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ABSTRACT

ABSTRACT

With the rapid development of science and micro-electronics technology,
the price of microprocessor is declining, while its performance and reliability
is improving. Therefore, the development of automotive application software
is more and more complex and difficult. Different standards and interfaces
adopted by different automobile manufacturers when developing automotive
application software have caused great difficulty when porting the software
or even make it impossible.

In order to resolve the issues discussed above, the European automobile
industry put forward OSEK/VDX in 1995. OSEK/VDX embodies the
advanced technology of international automobile manufacturing. Automotive
application software conforming to this standard has better portability, extend
ability, as well as reusability. China has already referred to the development
of automotive embedded software platform conforming to the OSEK/VDX
and the research into the key technologies related as important research
project. Conforming to OSEK/VDX when developing automotive software,
promoting progress in national automotive industry, and putting our
automobiles into the international market are emergent tasks faced by
national automotive industry.

This paper presents the design and the main data structure of real-time
operating system kernel conforming to OSEK/VDX. In embedded system, to
a large extent, performance of the system depends on the quality of the task
scheduler. The paper analyzes static and dynamic scheduling algorithm
which is representative in the real-time system. This paper proposes one kind
of task management mechanism and the task scheduling algorithm, which set
up a list structure, this structure can avoid overhead when the task scheduling,
and establish the time limit of the task when it was established. When the
time limit of the task approaches, its priority will be enhanced, so the task can

run successfully. Using the algorithm in this paper, the high priority task of
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the system can run, meanwhile the low priority task can run in time, and so

the real-time of system can be guaranteed.

Key words: OSEK/VDX; Design of system; Task scheduling; Optimization
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LR ESBETRALEHRSL.

KR BRERG AR E RN EERTRERMRTE 5 AR AR RILR
HEX. HECKLEL TREMELNBEEL, EERF S RNENFERELN
WEHE. ATEFRBEAFREZHUNTR, NHEREFAENNRNAG
& B R B A E BRI R A B LI

BX LR AT, AXRET —FHFHRAREE, ETHRASNEINREES
% BZHEEERIERLERES B LISTH R RIEE B ROEMLARESF
LLZAT, MITIRIET RER L EER,

51 LRHAEEZENSE

KN AEEERER ST T, EEFEUT VYA 7.

B EEMELRE

B BEMZERE

U (A= E (g 4

RILIKBRESE DR, REFES ARLNELAEMNEL. N TELRE
Hixk, BITUREMERNRERFBERZEITIWHAMET, WHERIIMNAK. &
SREHEREHEN, BRI REN, ERTLSHRETHE, EAETSRER
BN H . ELIRAREENREEBWERFEITERTIERE, WIREHEKS)
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MERE. ELREERER KR ERERR FEFRANRES.

P 55 £ 0K 3 ST RS F5 1 B A SE R ) B I B E AR S RIBT U« IRIEAE S5 IR B4R
W ER L, WEEET S ABHSMAeLAENDESMERBERE. EHSMLE
GRET, EFHRAERERTERFETRT, BESTERTAREEMEK.
BEMARAEHZER TREELICERETE LS LR EREIL.
BAMARAELERER, BHRZREE, FHNTFRENT B: ShSNERAESR
R R G RABRUNREE R, BFRENRELHRE AR,

WIS EEBITIREP T HITHR GRS, HESES AR S HAEMIER
SEERE, RERXFAEEE RETHRALEKIMEE. ERSRAEEEF, EE
BITHAESTRHELMEMARELIITER, BTHERENERFERZS &tk
BEH—EHHEERYE, TEMMAERRSERREREFOHAT. EIE AR
i, —BAREIFRIEMT, STE RBEEBT TR NI CPU %, SUEEA%E
BHAVEMEEL SF BT, ERARKERARS KBRS, EXREF
RS IT T E R BAE S HIBIT, B RRBAESNEILH MBS ARHE. 184
RGBT, KRR, REHEER, THERESERESHINRELIR,
B ERNAFEEERR &, BRFEESRIE, FAUREMASIHBITER
RIELBIE RS, 405 RNNREE T ST S F BB IUER ERBFHIT,
HRESEE EHHF CPU BiFE, HMES A REBIHRITHRE.

