
METHOD FOR PROCESSING GENE SEQUENCING DATA AND 
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This application claims priority to Chinese Patent Application No. 202011139823.4, filed on 

October 22, 2020, in China National Intellectual Property Administration, titled “Method for 

Processing Gene Sequencing Data and Apparatus for Processing Gene Sequencing Data”, the 

entire content of which is incorporated herein by reference.  

 

TECHNICAL FIELD 

The disclosure relates to a field of data processing technologies, and more particularly to a 

method for processing gene sequencing data and an apparatus for processing gene sequencing 

data. 

 

BACKGROUND 

With continuous development of gene sequencing technology, the technology has been 

widely applied to research, development and analysis of new species, viruses and diseases. At the 

same time, a large amount of gene sequencing data has appeared, which makes it urgent to 

efficiently complete the analysis and processing of the large amount of gene sequencing data.  

In the existing genetic analysis process (in the genetic alignment process), most of the steps 

can only be run on the x86 framework. For example, the traditional alignment algorithm bwa 

using the bwt algorithm and the Smith-Waterman of the imprecise alignment algorithm is also 

implemented based on the SSE2 instructions of the x86 architecture.  

Although BWT alignment algorithm based on the x86 architecture runs fast on the CPU of 

the x86 architecture, the algorithm cannot calculate a large amount of data at the same time, and 

the BWT algorithm cannot adapt to the SIMT operation mode of the GPU, which greatly reduces 

the efficiency of BWT on the GPU, thereby affecting the efficiency of the entire alignment process. 

Similarly, the existing Smith-Waterman algorithm only runs on the x86 architecture, and lacks 

support of SSE2 acceleration on the ARM platform, and due to slow running speed, the algorithm 

is not suitable for computing on the GPU architecture.  

 

SUMMARY 



In view of this, the disclosure provides a method for processing gene sequencing data and an 

apparatus for processing gene sequencing data,  to solve a problem that the existing method for 

analyzing and processing the gene sequencing data can only run on the x86 architecture and run 

slowly on the GPU, which leads to low processing efficiency of the gene sequencing data.  

Embodiments of the disclosure provide a method for processing gene sequencing data. The 

method is applied to an apparatus for processing gene sequencing data. The apparatus is a 

heterogeneous multi-core architecture, including an advanced RISC machine, ARM, architecture, 

a graphics processing unit, GPU, architecture, and a peripheral component interconnect, PCI, bus. 

The ARM architecture is connected to the GPU architecture through the PCI bus. The ARM 

architecture includes at least one central processing unit, CPU, module. The GPU architecture 

includes at least one GPU module. The method includes:  

S1, obtaining, by a CPU module in an idle state, batches of gene sequencing data by reading 

gene sequencing data in batches; 

S2, obtaining, by the CPU module in the idle state, a first algorithm and a second algorithm 

by dividing a gene analyzing method; 

S3, obtaining, by the CPU module in the idle state, a plurality of reads by dividing each batch 

of gene sequencing data based on the first algorithm, and sending the plurality of reads and the 

second algorithm to a GPU module in an idle state;  

S4, performing, by the GPU module in the idle state, a calculation on each read based on the 

second algorithm, and sending respective calculation results to the CPU module in the idle state; 

S5, obtaining, by the CPU module in the idle state, a batch processing result based on the 

calculation results and the first algorithm; and 

repeating S1 to S5 until processing the gene sequencing data is completed, and obtaining, by 

the CPU module in the idle state, a final processing result by integrating the batch processing 

results. 

Optionally, the CPU module in the idle state determines the number of the GPU modules in 

the idle state and a data processing amount corresponding to each GPU module in the idle state 

by scanning the at least one module, and reads the gene sequencing data in batches based on the 

number of the GPU modules in the idle state and the respective data processing amount.  

Optionally, the gene analyzing method includes a gene alignment algorithm, a Dotplot 

algorithm, a blast algorithm, a partition around medoids, PAM, algorithm, a hidden Markov model, 



HMM, algorithm, and an artificial intelligence, AI, inference algorithm.  

Optionally, the gene alignment algorithm includes a Burrows-Wheeler transform, BWT, 

algorithm, and the first algorithm includes an anchor point cutting algorithm; and the method 

further includes: 

performing, by the CPU module in the idle state, an anchor point positioning operation on 

each batch of gene sequencing data through the anchor point cutting algorithm, and obtaining the 

plurality of reads by extending for a length of N × bp forward and backward respectively with the 

anchor point as a center and dividing each batch of gene sequencing data by a length of (2N+1) × 

bp based on a NEON instruction, where N is a positive integer.  

Optionally, obtaining the plurality of reads includes:  

obtaining the plurality of reads using a following formula:  

 

where x represents the number of anchor points, N represents the number of extended bps, and L 

represents a length of each batch of gene sequencing data. 

Optionally, the second algorithm is a Hash algorithm; and the method includes: preforming, 

by the GPU module in the idle state, a Hash operation on each of the plurality of reads based on 

the Hash algorithm to obtain a Hash calculation result, and sending the Hash calculation result to 

the CPU module in the idle state, in which the Hash calculation result  is a value of a BWT 

algorithm matrix, used for calculation of the BWT algorithm matrix.  

Optionally, the first algorithm further includes a BWT matrix transformation algorithm; and 

the method further includes: performing, by the CPU module in the idle state , a transformation 

operation on the BWT algorithm matrix based on the BWT matrix transformation algorithm, to 

obtain a BWT transformation result of the plurality of reads.  

