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Abstract— This paper presents the development and implementation
of the initialization module of the DNA sequence alignment
accelerator. The scopes of this paper focus on the memory
reduction and speed optimization on the initiafization module using
parallelism and divide and conquer methodologies. The
development of the optimization using data compression technique
is presented in this paper. In this paper, the development target is
Xilinx Spartan 3E FPGA using 50 MHz oscillator clock. The code
is written in Verilog HDL using Xilinx ISE 10.1 and simulation
testbench developed using Xilinx ISE 10.1 simulation toel.
Theoritical analysis and simulation results have been compared in
this paper.
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L INTRODUCTION

The demand of fast and less memory usage of DNA sequence
alignment accelerator tools for DNA sequences alignment
investigation is increasing from time to time. The genomic
database has increase double in every 16 months. The statements
supported and proved by the statement in [1]. The development
of initialiaation module of DNA sequence alignment accelerator
can optimize the speed and reduce the memory consumption
using parallel architectures and data compression technique.
This will fulfill the market needs for device with optimized
speed and less memory.

I INITIALIZATION MODULE

Initialization module objective is to prepare the data that enter
the next module of the DNA sequence alignment accelerator
such as matrix filling module. The problem of the existing
methods preparing the data entering the DNA Sequence
Alignment Accelerator is reported in [2] and [3]. The existing

systcm problems is it’s requirc a large memory to storc the data
before the alignment process can be performed.

The memory space requirement to store the data is proportional
with the length of DNA sequence.

The memory space requirement for search sequences, Ms is
proportional to the length of the search sequences, S
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While the memory space requirement for search sequences, Mr
is proportional to the length of the target sequences, Ty.
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From the equation of (1) and (2) ,it can be concluded that the
requirements of the memory to store the DNA sequences is
double to the length of the DNA sequences since for DNA
sequences alignment it required two set of DNA sequences data
which is target and search sequences data.

The maximum DNA sequences reported today in [4] is three
billion. Benchmarking this statement, the number of memory
space requirement is increased nowadays. And it will increase
day by day. The standard format of the DNA data is written in
ASCII code format with eight bit data width. ASCII code
representation for DNA data characters each as shown in Table
1, where each characters is been represent with it specific ASCII
code. This leads to large memory space requirements problem.
And will require more space.



TABLE 1
ASCII CODE REPRESENTATION FOR DNA DATA CHARACTERS

Name | Characters | ASCII Data bit
Adenine A 65 01100101
Cytosine C 65 01100111
Guanine G 71 0111 0001
Thymine T 84 1000 0100

To overcome this problem in this initialization modulc, two
techniques will be introduced to reduce the memory space
requirements of the sequence alignment accelerator. These two
techniques are named as Data Reduction and Data Compression
technique. Both of these techniques will be implemented on the
initialization module of the DNA Sequence Alignment
Accelerator. Those modules are able to reduce the memory
requirements and increase performance using parallel
architectures.

A. DATA REDUCTION TECHNIQUE

The objective of this technique is to reduce the data width of 8-
bit data format ASCII code into the 2-bit data format. As the
data width reduce the probability of comparison, memory
requirement and the size of FPGA architecture design is also can
be reduced. In this reduction data technique, every characters of
A, C, G and T will be represents in new 2-bit data format. Either
the streams or the patterns are composed of four basic
nucleotides A, T, C and G. The tabulation of the DNA data
representation is shown is Table 2.

TABLE 2
NEW REPRESENTATIONS FOR DNA DATA CHARACTERS

Name Characters New
Representations
Adenine A 00
Cytosine C 01
Guanine G 10
Thymine it 11

As in the table, the DNA characters are mapped with the two bit
data representations. Where A represents by 00, while C, G and
T is represents with 01, 10 and 11 respectively. Now the DNA
data width has been reduces to only 2-bit data format. Thus the
memory usage can be reduced from 8-bit data to 2-bit data. This
reduces 75% of the memory usage using 2-bit data rather than
using 8-bit data.

B. DATA COMPRESSION TECHNIQUE
This techniques objective is to compress the data from a group
data into a set of data. For example, let’s say that the data have
sixteen DNA data in which search sequence,

S={aggcctac}
And target sequence,
T={ccaggtag}

Both of the sequences have eight data or eight lengths of data. In
data compression, this data will be compressed to become set of
data with data width, P. For example, choose P = 4. The data
will be compressed into the memory.

The memory will be divided into 4 memories and each memory
will have 4 data inside them.

Using this Data Compression technique, the memory of 32-bit
for example will be fully utilized. Instead of putting one DNA
data into a single register, Data Compression put 8 DNA data
into a single register. Thus this technique can optimize the speed
of the DNA at later stages because the DNA data is stored in 32-
bit memory can be recalled at anytime as 32-bit length of data.

