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Abstract: Recently, more safety, comfort and environmental feasibility are required for the automobile. Ac-
cordingly, control systems need performance enhancement on microprocessors for real-time software which
realize that. 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. Recently Model-based Design by MATLAB and
Simulink has been used for developing automobile systems because of elimination time of development and
improvement of reliability. However, auto-generated-code from MATLAB and Simulink 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 generated from MATLAB and Simulink using Embedded Coder. The engine con-
trol C code which composed of many conditional branches and arithmetic assignment statements and are
difficult to parallelize have been parallelized automatically using OSCAR automatic parallel compiler. In this
result, it is 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.
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Fig. 2 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 }else {

10 rtb_DLookupTablel_n = Model_U.Inl;

11 }

12

13 rtb_DLookupTablel_n = look1_binlxpw(rtb_DLookupTablel_n,

14 Model_P.DLookupTable_bp01Data, Model_P.DLookupTable_tableData, 2U);

15 rtb_DLookupTablel = look2_binlxpw(Model_U.In1, Model_U.In5,

16 Model_P.DLookupTable_bp01Data_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_bp0O1Data, 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.Constantl_Value;

26 }else {

27 rtb_DLookupTablel_n = Model_P.Constant2_Value;

28 }

29

30 rtb_DLookupTablel_n = look1_binlxpw(rtb_DLookupTablel_n,

31 Model_P.DLookupTablel_bp01Data_o, Model_P.DLookupTablel_tableData_g,
10);

32 Model_Y.Out2 = rtb_DLookupTablel + rtb_DLookupTablel_n;

3 Embedded Coder 12X W& x -7V Ca—F
Fig. 3 Sample C code generated by Embedded Coder.
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1 void Model_step(void)

2 {

3 real_T rtb_DLookupTablel_n, rtb_DLookupTablel_n_2;

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.Inl <= Model_P.Saturation_LowerSat) {

8 rtb_DLookupTablel_n = Model_P.Saturation_LowerSat;

9 }else {

10 rtb_DLookupTablel_n = Model_U.Inl;

11 }

12

13 rtb_DLookupTablel_n = look1_binlxpw(rtb_DLookupTablel_n,

14 Model_P.DLookupTable_bp01Data, Model_P.DLookupTable_tableData, 2U);
15 rtb_DLookupTablel = look2_binlxpw(Model _U.In1, Model_U.In5,

16 Model_P.DLookupTable_bp01Data_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_2 = Model_P.Constant_Value;

24 } else if (Model_U.In2 >= Model_P.Switch_Threshold) {

25 rtb_DLookupTablel_n_2 = Model_P.Constantl_Value;

26 } else {

27 rtb_DLookupTablel_n_2 = Model_P.Constant2_Value;

28 }

29

30 rtb_DLookupTablel_n_2 = look1_binlxpw(rtb_DLookupTablel_n_2,

31 Model_P.DLookupTablel_bp0O1Data_o, Model_P.DLookupTablel _tableData_g, 1U);
32 Model_Y.Out2 = rtb_DLookupTablel + rtb_DLookupTablel_n_2;

33 }

M4 VA—3Iv7HBYyy7IVCa—Fr

Fig. 4 Sample C code using renaming variable.

3.2 MATLAB/Simulink CEEEK S h/=T > 2 il
1 C a— FOXEFHEFE
MATLAB/Simulink THEjAEK S 72 C 2 — FIdER
DEHIN—TEFET, REO/RSVY A7 THER S
5728, KX TIHAMMEE S 2 7 EHIE &3 5.
MR & 2 7 WHIMBIZ B VT, 70275 L0EK L)
SIRAROILFIMEZE T & T 729012, OSCAR I ¥ /81 F
\2CTH 3 @ rtb_DLookupTablel.n ® & 9 A H X N5
—HEHER 4 DL )T A—I VT EIT). U A— 3
THERAT) LT, HHEB LR DEGEZMET 52 Lh
T&, M5(c) D&% MIG2»ELN, £ L OiEFIMAS
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o= SREETIAICOE, mERE Oy
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). FD, HEHRD OSCAR 2 ¥ /84 T TIEARZH LT
G LT LM ZHEE, Y ARE MMy
CHC a—- RS b T A ENTELRL, F4F 3y
JAT TV a=) T REATLE, ATV = YTt —
NNy FSREL LD EL o T LE)MEND 5.

