
MATH920: L08 Systematic coarse graining

Overview

� Microscopic systems are exact but impractical

� Reduce number of degrees of freedom (DOFs)

� Extract a constitutive law from microscopic



Linear model reduction

� Consider a linear elastic-dissipative model, x2Rm, m� 1

Mx� +Dx_ +Kx= f

� Choose an orthonormal basis B 2Rm�n, n�m, x=By, P =BBT

BTMBy�+BTDBy_ +BTKBy=BTf)

� Obtain reduced system

MBy�+DBy_ +KBy= fB



Basis choices

� Suppose system was a string with fixed ends, Sturm-Liuville problem has eigenbasis fsinx;
sin 2x; :::g

B= [ sin x sin 2x ::: sinnx ]

� Seek correlations of observed data xj=x(tj), hxji=0 (deviations from equil)

X = [ x1 ::: xn ] =Q�RT ;C =XXT =Q��TQT

� C is s.p.d., hence unitarily diagonalizable C =Q�QT
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P
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Systematic DOF reduction, DNN modification

� Qk= [ q1 ::: qk ], s step size in reduction of DOFs, x2Rm, y12Rm−s

x=Qm−sy1=Qm−sQm−2sym−2=Qm−s:::Qm−ksym−k

� Extend to nonlinear model reduction (DNN)

x=Qm−s �� � ::: �Qm−(k−1)s �� �Qm−ksym−k
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