Optionally, the alignment algorithm includes a Smith-Waterman algorithm, and the second 

algorithm includes a scoring matrix algorithm. The method further includes: obtaining, by the 

GPU module in the idle state, a Smith-Waterman scoring matrix based on the scoring matrix 

algorithm, the plurality of reads, and a reference species sequence,  and sending the Smith-

Waterman scoring matrix to the CPU module in the idle state.  

Optionally, obtaining the Smith-Waterman scoring matrix includes: 

obtaining the Smith-Waterman scoring matrix using following formulas: 

M=R*C 
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R=a*L2+b 

where, M represents the Smith-Waterman scoring matrix, R is a length of a candidate section of 

reference species sequence, C represents a length of a read generated by screening and splicing 

reads received from the CPU module in the idle state, L represent s a length of each batch gene 

sequencing data, and a and b are constants.  

Embodiments of the disclosure provide an apparatus for processing gene sequencing data, 

which is a heterogeneous multi-core framework. The apparatus is configured to execute the 

method for processing gene sequencing data. 

With the apparatus for processing gene sequencing data and the method for processing gene 

sequencing data according to embodiments of the disclosure, the method is applied to the 

apparatus, and the apparatus is a heterogeneous multi-core architecture, including an ARM 

architecture, a GPU architecture, and a PCI bus. The ARM architecture includes at least one CPU 

module, and the GPU architecture includes at least one GPU module, and the CPU module is 

connected to the GPU module through the PCI bus to transfer information between each other. 

The CPU module in the idle state is mainly configured to read the gene sequencing data in batches 

and divide the gene analyzing method, to obtain batches of gene sequencing data, the first 

algorithm (this algorithm is the most suitable algorithm for the CPU module) and the second 

algorithm (this algorithm is the most suitable algorithm for the GPU module). Each batch of gene 

sequencing data is divided based on the first algorithm to obtain multiple reads, and the multiple 

reads and the second algorithm are sent to the GPU module in the idle state through the PCI bus. 

The GPU module performs a calculation on each read based on the second algorithm, and sends 

respective calculation results to the CPU module in the idle state. The CPU module in the idle 

state obtains a batch processing result based on the calculation results and the first algorithm. The 

CPU module in the idle state and the GPU module in the idle state repeat the above steps until 

processing the gene sequencing data is completed. The CPU module in the idle state obtains a 

final processing result by integrating the batch processing results. The apparatus for processing 

gene sequencing data and the method for processing gene sequencing data divide the analyzing 

method (i.e., analysis process) of gene sequencing data to run on the CPU module and GPU 

module separately according to the characteristics, which greatly improves the efficiency of 

analyzing the gene sequencing data. In addition, multiple CPU modules and GPU modules can be 

provided in the apparatus for processing gene sequencing data, and the multiple GPU modules 



can simultaneously calculate reads of different lengths, which can solve the problem of low 

parallel efficiency of GPU. 

 

BRIEF DESCRIPTION OF THE DRAWINGS 

In order to clearly illustrate technical solutions of embodiments of the disclosure, a brief 

description of drawings used in embodiments is given below. Obviously, the drawings in the 

following descriptions are only part embodiments of the disclosure, and for those skilled in the 

art, other drawings can be obtained according to these drawings without creative labor.  

FIG. 1 is a schematic diagram illustrating an apparatus for processing gene sequencing data 

according to embodiments of the disclosure.  

FIG. 2 is a schematic diagram illustrating a data processing procedure of an apparatus for 

processing gene sequencing data according to embodiments of the disclosure. 

FIG. 3 is a schematic diagram of performing an anchor point cutting operation on a batch of 

gene sequencing data by a CPU module according to embodiments of the disclosure.  

FIG. 4 is a schematic diagram of performing a Hash operation based on a Hash algorithm by 

a GPU module according to embodiments of the disclosure.  

FIG. 5 is a flowchart of a method for processing gene sequencing data according to 

embodiments of the disclosure. 

 

DETAILED DESCRIPTION 

In order to enable those skilled in the art to understand the technical solutions of the 

disclosure, reference will be made clearly and completely technical solutions in the embodiments 

of the disclosure with accompanying drawings. Obviously, the embodiments described  here are 

only part of the embodiments of the disclosure and are not all embodiments of the disclosure. 

Based on the embodiments of the disclosure, other embodiments obtained by those skilled in the 

art without creative labor are within scope of the disclosure. 

 

Explanation of nouns 

Gene (Mendelian factor), it refers to a DNA or RNA sequence that carries genetic 

information (that is, gene is a DNA or RNA fragment with genetic effects), also known as a 

genetic factor, which is a basic genetic unit that controls traits. Gene expresses the genetic 



information by directing protein synthesis, to control phenotypic expression of biological 

identities. 

Gene sequencing, it is a new type of gene detection technology that analyzes and determines 

a complete gene sequence from blood or saliva, to predict the possibility of suffering from a 

variety of diseases, individual behavior characteristics, and reasonable behavior.  

Read, it is a short sequencing fragment, which is sequencing data generated by a high-

throughput sequencer. Tens of millions of reads will be generated by sequencing the entire 

genome, and a complete gene sequence of the genome can be obtained by splicing these reads.  

