjQqSiTSuppH14y9+vks5F3XPrXuuy1rgpminDCZzCOXhwBQ24gya0QQDCEzzDi2OdV+fNef8ZLTnFzjH8gfPxDWddkW0=</latexit>
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Softplus function

Error measures:

• Absolute Error:

• Relative Error:

• Weighted Absolute Error:

NN parameters:
• fixed (fractures {8, 

33, 62, 105};               );
• ;
• ;
Training parameters:
• E = 1000 (maximum training 

epochs);
• B = 10, 30 (mini-batch size 

for training);
• P = 150 (Early stopping 

patience parameter).

ea = [|'̂1 � '1|, . . . , |'̂m � 'm|]>
<latexit sha1_base64="pQYWwe1jtItcoMQUUbh0JHbxbqE="></latexit><latexit sha1_base64="pQYWwe1jtItcoMQUUbh0JHbxbqE="></latexit><latexit sha1_base64="pQYWwe1jtItcoMQUUbh0JHbxbqE="></latexit><latexit sha1_base64="pQYWwe1jtItcoMQUUbh0JHbxbqE="></latexit>

er =


|'̂1 � '1|

|'1|
, . . . ,

|'̂m � 'm|
|'m|

�>

<latexit sha1_base64="Gee5bYcGtR/FBG+wGxSbVmrSYYw="></latexit><latexit sha1_base64="Gee5bYcGtR/FBG+wGxSbVmrSYYw="></latexit><latexit sha1_base64="Gee5bYcGtR/FBG+wGxSbVmrSYYw="></latexit><latexit sha1_base64="Gee5bYcGtR/FBG+wGxSbVmrSYYw="></latexit>

ew =
eaPm̂
i=1 'i

<latexit sha1_base64="TIQOWnSDAEiEEqlFi35ddri47Z4="></latexit><latexit sha1_base64="TIQOWnSDAEiEEqlFi35ddri47Z4="></latexit><latexit sha1_base64="TIQOWnSDAEiEEqlFi35ddri47Z4="></latexit><latexit sha1_base64="TIQOWnSDAEiEEqlFi35ddri47Z4="></latexit>

 = 10�5
<latexit sha1_base64="eS2xemGj6vEUVt44+/cUbJU9bDM=">AAACBHicbVA9SwNBEN2LXzF+nVraLAbBxnAnijZC0MYygvmAJIa5zSQu2btbducC4Ujrr7DVyk5s/R8W/hcvMYVGX/V4b4Z58wKtpCXP+3ByC4tLyyv51cLa+sbmlru9U7NxYgRWRaxi0wjAopIRVkmSwoY2CGGgsB4MriZ+fYjGyji6pZHGdgj9SPakAMqkjuu2BqA18Avue3fp0em44xa9kjcF/0v8GSmyGSod97PVjUUSYkRCgbVN39PUTsGQFArHhVZiUYMYQB+bGY0gRNtOp8nH/CCxQDHXaLhUfCriz40UQmtHYZBNhkD3dt6biP95zYR65+1URjohjMTkEEmF00NWGJlVgrwrDRLBJDlyGXEBBojQSA5CZGKSdVTI+vDnv/9Lascl3yv5NyfF8uWsmTzbY/vskPnsjJXZNauwKhNsyB7ZE3t2HpwX59V5+x7NObOdXfYLzvsXYP+Wzw==</latexit><latexit sha1_base64="eS2xemGj6vEUVt44+/cUbJU9bDM=">AAACBHicbVA9SwNBEN2LXzF+nVraLAbBxnAnijZC0MYygvmAJIa5zSQu2btbducC4Ujrr7DVyk5s/R8W/hcvMYVGX/V4b4Z58wKtpCXP+3ByC4tLyyv51cLa+sbmlru9U7NxYgRWRaxi0wjAopIRVkmSwoY2CGGgsB4MriZ+fYjGyji6pZHGdgj9SPakAMqkjuu2BqA18Avue3fp0em44xa9kjcF/0v8GSmyGSod97PVjUUSYkRCgbVN39PUTsGQFArHhVZiUYMYQB+bGY0gRNtOp8nH/CCxQDHXaLhUfCriz40UQmtHYZBNhkD3dt6biP95zYR65+1URjohjMTkEEmF00NWGJlVgrwrDRLBJDlyGXEBBojQSA5CZGKSdVTI+vDnv/9Lascl3yv5NyfF8uWsmTzbY/vskPnsjJXZNauwKhNsyB7ZE3t2HpwX59V5+x7NObOdXfYLzvsXYP+Wzw==</latexit><latexit sha1_base64="eS2xemGj6vEUVt44+/cUbJU9bDM=">AAACBHicbVA9SwNBEN2LXzF+nVraLAbBxnAnijZC0MYygvmAJIa5zSQu2btbducC4Ujrr7DVyk5s/R8W/hcvMYVGX/V4b4Z58wKtpCXP+3ByC4tLyyv51cLa+sbmlru9U7NxYgRWRaxi0wjAopIRVkmSwoY2CGGgsB4MriZ+fYjGyji6pZHGdgj9SPakAMqkjuu2BqA18Avue3fp0em44xa9kjcF/0v8GSmyGSod97PVjUUSYkRCgbVN39PUTsGQFArHhVZiUYMYQB+bGY0gRNtOp8nH/CCxQDHXaLhUfCriz40UQmtHYZBNhkD3dt6biP95zYR65+1URjohjMTkEEmF00NWGJlVgrwrDRLBJDlyGXEBBojQSA5CZGKSdVTI+vDnv/9Lascl3yv5NyfF8uWsmTzbY/vskPnsjJXZNauwKhNsyB7ZE3t2HpwX59V5+x7NObOdXfYLzvsXYP+Wzw==</latexit><latexit sha1_base64="eS2xemGj6vEUVt44+/cUbJU9bDM=">AAACBHicbVA9SwNBEN2LXzF+nVraLAbBxnAnijZC0MYygvmAJIa5zSQu2btbducC4Ujrr7DVyk5s/R8W/hcvMYVGX/V4b4Z58wKtpCXP+3ByC4tLyyv51cLa+sbmlru9U7NxYgRWRaxi0wjAopIRVkmSwoY2CGGgsB4MriZ+fYjGyji6pZHGdgj9SPakAMqkjuu2BqA18Avue3fp0em44xa9kjcF/0v8GSmyGSod97PVjUUSYkRCgbVN39PUTsGQFArHhVZiUYMYQB+bGY0gRNtOp8nH/CCxQDHXaLhUfCriz40UQmtHYZBNhkD3dt6biP95zYR65+1URjohjMTkEEmF00NWGJlVgrwrDRLBJDlyGXEBBojQSA5CZGKSdVTI+vDnv/9Lascl3yv5NyfF8uWsmTzbY/vskPnsjJXZNauwKhNsyB7ZE3t2HpwX59V5+x7NObOdXfYLzvsXYP+Wzw==</latexit>

