Pairwise Alignment on the Loop Structured Computer
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1 Introduction

The Comparison of biological sequences (protein or DNA) is becoming more and more important
in the field of new biology. One method of increasing the speed of the calculations is the parallel
computing. In this work, we tried to calculate pairwise alignment by the Dynamic Programming on
a data-flow parallel computer, Loop Structured Computer (LSC).

2 The parallel computer, LSC

The LSC is a 128-PE (processing element) data-flow parallel computer developed at Hirosaki University
(Fig. 1).
The LSC is a MIMD (multiple instruction multiple data stream) ar-
chitecture parallel computer, constructed by 127 computation PEs and
a communication PE connected to a host computer by RS-232-C. And
the PEs are connected with the one directional shifter register in a loop
configuration.
The number of computation PEs is variable (numbered from 1 to
127). Each processor is constructed with a MC68B09 MPU with a small
amount of local memory (program packet memory is disposed in each
processor), and it operates independently and asynchronously. The LSC
needs to broadcast MIMD instruction packets to each PEs. The instruc- v |
tions and data in the host computer are packaged into packets (16-byte

long) to be transfered to the associated PEs. Figure 1: Architecture of the LSC.
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3 The parallel algorithm

20 amino acids are represented with ASCII codes, e.g., Cysteine (C) is 67. Let us suppose that
A = ajasas. . .ay, and B = b1bobs. . .b, are the sequences we want to align, providing the gap penalty
d=3.

(1) The maximum similarity between those two sequences can be computed according to the
following equations:

Soo = 0;
Sio = id (i=1ton);
So,; = jd (j=1tom);

Sij = max {Si—1-1+ Wi, Sic1;+d, Sij—1+d};

where W; ; represents the similarity between elements a; and b;. W; ; = 1if b; = a;, and W; ; = -2 if
bj#a;.And the value S; ; represents the maximum similarity.

(2) Traceback: There are three direction: vertical, horizontal and diagonal for node(s, j) to back to
node(i —1,7), node(i — 1,7 — 1), node(z, j — 1), which can be determined by the following of equations:
TAZ'J = Si,j - d, TT’Z‘J == Si,j - VVZ'J, TBZ‘,J' == Si,j - d, and compared TAZ'J with Sifl,ju TT’Z‘J with
Sz‘—l,j—l, TB; ; with Si,j—l:

%f (TA;ij = Si—1;) ‘/;;jzl; else Vi;j:O;
}f (TT;j = Si-1,5-1) Viéjzl; else Viéj:O;
if (TBijj = Sij-1)  Viy=1 else Vii=0;

where V; ; represents the judge condition. if the product of all V; ;s is 1, the best route is determined.
And if there are many products which are 1, the horizontal direction is first.

4 Results and Discussion

a3 ="G C T ., G oo 71 100 67 84
b4 ="G A C T GACT 71 65 67 84

Figure 2: The result of pairwise alignment.

There is a simple pairwise alignment (Fig. 2) which has been written with the special language of
LSC. This is the first time that the letter sequences were solved on the data-flow parallel computer
LSC. However, this pairwise alignment is too simple that is just 3 or 4 alphabet long. It is necessary
to solve more general problems, e.g., longer sequences with consecutive gaps, and so on.

In order to valuate the processoring performance, the “speed-up rate” diagram was made. The
result shows the nature of parallel processing is not so high at this stage. It seems necessary to rewrite
our program to attain a higher parallel algorithm.
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