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Abstract: The inverse scattering inversion with high frequency approximation method 

is high accurate and speed, it can solve the large-scale calculation problem and provide 

the initial iterative velocity model with high precision for full waveform inversion. To 

decrease the seismic processing period greatly, this paper proposed an inverse 

scattering inversion parallel algorithm based on Shenwei platform. Firstly, this 

algorithm analysis the parallelism of the inverse scattering inversion operator, and 

builds the multi-levels hybrid parallel structure of MPI-Pthread-Athread by using the 

accelerated thread library provided by Shenwei. Secondly, the "dynamic 

asynchronous" strategy is used for load balancing. To solve the huge communication 

overhead, a double buffering mechanism is designed. Finally, it shows that the inverse 

scattering inversion parallel algorithm based on Shenwei platform can effectively 

decrease the calculation time. The parallel acceleration ratio increases linearly with 

the increase of the number of "Shenwei 26010" many-core processors (computation 

nodes). It indicates that the parallel algorithm has good scalability on the Shenwei 

platform. 
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1. Introduction 

Inverse scattering inversion can obtain the relative intensity of the subsurface 

reflection layer and a higher quality underground structure pattern, and provide the 

initial iterative velocity model with full precision for full waveform inversion. It is a 

good initial inversion model.  

In recent years, the high-density and all-round seismic data is very big with the 

increasing complex exploration targets, and the data scale are up to TP-level to PB-

level in the work area. And the seismic data processing cycle is longer, these process 
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need more parallel work. With the rapid development of computer technology, a new 

type of hardware device named many-core processors is playing an increasingly 

important role in the field of high-performance computing. Similar to the graphics 

processor GPU, many-cores processors are often used as coprocessors or accelerators 

to speed up the CPU's computational. Compared to traditional general-purpose multi-

core processors, many-core processors have significant advantages in terms of cost 

and power consumption. Therefore, it is important to complete the calculation of large 

size targets on a low-cost, low-power many-core processor. 

"Shenwei Light of Taihu" is a many-core architecture computing platform created by 

China completely, the compute ability is the first in the world for four consecutive 

years. Due to its many-core programs and compilers environment is developed 

independently for the domestic processor architecture, it is a big difference with the 

general computer platform. Therefore it's more security for the seismic wave inversion 

application research based on supercomputing platform produced by domestically. For 

convenience of description, the core of the many-core processor platform is referred 

to as the main core, and the many-core processor core is referred to as the slave core. 

 

2. Introduction to the computing platform 

The "Shenwei Light of Taihu" supercomputer led the world's top TOP500 list for the 

fourth time in a row."Shenwei Light of Taihu" is the world's first supercomputer with 

a peak performance more than 161 10 . It is also the world's first supercomputer built 

with Chinese processors. It has 40,960 China's self-developed "Shenwei 26010" many-

core processor, which use a 64-bit independent Shenwei command system. "Shenwei 

Light of Taihu" peak performance is 81.25 10  times / sec, and sustained performance 

is as high as 119.3 10  times / second. 

 

Fig. 1 "Shenwei 26010" many-core processor 

 

As shown in Fig. 1, the Shenwei many-cores processor use an on-chip converged 

heterogeneous architecture consisted of four core groups, each core group consisting 
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of one master core (operational control core) and 64 slave cores (core array). The 

chip has a total of 260 computing cores. Each core group has 8GB memory, each slave 

core has 64KB local memory and has an instruction storage space of 16KB. The master 

core is the operation control core, which its function is similar to that of the general-

purpose processor CPU. The slave core is the calculation core, its function like a 

coprocessor GPU. 

 

3. Inverse scattering inversion algorithm 

To discuss the forward scattering problem, we begin from the small perturbation 

theory to derive the inverse scattering integral formula [1]: 
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Here,  1 2 3, ,x x xx is the observation position.  1 2,s x xx ,  1 2,g x xx mean the 

location of the source and the receiving point respectively.  is the frequency,

 , ,S su x x is scattering field,  , ,I su x x is incident field,  , ,gg x x is Green's function,

  x is the amount of disturbance on the background speed  c x . 

Using the Green's function and the Fourier transform, we can get an accurate inversion 

solution. In the high-frequency progressive theory, the multi-dimensional steady 

phase method is used to simplify the solution. The time domain and frequency domain 

Born approximate inversion formula [2] is 

   0

2
2 /3

2 0
0

8
,

i r c i t

S

x d
i d e dt u t e

rc

 
  






 

   x ξ                           (2) 

    0

2
2 /3

2

0

8
,

i r c

S

x d
i d u e

rc


   





 

  x ξ                                (3) 

Here,    
2 2 2

1 1 2 2 3r x x x       x ξ ,    , , ,S S g su u x x ξ .   x is reflectance 

function, 0c is the constant background speed. 