The total number of data is for both of the sequence is sixteen
DNA data but after the data compression technique the total data
has been merges to only four data.
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Fig. 1 Initialization module

The process of data compression is shown in Figure 1, starting
with the Data Reduction Technique and end with Data
Compression.

At point A, 16 based-pair of DNA sequences with 32 data in
ASCII code each will enter the module.

For example,
S={acgtacgt}
T={acgtacgt}

At point B, Data Reduction module will reduce the data size
from 8-bit to 2-bit.

At point C, Data Compression module will compress the data.



Number of Data

At point D, One based-pair of DNA data sequences set with 2
data compressed data.

$={0001 10110001 10 11}
T={0001 10 110001 10 11}
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Fig. 2 Comparison between recent technique and Data Compress
technique

Figure 2 shows that the comparison between the recent
technique and Data Compress technique. It shows that Data
Compress use simplify the data into only two register and reduce
the memory requirements for data storage and space in the chip.
The point is, instead of using 16 registers to store 16 DNA data,
it is better to store 16 DNA data into 2 registers and save the
memory space.

1L RESULTS AND DISCUSSION

The theoretical results of the Data Compression technique are
analyzed according to the performance and the memory usage.
The performance of the Data Compression technique is
proportional with the data size, Pother effect of the data size P
with the performance is shown in figure 3.

DNA Sequence Length (based-pair}

Fig. 3 Effect of Data Width in Data Compression technique for
DNA sequence alignment.

The Figure 3 shows that then data size, P increasing, the more
DNA Sequence Length can be stored. This should increase the
performance of the DNA Sequence Alignment Accelerator.

From Figure 3, the data compression technique give superior
reduction on memory requirement with 87.5% reduction
compare to existing technique in [2-31,[41.[5] when data width,
P = 16. The reduction show 97.5% when the data width, P = 32.
These shows that the data compression technique can reduce the
memory space requirement to analyze DNA  sequences
alignment sixteen times better than recent technique. This
optimized Initialization Module can provide a very good set of
data for the next stage of DNA Sequence Alignment
Accelerator.

A. IMPLEMENTATION

Data Reduction and Data Compression techniques are written in
Verilog HDL code using the Xilinx ISE 10.1. The code is
implemented and burned on SPARTAN 3E FPGA starter kit
board. Figure 4 shows the RTL schematic of the technique that
extracted from the Verilog HDL code.

Both tables below list the necessary information and timing
constraints for Data Reduction, Data Compression and
Combination of both when targeted to the SPARTAN 3E board.

TABLE 3
LOGIC UTILIZATION AND TIMING CONSTRAINT FOR BOTH
MODULES
Data Reduction | Data Compression
Register 2 64
Slices 6 56
Slice Flip Flop 2 64
Minimum clock 1.804ns 8.688ns
period
Maximum 554.339MHz 115.102MHz
frequency
Minimum input 5.097ns 2.253ns
arrival time before | (Logic=3.488ns (Logic=1.374ns
clock Route=1.609ns) Route=0.879ns)
Maximum output 4.063ns 4.040ns
required time after | (Logic=3.683ns (Logic=3.683ns
clock: Route=0.380ns) Route=0.357ns)
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TABLE 4
LOGIC UTILIZATION AND TIMING CONSTRAINT FOR COMBINATION
OF BOTH MODULES
Combinational
Register 132
Slices 120
Slice Flip Flop 132
Minimum clock 8.746ns
period
Maximum frequency 114.341MHz
Minimum input 4.621ns
arrival time before (Logic = 3.125ns
clock Route = 1.496ns)
Maximum output 4.040ns
required time after (Logic = 3.683ns
clock: Route = 0.357ns)

B. SIMULATION

The Initialization module of the DNA sequence alignment
accelerator simulation has been done with Xilinx ISE 10.1
simulation tool with the clock is set to S0MHz. This includes the
Data Reduction and Data Compression module.

Figure 5 shows the simulation waveform of Data Reduction.
While Figure 6 shows the simulation waveform of Data
Compression.

Simulation of both module are using 5ns duty cycle clock and
the input injected in 10ns delay.

V. CONCLUSION

This paper presents the Data Reduction and Data Compression
techniques that implemented in the Initialization Module of
DNA Sequence Alignment Accelerator. DNA data sequence has
been reduced in size and compressed in memory register using
both of the techniques. When the DNA sequence is reduced and
compressed, the number of clock process is also reduced, thus
increasing the performance such as speed of the device.
Implementation on the targeted SPARTAN 3E FPGA board
confirms that the technique used in the Initialization module can
be accelerated with the parallel architectures on the hardware.
Other than that, the complexity of the code is reduced but the
high performance and less memory usage is achieved.
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Fig. 4 RTL schematic for Initialization Module.
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Fig. 5 Data Reduction waveform simulation
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Fig. 6 Data Compress waveform simulation