Alignment analysis, reads obtained after next generation sequencing (NGS) sequencing are 

stored in a FASTQ file. Although they are originally from an ordered genome, after establishing 

a DNA library and performing the gene sequencing, relative sequences between different reads in 

the file are lost. Therefore, there is no positional relationship between two closely adjac ent reads 

in the FASTQ file and these two closely adjacent reads are randomly from two positions in the 

original genome. As a result, these reads need to be arranged in sequence first, compared with a 

reference genome of the same species one by one to find a corresponding position in the reference 

genome for each read, and finally arranged in order. The entire process is called the alignment of 

the sequencing data. 

Alignment algorithm, there are generally two calculation methods for sequence alignment, 

one is global alignments and the other one is local alignments. A global route is calculated, which 

is a form of global optimization and forces all query sequences to be aligned with the entire length. 

In contrast, the local alignment only determines local similarity, which is very different from the 

entire long sequence. Local alignment is often desirable, but it is difficult to calculate due to 

challenges of identifying other similar regions. Various computational algorithms have been 

applied to solve sequence alignment problems, including slow but formal optimization methods 

such as dynamic programming, efficient but incomplete heuristic algorithms, or probabilistic 

methods for search design in large databases.  

ARM or ARM architecture (Advanced RISC Machine, earlier known as Acorn RISC 

Machine), it is a RISC processor architecture family widely used in many embedded system 

designs. Due to its energy-saving characteristics, ARM also has a lot of contributions in other 

fields. ARM processor is very suitable for a field of mobile communication, in line with its main 

design goals of low cost, high performance, low power consumption characteristics. On the other 



hand, supercomputers consume a lot of power, and ARM is seen as a more efficient choice 

compared to supercomputers. ARM Holdings developed this architecture and authorized other 

companies to use this architecture to implement a certain architecture of ARM and develop their 

own system microcontroller unit (MCU) and system-on-module (SoC). 

GUP, graphics processing unit (also known as display core, visual processor, display device 

or drawing device), it is a kind of microprocessor that specially runs graphics operations on 

personal computers, workstations, game consoles and mobile devices (such as tablets and 

smartphones). The GPU reduces dependence of the graphics card on the CPU, and shares part of 

the work originally performed by the CPU, and the effect is more obvious especially when 

performing three-dimensional drawing operations. 

CUDA, compute unified device architecture, it is an integrated technology launched by 

NVIDIA, which is the official name for GPGPU. Through this technology, users can use the GPU 

after NVIDIA’s GeForce 8 and new Quadro GPUs for calculations, which is the first time the 

GPU can be used as a development environment for C-compiler. In marketing, NVIDIA often 

promotes compilers mixed with architectures, which leads to confusion. In fact, CUDA is 

compatible with OpenCL or its own C-compiler. Whether it is CUDA C-language or OpenCL, the 

instructions will eventually be converted into PTX codes by the drive program and handed over 

to the display core for calculation.  

BWT, Burrows-Wheeler Transform, it is an algorithm used in data compression technology, 

such as bzip2. The algorithm was proposed in 1994 by Michael Burrows and David Wheeler at 

the DEC systems research center in Palo Alto, California. The basis of this algorithm is an 

undisclosed conversion method developed by Wheeler in 1983. When a character string is 

converted by this algorithm, the algorithm only changes the order of the characters in the character 

string without changing the characters. If an original character string has several substrings that 

appear multiple times, there will be some consecutive repeated characters in the converted 

character string, which is very useful for compression. This method can make the encoding easier 

to be compressed based on the technology (such as MTF transformation and run length encoding) 

that deal with the continuous repeated characters in the character string. 

Smith-Waterman, Smith-Waterman algorithm is an algorithm for local sequence alignment 

(relative to global alignment) to find similar regions between two nucleotide sequences or protein 

sequences. The purpose of this algorithm is not to perform the alignment of the complete sequence, 



but to find the fragments with high similarity between two sequences.  

HASH, also known as Hash algorithm or Hash function, it is a method of creating small 

digital “fingerprints” from any kind of data. The Hash function compresses the message or data 

into a digest, so that the amount of data is reduced, and the format of the data is fixed. This 

function scrambles and mixes the data and recreates a fingerprint called hash value (hash code, 

hash sum, or hash). The hash value is generally represented by a short character string composed 

of random letters and numbers. A good hash function rarely has hash collisions in the input domain. 

In hash tables and data processing, distinguishing data without suppressing confl icts will make 

database records more difficult to find. 

SSE2, Streaming SIMD Extensions 2, it is an IA-32 architecture single instruction multiple 

data (SIMD) instruction set. SSE2 is an instruction set introduced in 2001 along with the first 

generation of Pentium 4 processors released by Intel. SSE2 is an extension of the earlier SSE 

instruction set and can completely replace the MMX instruction set.  

 

In order to explain the disclosure in detail, a method for processing gene sequencing data 

and an apparatus for processing gene sequencing data according to the disclosure will be described 

in detail below with reference to the accompanying drawings.  

FIG. 1 is a schematic diagram illustrating an apparatus for processing gene sequencing data 

according to embodiments of the disclosure. As illustrated in FIG. 1, the apparatus is a 

heterogeneous multi-core architecture, including an ARM architecture 10, a GPU architecture 20, 

and a PCI bus 30. The ARM architecture 10 connects to the GPU architecture 20 through the PCI 

bus 30. The ARM architecture 10 includes at least one CPU module. The GPU architecture 20 

includes at least one GPU module. The CPU module in the idle state is configured to obtain 

batches of gene sequencing data by reading gene sequencing data in batches, and obtain a first 

algorithm and a second algorithm by dividing a gene analyzing method. The CPU module in the 

idle state is configured to obtain reads by dividing each batch of gene sequencing data based on 

the first algorithm, and send the reads and the second algorithm to a GPU module in an idle state. 