�H = 10
<latexit sha1_base64="z33SSzCBZZ8bWSQCnrbSaXAUF0k=">AAAB/3icbVC7SgNBFJ2NrxhfUUubwSBYhV0RtBGCWqSMYB6QLOHu5CYOmX04c1cISwq/wlYrO7H1Uyz8F3fXFJp4qsM593LPPV6kpCHb/rQKS8srq2vF9dLG5tb2Tnl3r2XCWAtsilCFuuOBQSUDbJIkhZ1II/iewrY3vsr89gNqI8PgliYRuj6MAjmUAiiV3N41KgJe5xfcsfvlil21c/BF4sxIhc3Q6Je/eoNQxD4GJBQY03XsiNwENEmhcFrqxQYjEGMYYTelAfho3CQPPeVHsQEKeYSaS8VzEX9vJOAbM/G9dNIHujPzXib+53VjGp67iQyimDAQ2SGSCvNDRmiZtoF8IDUSQZYcuQy4AA1EqCUHIVIxTusppX04898vktZJ1bGrzs1ppXY5a6bIDtghO2YOO2M1VmcN1mSC3bMn9sxerEfr1Xqz3n9GC9ZsZ5/9gfXxDSfnlQ0=</latexit><latexit sha1_base64="z33SSzCBZZ8bWSQCnrbSaXAUF0k=">AAAB/3icbVC7SgNBFJ2NrxhfUUubwSBYhV0RtBGCWqSMYB6QLOHu5CYOmX04c1cISwq/wlYrO7H1Uyz8F3fXFJp4qsM593LPPV6kpCHb/rQKS8srq2vF9dLG5tb2Tnl3r2XCWAtsilCFuuOBQSUDbJIkhZ1II/iewrY3vsr89gNqI8PgliYRuj6MAjmUAiiV3N41KgJe5xfcsfvlil21c/BF4sxIhc3Q6Je/eoNQxD4GJBQY03XsiNwENEmhcFrqxQYjEGMYYTelAfho3CQPPeVHsQEKeYSaS8VzEX9vJOAbM/G9dNIHujPzXib+53VjGp67iQyimDAQ2SGSCvNDRmiZtoF8IDUSQZYcuQy4AA1EqCUHIVIxTusppX04898vktZJ1bGrzs1ppXY5a6bIDtghO2YOO2M1VmcN1mSC3bMn9sxerEfr1Xqz3n9GC9ZsZ5/9gfXxDSfnlQ0=</latexit><latexit sha1_base64="z33SSzCBZZ8bWSQCnrbSaXAUF0k=">AAAB/3icbVC7SgNBFJ2NrxhfUUubwSBYhV0RtBGCWqSMYB6QLOHu5CYOmX04c1cISwq/wlYrO7H1Uyz8F3fXFJp4qsM593LPPV6kpCHb/rQKS8srq2vF9dLG5tb2Tnl3r2XCWAtsilCFuuOBQSUDbJIkhZ1II/iewrY3vsr89gNqI8PgliYRuj6MAjmUAiiV3N41KgJe5xfcsfvlil21c/BF4sxIhc3Q6Je/eoNQxD4GJBQY03XsiNwENEmhcFrqxQYjEGMYYTelAfho3CQPPeVHsQEKeYSaS8VzEX9vJOAbM/G9dNIHujPzXib+53VjGp67iQyimDAQ2SGSCvNDRmiZtoF8IDUSQZYcuQy4AA1EqCUHIVIxTusppX04898vktZJ1bGrzs1ppXY5a6bIDtghO2YOO2M1VmcN1mSC3bMn9sxerEfr1Xqz3n9GC9ZsZ5/9gfXxDSfnlQ0=</latexit><latexit sha1_base64="z33SSzCBZZ8bWSQCnrbSaXAUF0k=">AAAB/3icbVC7SgNBFJ2NrxhfUUubwSBYhV0RtBGCWqSMYB6QLOHu5CYOmX04c1cISwq/wlYrO7H1Uyz8F3fXFJp4qsM593LPPV6kpCHb/rQKS8srq2vF9dLG5tb2Tnl3r2XCWAtsilCFuuOBQSUDbJIkhZ1II/iewrY3vsr89gNqI8PgliYRuj6MAjmUAiiV3N41KgJe5xfcsfvlil21c/BF4sxIhc3Q6Je/eoNQxD4GJBQY03XsiNwENEmhcFrqxQYjEGMYYTelAfho3CQPPeVHsQEKeYSaS8VzEX9vJOAbM/G9dNIHujPzXib+53VjGp67iQyimDAQ2SGSCvNDRmiZtoF8IDUSQZYcuQy4AA1EqCUHIVIxTusppX04898vktZJ1bGrzs1ppXY5a6bIDtghO2YOO2M1VmcN1mSC3bMn9sxerEfr1Xqz3n9GC9ZsZ5/9gfXxDSfnlQ0=</latexit>

