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Abstract: In recent years, adapting a multicore architecture for powertrain applications has been proceed-
ing. However, it is difficult to verify timings of inter-core communication of tasks because they are variable
for each instance of a task. For this reason, Logical Execution Time (LET), which realizes communication
at determined timings, is attracting a lot of attention now. An existing approach for LET realizes inter-task
communication via a single dedicated process (LET process), however this approach causes a large execution
overhead. In addition, existing approaches do not assume the possibility that safety-unrelated tasks miss
their deadline when an engine rotates at a high speed. In this paper, we propose a realization approach for
LET assuming the possibility, moreover an approach that efficiently distributes operations of an LET process
into several cores. As a result of an evaluation, our approaches can reduce a CPU load of an LET process
compared to a single LET process.
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MY T RITVRALALRATTHDGEENZ L LT,
SDLP(Synchronized Distributed LET Process) {Z 2\ T
WAL, BRI, REONRT ML T TVDRATERTH
5, NmRUTNVAALRAZBEOY T M) TIVEA
LRATPRET DV AT L%ENFRE L7z HDLP(Hybrid
Distributed LET Process) {Z2WTiER 5.

5.1 ADLP

ADLP Z LET K2k o TRV 77 RA YV RDAT
TDRA I VITDRFENIRE->TVWEHLE WS VT MC
HEOWTW3E, TD7D, SDGIZT 7R ATEITVFT
VR LET MBI, BIERZ 2 ERL, ZORZNIZIGEU T
HOMNT 78 ATRENY T 7 %8/ T 5. X8IZ ADLP
2L 5 LET WO #ERY. H5WRLIZHWT SDG %
HMARAORE T VF ITNDREITINS CPUILRES /-
LET L IZBERZAP S EE 5Dy 77 XRB TH S 0
ZHW L (X 8(b) DA% SDG2), RB 7 SAEZ FiAAA,
O—#ITF—RiZa¥—95%. BHERAP 1S5 1 EFTOD
fETHiE, LET ALH | RB & LT SDG2 &K L. RB
DEEH/T Y FTNICHIET RO —H VT —RIZIE—
T5. £, EERATVFTNEEFLELELDNY T 7
RWB ThHh20E2HE L (K8(Db) DAL SDGL), B
ZTONY 77 DEEEFRT L. BAERLAP 0251 ET
DfETHNIE, SDG 2HEHHTET7VFTIVIEWB LT
SDG1 % ERL, WB Oz EREEH T 5. RO X (I
ZI1H552) T, &7 >F70% LET U#IZL > —HD
Ny T 7 R EIRT 5.
LETIZ&>TRB & WBOEIWEXDXA IV Ikl
PHUZHE > T WS, BARMIZIE, 4D WB 2EHT 5
TUFTNVEEATVWEY 7L A YD LET KEODEKEIZ
BWTRB & WBWYOEDLS, Y7 LA YDEITHMY
BT LAY TRAMEZOY T LAY E2EL R AT D
JAORTH D, TO/DOFN Ny 7 7 BRI & 72
5. BAFNIZ RB OFEROEMHRNEZRYT (RB & UTERS
N -7FNRWB &7%25). SDGAdD2ODNNY T 7%
TNFNdy, di £T5. SDG d 2EEZALY TLAY s,
ERUVARAAY 1, DA% p,, s OV TRAME p,,, Y
TATy NEof,, £TBH. 2T, BTV 1Y s, DE
1A% P, =p,, ps, 2358, Ny 7 7RO
2P, TH5. KA t(0<t<2P,) DEEDSDGd DY —
RN 77 d.(t) ZFFDEEHTHD.

ma%—{% if (0fs, + Dpr, <t < (0fs, + sy + Dpr,
di1 otherwise
1)
ZDFIETE, LETRBIZEEZNY 77 R4 VXD A
7w TWAREL 5 7-8, LET WO FETHRM %2 KIEIZ
EiETE, RBHDOATy T a¥—1 L OIEFHFNE R
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0 1 2
Event ISR[_| ] ]
LET-PO
Tasko LT 1]
1 +—