The GPU module in the idle state is configured to perform a calculation on each read based on 

the second algorithm, and send the calculation result to the CPU module in the idle state. The 

CPU module in the idle state is further configured to obtain a batch processing result based on the 

calculation results and the first algorithm. The CPU module in the idle state and the GPU module 



in the idle state repeat the above processes until processing the gene sequencing data is completed, 

the CPU module in the idle state obtains a final processing result by integrating the batch 

processing results. 

In detail, the apparatus for processing gene sequencing data is a heterogeneous multi -core 

architecture, that is, an ARM+GPU architecture. The ARM architecture 10 includes CPU modules, 

and the GPU architecture 20 includes GPU modules. The number of CPU modules and the number 

of GPU modules are not fixed, and can be set based on actual conditions, such as, based on th e 

amount of gene sequencing data, CPU module performance, GPU module performance (e.g., GPU 

memory, CUDA core number, CUDA core frequency), and complexity of the gene analyzing  

algorithm. 

The processing or computing capability of the core of each CPU module may be the same or 

different. Similarly, the processing or computing capability of each GPU module may also be the 

same or different. Optionally, the GPU module may be a GPU computing card, and the GPU 

computing card generally adopts the SIMT architecture. 

In an optional implementation, the CPU module adopts NENO acceleration technology. The 

operating speed of the CPU module can be further improved by adopting this acceleration 

technology. 

In an optional implementation, the apparatus for processing gene sequencing data can use 

the Jetson nano TX1 released by NVIDIA. The apparatus uses the GPU of a Maxwell architecture 

with 128 Cuda cores and a computing capability of 472G. In addition, Jetson-nano also has a 4-

core A57 processor as the ARM CPU core operator. 

Gene analyzing method refers to a method used in analyzing and processing the gene 

sequencing data, including sequence alignment, gene set enrichment analysis (including GO 

analysis and KEGG analysis), and gene regulatory network analysis. 

The gene analyzing method is divided into the first algorithm and the second algorithm 

mainly based on the characteristics of the gene analyzing method. That is, the algorithm suitable 

for the CPU module is parted from the gene analyzing method as the first algorithm, the algorithm 

suitable for the GPU module is parted from the gene analyzing method as the second algorithm.  

It can be seen that the first algorithm and the second algorithm can be part s of the gene analyzing 

method, and can be consisted of one or more small steps. There are no strict algorithm rules in 

the dividing process as long as a dividing principle is met.  The dividing principle mainly includes, 



the first algorithm generally requires a lot of logical judgments and there is a dependenc e between 

calculation results, for example, the calculation in a second step depends on or is based on a 

calculation result in a first step, or the judgment of yes or no is involved; and the second algorithm 

is generally that multiple data can be calculated in parallel and each data does not involve logical 

judgment or there is no dependence among the data.  

It is to be understood that the “first” and “second” in embodiments are not limitations on the 

algorithm, but only to distinguish the two. 

In addition, since there are multiple CPU modules in the ARM architecture 10, respective 

operation or working states of the CPU modules may be different, that is, some CPU modules are 

in a running state, and some are in an idle state. Similarly, the GPU modul es in the GPU 

architecture 20 are in a similar case. Therefore, in embodiments, the CPU modules in the idle state 

and the GPU modules in the idle state are adopted to perform corresponding operations, where 

the selected CPU modules and GPU modules can be all modules in the idle state, or may be some 

of the modules in the idle state. 

In addition, the gene sequencing data can be data obtained by performing gene sequencing 

of any species, including DNA sequencing fragments, RNA sequencing fragments, and the li ke. 

Since a large amount of data will be generated by performing the gene sequencing once, the data 

amount of the gene sequencing data will be relatively large. The data can be analyzed and 

processed in batches, thereby avoiding congestion of data transmission. Therefore, in 

embodiments, the CPU module in the idle state reads the gene sequencing data in batches. The 

number of pieces of gene sequencing data read each time may be unequal. In detail, the most 

suitable number of pieces of gene sequencing data can be determined by comprehensively 

considering the number of GPU modules, data processing capability of each GPU module, data 

reading capability of the CPU module, and data transmission capability of the PCI bus, to ensure 

the maximum data processing efficiency. 

After reading the gene sequencing data in batches, it is generally necessary to divide each 

batch of gene sequencing data respectively to generate multiple reads. In embodiments, the first 

algorithm is used to divide each batch of gene sequencing data. The batch of gene sequencing 

data may be divided into reads having different lengths, and the number of the reads obtained by 

dividing each batch is not fixed, which can be determined by comprehensively considering the 

number of the batches of gene sequencing data, the number of GPU modules in the idle state, and 



the GPU processing capability. 

After the CPU module in the idle state transmits each read and the second algorithm to the 

GPU in the idle state, the GPU module in the idle state performs a calculation on each read based 

on the second algorithm. At this time, the CPU module in the idle state can read and divide a next 

batch of gene sequencing data. When the GPU module in the idle state completes the processing 

of the reads, the calculation results are transmitted to the CPU module in the idle state. The CPU 

module can obtain a batch processing result based on the calculation results and the first algorithm. 

The above process is repeated continuously to form a pipeline between the CPU module and t he 

GPU module until processing the gene sequencing data is completed.  

