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F1E [FL®OIC

1.1 B=

HOEUT 2 I END ) T A A 2A~LL— a2 27 5 (BLFRTOS) TOSEK/VDX |
DOHAFEIIEECERETH D, £D%, TOSEK/VDX] OfLEEED D ITEk % 723243 E
i Eid, 1Bk L7z TOSEK/VDX] OSEEENHAREICHER L TS FE2HRT D1 2
DOMERN S 5 HREETH D,

L AAREITERSHTELNL TV D BBERTH D
2. ATERE ORI TIFRIROEEZ HEILET 5 2 &3 Hkan

1 >HOMERITITERSE CEPNAAEEOMRIZ—E TIE R W ETH 5 RKoeH g
KT DAREEN D FIEPEARITHEILL TV D 2 L 2R T 5 DITEE LY,

2 O HITERREOTIRIL, FEOEEL A RBLATHRIN TSR TH S,

FEIMEREEICER SN —E R a— LI L 5 X A7 OIRFEREIR & # 2 7 D%
RN GO > TEEL TS, LorL, HERFEICIE N — 2 a— 5% 27 DR
BB ORI, EIR & # R 7 OBMRPHIMEARE IS o L CHllx ICFliR ST g, 2
DI DHAREETITZENENOERSH A7, —E X a— L OBHRRHNEZ G HhETHE X
HZEIIREETH D,

Ko THEEPHARBIZHEI L THhD 2 L 2ERTHIOIXREETH D, Lo THREN
AARZIZHEIL L TV D DHERT 2 BICFELRIL L) ICh—E A3 — I LD X A7 Otk
BB, BIR L & 2 7 OBME & KD BRI U TT 5 BEE o gt 2 8ib L2k
AR EZEST 5 E N AN TH DA T Z O L D e E 2 A AR E & S,

FAENAREICHER L TV D 2 L 2T 2 ARG AREOES T 5 Z L BRRO 5
LTW5D,

1.2 FREEEHRE
FRREHAREIILL F ORI S A Ff o T-HARETH 5.
1. SBEEICK L TITOh LA RRGEFIENTER STV 5



BREEIIEEN OB XS5,

L72>L. OSEK/VDX OIEHEMIRFITIBASEHETEIN TN DA, HEEFIZE LT
LEFIREE H LIZS W, ZOoRtEELZEAT 2 0E RS L, BT HZ LItk -
THASHETIHTHICHE BN TOHIRDIREIC R 5, WRICHEREZEALT 2 hEE%E
2%,

1.2.1 BRIEHREDOERA X

1.2 BTl Lo IcHEEEL UL L T TRIICH O TG A AfEIC LR T
L7 5720,
ARk ZFE S LD D EEET HIZITHIEITZ 2 ONE L HN5,

Ffﬁ/ uaLfﬁzﬁk‘j‘ 5
2. BASWETEMM FF a2 A a1 2,

12 BIXE#EEAGR O LA EZ BT 2 01X, 22 FTHEL < 2oV, JEa
ERDIRENGFAELENS, B TEomET VAR SHE TR T 2006 TH
%o P T, HEEDRED KX 2 AL FONKLEEDEDIVLENBENNSTH D,
LirL, 128 &idic 209@§%§%TE#MtP%:fyb%%ﬁmﬁémil
HCTH D, TIUTIEME L R DEWEAEEEN D DA, RS L xS S E e n bR b

TOHUENHLNOTH D,
OSEK /VDX XAk ENFIET 54 2 D HOEAILD FFIEE B 2 e T iudle 5720,

1.2.2 ERIEDORER

AR & Lo AUl U7 AR 2 AER 2 IS N EE R BRI LU T OB 23 8
5N,

o BRAEVCBELE > TG

HAREOTRIZBAWVIZEIR LN 6t SN TW5, BIziX, ¥ A7 DIREIZSWT
LR ENTWDERDHSTZET D, L, ZOFEEFXAZOETHLRTE 501 T
1720, H AT DEREICONTEPNTWNAE « X X7 LEFIZONTENMN TN E
REDEBOFEESRLUTHE AT LN ) BODNFLIRTE D, o THEEFEDZ A7 L&tk
L7ETBERUL AT OBE, Z A7 OIREE « X A7 DB « ¥ 27 L EIROBROZEDOER %
BAEL TS LT TR 570,

