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Abstract :

The scope of the matrix application is so broad that it can not be limited. A typical

matrix application area in computer science is image processing. Particularly, radar scanning

equipment implemented on a small embedded system requires real-time matrix transposition for

image processing, and since its memory size is small, a general matrix transposition algorithm

can not be applied. In this case, matrix transposition must be done in disk space, such as flash

disk, using a limited memory buffer. In this paper, we analyze and improve a recently published

flash disk-based matrix transposition algorithm named as asymmetric sub-matrix transposition

algorithm. The performance analysis shows

that the asymmetric sub-matrix transposition

algorithm has lower performance than the conventional sub—matrix transposition algorithm, but

the improved asymmetric sub-matrix transposition algorithm is superior to the sub-matrix

transposition algorithm in 13 of the 16 experimental data.
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Table 1. POSIX I/O system calls

I/O system calls Function
open(pathname, flag [,mode]) |file open
Iseek(fd, offset, reference) access location
read(fd, location, size) input
write(fd, location, size) output
close(fd) file close
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DM_read(int i, int j, DATA #vp, int n)

Iseek(Fd, (i*COL+j)#*sizeof(*vp), SEEK_SET);
read(Fd, vp, sizeof(¥vp)#*n);

i

DM_write(int i, int j, DATA #vp, int n)

Iseek(Fd, (i*COL+j)#*sizeof(*vp), SEEK_SET);
write(Fd, vp, sizeof (vp)*n);

a9 2. U3 PFE U4 ¢r)/27] ZEvER
Fig. 2 Read/Write primitives for disk matrix

Fd = open(“DM_DATA”, O_RDWR);
for (i =0; 1 <ROW; i++) {
for (j = itl; j < COL; j++) {

DM_read(i, j, &vr, 1);
DM_read(j, i, &vc, 1);
DM_write(i, j, &vc, 1);
DM_write(j, i, &vr, 1);

) }

_ close(Fd);

Iy 3. 94 7N g2ag gdEdR dadF
Fig. 3 Element-based disk matrix

transposition algorithm
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Fig. 4 Block access pattern of element-based

disk matrix transposition

" DATA Buf[NB];
for (i =0; 1 <ROW; i++) {
for (j =1+ 1;j<COL; ) {
bn = MIN(NB, COL - j);

DM_read(i, j, Buf, bn);
for (bi = 0; bi < bn; bi++, j++) {
vr = Buf[bil;
DM_read(j, i, &vc, 1);
Buf[bi] = vc;
DM_write(j, i, &vr, 1);
}
DM_write(i, j, Buf, bn);

a3 5. 8 7N gag PEAA dadE
Fig. 5 Row-based Disk Matrix Transposition
Algorithm

1 readfwrite unit
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Table 3. Performance comparison of disk

for (i = 0; 1 < sm; smt+, vp += sm) . . . .
DM_read(si*sm, sj*sm, vp, sm); matrix transposition algorithm (unit: sec)
h Data set|Element-base| Row-base |Submatrix-base
SM_write(int si, int sj, DATA #vp, int sm) 12K2 43.94 2910 411
for (i = 0; i < sm; smt+, vp += sm) 2%K? 171.86 153.05 14.58
DM_write(si*sm, sj*sm, vp, sm); 32K?2 383.99 203.58 32.87
} 4%K? 688.29 357.25 43.80

a9 7. Yaa FEgE ¢)r)/2] T

Fig. 7 Read/Write primitives for disk sub-matrix

" DATA Buf1[NB/2], Buf2[NB/21;
Sm = sqrt(NB/2);
for (si = 0; si < Sm; si++) {
for (sj =si +1; sj < Sm; sj++) {
SM_read(si, sj, Bufl, Sm);

if (si == sj)
SM_trans_diag(Bufl, Sm);
else {

SM_read(sj, si, Buf2, Sm);
SM_trans(Bufl, Buf2, Sm);
} SM_write(sj, si, Buf2, Sm);

SM_write(si, sj, Bufl, sm);

oy 8 FadE 7 baa gEAA Gads
Fig. 8 Sub—matrix—-based disk matrix

transposition algorithm
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Table 2. Experimental Environment

Items Specifications(model)
* Intel E7200, Core 2
CPU » 2.563GHz
Memory | « 4.0GB
* Window 7
(0N ¢ Cygwin(Linux environment in
Window)
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Fig. 10 Performance comparison between
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Fig. 11 Improvement result of AM algorithm
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Fig. 12 Concept of virtual sub—matrix for

improvement of AM algorithm
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Table 4. Performance of AMev algorithm with

varying disk matrix size (unit: sec)
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