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Control C Codes by Model-based Design

Dan Umeda’ Youhei Kanehagi’ Hiroki Mikami” Akihiro Hayashi® Mitsuhiro Tani'*
Hiroshi Mori'"  Keiji Kimura” Hironori Kasahara'

Recently, the automobile control system is advancing to achieve more safety, comfort and
fuel efficiency. Accordingly, control systems need performance enhancement on
microprocessors. However, the improvement of clock frequency has been limited by
power consumption and the performance of a single-core processor which controls power
has reached the limits. For these factors, multi-core processors will be used for automotive
control system. However, it is difficult to parallelize source code and attain speedup on
multi-core processors. Recently Model-based Design has been used for developing
automobile systems because of elimination time of development and improvement of
reliability. However, auto-generated-code from Model-based Design has been functioned on
only single core processor so far. This paper proposes a parallelization method of engine
control C codes for a multi-core processor developed by Model-Based Design. The engine
control C code which composed of only conditional branches and arithmetic assignment
statements and are difficult to parallelize have been parallelized automatically and succeeded
to attain performance improvement on RP2 and V850E2R. Maximum 1.9x speedup on two
cores and 3.76x speedup on four cores are attained. It is confirmed that parallelization of
engine control C code developed by model based design on multi-core processor is possible.
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Fig.1 A model which has parallelism between two
subsystems

SubsystemB2

SubsystemA2

2 Y7 AT AL LTSI LA ERE A B
OSE A
Fig.2 A model which has no parallelism between
two subsystems

1 YT RT AL LTSGR A 273
Simulink =7V DBI%, K 2 1ITY T VAT AL~YLT
AFbiz L ArEREm LR EEZ: Simulink &7 /L D43
R, el 2R, RI1OINIEY T VAT AL ~ULT
WHNHENEETHEE, FRRFE TSN ATEET
HD. LinL, WHMPERER ERIIFTT LOEITAMN
INGUARIFLCLED. F2, K 2 OIDNT—FHF W

105



12013 ESS2013
Embedded Systems Symposium 2013 2013/10/18

T VAT IDED AN BHDEIRER DY T VAT I
IR D Simulink &7 /L Tl MERE M EAMESNZe
W, Z0w, K 2 OFFATIHIULEITISRE, Y
TUAT AN TSN A S | & T MBS,

AR ST IULEATI = P T T W E Y7
VAT ALYV TOAFIENRZ UL, T VAT LT
FITAMN R0, FRFEITEARSECTHS.
BRI ERRFEAEA T 256, ET AOT LTYR AN
EHREL, FEEICIAZOESHRINVLELR
2.

F7z, A Fay LT, ZOLIRETFTINR—AREE
NV il C a—RoFEE, ftko 1 a7k
EEICATOI=DITIE, Y —Aa—R & FIALBER AT Th
DEAG ~ENAEE O T vy IEBE S RN 2D
K CHRMNIAT 2= T LT, BITTDHIENY
LA, UL, ZOETFANR—ZAREESNZo D
HFIEDLH72 C a—RIZiIn—F &0 7L, S5 I5
DHEHHZ LV EOEIENEHE/ T, BF DT s T
BAZE N FE T I EITHIZLIT R TR I Z 2
T5.

ZOIHIREREZ, KRLTIE, BT LN—2R

RErSN eV UM C a—Fo BENEFIETFIES,

H @t Fbic kb~ F a7 EToXWFI ML RE T
fiIZDWTHR R 5. BARPIZIE, =2 il 48 A
Simulink &5 /175 Embedded Coder[8](Z &0 ZE#al 7=
C =—FK#% 0SCAR i5l{kar "AFT, = FaT7H
DA F|2—RIZ BB E BT D720 D FH D BAFE &
OO FI BV RERF M 21T o7, ZAUC LA SC
DFET
o T UVHIEEH DN —THEEN L, 1FEAL
DG AR ST TS ND T 7V —
Tar o ENEFIL - migEfb
e Simulink E F L ®» 2 F 2N 72 <, Simulink
Coder/Embedded Coder &Y Simulink €7 /125
AEARENS Ca—Fo HEEFIE - &k
W LT RERSCTRETHFIE T, BT 4" —
ARFFINT =V Ui C 2 —RIZkL T, OSCAR
L RATERFANT, Y —Ra—REihiz > T )
PeZH T 2728, 37T AT AL~ LT TRE,
YTV AT ANERO W IR A TH - L& AT EEE LTz,
Tbb, K 1K 2 DL Simulink &5 /L0345
FIEAR T 724, TERERBRECTHSI2ET L —
ARFFEN e VU Ca— RO~ v FaT ETo
BMSH, VAT OBIEE BEINIZITOZ N T
2.