(NN*)

m = 4
<latexit sha1_base64="82gm1PoIiHh8Y0IRmoT67kovAmg=">AAAB93icbVBNS8NAFNzUr1q/qh69LBbBU0mkoBeh6MVjBdMW2lA229e6dHcTdl+EEvobvOrJm3j153jwv5jEHLQ6p2HmPd68CWMpLLruh1NZWV1b36hu1ra2d3b36vsHXRslhoPPIxmZfsgsSKHBR4ES+rEBpkIJvXB2nfu9BzBWRPoO5zEEik21mAjOMJN8RS9pa1RvuE23AP1LvJI0SInOqP45HEc8UaCRS2btwHNjDFJmUHAJi9owsRAzPmNTGGRUMwU2SIuwC3qSWIYRjcFQIWkhws+NlClr5yrMJhXDe7vs5eJ/3iDByUWQCh0nCJrnh1BIKA5ZbkTWAtCxMIDI8uRAhaacGYYIRlDGeSYmWS21rA9v+fu/pHvW9Nymd9tqtK/KZqrkiByTU+KRc9ImN6RDfMKJII/kiTw7c+fFeXXevkcrTrlzSH7Bef8CH9eSTw==</latexit><latexit sha1_base64="82gm1PoIiHh8Y0IRmoT67kovAmg=">AAAB93icbVBNS8NAFNzUr1q/qh69LBbBU0mkoBeh6MVjBdMW2lA229e6dHcTdl+EEvobvOrJm3j153jwv5jEHLQ6p2HmPd68CWMpLLruh1NZWV1b36hu1ra2d3b36vsHXRslhoPPIxmZfsgsSKHBR4ES+rEBpkIJvXB2nfu9BzBWRPoO5zEEik21mAjOMJN8RS9pa1RvuE23AP1LvJI0SInOqP45HEc8UaCRS2btwHNjDFJmUHAJi9owsRAzPmNTGGRUMwU2SIuwC3qSWIYRjcFQIWkhws+NlClr5yrMJhXDe7vs5eJ/3iDByUWQCh0nCJrnh1BIKA5ZbkTWAtCxMIDI8uRAhaacGYYIRlDGeSYmWS21rA9v+fu/pHvW9Nymd9tqtK/KZqrkiByTU+KRc9ImN6RDfMKJII/kiTw7c+fFeXXevkcrTrlzSH7Bef8CH9eSTw==</latexit><latexit sha1_base64="82gm1PoIiHh8Y0IRmoT67kovAmg=">AAAB93icbVBNS8NAFNzUr1q/qh69LBbBU0mkoBeh6MVjBdMW2lA229e6dHcTdl+EEvobvOrJm3j153jwv5jEHLQ6p2HmPd68CWMpLLruh1NZWV1b36hu1ra2d3b36vsHXRslhoPPIxmZfsgsSKHBR4ES+rEBpkIJvXB2nfu9BzBWRPoO5zEEik21mAjOMJN8RS9pa1RvuE23AP1LvJI0SInOqP45HEc8UaCRS2btwHNjDFJmUHAJi9owsRAzPmNTGGRUMwU2SIuwC3qSWIYRjcFQIWkhws+NlClr5yrMJhXDe7vs5eJ/3iDByUWQCh0nCJrnh1BIKA5ZbkTWAtCxMIDI8uRAhaacGYYIRlDGeSYmWS21rA9v+fu/pHvW9Nymd9tqtK/KZqrkiByTU+KRc9ImN6RDfMKJII/kiTw7c+fFeXXevkcrTrlzSH7Bef8CH9eSTw==</latexit><latexit sha1_base64="82gm1PoIiHh8Y0IRmoT67kovAmg=">AAAB93icbVBNS8NAFNzUr1q/qh69LBbBU0mkoBeh6MVjBdMW2lA229e6dHcTdl+EEvobvOrJm3j153jwv5jEHLQ6p2HmPd68CWMpLLruh1NZWV1b36hu1ra2d3b36vsHXRslhoPPIxmZfsgsSKHBR4ES+rEBpkIJvXB2nfu9BzBWRPoO5zEEik21mAjOMJN8RS9pa1RvuE23AP1LvJI0SInOqP45HEc8UaCRS2btwHNjDFJmUHAJi9owsRAzPmNTGGRUMwU2SIuwC3qSWIYRjcFQIWkhws+NlClr5yrMJhXDe7vs5eJ/3iDByUWQCh0nCJrnh1BIKA5ZbkTWAtCxMIDI8uRAhaacGYYIRlDGeSYmWS21rA9v+fu/pHvW9Nymd9tqtK/KZqrkiByTU+KRc9ImN6RDfMKJII/kiTw7c+fFeXXevkcrTrlzSH7Bef8CH9eSTw==</latexit>

