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Abstract 

Scanning genomic sequence databases is a very common task in bioinformat-

ics to lookup for similarities between the query sequence and particular data-

base sequences. The speedup of these searches became a must to keep up with 

the rapid growth in gene banks; where every year their size is scaled by a factor 

of 1.5 to 2. The DNA Basic local alignment search tool (BLASTN) is one of 

the most widely used tool in analysis of DNA sequences. This tool uses heu-

ristics approach to accelerate the time consuming search algorithm. Although 

BLASTN is a highly optimized algorithm, the growth of biological databases 

outpaces its speed improvement. 

There are several acceleration approaches adopted in BLASTN. Some of these 

approaches try to accelerate BLASTN in software using more efficient algo-

rithms or heuristics. Other approaches use a hybrid software/hardware archi-

tectures. Some of these approaches design hardware accelerators for 

BLASTN. Since the implementation of BLASTN can benefit from the accel-

eration through fine-grained and coarse-grained parallelism, the acceleration 

using hardware is an appealing approach. Similar to any hardware design pro-

cess, the design process of the BLASTN accelerator is laborious and error 

prone. Moreover, the algorithm complexity causes the design process to be 

more complicated. Therefore, there is a rising need to find a more convenient 

tool for complex systems design. 

Raising the abstraction level in the design process became very important in 

order to cope with the increasing system design complexities. High level syn-

thesis (HLS) introduces such high abstraction level that is essential for effi-

cient modern system design in different domains. The capabilities of HLS help 

designers produce efficient system in terms of performance and cost by simply 

writing its functionalities using high level languages, such as C, C++, or Sys-

temC. 

The main aim of this research is developing a hardware accelerator for 

BLASTN algorithm using a more efficient designing tool. Therefore, we pre-

sent an HLS solution to accelerate the BLASTN algorithm. Our solution im-

plements the BLASTN stages using C++ as a high level language. The HLS 

tool automatically transforms the implementation into register transfer level 



(RTL). The hardware implementation is generated without any knowledge of 

the RTL design in general and without going through the tedious design pro-

cess. Also, we implemented an optimized version from our HLS solution using 

the pipeline directive provided by the HLS tool.  

Our experiments show that the use of HLS to directly implement BLASTN is 

very efficient and improves both the latency and throughput of the algorithm. 

The HLS implementation achieves a latency and throughput speedup around 

20x. Further acceleration is achieved by applying the pipeline directive to op-

timize the HLS implementation, which yields a latency and throughput 

speedup around 5x. A comparison versus software implementation shows that 

an overall latency and throughput speedup of 100x is achieved. We augmented 

our results with a throughput comparison against similar and previous hard-

ware-accelerated algorithms. Our HLS BLASTN achieves an average 

throughput speedup of 70x over the NCBI implementation. Furthermore, our 

HLS BLASTN outperforms the Mercury BLASTN implementation by 11x.  



Summary 

Alignment is a very common operation in bio-sequence analysis applications. 

The target of the alignment operation is finding similarities between query and 

database sequences. The Basic Local Alignment Search Tool for DNA 

(BLASTN) is a fundamental bioinformatics algorithm used in bio-sequence 

analysis applications. This algorithm is highly optimized to accelerate the 

search operations. However, the exponential increase in size of gene banks 

outpaces the speed improvement of BLASTN. There is a rising need to accel-

erate BLASTN algorithm in order to accommodate the rapid growth in the size 

of bio-sequence databases.  

Several acceleration approaches have been done in order to enhance the per-

formance of BLASTN algorithm. Among these approaches, the hardware ac-

celerators achieve the best performance. However, the design process of hard-

ware accelerator for such complex algorithm as BLASTN requires hard-ware 

expert designer. To simplify the design process for all designers, it is required 

to increase the abstraction level. High Level Synthesis (HLS) represents this 

required level of abstraction for efficient modern systems design. HLS allows 

designers to write the algorithm behavior in high level languages without wor-

rying about the implementations details, such as clock, processes, and tech-

nology. Then, the HLS tool automatically transforms these high level specifi-

cations into efficient RTL design.  

We present in this thesis a HLS solution to design FPGA-based accelerator for 

the BLASTN algorithm. Our solution implements the BLASTN stages using 

a high level language. The HLS tool automatically transforms the implemen-

tation into register transfer level (RTL). The hardware implementation is gen-

erated without any knowledge of the RTL design in general and without going 

through the tedious design process.  

The thesis contains seven chapters. A brief description about the contents of 

each chapter is presented hereinafter. 

 

 



Chapter 1 introduces the thesis. The background and the motivations of the 

proposed solution are highlighted. Also, we summarize the contributions of 

this research. 

Chapter 2 presents the implementation details of BLASTN, a fundamental 

bioinformatics algorithm.  

Chapter 3 reviews several acceleration attempts of the BLASTN algorithm 

on different platforms. 

Chapter 4 introduces the proposed design methodology adopted in designing 

hardware-accelerated BLASTN. This chapter discusses the advantages and 

design flow of HLS design methodology.    

Chapter 5 presents the implementation details of our proposed HLS solution. 

We present two implementations in C++. The first one is a direct implemen-

tation of BLASTN algorithm. The second implementation is optimized using 

HLS directives.  

Chapter 6 discusses the experimental results of implementing BLASTN al-

gorithm using HLS. This chapter shows the latency and throughput speedup 

achieved from the direct and optimized HLS implementations of BLASTN 

algorithm. Also, it compares these results with software implementation. A 

comparison versus previous hardware acceleration attempts is listed.   

Chapter 7 summarizes the thesis and provides our contributions. Also, an 

overview on the future work is introduced. 
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