The inverse scattering inversion method under high-frequency approximation theory 

is accurate and fast, it can initially estimate the stratigraphic structure and provides 

the initial iterative velocity model with high precision for high-precision full waveform 

inversion. This inversion method has not coupling calculates between each trace data, 

which means that it suitable for large-scale parallel calculation and so on. The data 

measured in actual exploration is time domain data, so the following work is based on 

equation (2) 

 

4. Algorithm design of many-core 

The logical structure of the serial algorithm is shown in Fig. 2. Mainly steps follow as:  

Step1, Loading the seismic data. 
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Step2, Frequency analysis, obtain the frequency truncation number. that is to say, we 

need select a maximum value of the frequency used to calculate. 

Step3, Using the Fourier transform to convert the time domain scattering field data 

into frequency domain data. 

Step4, The integrand is summed over the selected frequency domain, and all source 

detection locations. Then the spatial filtering operation is completed. 

Step5, Store the final reflectivity function. 

  

Fig. 2 Calculation flow chart 

The multi-integral calculation process in the inverse scattering inversion formula is the 

key point of the inverse scattering inversion algorithm, it consumes about 90% of the 

total time. In a three-dimensional case, the amount of calculation is large. Therefore, 

the research work under the many-core architecture is mainly to accelerate the 

multiple integral iterative process. The largely time-consuming Fourier transform and 

calculation are performed to separate for the traces. There is no data coupling 

between the traces, and it is easy to implement parallelism. Fig. 3 shows the parallel 

scheme of the inverse scattering inversion algorithm on the many-core. 

 

Fig. 3 Algorithm design of many-core 
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The upper distributed parallel model MPI is used to implement parallel between 

computing nodes. In the mapping process, the primary node process (process No. 0) 

is responsible for actively transmitting and receiving the child node processes 

(processes 1-3). The Pthread layer subdivides the tasks sent by the upper layer, 

decomposes the three-dimensional spatial data into super positions of the two-

dimensional spatial panel, and manages the slave cores. The main calculation of the 

inversion is carried out by the Athread layer. Firstly, continuous panel data is loaded 

from the main core memory to 64 slaves by the traces. Then the slave core calculation 

is completed only from depending on the data in the localities memory. Finally, the 

calculated result is written back to the main memory. The main core node is only 

responsible for a small amount of serial computing, communication, and data 

communication. The computing core is placed from the slave core. On the one hand, 

this scheme utilizes the main-slave computing resources. On the other hand, it reduces 

some unnecessary management overhead in computational core thread, and 

implements a "dynamic asynchronous" task scheduling strategy to ensure load 

balancing. 

In order to hide the access delay of the "Shenwei 26010" heterogeneous many-core 

processor to the utmost extent, we designed a double buffering mechanism to realize 

mutual hiding between computing and communication. We use storage space is twice 

times the communication data size. In addition to the reading of the first data and the 

writing back of the last data, the next round (previous round) of reading (writing back) 

data communication is performed while the current round of data calculation is 

performed from the core. As shown in Fig. 4, data communication can be partially 

hidden by computing for improving parallel performance. 

 

Fig. 4 A double buffering mechanism 

 

According to the master-slave kernel algorithm design, the total time of the main core 



Volume 5 Issue 9 2018 

   12 

processing multiplication operation is
1t , the total time of the addition operation is

2t , 

and the total time from the slave core processing multiplication operation and addition 

operation is
3t and

4t . The main-slave core has once a communication time of
pt , the 

number of slave cores is N , and the data communication overhead hidden from the 

computation is  1 pn t  . The calculation expression of the many-core acceleration ratio 

has the following form 
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5. Algorithm parallel performance test 

Three-dimensional layered model forward data is selected to test, which the grid size 

is 300*300*800. A single Shenwei many-core processor is a node of the Light of Taihu 

super computer. We evaluate the performance of the main and slave cores for a single 

node. It can be seen from Fig. 5 that with the number of cores increases, the time 

decline rate slows down. The reason is the scale of the achievable operation on a 

single node is certain. With the number of cores increases, the size of the grid of 

single-threaded for calculations decreases. So the copying time from core thread 

communication and MPI communication become a non-negligible part. 

 

Fig. 5 the performance of a single node 

 

To better analyze the relationship between performance and node, an image of the 

total time of the parallel program along with the total node is given. When the number 

of nodes is large, the input scale must reach a certain size to reflect the effect, which 

the scale means the size of the input grid. Therefore, four different grid size data are 

selected to test the program, and the time of the operation of different input scales of 

a single node are used as a benchmark. As shown in Fig. 6, the overall program 

runtimes vary with the number of compute nodes. The run time decreases linearly as 

the number of nodes increases. It means that the speed-up ratio is almost multiplied 

as the number of nodes increases. It shows that the parallel algorithm has high 
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scalability. 

 

Fig. 6 The performance with nodes 

 

6. Conclusion 

This paper presents a parallel inverse scattering inversion method in a heterogeneous 

computing environment. The algorithm utilizes un-coupling between the traces, and 

the three-dimensional spatial data is finally split into traces data for calculation. The 

calculation time on the domestic processing platform can be seen with the single node 

and multi-node relationship diagram. The algorithm can achieve load balancing and 

has high scalability. 
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