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Finite-difference constraints
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Go through data using a
oencil pattern
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Vectorize your code
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Pencils less bandwidth
contention on multi-core
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Follow the wave-tield
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Follow the wave-tield
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Follow the wave-tield
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Speeding up RTM

* High-order stencils

 Space domain 12-30th order

* 4th order Iin time
* (Go through grid in pencil shapes
* \ectorize the code

 Follow the wave-field



Speeding up Downward
continuation

FFD and/or smart choice of reference
velocities
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Speeding up Downward
continuation
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Models of Q

Q) varies as a function of frequency and
material (spatially)

Q is constant as a function of frequency
and varies spatially

As we Increase in depth frequencies have
decayed to the point of being unimportant

As we Iincrease In time useful frequencies
decrease



—ractional Laplacian

Outline

Motivation

Accelerating
migration

Approximating
Q

Speedup

Implementation

\Viile[g=ile]g
examples

i 1 92 -
_nL—I_THdt V_zﬁ_ P(t) = f(t)
I, — (_v2>’y+1 H — (_vz)%L%
n = —vw; > cos Ty T = —v?Lw  ?7 sin 7wy
B 1
7 tan™ 1 é

/hu(2014)



—ractional Laplacian

Outline

Motivation

Accelerating
migration

Approximating
Q

Speedup

Implementation 1

1
Migration @
examples

/Zhu(2014)



—ractional Laplacian

Outline

Motivation

Accelerating
migration

Approximating
Q

Speedup

Implementation 1

1
Migration @
examples

/hu(2014)



—ractional Laplacian

Outline

Motivation

Accelerating
migration

Approximating
Q

Speedup

Implementation

\Viile[g=ile]g
examples

/hu(2014)



RTM Imaging condition
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Standard propagation
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Q with changing grio
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Fregquency change over time
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Following wave-field
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Moditied RTM algorithm
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Pre-calcu

Pre-calculation

For each source:

Forward propagate
source

Back propagate source
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Calculate first arrival travel time
maps from every source/
recelver position to every

model point



Outline

Motivation

Accelerating
migration

Approximating
Q

Speedup

Implementation

\Viile[g=ile]g
examples

RTM:

Source initialization

Pre-calculation

For each source:

Forward propagate
source

Back propagate source

eBreak time axis into block
o[-0or each time block
e[ind max propagation location for
end of time block
e Find max frequency which hasn't
decayed below noise level
eCalculate dt, damp based on
max freg, min/max vel




RTM:

Forward propagate source
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Pre-calculation

For each source:

Forward propagate
source

Back propagate source

o[-or each time block
eResample wave-fields,velocity to
current sampling
e| oop over time in block
e-orward wave-fields using
attenuated wave equation
eStore source wave-field at
imaging times
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Backward propagate receiver
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Pre-calculation

For each source:

Forward propagate
source

Back propagate source

o[-or each time block
eResample wave-
fields,velocity,image to current
sampling
e 0op over time in block
eBackward propagate receiver
using standard wave equation
e Apply Imaging condition using
stored source wave-field and
current receiver wave-field



Outline

Motivation

Accelerating
migration

Approximating
Q

Speedup

Implementation

\Viife[g=ileln
examples

Standard single shot
migr;

4000

(ux)tndaq

000¢<

01010} 7

ation

X Position(m)

6000

8000




Outline

Motivation

Accelerating
migration

Approximating
Q

Speedup

Implementation

Variable single shot

000¢<

(ux)tndaq

01010} 7

mig

4000

ration

X Position(m)
6000

\\m\\v

H\

8000

‘I‘n){r",‘




Outline

Motivation

Accelerating
migration

Approximating

Speedup

Implementation

\Viife[g=ileln
examples

01010} %

s

NS S e

X Position(m)

4000

8000

"” 100 R u“«.
"4 7 I'I‘MW‘N

'-‘.-4- -

12000




Outline

Motivation

Accelerating
migration

Approximating
Q

Speedup

Implementation

X Position(m)
«000 2400 2800 3200 3600

RPN =S e
.:-".L:-;;_:\ N -
I:'".'.',"". e - d . -

'.' 8 R e

\

.I ) .1: .'-.ﬂﬂ..q.‘ . i?‘#\‘; ‘\ I."\ ,‘I |
-.,1111"‘ 'ﬂ*g'l LA :\EL“ ‘”1\\\\‘ $\\
v AL e Y



Outline

Motivation

Accelerating
migration

Approximating
Q

Speedup

Implementation

\Viile[g=ile]g
examples

Conclusions

*Constant Q can be cheaply
approximated into a standard time/space
domain propagation

*Approach allows for larger grid cells at
later times

*Combined with following the wave-field it
can lead to significant speedups

*Messing with the wavelet



