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An Alignment Algorithm by Bit-parallelism

KENSUKE BABA,* YUNQING YUt and KAZUAKI MURAKAMIf

Approximate matching problem is, given two strings and a parameter, to find all substring of
a string whose edit distance with the other string is at most the parameter. Myers introduced
an efficient algorithm based on bit-parallelism for approximate matching problem. However,
if alignment of strings is required as the answer of the problem, the algorithm can not be
applied straightforwardly. In this paper, an idea of normalization of alignment is introduced
and the algorithm by Myers is expanded to alignment problem.
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Fig.1 An example of the table for an algorithm based on
the dynamic programming approach.
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Procedure Naive Alignment Algorithm

inputs: p=p1---pm € T,
t=ty-th, €XT, §;
outputs: 71,...,7 € {I,D, R, M}t ;

for :=0,...,m do C[;,0] =i ;
for j=0,...,ndo C[0,j] =0;
fori=1,...,mdo {
for j=1,...,ndo{
Cli g =
C[Z_ 17]_ 1] +W(p717,7t713)7
min<¢ C[i—1,5] +1,
Cli,j—1]+1

}

i=m;k=1;
for j s.t. C[i,j] < do {
T=¢;
while (¢,7 > 1) {
if (p7' =t715) {
i=t1—1;j=j—1;7=7M;
} else if (Cli,j] =Cli —1,5]+ 1) {
t=t—1;7=7D;
} else if (Cli,j] = Cli— 1,5 — 1] + 1)) {
i=i—1;5=j—-1;7=7R;

} else{
j=j—l;7=1I;
}

=7l k=k+1;

02 00O000000O0O0OO0OO0O000C0O0O0O00000

Fig.2 Naive alignment-algorithm based on the dynamic
programming approach.
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Procedure Bit-Parallel Algorithm

inputs: p=p1---pm € XT,
t=t1-th ext, o
outputs: C[m,0],...,C[m,n] ;

fori=1,...,mdo {
for s € ¥ do {
if (= 5) {
Peq(s)[i] =1 else Peq(s)[i] =0 ;

}
}

Py =1™; My =0" ; C[m,0] = m ;
for j=1,...,ndo {
Eq = Peq(t;) ; Xv=Eq| Mv ;
Xh = (((Fq & Pv) + Pv)"Pv) | Eq ;
Ph=Mv |~ (Xh| Pv);
Mh = Pv & Xh ;

if (Ph & 10m~1) C[m,j] = C[m—1,5]+1;
else if (Mh & 10m~1) {

Ph<l; Mh<K1;
Pv=Mh| ~ (Xv| Ph);
Mv = Ph & Xv ;
}
03 JU00000oOo0oooooD bpPpOOOOODOOOOODODO
Fig.3 Bit-parallel algorithm to compute a DP-matrix.
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Procedure Bit-Parallel Alignment Algorithm

inputs: p=p1---pm € 57,
t=t1--t,ext, § 2;
outputs: 71,...,7, € {I,D, R, M}t ;

Compute C[m,0],...,C[m,n] by Bit-Parallel
Algorithm ;

i=m;k=1;

for j s.t. C[i, 5] <6 do {
T=¢;

while (¢,7 > 1) {

if (Eqli,j] =1) {
t=1—1;5=j—-1;7=7M

} else if (Pv;fi] =1) {
i=t—1;7=7D;

} else if (Mwv;_1[i] #1) {
i=i—1;5=j—-1;7=7R;

} else {
j=i—ls7=7Il;

=7 t;k=k+1;

}

04 0D00O0D0OOODOODOODOOOOOOOOOOO
Fig.4 Alignment algorithm by bit-parallelism.
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01 200000000000000000O0O0O00O
Table 1 Computing time of the alignment algorithms (sec).

m 5 10 16 24 32 46 52 63
Naive Alignment Algorithm 23.0 | 47.0 | 72.0 | 109.0 | 142.0 | 205.0 | 234.0 | 283.0
Bit-Parallel Alignment Algorithm 6.2 6.3 6.3 6.7 6.8 8.2 8.2 8.3
goboo0ol10000000oooooooDob 10 1980).
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