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Problem setting

M sources f

PMLs

Full Waveform Inversion (FWI) in frequency
domain for macro velocity reconstruction.

l

Acoustic wavefield simulations:
» Set of frequencies [1,15] Hz
« Many sources (> 10 000)

l

Direct acoustic problem, two approaches:
* Time-domain
 Frequency-domain (our choice)
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Acoustic wavefield simulations

Time-domain (TD): Frequency-domain (FD)
= Wave equation = Helmholtz equation
P _ V2(x,y,2)Ap = f(£)6(x — x5,y — Y5, 2 — 2) w* _
0t2 Au+mu—6(x—xs,y—ys,z—zs)

= Apply Fourier transform

' = Direct solver (our choice
p(w,x,y,2) = f e~y (t,x,y,z)dt ( )
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Acoustic wavefield simulations

Time-domain (TD): Frequency-domain (FD)
= Wave equation = Helmholtz equation
P _ V2(x,y,2)Ap = f(£)6(x — x5,y — Y5, 2 — 2) w* _
0t2 Au+mu—6(x—xs,y—ys,z—zs)

= Apply Fourier transform

] = Direct solver (our choice
p(w,x,y,z) = f e~ @ty(t,x,y,z)dt ( )

Benefits

v" Low memor nsumption ) .
OW memory consumptio v Direct solvers are efficient for many

. sources.
v’ Easy parallelization: 1 shot per 1 node
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Frequency-domain: Direct solver outline

= Finite Difference approximation
= Optimal 27-point stencil

= Perfectly Matched Layers (PMLS)

l AU =F

|

v' LDL- matrix decomposition

v" Nested Dissection (ND) reordering

v Low-Rank approximation; Hierarchically Semi Separable (HSS) format
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Parallelization (LDLt-factorization and solve LDLtU=F step)

T T Elimination tree (ET) - task dependences
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v’ Matrix panel distribution amount cluster nodes
v" Compute Schur complements and Low-Rank compression in parallel (Factorization step)

v' OMP-parallelization within one node; 1 MPI process = 1 cluster node
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Computational time: TD and FD direct solvers

Nproc - NUMber of cluster nodes
N¢nots - NUMber of shots

Time domain solver:

N hot
Trp (NprocrNshots) = Trp(1,1)max NS > S: 1)

proc
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Computational time: TD and FD direct solvers

Nproc - NUMber of cluster nodes
N¢nots - NUMber of shots

Time domain solver:

N hot
Trp (Nproc:Nshots) = Trp(1,1)max NS > S: 1)

proc

Frequency domain Direct solver:

TFD (Nproc: Nshots) = TFCT (Nproc) + TSLV (Nproc» 1 )Nshots
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Numerical experiments
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Overthrust (OT) model

4.5 km

Model parameters

* Physical size: 9 x 9 x 4.5 km

Mesh step: hx=hy=hz=30m (~17*1076 unknowns)
Velocity varies between 2300 m/s and 6000 m/s
Number of shots Ngp =12 800

* Frequencies for modeling: 5, 7 and 15 Hz

Computational resources:

« Shaheen Il (2% Intel® Xeon® CPU E5-2698 v3 @2.3 GHz per cluster node, 128 GB RAM/per node)
« 32 cores per node
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2D snapshots of the real part of the computed wavefield

5Hz

08.10.2018
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Solutions along selected profiles
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Timing results: Frequency Domain solver scalability
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Timing results: Time vs. Frequency Domain solvers
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Timing results: Time vs. Frequency Domain solvers
1000000 -~

“Sa ---TD solver, # shots=12 800
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Timing results: Time vs. Frequency Domain solvers

Time Domain -y Nepots

v’ Ideal scalability => Small computational h
time for many nodes ’ . 128 1280 12 800

Nshot
TTD (Np‘roo Nshots) - TTD (1,1)max( NS = ’ 1) 32 —161 _644 6440 64 400
proc 2 945 2978 3275 6 245
Frequency domain (HSS) Nyodes 64 161 322 3220 32 200
v Small computational time for many shots 2625 | 2648 | 2857 4 945
and fixed nodes
161 161 1610 161
Teo(Mproc: Minots) = 28| ezs | 2575 | 270 | asm0
TFCT (Nproc) + TSLV (Nproc: 1 )Nshots

Table. Ratios with t1p in the numerator and tygg in the denominator
(BLUE — the HSS is faster).
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Relative performance: Time vs. Frequency Domain solvers

4
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* The blue line defines the “line of equal performance” of the two solvers. For a given number of nodes (N odes ), this
line defines the number of shots that 1s “big enough™ to fully reap the benefits of the HSS solver and reach the

numerical performance of TDFD.
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Difference between solutions obtained with TD and HSS solvers

B1(r) BQ(T) Bw(r) X 103 -Y(r)
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|u=vllg (w,v)
llullk lullllvl]
balls of radius r (exclude a ball of small radius ry) and centered at the source point; u = pyss, Vv = PrpED -

Functions £, (r),y(r) are computations of the norms ;. (u, v) =

k=12andy(u,v) =|1- for
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