oL, AL TESRMEEIT Y L LoFER & s L TR Th T D 05D
IZ< <> TLE I,



1.2.3 RIERDERRAE

R EZ DB LB Laen b b LR E 2 EST 5,

ZOFELY, ZARATOIRRE, # A7 OBIEE, X X7 EEIROBUROHEDIFRI G ¥
27 ORI E —FEIZT 20 TiE2R<, EE LR RIS, Z 27 OIRIE, # X7 OB
. # A7 EEROBBROEREZNENERILZITY, Uk, BEWOIE#REZS
BEPITERIL 21T 5 FENATREIC 2 D, AR & UL L7 E st L7245
MERNR S T2 D,



¥$2F OSEK/VDXiZHELHKREL
VDM

2.1 EREHERSEVDMI+

VDM 1ZEXFED—>TH Y 1960 £ IBM ¥ ¢ — A58 TRR%E S 7= A%
FLRERECTH D, VDM+A+HIEZD VDM Z B AT V=7 MERJEREEZITo 72578 TH
%o VDM++HIFEICEJR & & X 7 OEIRLHKI OBLE A BA W CTER kL T, Z
NITBE ST TR EMOSEICERTT 0 7/ 7 LAOBMBR LT W EAFF LT
W5, FIHERE D BEERIXBEER ORI AT L7 1 U iE B & AT T & W ERISME, B
FRAL L7202 I RRAE L7 AU BIBON AT CE W R R 250l 35 Z E kD, DUF
DY A FTVDMA+4&F 7 rn— RT3 R TE5, (1], 2] [3]

http://www.vdmtools.jp/modules/tinyd1/index.php?id=1

ARFGETIE, IEEEZ LT 2558 & L OEMIAGLR S7E VDM ++- 25, &
EFRH & L TITEIR & Z 2 7 OBURRHIFI OB 2 50R T 5 2 OB AR E A 1ERL T 5
BED 2 OO EVIRE LTz, 1 2B, HEEEFFEECHEMAT 2 HEZ2 PR O TV
%, UL T DREORBN CTE R WATREMER & D, VDMA++135] R & vy 9 A2 Bl &
TICFLR TE LR BT END,

2O FIIMEEEEN EAE] 2R L TV AR TXAETHSH, EBRICT THEEt:
BRE) MITTERVWE ROV Z2ERT 5 Z L IXREECH S, VDM++1E VDMtool
WXV AL 2TV RZEWIFATERER D LD T R ZHERTDHENTE S,

LEDORMBEEZ R TZ DRNIDB DD EE X2, AL TIE VDM++Z2FEH3 %,

VDM++0DH

HARFLIN 558 VDM ++I138 & B Tk AL 217> T 5, X VDM Tid int
bool chear 72 EORDOMIZHI AN AHE IV TW5D, 5IHIZCEEDO Y AL D X H 72
HLOTHOMIZME LTI 2N TEHHAETIIFHEEDHBELZRIET 54, 2OV
FLEBRIZ L CWAEERH 5, VDM++HISIHEZ WS Z & TRZIFE L TV
HAREDOIAILD FTHETH D,



types ZIT & L & FEE (2.1)
T2 = JF oM (2.2)

FRITEROE L Z T, ZRTE2FMHOEE &IOS HGRD b DA FD
WwEhTnb, BOSIL, public private protected %, publicldED 7 F A THZ D
MAESLTH X, private IZFEIREINTWE I TAEZEDF 7 T AETOERLTYH
X, protected IZFEIRENTNWD 7 T ADAZBLTH LV, FOEXIIT —#MITRE
FTRITHRSN TS Z LR LTS, BT 28IE, EARE SR onD, %
AL bool R nat 72 EORIBHE IN TS, AMBIIESHRCHI R B35 5,

typespublic (2.3)
State =< Ready > || < Suspended >; (2.4)

X 2.4 D State D7 — 2z F| L LTHIT S5, 7—FR State BTDT 7 ANLERT
XL ChD, o7 —#M State DR T HBUIFIHELD < Ready > & < Suspended >
ThdI N T35,