B 8K 2 50 i3 4 7 0 R A A9 /M3 A 0 1 S i R RE AV -

B gt SRR

B B R R

(D) ey S EERE

REHcH Wiss ERMER S RERE. 8MESBE—MUEHR, &
ERRHEETES R ESTAEESRARNES. HeFtSHEREX
SAFHBM AR S REHE BTG SMELRR S AERE,

» RM(Rate Monotonic) i & ik 2— M AR MBSM L S HEEE, bR
SRR A R 2 S R  RM BIESER 3 AN O sn i A S AR,
HEESHMAFHSNER: OFMMARLRIEZ—MEFH B LME, HME
HME: ORATRSHRERRELTR.

> EDF(Earliest Deadline First)i & —f 8B MZHEM AR S RERE, %
HERIERE AT P MES BB R SRR AL, BEFREBEHRNES
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BRhE FFRALTEMNA RS

MR L E .
(2) EfaesEE

B [R) 8 3 R B A B AME KRB S  8i CPU $AATRT IR, B4R AR (o) 2 3 A
R ELHREMER, EAELHRLED, EEFHNPITHRETELEZL.

(3) HitskelRERE

» FCFS(First Com First Served) 5% & B {8 L 11 58 B SE RS B % . AEAIIKIE R
BMELBILRIRTE] s, BIKIREHEEE, BAMNMES T, & CPUEAT, T EEAT
HREPREELMES TR . B8, FCFS HERAHRIEELSIN . REFHE
EAERD, FHEESHERAZIEMER T, FCFS A .

» LLF(Least Laxity First)H %2 BF B M o fER R AE. Fa0heT(E
RS T 045008  AAESNR &2 BRREZRERITHE o BFELER
TR AR (8] 230N, BT REHIIXMER: —MES T ERITERF. 5
—/MES T, LSBT B EE T, B4 Tt h TE1T, BEF T AR 8 X
T, T Xitdh T XHEFMESHELRYE, ERAGERAEFTES, VBT
HEKX.

» DM(Dedline Monotone)2 # i FRIFEHE. RES THNERENTEMAE
#, MAEHMERT DM HiLHaiR. BMEES TIMEEETES T, RTRHN
EAE THATPETAES T) W BEFT AR LS . £/8 DM BiELmshAam g
EHHIRBR, FATHBA, X ERAE+SER.

> SJF(Shortest Job First)& & /MIAT I [E]L e Bk . 1AL 28 70 A BE HE & I sk 48
BAFI o ik B/ RAT B 8] 94E %% o SIF ELVE AT LURIER /AT B (BT 5 OB BB, (LR S
FHATH A B REREEIES, EEETERIEES IR,

5.2 K AEEERNMWL
5.2.1 FRM AR ESF RERNRL

(1) EDF Hi%

EDF Hi% & Liu A Layland 24k, ©XAMTRE, EFREM CPU H
#. 7f EDF EEPESHIME LRI S HIBL R FRIEE . 4£ 55 RIZEX#K L (8]
M, EFPRENEE: RZEK. AFEHNESLTREREN, £&OME
WHAURFTERTHE. XTF EDF HiEMEARE #MHH, HASLAIRMEE:
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% T- OSEK/VDX M7 R4 Bl it AT & IR SRt

@ E%H9FERF B L (8] T4 55 A A 3
@ AEEFEEAAPANTENERS, RFEAI—NEE;
@ FHZBEIRHITER, UATFERL;
@ F&T UL ENERERSES, AFEERFX.
EDF Sk RSB0 A I 3N AR L, HATHA LR A 100%. 7 EDF i
BHET, MFAEN—HES, AETEENRSLERMAHKS.1:
iQSI .......................................... (5.1)

1=1 I

He, TiHESHAY, CiAELHETHE, n ARFKTHESLE i Kn
i ™MES.

f TR SIS AL WBTH RN %R C+AL Hd At HES VBTN
# CPU KR a], SERREM T, LM CPU Bk fB AT Z2iE. MAX
5.1 AR TR WA 5.2,

ELFRRZF, EDF HikHh RHIFES e R E SRR, EE%
FO B PR R A AL E B R R & M X R — AN e H E R TIE, TERWT R
GiHLEE, RBT RARE, TASRBENREREFHILBRMELR, Hit,
A3C7E EDF fEat FARH T —FE M E S EBRIGIAES BESE, BETHER
B2 2> B PRI R

(2) RRRSERAES AL EIER R

EREET, REEERERSRRERAEGTERREFRENS H LS
TR, BITRERERNES, ESRAEFHNERSESFNNR, FLh
BHAESIIANR, WREEEFENBUERZESHINER REFRERSK
AR EEHATIES RE, RIS SUESRILARNEFREBES
BEREITIN G, REARID BB UG R, RAEEBTXBRBNZERFTEN. A
M, ERENR, BRREPHELEFORELN, B—H AR MEFETHRE
B, RIEHERRKONE, ERTENTRRSE, BETRANLHE. R4
FHESHBE, RMREMERHRE™E.

