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Computing the Longest Common Subsequence with Bit-Parallelism on a GPU
Karsuvya KawaNnaMmit and NORIYUKI FUJIMOTOf

The longest common subsequence (LCS for short) for given two strings has various appli-
cations, e.g. comparison of DNAs. In this paper, we propose a GPU algorithm to accelerate
Hirschberg’s CPU LCS algorithm improved using Crochemore et al’s bit-parallel CPU algo-
rithm. Crochemore’s algorithm includes bitwise logical operators which can be computed in
embarrassingly parallel. However, it also includes some operators with less parallelism, e.g.
an arithmetic sum. In this paper, we focus on how to implement these operators efficiently
in parallel. Our experiments with 2.93GHz Intel Core i3 530 CPU, GeForce 8800 GTX, GTX
285, and GTX 480 GPUs show that the proposed algorithm runs maximum 12.77 times faster
than the bit-parallel CPU algorithm and maximum 76.5 times faster than Hirschberg’s LCS
CPU algorithm. Furthermore, the proposed algorithm runs 10.9 to 18.1 times faster than
Kloetzli’s existing GPU algorithm.
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isting 1 Hirschberg 0 LLCSOOOMOM0ON

Input:string A of length m, B of length
Output:LLCS L[j] of A and B[O0...j—1]
for all j(0<=j<=n)
1lcs (A,m,B,n,L){
for (j=0 to n) K[1][]j]

0

for(i=1 to m) {
for (j=0 to n) K[0][j] = K[1][J]
for(j=1 to n)
F(A[i—1] = B[j—1])
K[1][j] = K[0][j—1] + 1
else
K[1][j] = max(K[1][j—1],K[0][j])
¥
for (j=0 to n) L[j] = K[1][]]

= e
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}

Listing 2 Hirschberg [ LCSOOO0M0M0N

1 Input:string A of length m, B of length n
2 | Output:LCS C of A and B

3| les (A,m,B,n,C) {

4 if (n==0) C = ”?”(null string)

5 else if (m==1) {

6 for (j=1 to n)

7 if (A[0]==B[j —1]) {

8 C = A[0]

9 return

10 }

11 c ="

12

13 else {

14 i =m/2

15 lles (A[0...i—1],i,B,n,L1)

16 llecs (Alm—1...i] ,m-i,B[n—1...0],n,L2)
17 M = max{L1[j]+L2[n—j]} (0<=j<=n)

18 k = min{L1[j]4+L2[n—j] == M} (0<=j<=n)
19 les (A[O...i—1],i,B[0...k—1],k,C1)

20 les (A[i...m—1],mi,B[k...n—1],n-k,C2)

C = strcat (C1,C2)
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Input:string A of length m, B of length n
Output:LLCS L[i] of A[0...i—1] and B
for all i(0<=i<=m)
lles-bp (A,m,B,n,L){
for (c=0 to 255)
for (i=0 to m-—1)
if (c==A[m-i—1])
PM[c][i] =1
else
PM[c][i] =
for(i=0 to m—1) V
for(j=1 to n) {
V= (V+ (V&PMB[j]]
14 | (V& ~(PM[B[]]]

OO U WN -

0
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)))
))
L[0] = O
for(i=1 to m)
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Listing 4 1les kernel() [0 lles gpu() OO O
1| __global__ void llcs_kernel (

2 int m, n, char =xdstr2,

3 unsigned int xg_V, xg PM, =xcar,

4 int num)

51 {

6 index = 0000000000 ;

7 count = 000000000000 ;

8 cursor = 1024 % count;

9 V = g_V[index];

10 global 00000 car O0O0ODODDOOOODOO;
11 for (j=0 to 1023) {

12 if (cursor+j >= n) return;

13 PM = g PM[dstr2[cursor+j]][index];
14 V= (V& ("PM)) | (V+ (V &PM));
15

16 g-V][index] = V;

