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Suitable for Code Generation with MATLAB
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JuN’icHI SEGAWA, ! YUSUKE SHIROTA,T! Masaya Tarurf!
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Since current processors offer more parallelism by adding cores and SIMD
instructions, fully exploiting parallelism is indispensable for generating high-
performance codes. Automation of this process is important for algorithm-
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developers in the field of embedded systems including image processing and
signal processing, who want to concentrate on their algorithms, rather than cop-
ing with the increasing complexity of the underlying processor architecture. To
address this issue, we have been developing an array processing language which
is a functional language dedicated to data-parallel processing on multicores.
While the array processing language is suitable for parallel code generation,
new language is not always easily accepted. On the other hand, prototyping
tools such as MATLAB and Octave are widely accepted by algorithm devel-
opers in many fields. When developing softwares using MATLAB, however,
MATLAB algorithms are generally reimplemented with C language by hand.
To accelerate development, we propose a programming system using the array
processing language redesigned as a data-parallel DSL on MATLAB. The DSL
allows to naturally express algorithms, while enabling translation into C codes
tuned for target processors, thus automating the reimplementation process. In
addition, since the DSL is integrated with MATLAB, the language is easy to
learn and development is accelerated using MATLAB’s rich set of built-in util-
ities.
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Fig.1 Overview of the programming system.
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Fig.2 Multiple sub-arrays extraction by MExtract().
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Fig.3 Map() and MExtract() combination.
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function img = Prewitt(M)
Type ({[480, 720], ’uint8’});
Type ({[480, 720], ’uint8’}, M);
base = [-1, -1]; step = [1, 1];
[3, 3];

size = Size(M); esize
img = Map(@conv,
MExtract(M, base, step, size, esize));

end

function ret = conv(m)

th=[1, 0, -1;

1, 0, -1;
1, o0, -11;
fv = [-1, -1, -1;
0, 0, O;
1, 1, 11;

pixel = abs(Sum(fh .* m)) / 2 + abs(Sum(fv .* m)) / 2;

if pixel > 255
ret = 255;
else
ret = pixel;
end

end
04 Prewitt 000000000
Fig.4 Prewitt filter program.
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function ret = OpticalFlow(P, C)
Type({[60, 901, [2], ’int32°});
Type ({[480, 720], ’uint8’}, P);
Type ({[480, 720], ’uint8’}, C);

[8, 8]; Csize = [32, 32];
Pbase = [0, 0]; step = [8, 8];
Cbase = Pbase - (Csize - Psize) / 2;

blks = (Size(P)-Psize-Pbase) ./ step + 1;

Psize

ret = Map(@Search, MExtract(P, Pbase, step, blks,
MExtract(C, Cbase, step, blks,

end

function ret = Search(src, dst)
thr = 30;
bs = [0, 0]; st = [1, 1];
Size(dst) - Size(src) + 1;

Sz

Size(src);

es

if Max(src) - Min(src) >= thr
pos = Minpos(Map(@SAD, Star(src), MExtract(dst,
ret = pos - (Size(dst) - Size(src)) / 2;

else
ret = [0, 0];

end

end

function ret = SAD(x, y)
ret = Sum(abs(x - y));
end

0 5 OpticalFlow 00D00O0O
Fig.5 OpticalFlow program.

Psize),

Csize));

bs, st, sz, es)));
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function ret = CFAR(V)
Type ({[2048], ’single’});
Type ({[2048], ’single’}, V);

n = 16;

ret = Map(@f, V,
MExtract(V, [-(an + 1)1, [1], Size(V), [nl),
MExtract(V, [2], [1], size(V), [nl));

end

function ret = f(p, near, far)
d = Sum(near) + Sum(far);
ret = 10 * 1ogl0(32 * p / d);

end
06 CFAROOOOOOO
Fig.6 CFAR program.
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for (i = 1; i < 479; i++) {
for (j = 1; j < 719; j++) {
sum_h = 0; sum_v = O;
for (y = 0; y < 3; y++) {
for (x = 0; x < 3; x++) {
sum_h += fhly * 3 + x] * M[((1 - 1) +y) * 720 + (j - 1) + x];
sum_v += fv[y * 3 + x] * M[((1 - 1) +y) * 720 + (j - 1) + x];

}
pixel = abs(sum_h) / 2 + abs(sum_v) / 2;
ret[i * 720 + j] = pixel > 255 7 255 : pixel;

