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Methodology

« Modeling the physics of seismic wave propagation including source
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mechanism is computationally expensive and challenging.

 Model Order Reduction (MOR) can speed up the calculations, but standard
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type problems.

* In the following, we present a symplectic-MOR strategy to construct stable

MOR methods experience bad convergence rates and instabilities for wave- i

reduced models (with optimal error decay) for the forward problem.

Model Problem Symplectic-MOR

Let QO cR? be a bounded domain representing isotopic, homogeneous ¢ We seek alow-dimensional subspace B c V, such that

medium with Lipschitz boundary ' = dQ, such that T=Ty UTl,, [y NIy = @, r =dim(B) < dim(V) =n, and s » U(x,s)
IT,| > 0. We are interested in approximating u = (uq,u,)’ that solves « Estimation of the symplectic basis matrix (B,,.) is performed using Algorithm
1, such that, ui(s) = B, U,.4(s)
pia—V-o(u)=f in Q x [0,T], 2rBred
o(u).n = 0 on Ty x [0, T], Algorithm 1: Symplectic—Greedy: Laplace Domain

Result: B,,.: Symplectic (reduced basis)
u=0>0 on I, x [0,T], Input: Full-order model (FOM), Training set (s € Z,,_), Tolerance (9), max

. . . . ler:[],T:].,(Srzd—l—l
u(x,0) = 0 and u(x,0) =0 n ) 2 Starting point: s" ==, (1)
: : : : 3 while 0, > 0 & r < 1,4, dO
where p denotes the density, f the source (spatial Gaussian point source and + | a(s”) « Solve the FOM for &
temporal sinc signal), n the outer normal of Q, and u = du/ot. 5 [¢", T2 ("] < Symplectic orthonormalization of i(s")
6 By, < Symplectic extension [Bo,| U [¢", JE ("]
_ _ _ _ _ L 7 ROM <« Symplectic projections using Bo,
For a linear elastic material with plane strain conditions, we have g for s € £, do
9 U,.q(s) < Solve the ROM for s
»  Cauchy stress tensor: a(u) = C: e(w) = X7, Ciiri €k 10 A, (s) « Error measure
11 end
- infinitesimal strain tensor: e(u) = 0.5 (Vu + (Vu)7), 12 | [0p41,8 ] <= max A, (s)
13 r<—r—+1
»  fourth-order stiffness tensor: C;; = 18,6 + u(8i8;; + 648 ), where 14 end

- A and u are the Lame parameters, and §;; is the Kronecker delta.
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Laplace transformation:
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£(u(x, t)) = U(x,s) = fo u(x, t)exp(—st)dt, where, s = s, + is; € C, and sg, s; € R. 5 gl
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' Weak formulation using finite element method (FEM): : a 2
l | = f f S 2F
: . . AN _ A 1 . 2 2 LS . | — -4 I § M
" Given afrequencys € C, findu €V =1{v € [H(Q; C°)|*: D[y, = 0} where, : 0 ’ ov\/\/\/\/\/\/\ /\N\N
| | I l
I U(s™)—Barlireq(sMIl 2 I
: i ;:True Error = max I )”i i ARlUE) : ] 2
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00 1| Figure: Error decay illustrating reduction Figure: Time domain sinc signal with
: _ . . | from n=40000 to r=90 (Laplace domain). a width of 8.5.
. Discretized problem using FEM: :
|
| A A
| s?M 1+ Ku =F, where M € R¥™", K € R™", F € C", and ii € C". :
|
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3. 3.
Weeks method . .,
= 1 5 1
Numerical Laplace inversion performed using Weeks method: % | Z
0. S 0.
%
N,—1 N,—1 :
e O 81 N0 e Oz - 100 100
u(e ) = e Crmo0t N (LN — (i, 57), | Li(2st), 00 o0
k=0 \ 7 j=—n, 1—e™ >0 500 >0 500
Depth [m] 00 Length [m] Depth [m] 00 Length [m]
. O 1 ]
where, s/ = s + is; cot(—=2), 6; = -, L,.(-) are the Laguerre polynomials of (@) (b)
z Figure: Comparison of S-MOR with the FOM approximations at the peak of sinc signal, i.e., t; = 2 sec
degree k, and N, the number of frequencies points. (a) S-MOR (b) Relative error FOM vs S-MOR.
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