VDM-++DZEH LB

VDMA++IFEENH D v — I NVEEE 7 a— VERIZ T 6D, v— I VEBIE
—[RIRDFATHE D D LMEDRIF SN2V, 7 e — SV EEFEN AT SN % B IEZ 2R
FLIEEETHD, oo —AEREENER - FHRSFEREOEOSRLFTFIN T
%, AHREEO THERERY 7250 | 13 VDM++ CiEBag b+ 5, VDM++Id operations
& functions 3% 5, functions (X7 0 — SNVEHIZT 72 AT 25 Z EIFFFS TR,
operations |37 02— SVE E W OO — B NVELRIZT 7B AT 5 ERFFINTY
5o REFATLIEBREOMEEMEHETIC ROV 2RBLTHZ LIIREETH D, 4l
I%£E1T operations i LT TEEREAY 7250t ) ORILEIT -7,

operations [ZLL T O L TREND,

operations Z BRIk D #iPHOFEE
X GIEOT ==> F{THROM
X == BECKIR
pre HFHISMF
post LRI
S TEZ HEHOIEE L ITKOZENRFE DO LN TV HFIH TH S, KOS HIT public
private protected & %, public|lZE D7 7 ATH ZDOHXESMH L TH LV, private [FFLE

5



SNTWDH I TALZDT 7 TAETOSZRLTH LW, protected (TREBE SN TN D27 T
ZDBBRLTH LV, FIEOR ==> EI7H O 1IN0 ERLZFE L TV D, pre FRIS
B FAT SN B BITENT LTS B2 WS CTH 5, post FHENE &1
BB AT SIS LT ISR B AR WSETh 5, e LT THEE] ActivateTask
2 r*ﬂ%ﬁ%é@fg%ﬂﬁj @ggﬁ%%ﬁgéo

operationspublic

ActivateT ask_Description(mk_-Task(< TaskIdentifies >, T _sbj, T _State))
== returnmk_Task(TaskIdentifies ,T_sbj, < Ready >)

prel’ _State = Suspended

postT _State = Ready

2 ActivateTask_Description ® VDMA4+®D B DBITH 5, public LY &=TD T T A)
HZ T 5 instance variables L IKV EZH 5 Z &L O TE LR Th b, ActivateTask_Description :
TaskID ==> TaskID £V Z O iF7T — % 8 TaskID 7> 5 TaskID Ol %k T CTH 5 %
NG, BIEARIRIL, instance variables & ¥ 53 DE D T_State DEL Sy & jReady; (24
LT, 20MEOu— I NVERZRTNTHL, ZORXDFTIND DI preT _State =
Suspended > £ V| 515D T_State 7% < Suspended > TH Y | postT_State =< Ready >
XV a—BVEHMN T State ¥ < Ready > DR TH 5,

AWFFETIE, 7 v — VA% instance vareables, Z iU 5 DA A K Y EH & M5,

VDM++®0DR1T

VDMA++%A 2 7 X TCEITTDHEET VT ARAZERT HAILERND DL, A X7
2D YT AR

cor A BTV B TRBSIND V7 T ADAR] :=newV DM ++DFak L7=7 7 & () (2.5)

Eb, AV EZ TV HZIZVDMA+D Y T AR EFRT Ha~v RThHDH,
WIS & FATT D56

print BAE L7227 T ZADAFL BB ATE Lz s T A FAT LIV (B1%)  (2.6)

725, print |\ IA U F TN ZICHERER RTHav L N ThH D,
2.11%. ActivateTask #FEIT L TCWAHITHD, £7

cra = newActivateT ask() (2.7)



ites - -1
ALY PalAA) SR =

""" 50

A B AamEaeD 2 L B e n

ashd.
escriptiont mk_Botivate Task’ Taskll { <Taskidentifies> <Suspended>) )
askidentifies>,

s 2
oty B

Ready

2.1: ActivateTask_Description 3217

FEITLTZ, ZNELVA U H T ZIZald ActivateTask D7 7 A THDFNTEFR ST,
RIZ

printa.ActivateTask_Description
(mk_ActivateTask ‘TaskI D(< TaskIdentifies , < Suspended >))

EFIT LI, ZHUT, A 27TV 2 TR, 77 R aDu— I NVEREEET S Activate-
Task _Description 7% ActivateTask |ZFEulk 4L TU N5 TaskID OREIERD S Eimk _TaskID(<