m̂ = 7
<latexit sha1_base64="lduN9/goVdD6ilxNbRcWi4LlKLo=">AAAB/XicbVA9SwNBEN2LXzF+RS1tFoNgFe5EiI0QtLGMYGIgOcLcZpIs2ftgd04IR/BX2GplJ7b+Fgv/i3fnFZr4qsd7M8yb50VKGrLtT6u0srq2vlHerGxt7+zuVfcPOiaMtcC2CFWoux4YVDLANklS2I00gu8pvPem15l//4DayDC4o1mErg/jQI6kAEqlXn8ClPhzfskbg2rNrts5+DJxClJjBVqD6ld/GIrYx4CEAmN6jh2Rm4AmKRTOK/3YYARiCmPspTQAH42b5JHn/CQ2QCGPUHOpeC7i740EfGNmvpdO+kATs+hl4n9eL6bRhZvIIIoJA5EdIqkwP2SElmkXyIdSIxFkyZHLgAvQQIRachAiFeO0nErah7P4/TLpnNUdu+7cnteaV0UzZXbEjtkpc1iDNdkNa7E2EyxkT+yZvViP1qv1Zr3/jJasYueQ/YH18Q0VbZUf</latexit><latexit sha1_base64="lduN9/goVdD6ilxNbRcWi4LlKLo=">AAAB/XicbVA9SwNBEN2LXzF+RS1tFoNgFe5EiI0QtLGMYGIgOcLcZpIs2ftgd04IR/BX2GplJ7b+Fgv/i3fnFZr4qsd7M8yb50VKGrLtT6u0srq2vlHerGxt7+zuVfcPOiaMtcC2CFWoux4YVDLANklS2I00gu8pvPem15l//4DayDC4o1mErg/jQI6kAEqlXn8ClPhzfskbg2rNrts5+DJxClJjBVqD6ld/GIrYx4CEAmN6jh2Rm4AmKRTOK/3YYARiCmPspTQAH42b5JHn/CQ2QCGPUHOpeC7i740EfGNmvpdO+kATs+hl4n9eL6bRhZvIIIoJA5EdIqkwP2SElmkXyIdSIxFkyZHLgAvQQIRachAiFeO0nErah7P4/TLpnNUdu+7cnteaV0UzZXbEjtkpc1iDNdkNa7E2EyxkT+yZvViP1qv1Zr3/jJasYueQ/YH18Q0VbZUf</latexit><latexit sha1_base64="lduN9/goVdD6ilxNbRcWi4LlKLo=">AAAB/XicbVA9SwNBEN2LXzF+RS1tFoNgFe5EiI0QtLGMYGIgOcLcZpIs2ftgd04IR/BX2GplJ7b+Fgv/i3fnFZr4qsd7M8yb50VKGrLtT6u0srq2vlHerGxt7+zuVfcPOiaMtcC2CFWoux4YVDLANklS2I00gu8pvPem15l//4DayDC4o1mErg/jQI6kAEqlXn8ClPhzfskbg2rNrts5+DJxClJjBVqD6ld/GIrYx4CEAmN6jh2Rm4AmKRTOK/3YYARiCmPspTQAH42b5JHn/CQ2QCGPUHOpeC7i740EfGNmvpdO+kATs+hl4n9eL6bRhZvIIIoJA5EdIqkwP2SElmkXyIdSIxFkyZHLgAvQQIRachAiFeO0nErah7P4/TLpnNUdu+7cnteaV0UzZXbEjtkpc1iDNdkNa7E2EyxkT+yZvViP1qv1Zr3/jJasYueQ/YH18Q0VbZUf</latexit><latexit sha1_base64="lduN9/goVdD6ilxNbRcWi4LlKLo=">AAAB/XicbVA9SwNBEN2LXzF+RS1tFoNgFe5EiI0QtLGMYGIgOcLcZpIs2ftgd04IR/BX2GplJ7b+Fgv/i3fnFZr4qsd7M8yb50VKGrLtT6u0srq2vlHerGxt7+zuVfcPOiaMtcC2CFWoux4YVDLANklS2I00gu8pvPem15l//4DayDC4o1mErg/jQI6kAEqlXn8ClPhzfskbg2rNrts5+DJxClJjBVqD6ld/GIrYx4CEAmN6jh2Rm4AmKRTOK/3YYARiCmPspTQAH42b5JHn/CQ2QCGPUHOpeC7i740EfGNmvpdO+kATs+hl4n9eL6bRhZvIIIoJA5EdIqkwP2SElmkXyIdSIxFkyZHLgAvQQIRachAiFeO0nErah7P4/TLpnNUdu+7cnteaV0UzZXbEjtkpc1iDNdkNa7E2EyxkT+yZvViP1qv1Zr3/jJasYueQ/YH18Q0VbZUf</latexit>