X A SCE I B R A M — — A IREE, RABGULIRE. Bl =S RERE
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HRE SRR

. RNSMESHNR. Z2NREPHE AN TEYNEUEZE. SR

R EEE . AR AR 3 MEREH M.
ENRREPESHRENBALENHE. B8 (O)MEESRINGEES

HIE IR 4 Dy, 400 FREEF IR F W R A &, HKDMEREI)HE, HF d'(0</<n)

e B S AN
o i PREER

15 B B0

o R R

% % 1K 4
T

BINER
HITIAE
B 5-1 FF R AT ER
Figure 5-1Algorithm flow char of
Task Scheduling

HESNRETE A TEAEESENRERONEE, o« AT RENKE.
BAKME, NEAEESRBERE ) M UREEFNEL.
d D d d—- d>0 ..................... esesennecnns (5_3)

WRFBANTEAREESHRENRE, WHBATEEN & TEREN A
(5.4 K {E(0<k<n-j-1).

d =d

J+2+k J42+k -

SRR, HERBRENNTN, EHESNRE. £E0MNRETS,
R 2 400 FRLBE T T RO B PRI I RS B S EN T B B R AE S QIR R, sk
BETHAEMESE—HTHREFHEKRREIE. RAERMNEIRRETTR
FRAESRBRELAR, H2, WEZESNERMNRES, TEETETR
FREMISRE: T, ERETRERAE.

%%W@%#%ﬁ@%%Eﬁﬁ&%ﬁﬁﬁK%%ﬁﬁ%ﬁ%iTNmm&%

EEHNR, ARENENMNRERRELNESFETRENT. HEETH
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3 T- OSEK/VDX AT F 40 it R 5 B FLERILIL

PREELM T, BRRKNES—ERMEATE T WRIES T HEBEHNRIVE
% REFRAKEET REHITH, =R T REALA .

E— RIS HENTITE, FEL RGN T Z20 REEH. 2 e(5.5)H,
RUESHRETEFEIENR, KA EREMIZE.

0 <t -r-AZ<t,

Hep, " AEFEESHREEE TENNR o W ESPITHTNNE: ANE
AR SEHEFRIRALE LT XOVRFTRI B 10 E XHAB R, RrEFEE
I PREVEILZE .

Z R EEFREFENTREWE 5-1 Fizs.

ERERSH AR, TLHEHIP AN R & (uime) RKIEFK LHBTHESHE
ATEF 1], FFAKYE 12 3R 0 B 18] SR B 2 28 93 e PR B O PR 7 — URREI ST R, B0 AT
FEHBRTHNRERET, UEXRT KON EEZR, WRREFTRSER
GHRTENER. MRRFEIMNBHESERLIENRITEEERELE R,
W A% A 2 43 B PR ol AR 5 O PR SR 5 22 43 YRR BT T, SR i PREE P %4E
FHIRSFR

5.2.2 RMEREHBENKL

% OSEK #:fE R R— MR £ AMES B K v iR AL BT (& S5 1 18] Fr fe %
B, FrERE 8 REER R SE N RSN REESF R ERRANMNAL,
HEMNRREESPRELREGHESN, EFBEFEBXALITRERNEMN
FEEE—MES, LE—NMEFEBIT—RIE: RERESEZMES, LEZ
MES AT —BET ) DU, FSARE—MEFREBLUBIT —BRINFEE,
ETRGEE—MEFZT. XBESSITHIN (B Bt 2R 8 5.