=

TaskIdentifies >, < Suspended >) TFEITINT-HEZ R LT WD, FITH
mk_ActivateTask‘TaskID(< Taskldentifies >, < Ready >) (2.8)

WA H TN HAFEREND,
AFFETIX 5 1ABTA 2T X AR LT SEVDMER] & [HE8V DMEIR ]
DIEAMEDOMER LA TR LT\ 5,

2.2 OSEK/VDX

[OSEK/VDXJ LIZRAY - 7T U ANREEHEFIEEZTI T Yrarybn—a=y
FCHWS EFUEREERE 2 AL LT u ey hTIRRENTEAL—va Vv AT
LOHEETH S, TOSEK/VDX] OERMEREDFEHL L U CIFER (¥ 2 7)) EHEEE, &
RRRE (T 7V r—va ), BIDALBERE, F5 (1~ b)) HilEERE, &l (Y Y —
) BE(TT7—L) 5 (RAvE=V) (T 2)V—FrRnbiFohd, b0
BEEEDOFEBUI Y — R a— M K DX A7 OREOBIETEEI LTV 5,

7



BB AT DIRBEONE % LI FITRT,

e Suspended IKHE
RunKBED X 2 7 & A7 73 OS (TR S LT RRIZ Z OARTEITER T 5,

e Ready fRHE
Susupended REE, RuniREED X A7 v Z DIRBEIZERE T 5, Ready IREED & A
TIIATF T a—FI2EDZFDOX R DEREFED VT 4 —F 2 — M5,
e Run JRfE
Ready IREED B Z DIRREICER T 5,
ZDOIRBED H A7 1L CPU TREELI L TWA, OSEK/VDX | X Zavar7o CPU
DXHREIZSTNDEIDRFEOZ A7 X1 21T TH D,
e Waiting IR HE
Run KB D Z OWREEISER T 5,

Run fRAE D Z OARBEIZIERE T 5, Z DKL ExtendedTask D AIEBRNFF I LT
Wb, ARV INDFA I T ETCPU ML TZOIRETHRIKEST 5, ZDAX
v NINFEITS LD & Ready IREEITER T 5,

F—E 2 a— LONKEITLL FIZRT,

e DeclaerTask(TaskIdentifer)
2 A7 % OS ‘—ntuﬂ%éﬂ‘éﬂ“—t Aa—)b,

e DeclaerResourece(Resourceldentifier)

ig;ﬂ/?:% OS \—mun&éﬁé‘ﬁ-‘_‘t A a—)b,

o ActivateTask(TaskID)

TaskID Z7%24 9 % Task % Suspended JRFED 5 Ready IRFEICER S5 —E X
a—)b, O =R =L XD Z AT PFATHEIKAEIZ 72 D, Ready IKAED

x&w&xﬁwﬁ%ﬁﬁ®V?4—%;~K%%mév?4—%;~m%%§ﬁm

HATNPNLT 4 REISER LTEE TIHEA TV D

e Scheduer()

AR DEFERLLT 4 —F2a—0OFREID CPUICHIV Y TEHX A7 Z&IRT 5
Y—tvAa—/b, CPU TRE SN TS RunREED ¥ 27 DEFE L Kb w4
AT PN SN TWND LT 4 F 2 —OEFEENE SN D, Run IREEOEIEEDN S
WRI U725 ZF D F F RuniREED X 2 7 ) CPU TRLEE X5, Ready IRFED X 2

8



7 OBESCEE D BT UE Run JREED X X 7 1 Ready IRBEIZERE T 5, £ L CRunik
RO AT DBERED LT 4 —F2—IZB BT D, BIRSNTZLVLT 4 —F2—0Dk
HiTWZ 27 73 Run JREEISER LT CPU TALEE SIS, .

e TermineteTask()

Run IKEED # A 7 % Suspended JREIZER I HE L —ERAa3—)L, ZOHF—EX
=)L LD Z AT D CPUMNBIRMEND, Run tRRED X A 7 ZfRHcT 5 BRIZIX
WoF 2 DY — R 2 —/ L) ChainTask(TaskID) Z 38R L7217 7T 72 57200,

e ChainTask(TaskID)