n = 30, 80, 107
<latexit sha1_base64="JvqvgbfEd3rT8bNoqpMyTBQxl30=">AAACBXicbVA9SwNBEN2LXzF+JVraLAbBIoQ7FZJGCNpYRjAfkBxhbzOJS/b2jt05JYTU/gpbrezE1t9h4X/x7rxCE18xPN6bYWaeF0ph0LY/rdzK6tr6Rn6zsLW9s7tXLO23TRBpDi0eyEB3PWZACgUtFCihG2pgvieh402uEr9zD9qIQN3iNATXZ2MlRoIzjKVBsaToBT2zK/1KPSmOXRsUy3bVTkGXiZORMsnQHBS/+sOARz4o5JIZ03PsEN0Z0yi4hHmhHxkIGZ+wMfRiqpgPxp2lp8/pcWQYBjQETYWkqQi/J2bMN2bqe3Gnz/DOLHqJ+J/Xi3BUd2dChRGC4skiFBLSRYZrEWcCdCg0ILLkcqBCUc40QwQtKOM8FqM4pEKch7P4/TJpn1Ydu+rcnJcbl1kyeXJIjsgJcUiNNMg1aZIW4eSBPJFn8mI9Wq/Wm/X+05qzspkD8gfWxzd8U5WQ</latexit><latexit sha1_base64="JvqvgbfEd3rT8bNoqpMyTBQxl30=">AAACBXicbVA9SwNBEN2LXzF+JVraLAbBIoQ7FZJGCNpYRjAfkBxhbzOJS/b2jt05JYTU/gpbrezE1t9h4X/x7rxCE18xPN6bYWaeF0ph0LY/rdzK6tr6Rn6zsLW9s7tXLO23TRBpDi0eyEB3PWZACgUtFCihG2pgvieh402uEr9zD9qIQN3iNATXZ2MlRoIzjKVBsaToBT2zK/1KPSmOXRsUy3bVTkGXiZORMsnQHBS/+sOARz4o5JIZ03PsEN0Z0yi4hHmhHxkIGZ+wMfRiqpgPxp2lp8/pcWQYBjQETYWkqQi/J2bMN2bqe3Gnz/DOLHqJ+J/Xi3BUd2dChRGC4skiFBLSRYZrEWcCdCg0ILLkcqBCUc40QwQtKOM8FqM4pEKch7P4/TJpn1Ydu+rcnJcbl1kyeXJIjsgJcUiNNMg1aZIW4eSBPJFn8mI9Wq/Wm/X+05qzspkD8gfWxzd8U5WQ</latexit><latexit sha1_base64="JvqvgbfEd3rT8bNoqpMyTBQxl30=">AAACBXicbVA9SwNBEN2LXzF+JVraLAbBIoQ7FZJGCNpYRjAfkBxhbzOJS/b2jt05JYTU/gpbrezE1t9h4X/x7rxCE18xPN6bYWaeF0ph0LY/rdzK6tr6Rn6zsLW9s7tXLO23TRBpDi0eyEB3PWZACgUtFCihG2pgvieh402uEr9zD9qIQN3iNATXZ2MlRoIzjKVBsaToBT2zK/1KPSmOXRsUy3bVTkGXiZORMsnQHBS/+sOARz4o5JIZ03PsEN0Z0yi4hHmhHxkIGZ+wMfRiqpgPxp2lp8/pcWQYBjQETYWkqQi/J2bMN2bqe3Gnz/DOLHqJ+J/Xi3BUd2dChRGC4skiFBLSRYZrEWcCdCg0ILLkcqBCUc40QwQtKOM8FqM4pEKch7P4/TJpn1Ydu+rcnJcbl1kyeXJIjsgJcUiNNMg1aZIW4eSBPJFn8mI9Wq/Wm/X+05qzspkD8gfWxzd8U5WQ</latexit><latexit sha1_base64="JvqvgbfEd3rT8bNoqpMyTBQxl30=">AAACBXicbVA9SwNBEN2LXzF+JVraLAbBIoQ7FZJGCNpYRjAfkBxhbzOJS/b2jt05JYTU/gpbrezE1t9h4X/x7rxCE18xPN6bYWaeF0ph0LY/rdzK6tr6Rn6zsLW9s7tXLO23TRBpDi0eyEB3PWZACgUtFCihG2pgvieh402uEr9zD9qIQN3iNATXZ2MlRoIzjKVBsaToBT2zK/1KPSmOXRsUy3bVTkGXiZORMsnQHBS/+sOARz4o5JIZ03PsEN0Z0yi4hHmhHxkIGZ+wMfRiqpgPxp2lp8/pcWQYBjQETYWkqQi/J2bMN2bqe3Gnz/DOLHqJ+J/Xi3BUd2dChRGC4skiFBLSRYZrEWcCdCg0ILLkcqBCUc40QwQtKOM8FqM4pEKch7P4/TJpn1Ydu+rcnJcbl1kyeXJIjsgJcUiNNMg1aZIW4eSBPJFn8mI9Wq/Wm/X+05qzspkD8gfWxzd8U5WQ</latexit>

d = 1, 3
<latexit sha1_base64="e7O8EIRbqVmEVhR6ToC3DZi5MlI=">AAAB+3icbVC7SgNBFJ2NrxhfUUubwSBYhLCrgjZC0MYygnlIEsLs5CYOmZldZu4KYclX2GplJ7Z+jIX/4u66hSae6nDOvdxzjx9KYdF1P53C0vLK6lpxvbSxubW9U97da9kgMhyaPJCB6fjMghQamihQQic0wJQvoe1PrlO//QjGikDf4TSEvmJjLUaCM0yk+yG9pF61Vz0dlCtuzc1AF4mXkwrJ0RiUv3rDgEcKNHLJrO16boj9mBkUXMKs1IsshIxP2Bi6CdVMge3HWeAZPYosw4CGYKiQNBPh90bMlLVT5SeTiuGDnfdS8T+vG+Hooh8LHUYImqeHUEjIDlluRNIE0KEwgMjS5ECFppwZhghGUMZ5IkZJNaWkD2/++0XSOql5bs27PavUr/JmiuSAHJJj4pFzUic3pEGahBNFnsgzeXFmzqvz5rz/jBacfGef/IHz8Q0OvpNS</latexit><latexit sha1_base64="e7O8EIRbqVmEVhR6ToC3DZi5MlI=">AAAB+3icbVC7SgNBFJ2NrxhfUUubwSBYhLCrgjZC0MYygnlIEsLs5CYOmZldZu4KYclX2GplJ7Z+jIX/4u66hSae6nDOvdxzjx9KYdF1P53C0vLK6lpxvbSxubW9U97da9kgMhyaPJCB6fjMghQamihQQic0wJQvoe1PrlO//QjGikDf4TSEvmJjLUaCM0yk+yG9pF61Vz0dlCtuzc1AF4mXkwrJ0RiUv3rDgEcKNHLJrO16boj9mBkUXMKs1IsshIxP2Bi6CdVMge3HWeAZPYosw4CGYKiQNBPh90bMlLVT5SeTiuGDnfdS8T+vG+Hooh8LHUYImqeHUEjIDlluRNIE0KEwgMjS5ECFppwZhghGUMZ5IkZJNaWkD2/++0XSOql5bs27PavUr/JmiuSAHJJj4pFzUic3pEGahBNFnsgzeXFmzqvz5rz/jBacfGef/IHz8Q0OvpNS</latexit><latexit sha1_base64="e7O8EIRbqVmEVhR6ToC3DZi5MlI=">AAAB+3icbVC7SgNBFJ2NrxhfUUubwSBYhLCrgjZC0MYygnlIEsLs5CYOmZldZu4KYclX2GplJ7Z+jIX/4u66hSae6nDOvdxzjx9KYdF1P53C0vLK6lpxvbSxubW9U97da9kgMhyaPJCB6fjMghQamihQQic0wJQvoe1PrlO//QjGikDf4TSEvmJjLUaCM0yk+yG9pF61Vz0dlCtuzc1AF4mXkwrJ0RiUv3rDgEcKNHLJrO16boj9mBkUXMKs1IsshIxP2Bi6CdVMge3HWeAZPYosw4CGYKiQNBPh90bMlLVT5SeTiuGDnfdS8T+vG+Hooh8LHUYImqeHUEjIDlluRNIE0KEwgMjS5ECFppwZhghGUMZ5IkZJNaWkD2/++0XSOql5bs27PavUr/JmiuSAHJJj4pFzUic3pEGahBNFnsgzeXFmzqvz5rz/jBacfGef/IHz8Q0OvpNS</latexit><latexit sha1_base64="e7O8EIRbqVmEVhR6ToC3DZi5MlI=">AAAB+3icbVC7SgNBFJ2NrxhfUUubwSBYhLCrgjZC0MYygnlIEsLs5CYOmZldZu4KYclX2GplJ7Z+jIX/4u66hSae6nDOvdxzjx9KYdF1P53C0vLK6lpxvbSxubW9U97da9kgMhyaPJCB6fjMghQamihQQic0wJQvoe1PrlO//QjGikDf4TSEvmJjLUaCM0yk+yG9pF61Vz0dlCtuzc1AF4mXkwrJ0RiUv3rDgEcKNHLJrO16boj9mBkUXMKs1IsshIxP2Bi6CdVMge3HWeAZPYosw4CGYKiQNBPh90bMlLVT5SeTiuGDnfdS8T+vG+Hooh8LHUYImqeHUEjIDlluRNIE0KEwgMjS5ECFppwZhghGUMZ5IkZJNaWkD2/++0XSOql5bs27PavUr/JmiuSAHJJj4pFzUic3pEGahBNFnsgzeXFmzqvz5rz/jBacfGef/IHz8Q0OvpNS</latexit>

