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Parallel Computation For The Edit Distance Based On
The Four-Russians’ Algorithm

Young Ho Kim" - Ju-Hui Jeong' - Dae Woong Kang' - Jeong Seop Sim™

ABSTRACT

Approximate string matching problems have been studied in diverse fields. Recently, fast approximate string matching algorithms are
being used to reduce the time and costs for the next generation sequencing. To measure the amounts of errors between two strings, we
use a distance function such as the edit distance. Given two strings X{/X|=m) and ¥(|¥|=n) over an alphabet ¥, the edit distance
between X and ¥ is the minimum number of edit operations to convert X into V. The edit distance between X and ¥ can be
computed using the well-known dynamic programming technique in O(mn) time and space. The edit distance also can be computed
using the Four-Russians’ algorithm whose preprocessing step runs in Q((3(X1)%t*) time and O((3[X])%1) space and the computation
step runs in Qlmn/t) time and O(mn) space where ¢ represents the size of the block. In this paper, we present a parallelized version
of the computation step of the Four-Russians’ algorithm. Our algorithm computes the edit distance between X and ¥ in O(m +n) time
using m/t threads. Then we implemented both the sequential version and our parallelized version of the Four-Russians’ algorithm using
CUDA to compare the execution times. When ¢ =1 and ¢ =2, our algorithm runs about 10 times and 3 times faster than the sequential
algorithm, respectively,
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Fig. 1. D-table for X = ababea and Y = abeacdeac
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Fig. 2. Computing the edit distances between
X = ababca and Y = aboacdeac USINE the
Four-Russians’ algorithm, when ¢ = 3
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Fig. 3. Computation using preprocessed lookup table[14]
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Fig. 4. Converting edit distances
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Fig. 6. Data dependency of the
Four-Russians™ algorithm
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Fig. 7. Parallelization of the Four-Russians™ algorithm
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Fig. 8. Parallel computation for the edit distance using the Four-Russians' algorithm

KIPS Tran Comp Comm Sys



72 HEMZIFZA=EN/EREH 2 BY ALY M2@ H2=(2013. 2)

F= [6loA] AFEE SOAP2 Zzawe] 42 ol 43g
o} 2Elx Age dAAd] aAd A AR RSt A
galact dAe SAE to] &l Lo EE A=
FYPNE AEsdn, Ax dAE 5 B Hels
LOOOK-E] 10,0007F#] 1,0008 F7FA7|H A 4-2 A9 2u
gEorg AYAYE At Ae AFsig a2z
CPU 3:=¢} GPU :=9] #8A17+S& vt GPUR
FAZ 4-e]Aete] FaATEE CUDAS 44 Zad
I2E R (EE o9l el dule]x s (EE
GPU ®l2g]) Alole] dlo]lEl& EHALSHE cudaMemepy() ¥
w9 SYALE Yt

Table 1. Experimental environments

== A
0s Linux fedora 13 64bit
Kernel 2.,6.34.8-68.fc13.x86-64
CpU Intel i7 970
Main memory 6 GB
O,
CUDA version CUDA SDK 3.2
Thread block 4096
Block ¥ thread ¥ 256
|2 1

tjulol A v BEE FHo| &3 D-HelEe Avw <
3 AGv =2 (global memory)%t ARG, FE e
A (coalesced memory access)S 4-gj At daglE 54
A Zk 2YE7} BE ael2 Aabksty]) g o] &8k %
a9},

Qo= GPU 7|Wel 4-#A\eh 2R G4RoIZ} 32,
CPU 7]4te] 4-2 )¢t 2138 C4Role} shak

41 Hxe| ctA e =¥ 23

Table 2. The running time according to block size ¢
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Fig. 9. Performance comparisons between C4R and G4R
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Fig. 10. Performance comparisons between C4R and G4R
(t=2, 1,000 <m,n < 10,000)
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