FIT, FHBAT Va2 =) v I F =Ny FPLER
WAETF Ay VAT V2= ) Y IEBEATELL ), &
B EFEO Y A7 L 2D DY A7 TR 1 DO
WY AZIZBET D5 AV@E%ITS. 72, OSCAR
AUNATTEAY T AV ATV a—1) Y TOR, ¥ A
JEFARXNEEE L TCAT V=) v 79570, BR
FAAANOTOT 7 A)  IREREIEHT 5.

3.2.1 FEHREEHEDI-ODEZ I TEE
IV UVHIC = NI L TR T4 v 7 ATV a—
VU7 EMAT A72012, MTG E2 S &taigd bbb
Iy b=V FETRTEM L, T IRfF Yy YDA
D MTG 2D LT 5D, Frell Mok kim0 7200
YAZREDOTNT) AL%ERT. RCI— FTIRTRT
DY ATRIEDINENT20, TRTDGEMDI % & 5
LIk oT, BKAFREMREBEZ b WHIPI TR 2 K& <
L7z MT WS 52 ENTRETH 5.
stepl Y7 U T7U—=77T7OMO/ — K26 AL/ —F
DFHMNEINA T AF v > L, &M% T BB
T A, LRI, stepd ~

step2 stepl THiH SNk % &4 BB &L 29 BB
MO ENEE DIy va— L7 a—2ER
95 BB ETCOEFGEL/MT 2 1208& 70 Y
2 (block) & LTHERT .

stepd MFG % BfEEET 5.

stepd stepl ™~

stepd  #&7T

X 6 |[Z&MEDIEERD 7200y A 7 A s %R,
B 6 (a) 1£5 2 7 @e# RO MFG T, bbl, bb3, bbl2,
bbl4 NO/NHIDGEEFETH B, S DSRAFIEERE D
Ol ROy A ZEET VT AL RMHTAE, WO
IZstepl ICE D/ — F3%bE emt2l 2S5 AF ¥ 2 L
TWwE, [ 6(a) D/ %EFFD bbld 75Uk % & BB
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(a) Macro Flow Graph before renaming (b) Macro Task Graph before renaming

(<) Macro Task Graph after renaming

5 VA—3IYZHIO MFG, MTG &Y +—3 Y 7#%0D MTG
Fig. 5 MFG and MTG before renaming, and MTG after renaming.
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M6 & A@EGwEAR
Fig. 6 Example of Macro-Flow Graph and Macro-Task Graph before task fusion.

ELTHIESNS., step2 I2& D bbld 205 T SN/ K
Dar b= 7u=EKT S5 MT & LT bbl7 2%
&1, bbl4, bbls, bbl6, bb17 D L7z MT 431 DDl
a7y 7 LTHERSNS. step3 TH 6(b) O MFG
MK E NS, H6(b) D blockld 5% A 7 @iy i L
7-MT Td%. stepd Tstepl IZRA. RIZX 6 (b) IxF L
T, stepl ICL D emt18 2HAF ¥ LTWE, bbl2 A5
o2 ¥ > BB & L THE S LA, step2 12X D bb12 &
SHOSNAEHOI Y ha—)L 70 —34E49 2 MT &
L T bb15 A% &1, bb12, bbl3, blockl4, bbl5 DHf
LZzMT 2120 E7ay 7 & LTHERSNS. steps
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T 6(c) ® MFG 2 S, [AERICLT, M 6(c) D
bbl 205 bb7 DT 2ES 27 @& &N, 6 (d) D MFG
BRSNS, stepl THRFDIEZ & BB Ml L &w
72, steph ICIRT, BT &% 5.
LFRROEUSIEER D7D 7 A 7 A #iT) 2 & T,
4 6(d) D&% MFG EI2BWT, &A% MFG
WCEETE D, 20O MFG 123 LT, RFEATT RS0
MaAT) TEIZE DB 6(e) ITRT T ¥ b — WKAED 22
WMTG PR ENE, ZOXHIZLTay ba— VRS
Whl, T=7HAFT Yy VOHRD MTG 2 EBTX /2720,
AZTA4 I ATV a—) Y AT b,