17 global DOO0OO0OO0car 00000000000
18 | }

19

20 | void llcs_gpu(

21 char %A, *B, int m, n,

22 char =xdstrl, *xdstr2, int =xoutput,
23 unsigned int xg_.V, xcar, *xg.PM)

24 | {

25 dstrl = 00D0OO0O0O0A 0OOOO;

26 dstr2 = B 0000 ;

27 num_x = (m+1023)/1024;

28 num.y = (n+1023)/1024;

29 for (i=0 to ((m+31)/32)-1)

30 g-V[i] = OxFFFFFFFF;

31 PMV 00O ;

32 for (i=1 to num_x+num_y—1)

33 Ilcs_kernel () in Parallel on GPU
34 (gridDim=num_x, blockDim=32)

35 for(i=0 to m) {

36 g-V 0i 0000O0O0OOO0O0O0 0OOO0OODOODOOO;
37 output[i] 00000000000;

38 }

39|}
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ooooOOoOoooooooDOoooool1oooooo
00o0oO0oO0ooU0O0ooooooooooooooo
9,10,16, 1700000000DO
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Oo0oooooo vooo 1oooooooooo
00000 3038000000000000000
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Listing 5 O OO0 plus() O[]

1 | #define tx threadIdx.x

2 __device__ void plus(unsigned int xvl,
3 unsigned int *v2, unsigned int =xa0,
4 unsigned int xal, int j,

5 unsigned int xu_.c, unsigned int *xl_c,
6 int index, int lenvl, unsigned int bit)
7| A

8 __shared__ bool s_c0[32],s-cl1[32];
9 unsigned int maximum;

10

11 s_cO0[tx] = false; s_cl[tx] = true;
12 if (index >= lenv1/32) return;

13 maximum = d-max(*xvl, *v2);

14 *a0 = *v1l4*v2; xal = xs_a0+1;

15 if (xal >= maximum)

16 s_cl [tx]=false;

17 if (xa0 < maximum) {

18 s_cO [tx]=true; s_cl[tx]=true;

19 3

20 if (tx & 1 == 0)

21 if (s-cO[tx+1]) {

22 x*a0 = xal; s_cO0[x] = s_cl[tx];
23 } else if (!s_cl[tx+1]) {

24 xal = xa0; s_cl[tx] = s_cO0[tx];
25 }

26 if (tx & 2 == 0)

27 if (s-cO[(tx/241)x2]) {

28 *a0 = xal; s_cO[tx] = s_cl[tx];
29 } else if (!s_cl[(tx/2+1)%2]) {
30 *al = xa0; s_cl[tx] = s_cO[tx];
31 }

32 if (tx & 4 == 0)

33 if (s-cO[(tx/44+1)x4]) {

34 xa0 = xal; s_cO[tx] = s_cl[tx];
35 } else if (!s_cl[(tx/4+1)=4]) {
36 *al = xa0; s_cl[tx] = s_cO[tx];
37

38 if (tx & 8 == 0)

39 if (s-cO[(tx/8+41)x8]) {

40 *a0 = xal; s_cO[tx] = s_cl[tx];
41 } else if (!s_cl[(tx/8+1)%8]) {
42 x*al = xal; s_cl[tx] = s_cO[tx];
43 }

44 if (tx <= 15)

45 if (s-c0[16]) {

46 *a0 = xal; s_cO[tx] = s_cl[tx];
47 } else if (!s_c1[16]) {

48 xal = xa0; s_cl[tx] = s_cO[tx];
49

50 if(tx > 0) return;

51 if(l-c[j/32] & bit)

52 if(s_cl[tx]) u-c[j/32] |= bit;
53 } else {

54 if(s_cO[tx]) u-c[j/32] |= bit;
55 | 3

00000000000S:(1)0 U+v+1000 40
O0oo0o0oo0oooooooooooooooog
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0000000 U+V+4carryDOOOOOODOOOODO
O000000Olegl 00000
ooo00oo0oo0oooooOooUooooooo
Listingb 0 0 00 unsigned int 00 v1 O v2000
O00200000000000000000a00
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