log10 i ⇠ N (�5, 1)
<latexit sha1_base64="L9R3ZhwEZG4ovi9M6VUfYABr6YQ=">AAACHnicbVC7TsNAEDzzJrwClDQnIiRAENkIBCWChgoFiRCkOLLWxxJOOdunuzVSZPkf+AS+ghYqOkQLBf+CHVLwmmo0s6udnVAracl1352R0bHxicmp6crM7Nz8QnVx6cImqRHYFIlKzGUIFpWMsUmSFF5qgxCFClth77j0W7dorEzic+pr7ETQjeW1FECFFFQ3fZV0g8xz88zvgdYQyJz7Vkbcj4BuBKjsNF/f3tvyNoJqza27A/C/xBuSGhuiEVQ//KtEpBHGJBRY2/ZcTZ0MDEmhMK/4qUUNogddbBc0hghtJxv8lPO11AIlXKPhUvGBiN83Mois7UdhMVkGtb+9UvzPa6d0fdDJZKxTwliUh0gqHByywsiiLORX0iARlMmRy5gLMECERnIQohDTor1K0Yf3+/u/5GKn7rl172y3dng0bGaKrbBVts48ts8O2QlrsCYT7I49sEf25Nw7z86L8/o1OuIMd5bZDzhvn8kbocQ=</latexit><latexit sha1_base64="L9R3ZhwEZG4ovi9M6VUfYABr6YQ=">AAACHnicbVC7TsNAEDzzJrwClDQnIiRAENkIBCWChgoFiRCkOLLWxxJOOdunuzVSZPkf+AS+ghYqOkQLBf+CHVLwmmo0s6udnVAracl1352R0bHxicmp6crM7Nz8QnVx6cImqRHYFIlKzGUIFpWMsUmSFF5qgxCFClth77j0W7dorEzic+pr7ETQjeW1FECFFFQ3fZV0g8xz88zvgdYQyJz7Vkbcj4BuBKjsNF/f3tvyNoJqza27A/C/xBuSGhuiEVQ//KtEpBHGJBRY2/ZcTZ0MDEmhMK/4qUUNogddbBc0hghtJxv8lPO11AIlXKPhUvGBiN83Mois7UdhMVkGtb+9UvzPa6d0fdDJZKxTwliUh0gqHByywsiiLORX0iARlMmRy5gLMECERnIQohDTor1K0Yf3+/u/5GKn7rl172y3dng0bGaKrbBVts48ts8O2QlrsCYT7I49sEf25Nw7z86L8/o1OuIMd5bZDzhvn8kbocQ=</latexit><latexit sha1_base64="L9R3ZhwEZG4ovi9M6VUfYABr6YQ=">AAACHnicbVC7TsNAEDzzJrwClDQnIiRAENkIBCWChgoFiRCkOLLWxxJOOdunuzVSZPkf+AS+ghYqOkQLBf+CHVLwmmo0s6udnVAracl1352R0bHxicmp6crM7Nz8QnVx6cImqRHYFIlKzGUIFpWMsUmSFF5qgxCFClth77j0W7dorEzic+pr7ETQjeW1FECFFFQ3fZV0g8xz88zvgdYQyJz7Vkbcj4BuBKjsNF/f3tvyNoJqza27A/C/xBuSGhuiEVQ//KtEpBHGJBRY2/ZcTZ0MDEmhMK/4qUUNogddbBc0hghtJxv8lPO11AIlXKPhUvGBiN83Mois7UdhMVkGtb+9UvzPa6d0fdDJZKxTwliUh0gqHByywsiiLORX0iARlMmRy5gLMECERnIQohDTor1K0Yf3+/u/5GKn7rl172y3dng0bGaKrbBVts48ts8O2QlrsCYT7I49sEf25Nw7z86L8/o1OuIMd5bZDzhvn8kbocQ=</latexit><latexit sha1_base64="L9R3ZhwEZG4ovi9M6VUfYABr6YQ=">AAACHnicbVC7TsNAEDzzJrwClDQnIiRAENkIBCWChgoFiRCkOLLWxxJOOdunuzVSZPkf+AS+ghYqOkQLBf+CHVLwmmo0s6udnVAracl1352R0bHxicmp6crM7Nz8QnVx6cImqRHYFIlKzGUIFpWMsUmSFF5qgxCFClth77j0W7dorEzic+pr7ETQjeW1FECFFFQ3fZV0g8xz88zvgdYQyJz7Vkbcj4BuBKjsNF/f3tvyNoJqza27A/C/xBuSGhuiEVQ//KtEpBHGJBRY2/ZcTZ0MDEmhMK/4qUUNogddbBc0hghtJxv8lPO11AIlXKPhUvGBiN83Mois7UdhMVkGtb+9UvzPa6d0fdDJZKxTwliUh0gqHByywsiiLORX0iARlMmRy5gLMECERnIQohDTor1K0Yf3+/u/5GKn7rl172y3dng0bGaKrbBVts48ts8O2QlrsCYT7I49sEf25Nw7z86L8/o1OuIMd5bZDzhvn8kbocQ=</latexit>