TaskID (Z3% %49 5 ¥ A7 % Ready IREEITES SE LV —ERAa—/L, h—ERa—
)b ActivateTask & 5720 %240 % 27 78 Run IREEDEE T § Ready (RAEICER T
%o RunREED Z 2 7 Z il 2 BRI Z O % — B A =2 —)L7)> TerminateTask()
ZEIR L 22T T 7wy,

e GetResourece(ResID)
ResID (3% 9 2 &5 4 Run iRED ¥ 2 7 3T 29— 23—, EHEICH
BRENDHY, BIRZEG LI A7 ITEREFE CEBEE LD, FTEROE:
FE LD EIREMEN S X7 OFIROMESITELE SN TWD, HREICETRITRE I
LIFO O & 5 IZH45 « MRl L 72 T b v Bk 5T %,

o ReleaseResourece(ResID)

ResID (23249 D &R & X A7 INSIRET 2 &L Z A7 /82 LIFO 'OfRICE L X
NThH, EREICERILEEIC LIFO © X 5 I2EAS - @it L2 iz 570 Lk
HHILTWD,

'OSEK/VDX] (Z7 7V 7r—3 3  ORERIR 21T 9 2 DM F 75T % OIL(OSEK
Implementation Language) 23% %5, OIL TRtk L7 T 7V o —va VRET 7 A V&Y
AT AT 2R —ZIZBT EPAILCERBDO Y —AT7 7 A NVE M NT %5, OSEKIZCE
FERLRLIANRD TV Wb TR R WD T SFED Y — A7 7 A VAT 5V 2T 4
VR —ERHoTH L, TOOILICEVERA RFEEMELND, - TER S
Tkk % 72 OSEK/VDX D527 OSEK AAARIZHEIL L TW 2 MR+ 2 2 D HIENRKRD 5
nTnab,

2.3 OSEK/VDX 1#Z
OSEK/VDX OALAREIZLL FOH A F TAFHHETH S, [4]

Istack



4.2.2 Basic tasks
The state model of basic tasks is nearly identical to the extended tasks state model. The only

@ ﬁ 1)) g gfh ) exception is that basic tasks do not have a waiting state.
> running In the rimning state, the CPU is assigned to the task, so that its instructions
ﬁ@ can be executed. Only one task can be in this state at any pointin time,
while all the other states can be adopted mmEtmmsi}: by several tasks.
ready All functional prerequisites for a transition into the running state exist, and

the task only waits for allocation of the processor. The scheduler decides
which ready task is executed next.

suspended In the suspended state the task is passive and can be activated

f’ \

Figwe4-3  Basic task state model

: Transition |[Former | New Description
&ﬁg m &é g &r\ 2 state state
1)) @J i1} activate suspended | ready’ A new task is set into the ready state by a system

service. The OSEK operating system ensures that the
execution of the task will start with the first

instruction.
start ready running | A ready task selected by the scheduler is executed.
preempt  |running | ready The scheduler decides to start another task. The
running task is put into the ready state.

terminate | numing | suspended | The running task causes its transition into the
suspended state by a system service.

Figwe d-4  States and status transitions for basic tasks

2.2: fIAkE D BasicTask D&

http:/ /portal.osekvdx.org/index.php?option=com _frontpage& Itemid=1

OSEK/VDX (34 P86 ~X— T 142 = THE S T\ %,
OSEK/VDX O EkRE DREIRNAE 2 LA TSR T,

1. OSEK/VDX |[ZHRE DR 5 B\ & & 2RI DV TR, [ 04 i 2350
WENTWND

2. FIEDOEEZFEIT HV AT L a— )LD - 514« IKVE « VAT La—/LZD
WTCTOHH « =7 =l oWV TR En T 5

X 221X 1 2BIZEY T 5 Th D, X TiL BasicTask @ runing X° ready 72 & O[EH
DAMHOFAITARSE T I TS

10



13.2.3 System services

13.2.3.1 ActivateTask
StatusType ActivateTask ( TaskType <TaskiD> )

» Parameter (In):

TaskiD Task reference

BYE — > Parameter (Qut:  none
Description: The task <TaskiD> is transferred from the suspended state into
7 the ready state®. The operating system ensures that the task

code is being executed from the first statement.
Particularities: The service may be called from interrupt level and from task:
V4 level (see Figure 12-1).

