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Abstract: RNA secondary structure prediction based on free energy rules remains a major computational method
in computational biology. Its basic dynamic programming algorithm needs O(n”) time to calculate the minimum free
energy for RNA secondary structure, where n is the length of RNA sequence. There are two variants for handling
this problem: either the internal loops are bounded by a maximal size k, giving a time complexity of O(n?*<k?), or
one uses the trick of Lyngso, which makes use of the rules of loop energies, to reduce time complexity to O(n®) for
suboptimal free energy without restriction. Only with additional O(n) space, a new algorithm is proposed to
eliminate the redundant calculation in the energy of internal loops and reduce the time complexity to O(n®) with
unrestricted loop sizes for optimal free energy. While the optimized algorithm is time consuming, an efficient
parallel algorithm with good load balancing in cluster systems is also proposed. The experimental results show that
the parallel program achieves reasonable speedups.

Key words: minimum free energy; dynamic programming; redundant calculation; load balancing; speedup
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llstep 1
compute M3(i+1,ss) from M%(i+1,j) and M3(i+j+1,ss-j),1<j<ss-1;
[Istep 2
save M3(i+1,ss);
if i=0
receive M%(i+j+1,ss—j+1) from processor i+1,1<j<ss;
elseif i=p-1
send M3(i+1,ss) and M*(i+j+1,ssj) to processor i—1,1<j<ss-1;
else
receive M%(i+j+1,ss—j+1) from processor i+1,1<j<ss;
send M(i+1,ss) and M(i+j+1,ss-j) to processor i—1,1<j<ss-1;
endfor
/Irepartition
partition DP matrix into two halves block by row;
if i<p/2
if i=0
send lower half block to processor 2*i+1;
elseif i<p

send upper half block to processor 2*i;
send lower half block to processor 2*i+1;
if i>0
receive block from processor i/2

© PEBREBALTU bt/ www. jos. org. cn



1507

:RNA
endfor
endfor
Tcomp Tcomm1 Il
Tstcomm Trepartition-
, , [ (n/25*p)(n-n/25) 2xi,
log(n/ p) .
Trapartiion = 2oy (N/2°*p)(n—n/2°)log(p) = O(nlog(p)/ p) .
5
o(n?) RNA
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o(n’) , ICtRNA. 1.6GHz Opteron , 3GB.
JCtRNA ViennaRNA
, 1 (
30). RNA , )
Isu_ecoli ,
Tablel Theruntimein minutesof ViennaRNA and the IctRNA
1 IctRNA ViennaRNA
Programs ViennaRNA IctRNA
Sequences VBI Overall VBI Overall
trna_yeast_phe.fa (83bp) 0.010 0.016 0.007 0.013
5S_ecoli.fa (154bp) 0.036 0.078 0.023 0.032
SRP_human.fa (312bp) 0.401 0.454 0.217 0.262
RNaseP_ecoli.fa (387bp) 0.560 0.643 0.336 0.423
ssu_ecoli.fa (1556bp) 11.061 16.390 6.359 11.618
Isu_ecoli.fa (2918bp) 37.642 69.123 22.477 50.073
) n, )
v )
2 )
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Table2 The runtimein minutes of ViennaRNA and the IctRNA

2 IctRNA ViennaRNA
Programs ViennaRNA IctRNA

Sequences VBI Overall VBI Overall

trna_yeast_phe.fa (83bp) 0.009 0.017 0.005 0.012

5S_ecoli.fa (154bp) 0.075 0.083 0.019 0.028

SRP_human.fa (312bp) 3.358 3.381 0.253 0.289

RnaseP_ecoli.fa (387bp) 7.359 7.412 0.251 0.523
ssu_ecoli.fa (1556bp) 3204.177 3208.005 31.786 35.482
Isu_ecoli.fa (2918bp) 51166.314 51194.369 213.668 237.222

DAWNING 4000A,

, 2Gb/s Myrinet

2.4GHz AMD Opteron

8GB

’

, 3. 312(SRP_human.fa),
1556(ssu_ecoli.fa),2918(Isu_ecoli.fa), 1.08s,263.325,4273.26s.
Table3 The runtime in seconds distribution of two partition algorithms (s)
3 ()
Len | Procs Overall Computation Communication Speedup
Algorithms Static Dynamic Static Dynamic Static  Dynamic | Static  Dynamic
2 0.949 0.734 0.914 0.703 0.035 0.031 1.14 1.47
4 0.664 0.445 0.656 0.355 0.008 0.09 1.62 2.42
312 8 0.402 0.328 0.395 0.078 0.007 0.25 2.68 3.29
16 0.352 0.238 0.215 0.172 0.137 0.066 3.06 453
32 0.266 0.219 0.121 0.051 0.145 0.168 4.06 4.93
2 220.59 169.734 | 220.578 169.562 | 0.012 0.172 1.19 1.55
4 160.621 85.172 160.48 84.609 0.141 0.563 1.63 3.09
1556 8 97.09 42.707 96.891 42.273 0.199 0.434 271 6.16
16 53.406 22.051 53.129 21.113 0.277 0.938 493 11.94
32 28.426 13.223 27.859 10.543 0.567 2.68 9.26 19.91
2 3596.637 2774.266 | 3596.469 2771.047 | 0.168 3.219 1.18 154
4 2677.004 144259 | 2676445 1379574 | 0559  63.016 | 1.59 2.96
2918 8 1633.156 859.289 | 1628141 702219 | 5015  157.07 | 261 4.97
16 912.562 512.27 895.922 347523 | 16.64  164.747 | 4.68 8.34
32 483,582 218.258 | 465.457 77.207 | 18125 141.051 | 8.83 19.57
) 32
2
, ) , ,
) ( MPI ).
Myrinet*? MPICH-GM,Myrinet (virtual
interface architecture, VIA), TCP/IIP ,

TCP/IP
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