With the apparatus for processing gene sequencing data according to embodiments of the 

disclosure, the apparatus is a heterogeneous multi -core architecture, including the ARM 

architecture 10, the GPU architecture 20 and the PCI bus 30. The ARM architecture includes at 

least one CPU module, and the GPU architecture includes at least one GPU module. The CPU 

module connects to the GPU module through the PCI bus to transfer information between each 

other. The CPU module in the idle state is mainly configured to read the gene sequencing data in 

batches and divide the gene analyzing method, to obtain batches of gene sequencing data, the first 

algorithm (this algorithm is the most suitable algorithm for the CPU module) and the second 

algorithm (this algorithm is the most suitable algorithm for the GPU module) . The CPU module 

in the idle state is configured to divide each batch of gene sequencing data based on the first 

algorithm to obtain the reads, and send the reads and the second algorithm to the GPU module in 

the idle state through the PCI bus. The GPU module performs a calculation on each read based on 

the second algorithm, and send the calculation result to the CPU module in the idle state. The 

CPU module in the idle state obtains a batch processing result based on each calculation result 

and the first algorithm. The CPU module in the idle state and the GPU module in the idle state 

repeat the above steps until processing the gene sequencing data is completed, and the CPU 

module in the idle state obtains a final processing result by integrating each batch processing 

result. The apparatus for processing gene sequencing data and the method for processing gene 

sequencing data divide the analyzing method (i.e., analysis process) of gene sequencing data to 

run on the CPU module and GPU module separately according to the characteristics, which greatly 

improves the efficiency of analyzing the gene sequencing data. In addition,  multiple CPU modules 

and GPU modules can be provided in the apparatus for processing gene sequencing data, and the 



multiple GPU modules can simultaneously perform calculation on reads of different lengths, 

which can solve a problem of low parallel efficiency of GPU. 

In an embodiment, the CPU module in the idle state is also configured to scan each GPU 

module to determine the number of GPU modules in the idle state and the data processing capacity 

of each GPU module in the idle state, and read gene sequencing data in batches according to the 

number of GPU modules in the idle state and the data processing capacity of each GPU module. 

In detail, when the gene analysis starts, the CPU module in the idle state scans the GPU 

modules to determine the number of currently available GPUs and the data processing capacity 

of each available GPU module, so as to determine the amount of gene sequencing data to be read 

in this batch, and read gene sequencing data based on the amount. 

In order to facilitate the understanding of this solution, in combination with FIG. 1 and FIG. 

2, a detailed embodiment of the pipeline of a method for processing gene sequencing data is given. 

In this embodiment, the gene analyzing method is a gene alignment method. 

At the time of T1, the CPU module in the idle state receives gene sequencing data D, starts 

an alignment task program, and scans the number of currently available GPU modules. The 

number is labeled as G. The sequencing length of data D is recorded as L1. The CPU module 

reads the data D in batches. The amount of read data Di in each batch is recorded as K, where the 

value of K can be adjusted based on the number of GPU modules through a calculation formula 

K=A*G, where A represents the amount of data that the GPU module can process at one time (in 

this embodiment, the processing capability of each GPU module is selected to be exactly the 

same). The data Di is divided based on the first algorithm to generate multiple reads. 

At the time of T2, the reads are transmitted to the GPU module in the idle state through the 

PCI bus, and at the same time, the CPU module can process a next batch of data Di+1, in order to 

generate a 2-stage pipeline. 

At the time of T3, when the data Di is transmitted and arrives at a video memory of the GPU, 

GPU starts the second algorithm. At this time, Di+1 enters a PCI transmission stage, and the CPU 

module processes a next batch of data Di+2, to generate a 3-stage pipeline. 

At the time of T4, after the calculation of data Di is completed, the calculation result is 

returned back to the CPU module through the PCI. At this time, the data Di+1 enters the GPU 

module calculation stage, the data Di+2 enters the PCI input stage, and the data Di+3 is processed 

by the CPU module to generate a 4-stage pipeline. 



At the time of T5, after returning back the calculation result of the data Di is completed, the 

result is handed over to the CPU module to use the first algorithm to continue subsequent stages 

of the alignment algorithm to generate a 5-stage pipeline. 

In an embodiment, the gene analyzing method includes a gene alignment algorithm, a Dotplot 

algorithm, a blast algorithm, a partition around medoids, PAM, algorithm, a hidden Markov model, 

HMM, algorithm, and an artificial intelligence, AI, inference algorithm. 

In detail, the Dotplot algorithm and the blast algorithm are a kind of sequence alignment 

algorithm. 

The PAM algorithm is a clustering algorithm for data mining, which can be used in single -

cell sequencing to analyze cell subspecies. 

The HMM algorithm, Hidden Markov Model, is a statistical model, which is used to describe 

a Markov process including hidden unknown parameters and can be used in the prediction of 

target genes. 

The AI inference algorithm (DeepVariant) is a deep learning algorithm, which can be used 

to identify gene mutation. Optionally, the AI inference algorithm may be an inference algorithm 

related to a convolutional neural network (CNN) or a recurrent neural network (RNN).  

Optionally, when the gene analyzing algorithm is the Dotplot algorithm, the blast algorithm 

or the PAM algorithm, it is usually necessary to perform CUDA on the algorithm first. Performing 

the CUDA on the algorithm makes the method more suitable to run on the apparatus for processing 

gene sequencing data according to embodiments of the disclosure.  

