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Abstract- Efri({]ient sequetrce rligtrment is one ofthc most
importut end chrllenging rctiyities in bioitrformrtics.
Mrtry slgorithms hrve becn proposed to perform end
accelerite sequence alignmcnt activitics. ADotrg them
Smith-Watermrn (SW) is the most sensitive (.ccurate)
algorithm. This paper presents , novel approach and
analysis of High Performrncc and [,ow Power Mrtrix
Filting for DNA Sequence Alignment Accelerator by using
ASIC design flow. Tbe objective of this paper is to
improve the performance of the DNA sequence rlignment
and to optimize porver reduction of the eristitrg technique
by using Smitt Watermln (SW) elgorithm. Thc scope of
study is by using the mrtrir fillitrg m€thod which is in
parellel impl€mentrtiDr of thc Smith-Wrtermstr
8lgorithm. This method provides more ellicient speedup
comprred to the trrditionel sequential implementrtion but
at the stme timc mrintriling the level of selsitivity. The
methodolos/ of this prper are usiog FPGA and Synopsis.
This techDiques is used to implement the mrssive
parellelism. The d€sign wrs developed in Verilog HDL
codiog rnd syDthcsized by using LINUX tools. Mrtrit
Ce[s ;ith e design rre{ 8808307mm' rt 40ns clock period
is the best design. Thus the power required rt this clock
period also smrller; dynrmic power lll.l4lsuW and
leekage power 212.953tNw. This is a lrrge improvement
over existing designs and improves dste throughput by
using r ASIC design flow.

lGfeor6: Saith-Vactaa *otitln DNA S.4aq.irry,
ASIC, FNA, Matix fi bg

I. IMTRODUCI.ION

ln the past decade there has been an explosive $owth of
biological data the rapid expansion in digitization of Patient
biological data Il. This has led to the emergence of a new
area of research: bioinformatics, where powerful
computational techniques are used to store, analyze, simulate,
and predict biological information. Bioi[formatics refers to
the storage, analysis, and simulation of biological information
and the prediction ofexperimental outcomes.

The general problem statement was the genomic data al
GenBank (the NIH genetic sequeace database, an annotated

collection of atl publicly available DNA sequences) is
doubling every six months. Presently, the problem is the
proteomic and cellular imaging data is expected to grcw even
faster. Post-genomic-era bioinformatics will require high-
perfomance computing power of the order of several hundred
of teraflops or morc. The significance of the study is to
improve the performance and optimize the power consumption
used. Besides, the bioinformatics sequence is to identiry
similaities between subsequences of strings as far as possible.
The dissimilarity of two sequences of nucleotides or amino
acids can be defined as the minimum change required in one
to get the other one, among all possible alignmens between
them I l].

The main objective of this paper are to do the speed
optimization, reduced power consumptioq and study the
effect of high performance and low power techniques on area-
ln rec€lt few years, FPCAS have emerged as high-
performance computing accelerators capable of implementing
fine-grained, massively parallelized versions of
computationally intensive algorithms. The reprogrammability
of FPGAs enables algorithm specific computing architectures
to be implemented using the same hardware resource across
the range of algorithms.

Alignment of DNA sequences is a necessary step prior to
comparison of sequence data High-speed alignment is needed
due to the large size of DNA databases. Smith-Walerman, a

standard pattem r€cognition techniquc, can b€ used to perform
alignment, Smith-waterman can be performed by using
dynamic programming techniques. Thus, dynamic
programming offers the potential for highspeed processing of
DNA sequence dala.