1823



BIRALIE S SR

Vol.55 No.8 1817-1829 (Aug. 2014)

-
XSTEFI  Pulets ][5 T T

D xsbrl e
XSTEFIf = o
XSTEFI m%lﬂ_\'l"_]qw‘j pesTert el
CNTR1S) W el [ K_Comp.
] XS = e
15 Timing ko
iod oot Pma‘s] = e S :
Weia | Aeaa
w294 0 serepan e Puise32MS| pdsn | o s 2 Tt
a2 S o STEFI HA[K] mosu taUNyS] FASEZ CaL
@_@ o After Start Counter Hriwik —+4we [rad/s] (32M5 Tming mutine)
Y M Siofe. K_Compf— L4JCNTR1S ]
Wiited E TNdeUl ‘Lx"]‘ [-’:IWI.CH
O [ miPal s
i [EHXEGR ga [ko/s]
o et D
O] E Compensation Factor] m
03R04] [ in Shfimia Siore +{Thjdeg] XIDL}| @—I FFC
== Idle Condition Flag)| PolPal
F neE Lambda
O h —yXSTEFI watid
_.‘)r(:l[\JiLV[bq %_ISC[%]
X_ISC [%]

_
ISC F/B Controller

P

7 vy HEREFVEFT VAT LETN

Fig. 7 Basic model of engine control and subsystem model.
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Fig. 8 Model of engine fuel control.

¥ 7, 6 (e) D blockl 23X 2 @ Saturation 7H v 7,
sb2 23X 2 @ 1-D Lookup Table 712 v 7, sh3 %X 2 O
T Y AT LAERD 2-D Lookup Table 7'H v 7, bbd 35X 2
O LEOMETT Y 7, sb5 D 2 DHF T T AT LNES
@ 2-D Lookup Tablel 7’12 v 7, block6 %3[X 2 @ Switch
70w 7 & Switchl 70 v 7, sb7 5 2 @ 1-D Lookup
Tablel 710 v 7, bb8 25X 2 D FEOMBE T T v 7 %R
7. 2 Tl Saturation 71 v 7 & 2 D® Switch 71 v
2, 4 Lookup Table 70 v 7, &ME 70 v 7 DFENE
M2 Simulink € 7V EWEHITH 720, V—Aa—FL
NIVTH 2 OF T AT LAOIEFIE % & & 72 Simulink
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ETFNEAGSOWHIEEXTIEHT I EEEH L. $72,
M 6(a) TaY b= 7O—%H L7z LT, ¥ A7
BERFH)ZEIZLY, aryiru— L T7a—0%tEEz L
22, [X 6 (e) D blockl & block6 D & 9 7 43I I DL F1) 4
T A L ERAREE L. M2 TEYP Y TILVETILVO
729, FENC L ZIEFIEOMILIIES TH 205, HRibT 5
B 7, B8 D& |ITHHTIHEMIZERS N, FEITIEF
PEFRT AT E 2w 9 % Simulink EF VIS LTD, 2
Y3 T TIEA SR AR B EE O [ Tt FI 1 DR 2
BEEICTTRECH 5.
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REECTIEFEAMIxF S Simulink € 7V OFEEIZ DWW TR,
PERERFI 12 VW 5 2 FHOMARA TV F a7 THa1 v 3
IZOWTIRRD, KIZ, EXNVF A TERETETILAN— R
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WORR L, HIE, HEIEO 70t v 52 3 7 ~OAT
DERED 720, 2 37 TOWFLT— FOEELI KD S
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4.1 FH\ENSR Simulink €7 )L

A4 Simulink € 7 OVIIHA ST > v =it olX 7
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BEHEHEET VD20 THE. OOy D UfIfHET
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4.2.1 BHARE~I/IFI7 RP2
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Fig. 10 Architecture of V850E2R.
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Fig. 11 Evaluation of automotive control software developed

by Model-Based Design on multi-core embedded pro-
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