YAFATO=ILIC2VWT DA Rescheduling after the call to ActivateTask depends on the
place it is called from (ISR, non preemptable task, preemptable

task).

If E_OS_LIMIT is returned the activation is ignored.

When an extended task is transferred from suspended state
into ready state all its events are cleared.

IS5— ——> Status:
Standard: e No error, E_OK
« Too many task activations of <TaskiD>, E_OS_LIMIT
Extended: e Task <TaskiD> isinvalid, E_OS_ID
Conformance:- BCC1, BCC2, ECC1, ECC2

2.3 fHEEED 2 2HITY 7= 5 ActivateTask D=

11




Z @ BasicTask OF|IEA OFHBHCER T 514 X2 M2 X X7 REBOBEND ARSE
R EHWTREIR L TW5D,

X 2.3 13IAEED 2 DHIZEEY T 250 Th D,

%] 2.3 @ ActivateTask D E [TV — B & 32— )L OB A B L TE 2R HERE DR SCR08 | 505K
DECT 7 — DA ARSI Tt LTV D, Ll Z OS5 721) Tl ActivateTask
DETIZHOWTHEfET 5 Z L IXN#ECH 5, Taskldentifer <° ISR 72 & D [EAH D4 Fridfh,
DEDOFLIRZEZSR LTI TE 206 THh S,

2.3.1 OSEK/VDX Qt#:ZEIZB9 % ErE R DHI
1.2.2 EOME A% OSEK/VDX OfERREA M H L THlZ2 H 1T <,

BERAE IS

BasicTask D & Taskpriority OB ARG EERFICEBRL L TWHEZHITH, ¥ A7
—ZRNZFER LTHB LT L, HAkED BasicTask OB & WA EEEEICER T 5,

Basu:Task DIEIZ AT DIRFEOBANLEEIBR LTS, (o THX AT OF —ZATH R
7 OARRETE T DI A FF>, £ LTI OT7 — & BZFRITEEIC L » THEARE ORI b2 5
R ZAT 9 WITHRGEAARE 2 Taskpriority O F O A4 1B17 %, Taskpriority D&F|LZ A
7 OESEE OB HEER LT 5, fit> T Taskpriority DFIZIX X A7 DT — X R E
AR -2 T 7 B2 & 2355, Taskpriority DEDIERIZE Y X A7 OF —
ZIUINAE I - 72 DT BasicTask OEZEAAL LI2EH 0 %2 RE S 2T 7 570,

F AR EONE 4R U CHRGEERRE 2 ER T 256 T 6 OSEK/VDX OffAR#EIX
R2EBELHLOTETEIERE LN OERT 2DIIRETH 2,

Z ORI OSEK/VDX OHAREIZIB W T, 2 L TV D kA 72810 B OfF B —
BRI R OB AL & kA R BLR A A6 o TREEIREF 2 /B L TV < DX CH
DENGT NI,

12



F3E BAIHRBEOESAX

3.1 [FHAEWZSEIIHT SBRAE
2.3.1 BRI AR FIEIZLL T ORRIZIR_RE T 5,

o fIREZT T LITHEIL T~ IZEAYL

HAREEIT 1 DOFT — F B Ak 2 ZAE D HEL LTV D, I EEZZE T L I20E L TR
A ZATH FE T, MEFICESEEZ T2 Z ERnHES,

0B s L L AEREET, AEEL 131 TR T 5133 T
»H5D,

HAREL 151 TR ENTWD Z & 2979 BT T OMRBVLETH 5,

o HARE LIAUL ST ALRRE D BEIFR
o fEARFED—HM

3.2 fHELBA LS -EHRIEDER

EARE LAY SNTARRF L L T THIS LTV DI T TH D, AWETITARRED
EDGy 2 T EALZAT S T2 R T 2R IGBIR R 2 BT 2. SHGBIRRIIIE YL 21T -
TeeDHRREFE O E LA SN CENTR SN TE Y . IS8 &N DRIz 72> T
AT I, ISR ERIZLLT ORORRIZFER T 5,