07 Prewitt 0000000000 COOODODODO
Fig.7 Pseudo C code of Prewitt filter program.
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Fig.8 MExtract2Extract transformation.
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function img = Prewitt(M)
Type ({[480, 720], ’uint8’});
Type ({[480, 720], ’uint8’}, M);

img = Map(@f, Extract(M, [-1, -1], size), Extract(M, [-1, 0], size),
Extract(M, [-1, 1], size), Extract(M, [ 0, -1], size),
M, Extract(M, [ 0, 1], size),
Extract(M, [ 1, -1], size), Extract(M, [ 1, 0], size),
Extract(M, [ 1, 1], size));

end

function ret = f(m11, mi12, mi13, m21, m22, m23, m31, m32, m33)
pixel = abs(mill - m13 +
m21 - m23 +
m31 - m33) / 2 +
abs(-m11 - m12 - m13 +
m31 + m32 + m33) / 2;
if pixel > 255
ret = 255;
else
ret = pixel;
end

end
0 9 MExtract2Extract 0000 Prewitt 000000000
Fig.9 Transformed Prewitt filter program using MExtract2Extract.
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for (i = 1; i < 479; i++) {
for (j = 1; j < 719; j++) {
abs(M[(i-1) * 720 + (j-1)] - M[(i-1) * 720 + (j+1)] +
MOC i) * 720 + (j-1)] - MLC i ) * 720 + (j+1)] +
ML(i+1) * 720 + (j-1)1 - ML(i+1) * 720 + (+1)1) / 2
+ abs(- M[(i-1) * 720 + (j-1)] - M[(i-1) * 720 + ( j )]
- M[(i-1) * 720 + (j+1)] + M[(i+1) * 720 + (j-D)] +
ML@i+1) * 720 + ( j )1 + M[(i+1) * 720 + (j+1)1) / 2;
ret[i * 720 + j] = pixel > 255 7 255 :

pixel

pixel;

0 10 MExtract2Extract 000 Prewitt 0000000000 COODDOOOO
Fig.10 Pseudo C code of transformed Prewitt filter program using MExtract2Extract.
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Table 1 Evaluation environment.
Intel® Xeon® Processor X3440 2.563GHz
L1oooooooo 32 KB 8-way
ogoo 4
cooooo gce 4.4.3(-03)
MATLAB 2010b
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goooooooooooooooooboooooboooOoboOooooobooboOooooboonoo
goboooooobooooooooboobooooboooooOooobooooOoOoOoOoooooDn

4.4 SIMD OO

MExtract2Extract 00000 SIMDOOO0OO0ODOOO0O0O0O0O0DO0OCCODOOOOOOO
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00 Prewitt 00000 OpticalFlowO CFAROOODOOO MIPOOOOOOOOOOO
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00000 MATLABOOODOOO COODOOOO0ODOOOOOO Real-Time Workshop
Embedded Coder 0 MEX-file OO OO0 O0O0OO0O000O0O00O0OOOODOOOOOOOO
0000 MEX-file OO Real-Time Workshop Embedded Coder O 0O O O O MEX-file O
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Table 2 Speed-ups of the optimized programs.

go0ooooooooo Speed-up
Prewitt Off 1.0
(480 x 720 uint8) M2E 25.3
Mthread 57.4

SIMD 373.3

OpticalFlow Off 1.0
(480 x 720 uint8) M2E 1.0
Mthread 3.6

SIMD 6.5

CFAR Off 1.0
(2,048 single) M2E 3.2
Mthread 3.1

SIMD 13.4

Volume Rendering Off 1.0
(256 x 256 x 256 uint16) M2E 1.0
Mthread 3.5

SIMD 4.2
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gooboooooboooooooobooooobooooobooooooboboooooDogn
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goooooooooooOoOoOD DSLOOOOOOOODODOOOODOOOOOOOOO
00000ooo0o00oooooooosSIMDOOOOOOOOO CcCoOoOoOooooooo
goboooooooo

oo0o0o0oooO0o0o0oooO00oooo0 copooooooooooooooooo
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Oo0000oo0o0o0ooo0o00l11002100000000000000000O0 C
0000000000000 00000000000oOo0ooooOoon OpticalFlow OO
000000000 sADOOOO SIMDOOOOODOOOOOOOSIMDOOOOOO
oooooocouoobooooooooooooobooo le6e0bboboOoooobDOOOOO
O0000oO0ooO0o0ooooooooooOooo SIMDOOOOOOOOOOOOOoooO
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