BT ERRA—RER TS MES LR B F R AR EEHETESRE, £5
G hBAMMEEL T WAL IN—AN R B NT. BESHBTERT, L
HTMESBETE AR A FRERTHRERRN, ESAK, REETH
HAFTETENES NIRRT SOES RS, NRE, WEBRETRELNES
i BRI EREAT R, BITRAKERMES, ELUWIEESTHEFEERR
SRR HATIONE. MERAERRERESRE, MERE 7 RETX
BATHES R, SEBTEMRALTHT—MES.
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FhE 5 RLTENLREI

5.3 5 AEEXE uC/0S-11 BYCH
5.3.1 & EBNFIAZI

7E uc/OS— 1 #1E R il — MES IR E 1A — —OS_TCB{} kKT~ —
MES, AT ERE—MERTEEMES, & OS_TCBHERM—MERFA
RS H S HITRE (*pricequ), ATISLIAMLERESH FIFO HAEKE. HEER
WRFERAER TEEZMES, EFHMERACE OSRAyTHI[JAHRL # L 4 EBLAL £
THEFEHNTEE L HES.

FEARFMREL TN T Z5 b FRACSEAE S B BIERINLIH], KT SCIES PR
%, BEHEMEEHRM—AEHE(deadtcb), HEMEE ID, #iMATEE(*Dpre), EMH
$4t (*Dnext), £& #1535 5 (*OSTCBDead) 71 i 8] FR (deadline) U ML R K. 7E
OS_TCB{} F Z 4 IN—M 8 7] 2 43 I R 45 1 R (Y F54T (*Dead Teb), £% S (D) A
TR, BHEHNEFEMNE 52, Hi@ESNRE O)AFIESERKR.

5.3.2 FEEE AR
S T 571 4E & B9 91854 LR ARIE AR 55 K (prio)iE. OSRdyGrp[4]#1 OSRAyTbI[|E ALK

kieadtcd'-"deadtcbl‘-’ldeadtc l“tNUL J

(a) Z2 i PR

(a)Chain of differential limits

OSTcbPrioThI

Ostcb{} 1(2) NULL |
Ostcb{}2(1)PMOsteb{ }2(2)F NULL |

OSTcbList

(b) FrHIES R R
(b) New relationship of the task link

H 5-2 {E S EE L

Figure5-2 Structure of task management

BIFCLEE,
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T OSEK/VDX BI¥eAF R4 kit RS IR SE Lk

HRAE A2 S1ESH) prio, &I OSTCBPrioTbl[], WRIAMEH FIERF L
%, MI@id OSTCBList(3& M E HRMRTL)IEMEE MARERAR L, RN
SEETFTOLEESEE, WHERNE FIFOYFIMNE;: HRIEAE K LIG TS
R £ REEF .
e HER AR
void OS_ReadyTask( )
{ ifELE TFOSTCBPrioTHI[ A EN) /IMESREMAERTHE—MES
{ EZOSTCBListi I FHRMMBMEFHERE kK
WIEHAAT S5 HIE TCB 1 A AR T
B 45 & TR fIOSRAyTbI[ JFIOSTCBPrioTbI[ JAINAT B 47 5
IS5 B PR AL SR AT 50 2 St PR EER T )

else
{ RIFEEAZESHEERNERE, BELHFMEERKE:
B B & fnextdE4r ANULL;
BB ESN BRI SR MBIES N ZS I RED: 3}

5.3.3 (ESMBEMEMTIEZHER

BFIIANT FLSEL M FIFO BAFIMES 4IRS, JESHBERN, 16
R RERES, WTARKERNTES, WREFPITEHRIEERL, WEFE
REESHESNIRERTELE RS, MEEE, FEAESNRE PR ZE
% B, EXRMERTREGEES/MISMULAE; B &M (DT prio L
% T RE—MES: QX T OSRAyTbl[prio] FTRRH 8 MEAK FHHNT: 44
¥ OSRdyGrp HIRAIESE, MRFEZMFARFN—ARELTRAELES, TER
—RERTHEBMESK, FERERRAMRERERLNEHEE TR, 86
FRERG T —MES, UMELT—XKIEEZAENMEF, FESRELU O()HEEE
FEET—MESE, RBIT:
void OSClearReady( )

{ HHEOSRAyGrp[ |FOSRAyTHI[ [t H B AL FAES
if(HARE R F B ENMES)
{if(E T RERFHR KL IES)
(tEE i IR T MR AT S
3EOSRAyTHI[ 1FEMNATTE F
if (OSRdyTbl[ JFTRRHIMACHK FEFHRBE)
{OSRAyTbl[ 1FIFHNALEF}}
else {#EOSRAyTbI[ JHERAIE T
if (OSRAyTbI[ BRI MELWRFE)
{OSRdyTbI[ JHIAHNALE )}
else{ AL LR HERBIRLIG R F—MES:
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EhE 5 REREEANRLRER

OSSched( ) }}
5.3.4 EXEERZENEHR

EZEEBRERGT, FERER—N2BHEN. KBEHENHE: EXREN
BRI, REMEH, DRRREBEURETEMYEETREEEW. KB Edx
SRS EEE G, 7 uC/OS-I1 FEMARN K36 .

