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Introduction Algorithm 1 Least-squares sub-problem Algorithm 2 (secant) to obtain the penalty
e eaular ful A on (FWI) is based on the minimization of input: parameter A\ corresponding to data fit constraint
egular full-waveform inversion is based on the minimization o Nx N N Mx N Y, . L.
a non-linear least-squares problem. During the past six years, various HeC ) q = C. ) P e R 7 deC parameter ) USIIE precomputed quantities.
alternative formulations based on a quadratic penalty formulation have for each receiver (j) (row in P) in parallel do  Input: W, X = W*W, ~, v= W*q - d
: _ _ 2 —1
veen proposed 2} H'w; = p; {solve 1 PDE} FON) = ISOOV]ls — 70 S(A) = (Tag + A2X)
sa(m,u) = L H@mpu - q + 2 [Pu_ap A o=0Mel,2) k=1
AV % 27 9 2 W = |w; wy...w,,| {distributed matrix} So(A) = (Ins + AaX) 1,
_ 2 * —1 .
Various researchers claim less dependence on the initial guess S — (I + )‘. W*W) | | while [|Si(A)v]]2 > v do
(starting model) in certain circumstances. Examples include {adjust A\ using Algorithm 2 (optional)} Apa1 = A\ — L ;(\Ak))(ifszAk—l))
Wavefield Reconstruction Inversion (WRI, [2]), as well as for source (@) n parallel do ko k41 § bl
algorithms based on a data-constrained formulation [1,4] y; = (IN o )\QWSW*)(qi 4 )\QWdi) ond while
min |[H(m)u — q|2 st. [[Pu—d|2 <~ Hu; =y; isolve 1 PDE} Output: A
m,u - - end for
(PDE misfit) (data misfit) output: u; {ﬁelds for all Sources} Our p.rim.e:r.ytco'z;tribu.;t:]on i1s Zgnstructing At\lgf)rithmti agdt
The IeaSt'Squares SUb'prOblem r.nerglng.l INTtO .gorl m 1. Glven a.COHS raint on the data
fit, Algorithm 2 finds the corresponding penalty parameter
To avoid storing all fields in memory, we typically do not solve the The ¥ — A relation using root-finding with pre-computed quantities and one
above problems directly but use alternating minimization or variable very small matrix inversion. Some manipulations lead to

The penalty sub-problem is equivalent to the constrained sub-problem

projection. For both of the above problems, these approaches require | |
for a certain y — A pair [3]

the solution of

the following important identity that enables Algorithm 2 at
an insignificant computational cost:

- 2 2
H(m)*(H(m)u — q) + A>P*(Pu—d) = 0< Cmin|[Hu—qf; st [Pu—d|; <~ Pu, —d = S(W*q — d)
which is equivalent to This connection pair is generally not known in advance. Various Conclusions
5 numerical methods exist [6] to compute A, given 7, but they are iterative |
_ : H(m) B q with each iteration typically as costly as solving the entire least-squares vVe propose an algorithm that solve§ least-squares sub-
u = al§ mdn AP u Ad problem without direct factorizations. The core of the method is: problems for WRI and data-constrained FWI at t.he C_OSt of
2 1 PDE solve per source + 1 PDE solve per receiver in

1) form Lagrangian for the constrained problem above: | _
parallel for each source and receiver. Our algorithm

automatically finds the penalty-constraint correspondence
at virtually no additional cost.

A solution is possible at the cost of 1 PDE solve per source + 1 PDE L(u) = |[Hu — q\l% + (|| Pu — dH% — 72)

solve per receiver. | o -
2) then note that the first-order optimality condition

We derive Algorithm 1 by 1) reformulating the normal equations as a (H*I—I + MP*P)U_ —H"q+ uP*d References
low-rank + identity form; 2) define W = H~ P* and 3) use the : ’

Sherman-Morrison-Woodbury relation. This is similar to an inexact 3) Is satisfied using a penalty parameter that is found as a root of 1'Wa?g’ R., and F. Herrmann, 2017, A denoising formulation of full-
_ _ waveform inversion.
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