LDO

CPUO

LET-P1 ___:l t‘

CPUL | pysk1 [g ] [ g ]
LDI1 T T

cpU2 | LET-P2 |

Task2 ] -]

SDG1 v [ ]
SDG2 M J

RB:SDG2. WB:SDG1 RB:SDG1, WB:SDG2 N

@ runnable updating [ runnable receiving
the SDG the SDG

O copy-in

8 Asynchronized Distributed LET Process

<%, % LET MU CIHERIPIMIZEITS 2 Z & A3 HE
TH5. LU, ADLP TIZ DMT-LET 2#EH$5Z &
MTERN., BERSIE, RAZOTFY RI4 VI ALK
DF—RE2EBERAGY T VLA YOEGFHAFY TENTL
F 57254, DMT-LET TIZ NNy 7 7 D0 B 275X
ERAIVIDEART B0, K (1) 12L& > THIRIZHRD
LGN RAIVIESoTYV = RNy 772 EHEHTEZ
EMTERWRSTHD. Lh > TATEDO AN RIZ
N=RUTNRALLRZRAZIZREINS.

5.2 SDLP

V7 MNITNRALRATDIFET B5EIHMAT 549
BFEE LT, SDLP ###% 3 5%. SDLP iZ DMT-LET %
B LDD, LET WOl % i 723 72012 LET ALHR
TR#ZITS>FETHS. K92 SDLP 2L % LET @5
DR ERT. ELET U T, AUy TBLU0TF—X
EHT7570F v 78 LY False NOEFZIT\W, TD
#ftid CPU I E & v/ LET WHIZ & 2 FIRED EED
ST THECEMICE > THED. 2o DBENTRTSE
TUR#, SLETUBIZIVY—1 Vv 2EHETS. 20k
51ZUTC, LET W Z 8L >D, ATy T at¥—1 v
DEFIEFOH -T2 2ager 5. SDLP I3 A
Ty TITEIOTF—XEHT7S7OF v 78 L False ~
OEFHOBENBETH Y, TR X 2 R5 R
T B2 S ADLP &0 & LET B O EFREIZE <
RBEZLIZERTIBLENDS.

5.3 HDLP

ADLP | DMT-LET & OWNZIZHEETH 203, Ny 77
RAVERDORT Yy TRFAMPBPAERZ &9 5 LET WHE O
FITE DU EARE WL EZ 5N B0, ADLP O
AV T RNETELETHMALEZV. &7 ML T S
VTRN—RIVTLRALLRAZBEITY 7 I TILRA
LRAZBIELT WS dD, N—RUTLEALRAY
WX o THFEN S SDG T LTI ADLP 2#/H L, —
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0 sync-point 1 sync-point 2
" 1 | 1
Event ISR L ! ] !
PUo LET-PO
Task0 TR N
T T
LDO 1 1 ]
LET-P1 e ]
UL sk T ]
LDI 1 ; I .
swap E \'wup:
CPU2 | LET-P2 | | |
Task2 | . [ .
Data update flag 1
BP [ I |
SDG! [ RB | WB [ RB |
spG2 [WBT] RB [ B |

[ check data flags [ swap M runnable updating the SDG — True

set data update

flags to false — False

[ copy-in [ runnable receiving the SDG

9 Synchronized Distributed LET Process

sync-point

erpofff ] | |

e [ |

i | I [ |

’ operation for the SDGs accessed by soft real-time tasks ‘ i
{3 check data flags [ swap [ Setdataupdate copy-in i

