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Abstract: Model-based development tools such as the MATLAB/Simulink have become popular for develop-
ment of embedded systems recently. These applications require high performance and low power processing
on multicores. Therefore, several researchers have proposed parallel processing of these applications utilizing
parallelism among blocks in these models. However, no one proposes a method to extract all parallelism
from not only among blocks but also in a block in these models. This paper proposes multigrain paralleliza-
tion of C program generated by Embedded Coder from MATLAB/Simulink utilizing both coarse grain task
parallelism among blocks and loop parallelism in a block including a vector operation or user’s customized
code using the OSCAR automatic parallelizing compiler. The compiler generates a parallelized C program
from a sequential C program. The proposed method utilizes profiling information on Simulink to improve
scheduling results into a multicore. It attains 4.21 times speedup for road tracking application, 5.80 times
speedup for vessel detecting application and 4.10 times speedup for abnormality detecting application using
six cores of Xeon X5670 compared with case of an ordinary sequential execution. Also, it attains 4.81 times
speed up for road tracking application in worse case execution.

Keywords: multicore, parallel processing, automatic parallelizing compiler, model-based development,
MATLAB/Simulink
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Fig. 1 Parallelizing flow of applications which is model-based developed.
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Fig. 2 Simulink model of Sobel filter for edge detection.
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1 void Sobel_step(void)

2.

3

4 for 1=0;1<313632; i++) {
5. Sobel B.Divide[i] = ...;
6 }

7 Sobel CalcGx();

8 Sobel CalcGy();
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10.

11. Sobel Y.Outl[i] =...;
2. }

13. }
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Fig. 3 C program from Simulink model of Sobel filter using
the Embedded Coder.
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Table 1 Relationship between Simulink mode in Fig. 2, C code
in Fig. 3 and MT.

rbl(doalll) sb2 sb3 rb4(doall4)
Model | Divide MATLAB | MATLAB | EuclideanNorm
Function Function
C1T#t | 4-6 7 8 9-12
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1 void func(void)

2

3 mp_prof count(1);

4 mp_start_clock(1);

5 | /*Processing MTI*/l
6 mp_end clock(1);

7

8 mp_prof count(4);

9 mp_start_clock(4);

10 /*Processing MT4*/
11 mp_end clock(4);

12

13}

e 7u77A1)r7 AP1 Ol
Fig. 6 An example of profiling API.
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Fig. 7 Elimination of hierarchical structure using inline expan-
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Fig. 8 Static scheduling using task fusion.
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Fig. 9 Calculation of coarse grain parallelism.
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Fig. 10 Calculation of parallelism after loop division.
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Fig. 11 Transition of scheduling length using loop division.

(270 a—") T ROHIE

(b) doall S Z 2D 22— FEER

© 2016 Information Processing Society of Japan

IEHALT eV — T HEF DA T o —1) v TERTH
D, 42037 EREPEMEHTE T LW ED5505.
11(b) TEHE SN/ — 7RO MT &4 sh
eV —TRTHHFEITT ALY, a7 EHEOFHE
BEHEEN, A7 Ta—) Yy FEPEL Z->T0A5,

7. EXINFIATETOREFEOMAEFHE

RETRBREFEEHV EFAVXR—=ARET 7)) 7 —
g vy OFESILVF AT ETOEBGIIEEEEH 24T .

71 FMETTUS—2ar

AFEM Tl MATLAB/Simulink T 7V X — A [ 5 &
N7-3HEEHOT 7 r— a v OWFULEHGZ 47 ) .
7.1.1 ERRERE

EHBEIIOER Ry D0 OB 2RI L, BT
577N r—aryThb[31]. ALk EET A XL
320 x 240 TH 5. AFHHETIE, 71 v 7 BOIWEFIEAThH
TEDL L) ICHEDOLEAT & THr ) For Iterator 710 v 7
BT A, $7-, L T v VIHEHIZ Hough Transform
7y 72 HWIERREE S50, xVF LA Vil
FULIZ & B8R % 5§ 5 72912, Hough Transform 7'
O 7|2 Chen 5252 %E T 516407 v 31 X 4D Hough
Transform [32] % S-Function & L TEH§ 5.
7.1.2 MEHH

ML T Kirsch X L — %12 X A8 o 4 %
WB3$57 7 r—arChb. ANLhLHEEGEA
A& 200 x 170 TH 4. £ 70 v 7 1d Kirsch XL —%
% 45 FE3 o L7z 8 J7Inj® MATLAB Function @ 7 1 )V
& JLEL L MinMax & Switch 710 v 712 & YRR S L%
7.1.3 EERH

FE R IR A AandD $RHE DO WG H Al o 7o R
HEHRETAT IV =gy ThHE. AT DR A
21 600 x 600 THA. EN 7+ 1Y —iHED Opening,
Dilation R¥EU#ENT O 7 0 T 2 72710 v 7 % T
WEND., BT+ 0T —HERT 1)V 5 LI MATLAB
Function ® 71 v 7 ZffiHl§ 5.
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AFHE Tl PERE R LA AR ¥ A 7 A TR S h
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7.2.1 Xeon X5670

Xeon X5670 DR T 2 2. AREMER KIS

%z 2 Xeon X5670 DR
Table 2 Parameter of Xeon X5670.

27| R KEE L1 L2 L3
| HEEC | Frvia Fryvia Frovia
6 2.93GHz | 32 Kbyte/core | 256 Kbyte/core 12 Mbyte
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# 3 Cortex-Al15 OHEM
Table 3 Parameter of Cortex-A15.
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Fig. 12 Evaluation of model-based developed applications on
Xeon X5670.

293GHz D6 A7 DWW TH A, F72, LLF ¥ v an
32Kbyte, L2 F v v ¥ 297256 Kbyte, L3 2% 12 MByte O
W TH 5.
7.2.2 Cortex-A1l5

Cortex-A15 OHERL# &R 3 12/” ¢, W KREER WD
1.60GHz ® 4 a7 O TH A, T/, L1 Fx v an
32Kbyte, L2 ¥ ¥ v ¥ 225 2Mbyte, L3 ¥ v v ¥ 223%
WIER T 5.
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Fig. 13 Execution time per a frame on Xeon X5670.
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Fig. 15 Execution time per a frame on Cortex-A1l5.
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