The Smith-Wat€rman algorithm is more effective
compared to the FASTA ard BLAST. Nowadays, this
algorithm is well-kno\ r algorithm to performe local sequence
alignment. On many occasions, accuracy ofthe rcsult that can
be obtained by the SW method is more desirable, thus the
slow computation speed have be overcame with various
methods.
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A. Smit h-W aterman A lgor it hm

Smith-waterman algorithm was first proposed by Temple
F.Smith and Michael S.Waerman in l98l [3]. The
Needleman-Wunsch algorithm is like variation, while the
Smith-Waterman is a dynamic pmgramming algorithm. Such
as, it has the desirable property that guaranteed to find the
optimal local alignment with resp€ct to the scoring system
being used, and includes the substitution matrix and the gap-
scoring scheme. The main difference to the Needleman-
Wunsch algorithm is negative scoring matrix cells are set to
zero, which renders the positively scoring local alignments
visible. Backtracing starts at highest scoring matrix c€ll and it
proceed until scoring zero encountered, yielding the highest
scoring local alignment.

The S-W algorithm is a sequence alignment technique
used to sequence either DNA or protein sequences. This is for
determining similar regions between two nuclmtide or protien
sequenc€s. INtead oflooking at the total sequenc€, the Smith-
Waterman algorithm compares s€gmefis of all possible
lenglhs and optimizes ths similarity. The algorithm is based
primarily on the class of algorithms which is known as

dynamic programming. ln Smith-Waterman database search,
dynamic programming (DP) method is used to compare the
query sequence to every s€quence that is available in the
databas€, and then a score for each comparison is calculated.
The dynamic programming compares a character within a

sequence with every possible character within another
sequence. The two sequences arranged in a two dimension
array in which every matrix cell represents the alignment scor€
of a specific row and column of the two sequenc€s (matrix).

The value of each cell depands on the residues from the
diagonal, lefi and upper neighbor cells. When obtaining the
local alignment, a m&1x Hi;j is used to ke€p u-ack of the
degree of similarity between the two sequences to be aligned
(Ai and Bj ). Each element of the matrix Hij is calculated
according to the following equation:

I1,..7 : 11Ysi
i-r;-t * Sr;
;-r; - d
;j-t - d

0)

where S,7 is the similarity score of comporing sequence l, lo
sequence 87 and d is the penahy for a mismatch. The whole
algorithm is divided into three steps:

l. lnitialization step

2. Malrix fill step

3. Trace back step

The matrix is first idrialized with Hoi = 0 and Hlo{, for
all i and j- This is referred to as the inirializalion step. After the
initializarion, a matrix fill step is calried out using Equation
(l), which fills out all entries in the matrix. The final step is
the trac€ back step, where the scores in the matrix are t'aced
back to inspoct for optimal local alignment. As an example,
the S-w algorithm, is us€d to compute the optimal local
alignment of two sequences (i.e., I = a g g t a c and B : c a g c
g t t g). Assume that
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B. Power Design

Power is drawn fiom a voltagc soulce dehed to the VDD
pin(s) of a chip.

lnstantaneous Power:

P(t)=i,-1r1Y,- (3)
Energr:

(4)

Average Power;

(5)

1) Dynamic Power

Dynamic power is required to charge and discharge load
capacitances when transistors switch. In one cycle they are
involves a rising and falling output. Thus, during rising output,
charge Q: CVpp is required. While, on falling output, charge
is dumped to GND. This rep€ats Tf* times over an interval of
T' vDD

Jho(t)

c
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Figtdz l. Irtcrtzr for fitomic p<wet adysts.
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Table I illustrdes the calculuion of thc Dynamic
Prognmming malix 11 and the trace back pah which is
shown in bold digits. The best score found in the marrk is 6,
and the conesponding optimal local alignmenl is

A'.ag-ct
B'.agcgt

TABLE I TIIE DYNAMIC PROGRAMMTNG MATRD(
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To derive the equation oflhe dynamic power:

Por.-t. (6)

Pstaric = l*attVno (7)

In order to reduce dynamic power;

i. a: clock gatin& sleep mode

ii. C: small transislors (esp. on clock), short wires

iii. Vpp: Iowest suitable voltage

iv- f: lowest suitable frequency

In order to reduce static power;

i. Selectively use ratioed circuits

ii. Setectively use low V, devices

iii- Leakage reduction (stacked devices, body bias, and
low temperature).