In an embodiment, the gene alignment algorithm includes a BWT algorithm, and the first 

algorithm includes an anchor point cutting algorithm. The CPU module in the idle state is 

configured to perform an anchor point positioning operation on the batches of gene sequencing 

data through the anchor point cutting algorithm, and obtain the multiple reads by extending for a 

length of N × bp forward and backward respectively with the anchor point as a center and dividing 

each batch of gene sequencing data by a length of (2N+1) × bp based on a NEON instruction, 

where N is a positive integer. 

In an embodiment, obtaining the multiple reads includes: obtaining the multiple reads using 

a following formula: 

 

where x represents the number of anchor points, N represents the number of extended bps, and L 
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represents a length of each batch of gene sequencing data. 

Optionally, the gene alignment algorithm may be a BWT algorithm, the first algorithm may 

be an anchor point cutting algorithm and a BWT matrix transformation algorithm, and the second 

algorithm is a Hash algorithm. As illustrated in FIG. 3, the CPU module in the idle state processes 

the data Di based on the first algorithm (i.e., the anchor point cutting algorithm). The CPU module 

in the idle state performs an anchor point positioning operation on each batch of gene sequencing 

data (reads) of a length L and obtains multiple short reads having a length of 2N+1 by extending 

for a length of N × bp forward and backward respectively, divides and transfers each batch of 

gene sequencing data by a length of 2N+1 based on a NEON instruction. When the number of 

anchor points is x, the number, i.e., N is related to a following formula: 

 

where x represents the number of anchor points, N represents the number of extended bps, and L 

represents a length of each batch of gene sequencing data. The multiple reads can be obtained in 

the above-mentioned manner, which are suitable for running on the GPU module.  

In an embodiment, the second algorithm is a Hash algorithm. The GPU module in the idle 

state performs a Hash operation on each of the multiple reads based on the Hash algorithm to 

obtain a Hash calculation result, and sends the Hash calculation result to the CPU module in the 

idle state. The Hash calculation result is a value of a BWT algorithm matrix, used for calculation 

of the BWT algorithm matrix. 

In detail, the gene alignment algorithm may be a BWT algorithm, the first algorithm may be 

an anchor point cutting algorithm and a BWT matrix transformation algorithm, and the second 

algorithm may be a Hash algorithm. As illustrated in FIG. 4, x*K reads calculated based on the 

first algorithm are transferred to a video memory of the GPU module in the idle state, where K 

represents the number of pieces of data Di. The number of reads is positively correlated with the 

total video memory of the multiple GPU modules. Since the Hash algorithm is conducive to the 

operation of the SIMT architecture of the GPU module, a kernel function of the GPU is used to 

perform the Hash operation on the multiple reads to obtain the Hash calculation results, and the 

Hash calculation results are sent to the CPU module in the idle state. The Hash calculation results 

are values of the BWT algorithm matrix, used for calculation of the BWT algorithm matrix.  

Compared with other traditional calculations (such as kmer location calculation algorithm), the 

use of the Hash algorithm can greatly save the memory space. 
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In an embodiment, the first algorithm may be a BWT matrix transformation algorithm. The 

CPU module in the idle state is also configured to obtain the BWT transformation results of the 

reads by transferring the BWT algorithm matrix based on the BWT matrix transformation 

algorithm. 

In detail, the gene alignment algorithm may be a BWT algorithm, and the first algorithm may 

be an anchor point cutting algorithm and a BWT matrix transformation algori thm. After the GPU 

module sends the Hash calculation results to the CPU module in the idle state, the CPU module 

performs a calculation operation on the BWT algorithm matrix by determining the Hash 

calculation results as the values of the BWT algorithm matrix, and performs a transformation 

operation on the BWT algorithm matrix based on the BWT matrix transformation algorithm, to 

obtain a BWT transformation result of the reads. Optionally, the relationship between the Hash 

calculation results and the BWT algorithm matrix is h=Hash(x,r), Y=BWT(h,r), where h 

represents the Hash calculation result, Y represents the BWT algorithm matrix, and r represents 

the read. This method can quickly and accurately obtain the BWT transformation result of the 

reads, thereby quickly completing the compression of the gene sequencing data, which is more 

convenient for subsequent processing.  

In an embodiment, the alignment algorithm includes a Smith-Waterman algorithm, and the 

second algorithm includes a scoring matrix algorithm. The GPU module in the idle state calculates 

a Smith-Waterman scoring matrix based on the scoring matrix algorithm, the multiple reads, and 

a reference species sequence, and sends the Smith-Waterman scoring matrix to the CPU module 

in the idle state. 

In an embodiment, obtaining the Smith-Waterman scoring matrix includes: obtaining the 

Smith-Waterman scoring matrix using following formulas: 

M=R*C, 

R=a*L2+b 

where, M represents the Smith-Waterman scoring matrix, R is a length of a candidate section of 

reference species sequence, C represents a length of a read generated by screening and splicing 

the multiple reads received from the CPU module in the idle state, L represents a length of each 

batch of gene sequencing data, and a and b are constants.  

In detail, the traditional Smith-Waterman algorithm runs in the GPU with a low efficiency 

and cannot be directly used in the apparatus for processing gene sequencing data according to 



embodiments of the disclosure. Therefore, the Smith-Waterman algorithm is improved. In detail, 

there is a scoring matrix in the Smith-Waterman algorithm, and the size is R*C. The process of 

calculating the scoring matrix is executed by the GPU module, and the second algorithm is the 

scoring matrix algorithm at this time. The Smith-Waterman scoring matrix is obtained using 

following formulas: 

M=R*C 

R=a*L2+b 

where, M represents the Smith-Waterman scoring matrix, R is a length of a candidate section of 

reference species sequence, C represents a length of a read generated by screening and splicing 

multiple reads received from the CPU module in the idle state, L represents a length of the batch 

gene sequencing data, and a and b are constants.  In addition, the length of C is related to the Hash 

calculation result calculated by the GPU module in the BWT algorithm. By adopting this method, 

the traditional Smith-Waterman algorithm can be improved to make it suitable for running in the 

GPU with a high operating efficiency. 