SHGBRR MRS 2 Z LIS &V, fARED EOES B LENTGD D,

3.3 HED—EMH

HEARED 16 1 TIRAYL SN D TH 572 IR S HRRFEIL T — 2 i 2 bk 4
RAE N HFER L7 b DIZ2 5T D, - T, BRI SN kE N O T — X g%
T DENRETH D, DT —FIHEEZM > TIRD B Z R o T AREE LT 2350
ﬁﬂ%éo

b LIRD B & BF o TR E DR R 2N D TH 5 72 HITLL T OAIREME D 6 %,
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X 3.1: $FERTFIEORRKK
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o TEXILONAELME > TWD

1% 1 OFEAYEAHEE TW WG S| AAREOHRBRE L THW L HREERSH L5, £ D
B ROBEOICEWA D22 OERPIENZ, RO ZF - T ARREICERTE 20,

£, BAIE LIEAADBHES> TO D HE bR TR D B ZRF- 7o fARESHBR T L
ib‘o

3.4 REFEOEARE

FRIRTTIEDN DIRBEFIEORIKX 2K 3.1 2777,
EARE O AL L HERRTIEIZLL T ORRIZITOI D

1. JHSNZV DMERR O ERL,
2. ®HSBEAMRZER DIERK
3. AV DMEROIER:

4. —BMHOMER

3.4.1 IV DMERDIERK
ATV DMLt DYERRD BIIZLL T CTH 5,
o HEEED N¥ o A FoRSL
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AT TlX, (HEEEZE D LI E1T O FHTHINT D,

RO FNEITLL T D X 51247 9,

1. BZLICXY)A
2. HEFR
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3. BIEDERR

ECLIZRYB

HERFORRFE EOSRE ) < #IZHREFEOFLR 2 0EI+ 2, nElT 5%44L LTUT
DEITHER LT,

o FLRDBEPTRYI S 720

fEREOTRZmFP TR > T LE 9 EEAYLTH RV,
AL T, EEEORRZRF CRYUI LW T FE LTED SICXKE > TEA L%
1T-7,

BE®

OB 2T 2 L I3 ER L LT ude 520, BUEFRIL, AEE0R
WIS EEOFRFH 2 RET D, BRIz tEEOF IR U ERE A
Treih 42 Z Lidske vy, MEEEOZEOFRIZ, 1 >OMEELZ R UL Btk LT
%o W T, BMILOEAULEITHBRIL, R CREREZFEAT D AHEEN @V, N EfiF
RT D%, AETIIES LIRS ORERICBWTCIIEAE L TERT D L
T 5,

BRIEDESR

RO 3 L I HEREE ORI & KL O AR 272 55 T 5, VDM CTHALRE O
k21T 5 %, ARSI CEAI I % BRI 2 L ORI 21T 9,

3.4.2 WIGBEERE

HREED EDOWH 2T AL LT DR LD B WA, SHSBREEZERT 5, *HaBEf%
FIZLL T ORI TW5D,

o JERYL T DAARE ORLR
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B EEActivatetTask DHHRE
Description: The task <TaskID> is transferred
from the suspended state into the ready state'?,
The operating system ensures that the task
code is being executed from the first statement.

types types
public public
State =|<Ready> Task =D : <TaskID>
|<Suspended> T_State : State;
cﬁuvomﬁaiﬁ

%] 3.2: [SZVDMER | OB E&HROLEH

fHRE - B aEACctivateTask

Description: The task <TaskiD> is transferred
from the suspended state into the ready state®?.
The operating system ensures that the task
code is being executed from the first statement.

operations public ’

ActivateTask_Description: Task e Task

ActivateTask_Description{mk_Task { <Taskldentifies>T_sbj,T_State)) ==
return mk_Task (<Taskldentifies>T_sbj,<Ready>)

pre T_State <Suspended>

post T_State <Ready>

IR 37 VDMED R - B8 EEActivateTask

% 3.3: A7V DMELR : #RE D TERAL
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o JEAUL L7oALERF ORR
o YL L

AWFIE TIZLLT ORRIC/ERL L7,

3.4.3 #4&VDMIEBRDIERK

A VDMGLROIER D YL, —BMEZ BT 2 BB 5,

MNEV DMtk TERL LRI RIERN 22 i, 2 20 IR2 | 2ROk &
NT-HARENER TE 5,

HE VDMLR OERRIZLL FOFIAECTIER S D,

75315?%% ER U7 —2RTH B0, MLV DMtk TENENtiR Sz 7 — &

%$®W@iﬁﬁofwéo;Mi\Ef&ﬂ&ﬁbf%é%ﬂ@%ﬁﬁﬁ&ofﬁ
H7 T 5D,

—oDfl & LT Task 222 5, ActivateTask D F D Task D7 — % {3 State &
TaskID D1 #H A3 5, Taskpriority DF D Task D7 — & M |X State & priority DIFH A
HD,