(© 2013 Information Processing Society of Japan

2 FETIXOSCAR L /AT OB DN TR B,
3ECTIHET AR—RFFENo o VUl Ca—R
DOIIUEFIEICONTRN, 4 ECIIREFELZA
W2 PEREREITIZ DU Tk R 5,

2. OSCAR OV /N5

AREFETIE, OSCAR AT IZ& D~ TF 7L A
AFBLER AN DN TIR D, =TT AW F]
JLER[9[10]&1E, N —T RV T L —F L R ORI E X
A O FALER A FI) F 9~ 2 UKL EE Z A2 A 5| LB,
=T A B —ar L~ L O SR T d B HURL EE
A FALER, FEAR 7 ay RO AT — R A R~ LD
A B0 AT R 3 2 T HIDRL 22 I A1) AL EL 2 9 T 1) L R e
G T —RAa— R8T F LA 1T 5 T
ETHD.
21 MREARIMFINE(TI/AT—2T70—40HE)

HURLE X A7 W HILE TlE, Y —Aa—REHART
2y 2(BB), ViR 7 uyZ(RB), ¥ 7 N—F 7y
7(SB)D ZRIHDHLKLE X Ay (v 70 B A7 (MT))Z b
BNy EIT 5[11]. MT 4[4, OSCAR L /347
X BB, RB, SBZ® MT [fjoarha—L7on—E5 —
SEIFBRERBL -~ /07 n—2 57 (MFG) &L i
L, &5I2MFG 25 MT [ D3 41 % 5 .32 T R RE S
TREATIC KB ST LR e~ I RnE R T FT
(MTG)E L THEH 4 5[12][13]. =D OSCAR =3
AL MTG £ MT % 1 2L Eo7 atythol A
MPEYZZ N—E T LT a7 v —7 (PG)IZE
UMY

MFG ¥ X MTG D% X 3127~ X 3(a) > MFG
IZBWT/—RiZ MT 2FEL, ERTy VT —2KLF
Z, Sy didarion— L ra—2%4. KROHR
D~ raBAIH BB &/RL, BB /NS
Iz THb, 51%0)-77135'27753 SB Z/RLTWA. X
3(b)D MTG (ZRi1T%5/—Fb MFG [AlEk MT Z%L,
MT D/ i*ﬁﬁ T A F T, F, ERT DI
TR EFERL, ATy VIRERS 2 e —
IEAFRFT . JRIRSN o bo— U RIEET, @H
Davia— ) UKTE, T2 EFELar ha— Uk TF A
BEITH R ST D720, 1T/ —RREfTSn6ZE
BT T DKM %G A TWD. T, ToUE RN
L7 =712 2 ODOFERNBDHY, FIRT — 7137 —21
o THRPBNTZT P2 AND BHRICH D&%, i
T—ZI3 bty Y OR BHRIZHHZLERL
TW5%.

106



2013

Embedded Systems Symposium 2013

Data Dependency

....... Control Flow

O conditional Branch

fmi1
(a) Macro Flow Graph (MFG)

ESS2013
2013/10/18

—— Data Dependency

""" Extended Control Dependency
O Conditional Branch

77N AND

T M OR

(b) Macro Task Graph (MTG)
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Fig.3 Example of Macro-Flow Graph and Macro-Task Graph
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Fig.4  Sample model which Engine Control Model has
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1 void Model_step(void)
2 {
3 real_T rtb_DLookupTablel_n;
4 real_T rtb_DLookupTablel;
5 if (Model_U.In1 >= Model_P.Saturation_UpperSat) {
6 rtb_DLookupTablel_n = Model_P.Saturation_UpperSat;
7 } else if (Model_U.In1 <= Model_P.Saturation_LowerSat) {
8 rtb_DLookupTablel_n = Model_P.Saturation_LowerSat;
9 Yelse {
10 rtb_DLookupTablel_n = Model_U.In1;
1 3}
12
13 rth_DLookupTablel_n = look1_binIxpw(rtb_DLookupTablel_n,
14 Model_P.DLookupTable_bp01Data, Model_P.DLookupTable_tableData, 2U);
15 rth_DLookupTablel = look2_binlxpw(Model_U.In1, Model_U.In5,
16 Model_P.DLookupTable_bpO1Data_e, Model_P.DLookupTable_bp02Data,
17 Model_P.DLookupTable_tableData_c, Model_P.DLookupTable_maxIndex, 3U);
18 Model_Y.Outl = rtb_DLookupTablel_n + rtb_DLookupTablel;
19 rtb_DLookupTablel = look2_binlxpw(Model_U.In5, Model_U.In4,
20 Model_P.DLookupTablel_bp01Data, Model_P.DLookupTablel_bp02Data,
21 Model_P.DLookupTablel_tableData, Model_P.DLookupTablel_maxIndex, 3U);
22 if (Model_U.In1 >= Model_P.Switch1_Threshold) {
23 rtb_DLookupTablel_n = Model_P.Constant_Value;
24 } else if (Model_U.In2 >= Model_P.Switch_Threshold) {
25 rtb_DLookupTablel_n = Model_P.Constant1_Value;
26 Yelse {
27 rtb_DLookupTablel_n = Model_P.Constant2_Value;
28 }
29
30 rtb_DLookupTablel_n = look1_binIxpw(rtb_DLookupTablel_n,
31 Model_P.DLookupTablel_bp01Data_o, Model_P.DLookupTablel_tableData_g, 1U);
32 Model_Y.Out2 = rtb_DLookupTablel + rth_DLookupTablel_n;
33 3
%5 Embedded Coder (ZLW A ii=H 7L C =
Fig.5 Sample C code generated by Embedded Coder
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Fig.6 Macro Flow Graph (MFG) and Macro Task
Graph (MTG) of sample C code
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Fig.7 Example of Macro-Flow Graph and Macro-Task Graph before task fusion
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