i
<latexit sha1_base64="wa9Efg+EX7aDylR7wZJWmebZVVk=">AAAB+nicbVC7TsNAEDyHVwivACXNiQiJKrIREpQRNJRBIg8psaL1ZRNOOdunuzVSFPITtFDRIVp+hoJ/wTYuIGGq0cyudnYCraQl1/10Siura+sb5c3K1vbO7l51/6Bt48QIbIlYxaYbgEUlI2yRJIVdbRDCQGEnmFxnfucBjZVxdEdTjX4I40iOpABKpW5/AlrDQA6qNbfu5uDLxCtIjRVoDqpf/WEskhAjEgqs7XmuJn8GhqRQOK/0E4saxATG2EtpBCFaf5bnnfOTxALFXKPhUvFcxN8bMwitnYZBOhkC3dtFLxP/83oJjS79mYx0QhiJ7BBJhfkhK4xMi0A+lAaJIEuOXEZcgAEiNJKDEKmYpM1U0j68xe+XSfus7rl17/a81rgqmimzI3bMTpnHLliD3bAmazHBFHtiz+zFeXRenTfn/We05BQ7h+wPnI9v0vqUgA==</latexit><latexit sha1_base64="wa9Efg+EX7aDylR7wZJWmebZVVk=">AAAB+nicbVC7TsNAEDyHVwivACXNiQiJKrIREpQRNJRBIg8psaL1ZRNOOdunuzVSFPITtFDRIVp+hoJ/wTYuIGGq0cyudnYCraQl1/10Siura+sb5c3K1vbO7l51/6Bt48QIbIlYxaYbgEUlI2yRJIVdbRDCQGEnmFxnfucBjZVxdEdTjX4I40iOpABKpW5/AlrDQA6qNbfu5uDLxCtIjRVoDqpf/WEskhAjEgqs7XmuJn8GhqRQOK/0E4saxATG2EtpBCFaf5bnnfOTxALFXKPhUvFcxN8bMwitnYZBOhkC3dtFLxP/83oJjS79mYx0QhiJ7BBJhfkhK4xMi0A+lAaJIEuOXEZcgAEiNJKDEKmYpM1U0j68xe+XSfus7rl17/a81rgqmimzI3bMTpnHLliD3bAmazHBFHtiz+zFeXRenTfn/We05BQ7h+wPnI9v0vqUgA==</latexit><latexit sha1_base64="wa9Efg+EX7aDylR7wZJWmebZVVk=">AAAB+nicbVC7TsNAEDyHVwivACXNiQiJKrIREpQRNJRBIg8psaL1ZRNOOdunuzVSFPITtFDRIVp+hoJ/wTYuIGGq0cyudnYCraQl1/10Siura+sb5c3K1vbO7l51/6Bt48QIbIlYxaYbgEUlI2yRJIVdbRDCQGEnmFxnfucBjZVxdEdTjX4I40iOpABKpW5/AlrDQA6qNbfu5uDLxCtIjRVoDqpf/WEskhAjEgqs7XmuJn8GhqRQOK/0E4saxATG2EtpBCFaf5bnnfOTxALFXKPhUvFcxN8bMwitnYZBOhkC3dtFLxP/83oJjS79mYx0QhiJ7BBJhfkhK4xMi0A+lAaJIEuOXEZcgAEiNJKDEKmYpM1U0j68xe+XSfus7rl17/a81rgqmimzI3bMTpnHLliD3bAmazHBFHtiz+zFeXRenTfn/We05BQ7h+wPnI9v0vqUgA==</latexit><latexit sha1_base64="wa9Efg+EX7aDylR7wZJWmebZVVk=">AAAB+nicbVC7TsNAEDyHVwivACXNiQiJKrIREpQRNJRBIg8psaL1ZRNOOdunuzVSFPITtFDRIVp+hoJ/wTYuIGGq0cyudnYCraQl1/10Siura+sb5c3K1vbO7l51/6Bt48QIbIlYxaYbgEUlI2yRJIVdbRDCQGEnmFxnfucBjZVxdEdTjX4I40iOpABKpW5/AlrDQA6qNbfu5uDLxCtIjRVoDqpf/WEskhAjEgqs7XmuJn8GhqRQOK/0E4saxATG2EtpBCFaf5bnnfOTxALFXKPhUvFcxN8bMwitnYZBOhkC3dtFLxP/83oJjS79mYx0QhiJ7BBJhfkhK4xMi0A+lAaJIEuOXEZcgAEiNJKDEKmYpM1U0j68xe+XSfus7rl17/a81rgqmimzI3bMTpnHLliD3bAmazHBFHtiz+zFeXRenTfn/We05BQ7h+wPnI9v0vqUgA==</latexit>