II. METHODOLOGY

There are 2 difference method in implementing the design.
The first design is coded and simulated on Xilinx FPGA
design. Secondly, the design is reverified synthesis and
implemented on Synopsis ASIC D€sign flolv.

A. FPGA design implemen ation

Figur€ 2 FIow chart for designing mahx filling on FPGA

The design implementation of the Smith Waterman
algorithm consists of four pads which are the initialization,
processing unit, comparator and memory. The processing unit
computcs the array value for each character in rhe query
string. The processing unit will be compared between query
and subject and stor€d the result into memory. Figure 3 shows
the block diagram of matrix filling module.

=|i"'*urn,,*
vl-

=':!-lii,?)dt
l'n

=\['t"-'n"1
= CYr,r' .f*

Thus, fiom the equatiot! (6), in order to reduce the
dynamic power, the capacitance, frequency or VDD must be
reduced varied. Due of the lechnique to reduce the dynamic
power is by varying the clock frequency.

2) Slalic Wwer
Static power is consumed even when chip is quiescent.

The ratioed circuit will dissipate power between ON
tiansistors due to data contention.

In order to design low power, these criteria must be taken
into consideration.

i r i: _::.
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Figure 3 Block diagialn ofmatnx filling module.

TABLE 2. A, C, T, and G chrreterencodrig

A T G C

00 0l t0 ll

Table 2 shows the two bit codes that represent the nucleotides.

B. ASIC design implementation (synopsis)

There arc several steps in ASIC design implementation.
Firtly, the code is verified ia verilog compiler simulator
(VCS) in order to check the error. Then, synthesized the code
using Design Compiler and proceed to physical
implementation using ICC. Lastly, lhe result is generated by
statis timing analysis.

FigurE 4. Floychsrt for d€signing nalrix filling ofl ASIC

IIl. ITESTJLT AND DISCUSSION

A. FPCA resalt

The design was synthesized from Verilog using Xilinx
softwar€ tools. In this paper, the ISE ll.l has been used to
write and simulate the Verilog code. The simulation of the
compassion betwe€n two sequences ( the source and the target
) is shown in Figure 5.

:tyl
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Figurc 5. Local sequenc€ alignment simulalion ol sequ€ic€s S ard T

F
F..._.



TABLE 3. EF€ct nunber of Slice and Flip-flop on number ofmatrix cell

Matrix Mrtrixcs
Cell

Numbcr of
Losic

Number of
FliD-tloD

2x2
3x3
4,4

4
9
t6

29
297
723

8
2t
40

rtc

5!

Figue 8. DVE simulation *aveform

Figure t shows the simulation waveform simulated liom
design vision (DVE). The DVE provides a graphical user to
debug the design. From figure 8, it is proved the synopsis
output is equal to the FPGA's output.

TABLE 4 Etrect ofvErying frequenc-v on design arca

Clock
period

(ns)

Design erea
(u,,')

Shck
dc_timing_mrr

(ns)
figure 6: Oraph number of slice and fliPflop for ma!'ix filling module.

B. Synopsis result
The Design Compiler (DC) is a sy[thesis tool that takes a

RTL [Register Transfer Logic] hardware description [design
written in Verilogl, and standard cell library as input and the
resulting output would be a technologr dependent gateJevel-
nedist.
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The symbols are coded as follows ( A{0, T=01, C=10,
and G=l I ). So the ioput for sequences S or T were implement
in the simulaion by 2 bit, for example S: A T C, it can
implemenl that by S=00, 0t, l0 and etc. The same way to
implement the T for example T=T C G, it can implement thal
by T= 0l,l0,l l.

The time needed to compute a sequence comparison is
given by time the running sequence takes to travels the
Processing unit[2]. Thus, if the reference sequence has n
elements comparison and the data base sequence has m
elemenls, then it needs n + m clock cycles to compute the
comparison. To obtain a rough estimale ofthe gaio compared
to a software solution, suppose that the frequency remains
around 50 MHz for larger devices.