10 Hybrid Distributed LET Process (HDLP)

FVTZRIVTVRALRAZIZE > THEFEINS SDG IZ
SMUTIZSDLP #8ATAIL2E2 5. ZOEZIZHD
¥, SDLP & ADLP ##l&H 7 LET WD HEGEL L
T, HDLP ###%3 5. M 10X HDLP @M I Wiz &
@O LET %79, £ LET WML, Y7 U TILEA L
RAZIZE o THFHINS SDG IZDWT, T—XHEH 7
FITDF v I, N9 IT7RAVEDAT Yy TEXOT—
REH T T 7 D False N\OEF 2T, FEH7 57 %23 T
5., FOH, N—RUTILVERALRAZIZE>THERIN
% SDG 29 %I —+ VI LET WELR TR X 5 &%
TRz, TARTO LET UWE DM 7 Z 7 03k 5
ERETIZR () TERLAZRBIZFLTITONS., TR
TOR7 Z 7 WRi-7-%1%, VI M) TNERALIRE R
ZIZE>THEFEINSG SDCIZHT5a¥—A v &2BAtAT
5. 72, SDG 2FEHT LT FTNUBN=R T IRk
RAZIZHEINTVWEEEGIERA (1) THERLZ WBIITH
LTEFZTW, VI MU TLRALXRAZIZEEBINT
WAEEIE WBP e URT WBIZH U THEE %2475,
Ny Ty RAVERDAT y TOEEOHIE Rz & 5
oM oE#EIc & v, HDLP (2 DMT-LET (& %5 F v
NIA4 Y IAANDRIEE LA S SDLP & b LET LD
TR ZEIRT 2 Z L ARETH 5.
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6. FY

KX Tk, SDLP, ADLP, HDLP %i#MH L 723540
AEVHHEP X O LET WWEO CPU FlFH =% 3fid 5.
/o, MBS LUT1 DX A2 TLET L2 5% L~
Bt (B— R A7) IZDOWTHFHiZ#175. 2T, ADLP
AR RS 27 RWEOMHAT 2 Z 2 IXTERVY,
FTRTCDEAIZWPN—RYTLERALRATTH 5 EIRE
THALTWAS.

6.1 FLMIRIE

TR L 2B N— R 7%, AURIX 7T—FF 27 F ¥
ZROFMIAA— R TH 5 TC299B TH 5. AURIX 7 —
X727 F vi%, &K 300MHz TEIfET 5 CPU # 3 oFib
£ CPUIXHAH DI =) RAMIZX U THWEETT 7+
ATBHILENTESL—H, o CPUDHE—4)L RAM 7
V=00 RAM 2R 27 7 & 22 BV BER AN 3
enb, FHEY 7 b TR 21 HiTEHALEZY 7 U
TR AR, ZTOBBUIEBO AT ML T T LA%ETH
5. FHY 7 N = I E ORI R X A 2 & B
OEEAFRLZ 227 H3& £, LET A3 SDLP, ADLP,
HDLP OWSNaANEA I TW5, FEIiY 7 b v o 7 ik
AUTOSAR 0S (K72 Tl TOPPERS/ATK2-SC1-MC)
ETEETS. 22T, 4,0000pm TT VY U MEEL T
WB WS METHEEA A XY b OREHENZRESINT
W5, % SDG I3fHH D SDG IZEWHETTY 78 27
% CPU »F2Ba—Xh )LV RAM IZEEINTWS,

6.2 X EY{EAEDFM

Z ZTl%, SDLP, ADLP, HDLP %\ T L 7235
ADOAEVHEHBEOFMZ4TS. FFEICBITEAEY
FHEZK 1LITRT. R, ThENOFETAETY M
HEIZKREE I o72. SDLP 2 HW\W-EETIE, A
EVHHEOBATIIE—LET W TEELZGE L E
FaWwzed, TNOSDOAEVMHRIZFEUCTH S, KRIZ,
ADLP W= cld, WBP, RBP Bk U'F — X &
TITNAELRBD, TRTOEEHET—FAEY
HHEINS 25, BEIZ, HDLP 2 WL T,
—#8D SDG IZ2WT WBP, RBP B LT —XFEH 7 5
TINRE L 7057-%, SDLP 24 ADLP 2 AW
G EDOHERED AT Y HHE L 5.