! 2 ⌦
<latexit sha1_base64="cr8ghsIcj3/XjmzvAewaNSz7vqk=">AAACBXicbVC7TsNAEDzzDOGVQElzIkKiimyEBGUEDR1BIg8ptqL1ZRNOOT90twZFUWq+ghYqOkTLd1DwL9jGBSRMNZrZ1c6OHytpyLY/raXlldW19dJGeXNre2e3Ut1rmyjRAlsiUpHu+mBQyRBbJElhN9YIga+w448vM79zj9rIKLylSYxeAKNQDqUASqV+pepGAY6AuzLk7nVG+5WaXbdz8EXiFKTGCjT7lS93EIkkwJCEAmN6jh2TNwVNUiicld3EYAxiDCPspTSEAI03zaPP+FFigCIeo+ZS8VzE3xtTCIyZBH46GQDdmXkvE//zegkNz72pDOOEMBTZIZIK80NGaJl2gnwgNRJBlhx5WoAADUSoJQchUjFJSyqnfTjz3y+S9kndsevOzWmtcVE0U2IH7JAdM4edsQa7Yk3WYoI9sCf2zF6sR+vVerPef0aXrGJnn/2B9fENTe2X9w==</latexit><latexit sha1_base64="cr8ghsIcj3/XjmzvAewaNSz7vqk=">AAACBXicbVC7TsNAEDzzDOGVQElzIkKiimyEBGUEDR1BIg8ptqL1ZRNOOT90twZFUWq+ghYqOkTLd1DwL9jGBSRMNZrZ1c6OHytpyLY/raXlldW19dJGeXNre2e3Ut1rmyjRAlsiUpHu+mBQyRBbJElhN9YIga+w448vM79zj9rIKLylSYxeAKNQDqUASqV+pepGAY6AuzLk7nVG+5WaXbdz8EXiFKTGCjT7lS93EIkkwJCEAmN6jh2TNwVNUiicld3EYAxiDCPspTSEAI03zaPP+FFigCIeo+ZS8VzE3xtTCIyZBH46GQDdmXkvE//zegkNz72pDOOEMBTZIZIK80NGaJl2gnwgNRJBlhx5WoAADUSoJQchUjFJSyqnfTjz3y+S9kndsevOzWmtcVE0U2IH7JAdM4edsQa7Yk3WYoI9sCf2zF6sR+vVerPef0aXrGJnn/2B9fENTe2X9w==</latexit><latexit sha1_base64="cr8ghsIcj3/XjmzvAewaNSz7vqk=">AAACBXicbVC7TsNAEDzzDOGVQElzIkKiimyEBGUEDR1BIg8ptqL1ZRNOOT90twZFUWq+ghYqOkTLd1DwL9jGBSRMNZrZ1c6OHytpyLY/raXlldW19dJGeXNre2e3Ut1rmyjRAlsiUpHu+mBQyRBbJElhN9YIga+w448vM79zj9rIKLylSYxeAKNQDqUASqV+pepGAY6AuzLk7nVG+5WaXbdz8EXiFKTGCjT7lS93EIkkwJCEAmN6jh2TNwVNUiicld3EYAxiDCPspTSEAI03zaPP+FFigCIeo+ZS8VzE3xtTCIyZBH46GQDdmXkvE//zegkNz72pDOOEMBTZIZIK80NGaJl2gnwgNRJBlhx5WoAADUSoJQchUjFJSyqnfTjz3y+S9kndsevOzWmtcVE0U2IH7JAdM4edsQa7Yk3WYoI9sCf2zF6sR+vVerPef0aXrGJnn/2B9fENTe2X9w==</latexit><latexit sha1_base64="cr8ghsIcj3/XjmzvAewaNSz7vqk=">AAACBXicbVC7TsNAEDzzDOGVQElzIkKiimyEBGUEDR1BIg8ptqL1ZRNOOT90twZFUWq+ghYqOkTLd1DwL9jGBSRMNZrZ1c6OHytpyLY/raXlldW19dJGeXNre2e3Ut1rmyjRAlsiUpHu+mBQyRBbJElhN9YIga+w448vM79zj9rIKLylSYxeAKNQDqUASqV+pepGAY6AuzLk7nVG+5WaXbdz8EXiFKTGCjT7lS93EIkkwJCEAmN6jh2TNwVNUiicld3EYAxiDCPspTSEAI03zaPP+FFigCIeo+ZS8VzE3xtTCIyZBH46GQDdmXkvE//zegkNz72pDOOEMBTZIZIK80NGaJl2gnwgNRJBlhx5WoAADUSoJQchUjFJSyqnfTjz3y+S9kndsevOzWmtcVE0U2IH7JAdM4edsQa7Yk3WYoI9sCf2zF6sR+vVerPef0aXrGJnn/2B9fENTe2X9w==</latexit>

Fracture E['] (mm2s�1) E['̂] (mm2s�1)

8 ⇠ 17.445 ⇠ 17.486

33 ⇠ 8.838 ⇠ 8.796

62 ⇠ 9.165 ⇠ 9.055

105 ⇠ 8.006 ⇠ 7.932

Fracture �['] (mm2s�1) �['̂] (mm2s�1)

8 ⇠ 9.843 ⇠ 9.521

33 ⇠ 4.719 ⇠ 4.533

62 ⇠ 5.579 ⇠ 5.399

105 ⇠ 5.213 ⇠ 5.093
<latexit sha1_base64="edFvzWT6Nq1a8qvjDeBCvOFVSBc="></latexit><latexit sha1_base64="edFvzWT6Nq1a8qvjDeBCvOFVSBc="></latexit><latexit sha1_base64="edFvzWT6Nq1a8qvjDeBCvOFVSBc="></latexit><latexit sha1_base64="edFvzWT6Nq1a8qvjDeBCvOFVSBc="></latexit>

ea (mm2s�1) er ew

Mean Val. ⇠ 0.924 ⇠ 0.110 ⇠ 0.018

97th perc. ⇠ 3.310 ⇠ 0.385 ⇠ 0.069

max ⇠ 20.994 ⇠ 8.980 ⇠ 0.430
<latexit sha1_base64="7GVJxA6LdB4xag8y7JOzOO8O2yc="></latexit><latexit sha1_base64="7GVJxA6LdB4xag8y7JOzOO8O2yc="></latexit><latexit sha1_base64="7GVJxA6LdB4xag8y7JOzOO8O2yc="></latexit><latexit sha1_base64="7GVJxA6LdB4xag8y7JOzOO8O2yc="></latexit>