The number of slices and flip-flop are depending on the
number of mahix cells. Thus, Table 3 shows the relationship
betwe€n the numbq ofslices and flip-flop.

FigurE 7. Sche.naric view ofsynlhesized top level ofthe design

Figure 7 shows the schematic view after slmthesized the
code in Verilog Compiler Simulator. It shows the mnnection
ofinput and output pins ofthe design. The input pins are clock
(clk), reset sample (SI,S2,S3,S4) and targe(T I,T2,T3,T4).
While ougut has 16 pins which are Xl until Xl6.
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Figure 9 Graph ofclek p€tiod ver$rs desiSn ar€a.

As shown in Figurc 9, the design area is inversely
proportional to clock period. It shows that the larger area will
reduce the compiling process time taken. In this cas€ the best
design is at 40ns clock period. This is because, during this
time has a small area and have a reasonable time slack. Table
4 also shows at 4lns clock period, the results showed a

negative slack time, and it violated. Realistic specification is
impo.tant, because unrealistic constraints might result in
excess area, increased power and degrading in timing.

TABLE 5r The relationship betq€€n dynamic pou,tt and clock penod

Figu€ 10. Graph ofclock period versus dFamic pov{€r and leakage pou,er

Figure l0 shows, additional clock period will result in
reduced power. This proved that the results follows dynamic
equation(6) because lhe equation indicates that liequency is
proportional !o dynamic power. Leakage power is slightly
decreased and remain constant at certain clock cycl€.

C. IC Compiler (ICC) Report

IC Compiler is represented the abstract version of layout.
Every desired logic function in the standard cell library will
have both a layout and abstract view and also contain timing
information about the function such as cell delay and input pin
capacitance which is uscd to calculated output loads-

TABLE 6. Power repo( in IC Compiler

Clmk period
(ns)

Dynamic
po*er (uW)

Lerkrge
power
(nw)

Clock period
(ns)

Dynrmic
power (uW)

L€akage
power
(nr,V)

E92.8958

442.1232

295.8026

222.2299

177.7766

148.2143

126,9t98
I I l.14l5

214.86E1

215.6031

213.3234

215.230E

214.6538

214.6538

212.9538

212.953E
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Figure 12 shows dynamic power decreased when clock
period increased while leakage power mostly remain the same
value. In this case, it proved that the r€sult follows dynamic
power equario(6). The value of frequency is proportional to
dynamic power.

TABLE 7. Timing anrlysis in DC, ICC nad Pnme Tim€ (PT)
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Cbct
pctid

(as)

Tpd
(u)

Slecl
dc-liEillrr.r

(es)

Slrct
ir-t'Eirllrer

(rs)

Shcl
pt-liEirg-E r

(rs)
-1.

Tpd = cnlical path l€ng$r

Table 7 shows the timiog in Design Compiler, IC
Compiler and Pdme Time. The proporgation delay shows the
values are remain constant until 35ns clock period. It indicales
critical path is 4.49ns which is lhe slowest logic path between
any two registers. There is also stated the maximum path

depend on the clock cycle. Besides, the datapath also show€d

the negative values at 2ns clock period where it is violaled.
However, the final register file of the design has a lC
Compiter timing max of36.50 ns ar the 40ns clock P€riod.

TV. CONCLUSION

In conclusion, the objectives of this paper is firlly
achieved. The FPGA's result showed the reduction of number
clock cycle from 16 clock cycles to 3 clock cycle- The
synopsis results show there is an improvement of the design
where design area of matix cells is tt0t.307um' at 40ns

clock period. Thus it reduced th€ power consumPtion wher€
dynamic power is lll.l4l5uW and leakage power is
212.9538nw. On top of tha! reductiotr in power also causes

the reduction ofdesign area. This is a large improvement over
existing designs and improves data thioughput by using a
ASIC design flow. The recommendalion for future
developement are reducing in number of clock cycle into I

clock cycle and reducing power consumption of the design.
On top ofthat, the arca must be smaller than existing area.
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