6.3 LET WD CPU # AR

Z ZTIZ LET Az ADLP, SDLP $ X U'HDLP % &
AU7ZEE04 LET W EE D CPU R H RO FAfi 2 17
5. F7, TRTDRXAZPNA=RIUT LR LRATT
HBHENWSETHMZITS. T ADLP 28H T 52
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memory usage[KB]

SDLP ADLP HDLP

11 FBBEHECBIT 20 —AVAEVICEINE T —XDOEF
YA X

-
N~

-
=

=
o
L]

................... )
)
o SDLP

total CPU usage of all LET-Ps[%)]

A 01 N o ©

rate of soft real-time tasks [%]
B 12 H#AEI &0 LET Ao CPU KM%

LEEMTHD., T, VIMNITNERALALERAZELT
oD AEEDOE N A PSIEIZY 7 M) T IVRA L
RAZIZEHLTWL., ZDrE, YI7MNITLRALR
AT EN—RUTILNRALRXRAYDRET 2728, HDLP
EWAT A, BRI, TRTDOXAZHRY 7MY TILAR
A LRAT YIS, ZNIESDLP #8AT 5 Z & L%l T
H5.

EERAZM 12/1RT. LET WHE O & ETREIZY 7 b
VTR LRATDHRIZIHILTEIMLTWD, Lz
25T, HDLP & SDLP 2R T LET ALEL D FEATRER %
T 22 2R T&ETWS, 7z, LET WBL D EFTR
X ADLP 28 UG8 ICRBE< AR5, LrLads,
N=RUTNEALERATDIEDY AT LMIBENTIZR
W, U7di-> T, LET B E/TRR & & 2 2 B3R Y12
N=RUTNEALRAT THEIRBENRDDZNE DD %EE
ATV I RMITARALRAZBEUON=FRITILXA L
RAATDELSTEPEL TV BEDDH B,

7. BEEMRE

Martinez 51, LET IZ & BBIED R A1 I V7 &F#IT L,
WMBEIRRA IV T TOIRT—RDEZE2ITD FIERRE
LTW3 8. Fv FI4YIAMNELREAICILBEED
RAIVIIIEALTUED 2D, ZDOAHEEERD T
M7 IVICHEATE5GEICIEIN—RNY TV RLLRAY
MOBEICREShEEEZ 6N,

¥ 72, Resmerita 51 LET IZ& > TEBIMTHREL RS
O — 2OV A HIIE T 2 FikE AT 5 Z £ TLET 0%
RKLEFEHL TV [6). ZOFETHE, LET IZ X 5i8(F
DRA IV T BN L, BEZ2TD X A2 O LET
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KEDERD HIZR U THArAalld U IFFEIAAMO
Ny 77 #WOBRL. ZOFEEEROAAT ML T T VI
WHTEE8ICE, TYRIAVIRZEDISITHIEL
TV D ERF LT BEDH S,

8. HHWIC

R TIE, RAIBTYRIAVIALEZLEDH
BABINT 5 TFHEE LT DMT-LET 2% L7~ 2L T
LET L% 58 L, & CPU OEMEZBRKT 2 FEL LT
ADLP, SDLP, HDLP Z#8E L 7-. FMMiO#EHR, &Fik
TOAEVHHRIZIZE A EEZRWA, SDLP 2#MH L
5E e LT, HDLP 28A L2 5& 1A TV HiHR
Wi o7z, F£7-, HDLP iIZ& > T SDLP & b % LET
WPEDETIRMEZ IR TE S Z L 2R L -,

SHOMEE LTI, LET 12 & 2183 0BT % XE T 5
ZEeNEITFSND.

B AR EEDDZIIHIZ0 TH IV w3k
EEIEGRR S K OBRR St = —FEific @ <L L
EFET.
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