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Table 1 The algorithm of 3D wave propagation modeling in time

domain.

Algorithm

Variable initialize

For i in range(time)
Solve finite—difference equation
Add the inject source
Apply the boundary condition
Apply time marching

Return output
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Table 2 The Python algorithm of 3D wave propagation modeling

using Numba decorator in time domain.

Algorithm using Numba decorator

From numba import jit

@jit

Variable initialize

For i in range(time)
Solve finite—difference equation
Add the inject source
Apply the boundary condition
Apply time marching

Return output
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import numpy as np
from numba import jit

@it

def time3d(vel,dt, h,nt,nx,ny,nz, ne,srcx,srcy,srcz, dimx,dimy,dimz, dimxy) :
uo=np.zeros{dimxyz,dtype=np.float32)
um=np.zeros(dimxyz ,dtype=np.float32)
up=np.zeros(dimxyz,,dtype=np.float32)
w=np.zeros(dimxyz,dtype=np.float32)

selsmo=np.zeros((nt,nx) ,dtype=np.float3z)

Fig. 1. Example code of Python using Numba.
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Table 3 The Python algorithm of 3D wave propagation modeling

using Cython in time domain.

Algorithm using Cython

Import cython

cimport cython

Variable initialize and Data type declaration
For i in range(time)

Solve finite—difference equation

Add the inject source

Apply the boundary condition

Apply time marching

Return output
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import cython
*load_ext cython

import pyximport; pyxamport.instali()

YWoythen --anmotate
import mmpy as np
camport rumgy as np
cimport cython

@oython, boundscheck|False)
@cython.wraparound (False)
@cython. monecheck{False)
def time3d{np.ndarray[float, ndim=3] vel,float dt,float h,int roc,int ny,int nz,int ne,)
imt srot,int sroy,int srcz,np.ndarray(float, die=1] w,int dim,int dimy,int dise):
odef int it,ix
odef int rt=ant{len(w]/2)
cdef np.ndarray wo=np.zeros|(dimz,dimy, dim),dtype=np.float32)
odef np.ndarray um=np.zeros|{dinz,dimy,dimx}, dtype=np.float32)

odef np.ndarray up=np.zerosi{dimz,dimy, dimx),dtype=np.fleat3z)
cdef np.ndarray seismo=n@.zeros(|nt,ro),dtype=np.float3z)

Fig. 2. Example code of Python using Cython.
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Speed up
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Fig. 3. In contrast to original Python, a comparison of each

libraries speed up.
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Calculation Time
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Fig. 4. Comparison of calculation time according to model size

when 8" order.
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Table 4 Code lines of the program.

Code line
Python 95
Numba 97
Cython 112
C 134
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Fig. 5. (a) Profiles from the traces between C and Cython at lkm

and (b) Profiles from the traces between C and Numba at lkm.
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Abstract

3D seismic data processing such as full waveform inversion or RTM
requires large amount of numerical calculations. In this study, we
compared performance and productivity of high—performance Python
and C using 3D acoustic wave propagation modeling in time domain.
We used Numba and Cython for high—performance Python. We
conducted numerical modeling with changing model sizes. As a result
of numerical modeling, Numba, Cython and C obtained respectively
about 1700 times, 1800 times, 1900 times faster than original Python.
And Numba and Cython of optimized high—performance Python 1is
respectively about 18.9% and 9.4% slower than C. However,
Productivity comparing code lines are 38.1% and 19.6% higher than C.
If performance of 10~20% is not important, it is more efficient to use
optimized high—performance Python than C. Therefore, optimized
high—performance Python is expected to be sufficiently avaliable in
the field of large—scale data processing, high—performance computing
and numerical modeling. And optimized high—performance Python can
be a productive alternative to the static programming languages like C
and Fortran. We will apply to waveform inversion and

reverse—time—migration in the future.

Keywords :3D, Wave Propagation Modeling, High—performance Python

Student Number @ 201655282
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