ATHEEFHIN R, BE@EEEE G HRATE I & ntime) K it 5, ]
FERERHREEE; MREELSERN, FARSH OSTaskChangePrio()5k A
MER, HFBARENT, RERNHEAABES. TURMESE KK (void
OSSched( )), EEXRERBTHELFIENR, FUHBEMES, FIZHERBT
BWE, TWEEEREKHITHE. STFR—RELTEEMEEH, AERBE

BBEARMRERES . T ARBIT:
ntime-++;
void OSSched( ) {## #Entime F Hr £ 7 BT IR 5ER s
if(H E 5% BliS R FR)
{F0STaskChangePrio()3¥ 2k 3 Hprio;
TRYE Frprio¥ £ K AL BA 5
FLEERANALEAT
WIBAE S priodt ITHEERE: }
else{ HEARIBT 5 WprioBtiTEFAE: )}

5.4 ik

BTSRRI S W EES EDF 8. £ FEemesm s
ESREEEER L. ERETHESMES, FRELBRHZBIES,
FIBH R EARSE %, BATRIEAMATIR; W& 5-1 5% S Fim. A Di RIFRE i A
(S BORTBR, BT e ()R BR 1 27 5 BB (us).

£5-1 HEES
Table5-1 task set S

G5 | smemas | msgarm | OO0E ) HR
(us) (us)
T1 5 0 10 30
T2 8 4 10 25
T3 7 3 10

WRIBEFE S Wt REF, 47 EDF B, BETMRELMNRSNES AR
ERES RS WEH .



BT OSEK/VDX WAl REL it RAT % iR STiERILiL

3t E TR MR RN S R RUEA BB EE, WIRTEFEES VIR ZITE
BRIEATHMESRBAT I (0] 24 BB ) BUik 20ps B, EIERGEMIZT. TLIALM
R 52PHTIHEMAL S ARNEFFHEEERMOER NG RTATLE D T1 A T2
AR R A SER&, T T3 8B, BER/RBBIT.

E EDF &k, MHEL% S #ATARK, 1% T1 BTN % 4, T2 B #4E
N PREEEE 2 L 4, B D2<D1, FTid T2 thEgk@& T T1, T2 JTIREIT. #
K%l 5, B D3<D2, Brbl T3 % & T T2, T3 FHRIELT, BEELWR: T2 HIRET,
BJE T1 i817. HPH 4 RIESYR, SIRESHRORASFEEWRERTIESR
STEEFEE . FE ETxyketE, HPES LTIt EIxFT R R L2
B, TEERT. REHWGERDESMALERNES At, ATHETR 52 W

A& R+ EDF il £.
#*5-2 MR R
Table5-2 Results of test

ETHRENER N CRERE EDF E o E RIS AR
NUUUYR N cogmpn | s NIy BATH
- BATH) | BATHE | B | EifTHY | BITHIE . EETH i
% (ps) 7 £% (s &% (s
0 T1 0 0 T1 0 0 1 0
4 T1 4 4 T1 4 4 T1 4
5 T2 1 5 T2 1-At 10 T2 6
14 T2 9 8 T3 3-2At | 13 3 3-At
20 T1 6 17 T2 9-3At | 17 T2 4-At
- — — 23 T1 6-4At | 23 T1 6-At

XN R ES BEEER, WESE S HITRE, 5 T1 BITRINZ 4,
T2 B, BT T2 fHEMREHST T1 , BENEETFHREAE, T2 #h
T1 JFAIRAT. ZERZIS , T3 #BM, BT T3 MEEEMERKT T2 BRFES
WGERT PR, T2 ZEEEHIT. SENANZI 10 , £5 T3 IKERER, ¥ T3 MMmEHHE
MRERIREE 9) » BT T2 WHAR, Fik T3 FHEIIT. ERZ) 14, T3ER
EAT, T2 &F T1 Bk, FEREIT. BIRZ0 20, T2 BITEWR, T1 4045217,
HEER EMIE BT T R EWRERESRAEHTFHWR 52 MWALRT
E SRR EESAERERME R,
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WEEEHRAE ST TRERITHILHRA LN RERETHESTHER
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