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o T— Mathematical background

Imaging condition

| (X) = j j G(X, X, ) f (X, X, @)G(X, X, 0)d wdX oX.
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R Mathematical background

Imaging condition

1(X) =ij(>—<’, X, o) f (X, X, 0)G(X, X

r?

@)d dX dX

One-way wave equation
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Pseudo-spectral method

U(w, X, Y,2+Az,V) = a,u(w, X, Y, 2) +

. . 1 k2 k;
+a F7| exp| oAz, | ——% —— F[u(a),x,y,z)] +
Vj (0, (0]

. . 1 k2 k;
+a;,,F {eXp(WAZ\/Vf — a)y2

Flu(w, Xy, z)]},

FFT of the solution at
current level

with reference velocities 1500 =V, <v, <...<v, , <v;, =7000
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Pseudo-spectral method

U(w, X, Y,2+Az,V) = a,u(w, X, Y, 2) +
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One-way wave operator action
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Pseudo-spectral method

U(w, X, Y,2+Az,V) = a,u(w, X, Y, 2) +

. . 1 k2 k;
+a F7| exp| oAz, | ——% —— F[u(a),x,y,z)] +
Vj (0, (0]

2 k2
Fll[exp[ia)Az 12 -~ kX2 — ]
V. (0] w
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)+

Flu(w,x,y,2)]|,
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iFFT —to compute solution at z+dz
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. Examples of the wavefields
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1. We need the common-offset common-azimuth images;
2. Computation of the Green’s function is the most time consuming part;

3. We can compute solution and image layer-by-layer, thus dealing with 2D
problems;



R A—— Parallelism wrt data

Stencil is a set of common mid-points with all the sources and receivers,
adjusted to these mid-points, traces, etc.
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1. Inputdata: 1node -1 stencil
2. Output data: 1node-1image
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Set of initial
conditions 1

5.

Set of initial
conditions 2

x =

Set of initial
conditions 3

="
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Step 2
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Step 3
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Common-offset
gathers — 80

Frequency range
2-80Hz

«Lomonosov -2»
supercomputer
was used

Time — 12000
node-hours.

Field data
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Conclusions

We presented highly parallel algorithm for seismic imaging.
The algorithm is based on the one-way wave migration
We implemented main computations using CUDA and qFFT

Dataflow if parallelized by MP1

Single dataset (stencil) is input per node — single common-offset image
is output per node.