According to the above-mentioned apparatus for processing gene sequencing data, 

embodiments of the disclosure also provide a method for processing gene sequencing data.  

As illustrated in FIG. 5, the method for processing gene sequencing data is applied to the 

apparatus for processing gene sequencing data. The method includes the followings.  

At block S1, the CPU module in an idle state obtains batches of gene sequencing data by 

reading gene sequencing data in batches. 

At block S2, the CPU module in the idle state obtains a first algorithm and a second algorithm 

by dividing a gene analyzing method. 

At block S3, the CPU module in the idle state obtains multiple reads by dividing each batch 

of gene sequencing data based on the first algorithm, and sends the multiple reads and the second 

algorithm to a GPU module in an idle state. 

At block S4, the GPU module in the idle state performs a calculation on each read based on 

the second algorithm, and sending respective calculation results to the CPU module in the idle 

state. 

At block S5, the CPU module in the idle state obtains a batch processing result based on the 

calculation results and the first algorithm. 

The blocks S1 to S5 are repeated until processing the gene sequencing data is completed, and 



the CPU module in the idle state obtains a final processing result by integrating the batch 

processing results. 

In detail, since a large amount of data is generated in one sequencing and the amount of the 

gene sequencing data is relatively large, the data can be analyzed and processed in batches, 

thereby avoiding the congestion of data transmission. The ith batch of gene sequencing data read 

by the CPU module in the idle state is recorded as Di. The CPU module in the idle state reads the 

gene sequencing data Di, and divides the gene analyzing method to obtain the first algorithm and 

the second algorithm. According to the first algorithm, the gene sequencing data Di is divided to 

into multiple reads, and the multiple reads and the second algorithm are sent to a GPU module in 

an idle state. The GPU module in the idle state performs a calculation on each read based on the 

second algorithm, and sends the calculation result to the CPU module in the idle state. The CPU 

module in the idle state obtains a batch processing result based on the calculation results and the 

first algorithm. In addition, the CPU module in the idle state reads the gene sequencing data Di+1, 

divides the gene sequencing data Di+1, and sends the reads obtained by dividing the gene 

sequencing data Di+1 to the GPU module in the idle state. Di+1 represents the read (i+1)th batch 

of gene sequencing data. The reads of the gene sequencing data Di+1 after being divided by the 

GPU module in the idle state are processed, and the processing result s are sent to the CPU module 

in the idle state. The CPU module in the idle state and the GPU module in the idle state continue 

to read the gene sequencing data, divide, transmit, calculate and return (that is, repeating S1 to 

S5) until processing the gene sequencing data is completed. In this process, a pipeline is generated 

between the CPU module in the idle state and the GPU module in the idle state. 

In an embodiment, the CPU module in the idle state scans each GPU module to determine 

the number of GPU modules in the idle state and the data processing capacity of each GPU module 

in the idle state, so as to read the gene sequencing data in batches based on the number of GPU 

modules in the idle state and the data processing capacity of each of the GPU modules in the idle 

state. 

In an embodiment, the gene analyzing method includes a gene alignment algorithm, a Dotplot 

algorithm, a blast algorithm, a PAM algorithm, a HMM algorithm, and an AI inference algorithm.  

In an embodiment, the gene alignment algorithm includes a BWT algorithm, and the first 

algorithm includes an anchor point cutting algorithm. The CPU module in the idle state pe rforms 

an anchor point positioning operation on the batches of gene sequencing data through the anchor 



point cutting algorithm, and obtains the multiple reads by extending for a length of N × bp forward 

and backward respectively with the anchor point as a center and dividing each batch of gene 

sequencing data by a length of (2N+1) × bp based on a NEON instruction, where N is a positive 

integer. 

In an embodiment, obtaining the multiple reads includes: obtaining the multiple reads using 

a following formula: 

 

where x represents the number of anchor points, N represents the number of extended bps, and L 

represents a length of each batch of gene sequencing data. 

In an embodiment, the second algorithm is a Hash algorithm. The GPU module in the idle 

state performs a Hash operation on each of the multiple reads based on the Hash algorithm to 

obtain a Hash calculation result, and sends the Hash calculation result to the CPU module in the 

idle state. The Hash calculation result is a value of a BWT algorithm matrix, used for calculation 

of the BWT algorithm matrix. 

In an embodiment, the first algorithm further includes a BWT matrix transformation 

algorithm. The CPU module in the idle state is configured to perform a transformation operation 

on the BWT algorithm matrix based on the BWT matrix transformation algorithm, to obtain a 

BWT transformation result of the multiple reads. 

In an embodiment, the alignment algorithm includes a Smith-Waterman algorithm, and the 

second algorithm includes a scoring matrix algorithm. The GPU module in the idle state is further 

configured to obtain a Smith-Waterman scoring matrix based on the scoring matrix algorithm, the 

multiple reads, and a reference species sequence, and send the Smith-Waterman scoring matrix to 

the CPU module in the idle state.  

