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Abstract. In this paper we present a parallel algorithm for local alignment of 
two biological sequences. Given two sequences of size m and n, our algorithm 
uses a novel technique namely, carry lookahead and requires O(m / 4 + n / 2) 
time on a maximum of O(m) processors.  

1   Introduction 

Sequence alignment is a very fundamental problem in modern molecular biology. 
Searching similarity or homologous sequences in the large biological databases 
through local alignment has now become a regular practice. Given two sequences S1 
and S2, the problem of local alignment is to find two subsequences α and β of S1 and S2 
respectively whose similarity (optimal global alignment value) is maximum over all 
pairs of subsequences from S1 and S2. The Smith-Waterman algorithm [5] is an optimal 
solution for the local alignment problem. A more restricted case of this problem known 
as the local suffix alignment is as follows. Let V(i, j) be defined as the optimal align-
ment of prefixes S1[1…i] and S2[1…j]. Given a pair of indices i ≤ m and j ≤ n, the 
problem of local suffix alignment is to find a (possibly empty) suffix α of S1[1…i] and 
a (possibly empty) suffix β of S2[1…j] such that V(α, β) is the maximum over all pairs 
of suffixes of S1[1…i] and S2[1…j]. Let v(i, j) denote the value of the optimal local 
suffix alignment for the given index pair i, j. The dynamic programming solution for 
the local suffix alignment problem is based on the following recurrence relation [6]: 
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with j i,    j ,v       i,v ∀== 0)0(and0)0(  where s denotes a scoring function and ‘−’ denotes 

a space that implies an insertion or deletion. A solution to the local suffix alignment 
problem also solves the local alignment problem [6]. In the recent years many re-
searchers have developed various parallel algorithms and parallel architectures for 
this problem which can be found in [1], [2], [3], [4],[7], [8], [9]. In this paper, we 
present a parallel algorithm for comparing two biological sequences through local 
alignment. In most of the dynamic programming based parallel algorithms, parallel-
ism has been applied to calculate all the table elements concurrently on a single  
diagonal only and the computations proceed diagonal by diagonal. In contrast, our 
algorithm, however, computes all the table elements of four diagonals simultaneously 
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using lookahead approach. This requires O(m / 4 + n / 2) time using a maximum of 
O(m) processors.  

2   Proposed Parallel Algorithm 

The basic idea of our algorithm is to first divide the entire dynamic programming 
table row wise into two equal parts, upper and lower using Hirschberg method [10]. 
Then we perform the computations to fill up the entries in the upper part and the 
lower part of the table concurrently in forward and backward direction followed by 
trace backs in both the parts and then combine the results of the trace backs. This is 
important to note that although the Hirschberg method is applicable to solve global 
alignment problem it can also be used for solving the local alignment problem for two 
sequences as explained in the section 12.1.5 of the text of Gusfield [6].  

We now consider the lookahead approach for calculating the table elements for the 
upper part only. For symmetry, the elements of the lower part of the table can be 
calculated similarly. From (1.1) we have the following two equations 
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Substituting  v(i-1, j) and v(i, j-1) from (2.1) and (2.2)  in equation (1.1), we obtain  
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From the dependency graph (composite) as shown in Fig. 1, it is clear that computa-
tions of all three elements, i.e., v(i, j), v(i-1, j)  and  v(i, j-1) are independent of each 
others. Therefore we can compute v(i-1, j)  and  v(i, j-1)  using  equation (1.1)  from  
the  values   of   the   just   two   previous  diagonals  along  with v(i,  j) using equation 
(2.3) from the values of the previous to previous two diagonal elements for all possi-
ble values of i and j. It means that all the elements of two consecutive diagonals 
(shown by solid lines in this figure) can be calculated concurrently. Since the table 
elements of the lower part will be calculated in the reverse direction, we replace  ‘-‘ 
symbol by ‘+’ for all the indices of v(i, j) in equations (1.1) and (2.3). 

We now formally present the parallel algorithm stepwise as follows. Since comput-
ing the table elements is the dominating one, in our parallel version, we only consider 
the generation of the entire table elements. 
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i-2, j-1 i-2, j

i-1, j-2 i-1, j-1  i-1, j

 i, j-2  i, j-1  i, j

 

Fig. 1. Dependency graph of computing v(i-1, j), v(i, j-1) and v(i, j) 

 

Algorithm Par_alignment: 
 

1. do steps 2 and 3 in parallel 
2. for diag = 2 to m / 2 + n  by step 2                 

       for all i, j, i = 1 to m / 2 and j = 1 to n do steps 2.1 and 2.2 in parallel 
        2.1 if (i + j = diag) then 
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3. for diag = 2 to m / 2+ n  by step 2                 
    forall  i, j, i = m downto m/2 +1 and j= n downto 1do steps 3.1 and 3.2 in parallel 

          3.1 if (i + j –2 + diag = m + n) then 
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           3.2 if (i + j –2 + diag = m + n – 1) then 
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4. Stop  
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Complexity: The steps 2 and 3 run in parallel each of which iterates m / 4 + n / 2 
times and the other steps require constant time. So the above algorithm requires O(m / 
4 + n / 2) time. Since the maximum size of the diagonal of the upper or lower table is 
m / 2, it requires maximum 2m processors to compute four diagonals in parallel. 

3   Conclusion 

A parallel algorithm has been presented for local alignment of two biological se-
quences based on lookahead approach. Given two sequences of size m and n respec-
tively, our algorithm computes the dynamic programming table diagonal by diagonal 
requiring O(m / 4 + n / 2) time and a maximum of O(m) processors.  
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