In an embodiment, obtaining the Smith-Waterman scoring matrix includes: obtaining the 

Smith-Waterman scoring matrix using following formulas: 

M=R*C, 

R=a*L2+b 

where, M represents the Smith-Waterman scoring matrix, R is a length of a candidate section of 

reference species sequence, C represents a length of a read generated by screening and splicing 

the multiple reads received from the CPU module in the idle state, L represents a length of each 

batch of gene sequencing data, and a and b are constants.  
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Specific limitations of the method for processing gene sequencing data can refer to the above 

embodiments of the apparatus for processing gene sequencing data, which will not be repeated 

here. 

Although explanatory embodiments have been shown and described, it would be appreciated 

by those skilled in the art that the above embodiments cannot be construed to limit the disclosure, 

and changes, alternatives, and modifications can be made in the embodiments without departing 

from scope of the disclosure. 

 



WHAT IS CLAIMED IS: 

1. A method for processing gene sequencing data, wherein the method is applied to an 

apparatus for processing gene sequencing data, the apparatus is a heterogeneous multi -core 

architecture, comprising an advanced RISC machine, ARM, architecture, a graphics processing 

unit, GPU, architecture, and a peripheral component interconnect, PCI, bus; the ARM architecture 

is connected to the GPU architecture through the PCI bus; the ARM architecture comprises at 

least one central processing unit, CPU, module; the GPU architecture comprises at least one GPU 

module; and the method comprises: 

S1, obtaining, by a CPU module in an idle state, batches of gene sequencing data by reading 

gene sequencing data in batches; 

S2, obtaining, by the CPU module in the idle state, a first algorithm and a second algorithm 

by dividing a gene analyzing method; 

S3, obtaining, by the CPU module in the idle state, a plurality of reads by dividing each batch 

of gene sequencing data based on the first algorithm, and sending the plurality of rea ds and the 

second algorithm to a GPU module in an idle state;  

S4, performing, by the GPU module in the idle state, a calculation on each read based on the 

second algorithm, and sending respective calculation results to the CPU module in the idle state; 

S5, obtaining, by the CPU module in the idle state, a batch processing result based on the 

calculation results and the first algorithm; and 

repeating S1 to S5 until processing the gene sequencing data is completed, and obtaining, by 

the CPU module in the idle state, a final processing result by integrating the batch processing 

results. 

2. The method according to claim 1, wherein the CPU module in the idle state determines 

the number of the GPU modules in the idle state and a data processing amount corresponding to 

each GPU module in the idle state by scanning the at least one module, and reads the gene 

sequencing data in batches based on the number of the GPU modules in the idle state and the 

respective data processing amount.  

3. The method according to claim 1, wherein the gene analyzing method comprises a gene 

alignment algorithm, a Dotplot algorithm, a blast algorithm, a partition around medoids, PAM, 

algorithm, a hidden Markov model, HMM, algorithm, and an artificial intelligence, AI, inference 

algorithm. 
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4. The method according to claim 3, wherein the gene alignment algorithm comprises a 

Burrows-Wheeler transform, BWT, algorithm, and the first algorithm comprises an anchor point 

cutting algorithm; and the method further comprises:  

performing, by the CPU module in the idle state, an anchor point positioning operation on 

each batch of gene sequencing data through the anchor point cutting algorithm, and obtaining the 

plurality of reads by extending for a length of N × bp forward and backward respectively with th e 

anchor point as a center and dividing each batch of gene sequencing data by a length of (2N+1) × 

bp based on a NEON instruction, where N is a positive integer.  

5. The method according to claim 4, wherein obtaining the plurality of reads comprises:  

obtaining the plurality of reads using a following a formula:  

 

where x represents the number of anchor points, N represents the number of extended bps, and L 

represents a length of each batch of gene sequencing data. 

6. The method according to claim 3 or 4, wherein the second algorithm is a Hash algorithm; 

and the method comprises: 

preforming, by the GPU module in the idle state, a Hash operation on each of the plurality 

of reads based on the Hash algorithm to obtain a Hash calculation result, and sending the Ha sh 

calculation result to the CPU module in the idle state, wherein the Hash calculation result  is a 

value of a BWT algorithm matrix, used for calculation of the BWT algorithm matrix.  

7. The method according to claim 6, wherein the first algorithm further comprises a BWT 

matrix transformation algorithm; and the method further comprises:  

performing, by the CPU module in the idle state, a transformation operation on the BWT 

algorithm matrix based on the BWT matrix transformation algorithm, to obtain a  BWT 

transformation result of the plurality of reads.  

8. The method according to claim 3, wherein the alignment algorithm comprises a Smith -

Waterman algorithm, and the second algorithm comprises a scoring matrix algorithm; and the 

method further comprises: 

obtaining, by the GPU module in the idle state, a Smith-Waterman scoring matrix based on 

the scoring matrix algorithm, the plurality of reads, and a reference species sequence, and sending 

the Smith-Waterman scoring matrix to the CPU module in the idle state. 

9. The method according to claim 8, wherein obtaining the Smith-Waterman scoring matrix 
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comprises: 

obtaining the Smith-Waterman scoring matrix using following formulas: 

M=R*C 

R=a*L2+b 

where, M represents the Smith-Waterman scoring matrix, R is a length of a candidate section of 

reference species sequence, C represents a length of a read generated by screening and splicing 

reads received from the CPU module in the idle state, L represent s a length of each batch of gene 

sequencing data, and a and b are constants.  

10. An apparatus for processing gene sequencing data, configured to execute a method for 

processing gene sequencing data according to any one of claims 1-9. 
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