INBF Task OF =2 THLINENENR R ST fFREFF> TN D, TD2ODFE
A LT B D Task OF#HIE State & TaskID & priority T 5,

A TILZ ORI T — 2B Zf A L THE V DMELIR OIERRIZ S B 72 2 ER T %,

3.4.5 FHASDOLEH

A LIRS EEZERT 5, ZHUTIRD BV AIEDBS, BE L= DT — # 7 -3
FLTBLIMLERNLLINS TH D,
AFZETIIMN S BB ENED B, TOES Z AW TERAEER LT,
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types public
State = <Running>
| <Ready>
| <Suspended>;

7 #E u.:ﬁﬁg

types public types public
State = <Ready> State = <Running>
|<Suspended>; |<Suspended>;
ActivateTaskD BIEEH TerminateTask DX EH

X 3.4: A VDMEIR] 2B 2AERDOK

o>

types public
the_ready_queue_of_its_priority ::  priority :nat
ready_queue
instancevariables

:seq of Task;

public [RequestQueuedSet]: set of the_ready_queue_of_its_priority:={};

X 3.5: [HAVDMEIR] 128 2HER S EEOH
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3.4.6 I VDMERDIFEHRMN SHEV DMEEBRDIER

FRSTV D MGk O1F 85 5 AV DMtk 2 {Ek 7 5,

A VDML I L SNTZR AT\ TRRR STV D,

L L., #A VDM 2 E 5 12130057 V DML OB 2 a8 b TER T 5,
FNEV DMEEIR OFEF #HITZ I Z TR & I 2Rl S 40T 2 ATV D MLk [A] = O BSE 3 7
P IT <Y,

ZDLHWODEENEIER LS50,

AT TITIANLV DMELIRIZ LR S V3R - FE S 2 VT NV D MGLik o B4
AT 5,

BIIENENH HDEEICER LTRSS TWD, MLV DMl iZ BRI STk
D, BEOERIZER - FREED G ENDIZ VD D,

FRIGRMHX, BAEOERDPITONAANIKNL L TOWRITIUIR L RWEGETH D, FE
FE. BIEOERPITOIERRITENL L TR TR S WERIETH 5,

Nk, FIUER - BRSSP EENTWEEIT, HABREOEFREL B OBLEI S
WREINTWDATEEMED =,

OSEK/VDX |34 A7 OIRREDHIFIN NG, AWFIETIE S A7 12T 5 FAT - FhE
& RKICBIEDERE 7 V—T 03T %17 9,

3.4.7 —EMOER

MSZV DMECIE &GV DMGER 2 W T — B DR 217 5,
—HMEL R, HERE & ORGSR UE LT AR E ) b R DR 2 %

WHMERR TE D HTH 5,
ARFZE TIIINLV DMELR S — B2 Fi o TV D FH AR 5 4I12HE6 V DMt 2 7
kL7,

L L., #HAVDMEIRAMN. VDML OFMED EFHEZ G A TWDHELZHR LT
72 5720

VDMA++HFEMEDEFE A X 7V TEITTDHZ LMNA[EETH D,

FNLV DML & AV DMGEIROZENZNBIEORGERER S 5 35, b 05|
& O TOMNEV DMREIR E A VDMt &2 1 % 7 X CTEITT5H, £ O YE
ORISR B 5 O THIUTHA V DMGER IFMNL V DMERIR OBEDEFR 2 5 ATV
LENHERTE D,

19



%4% OSEK/VDXOR®It

ABFFETIE, REFIEZ OSEK/VDX T Lz, AWFETHRIZAYLZ1T > 72 D13
TTHD,

o ActivateTask

e ChainTask

e DeclearTask

e GetResource

e Scheduler

e Taskpriority

e OsekPriorityCeillingProtocol
e RereaceResource

e TerminateTask

e BasicTask

o ExtendedTask

e Legitimacy of calls

e Activate a Task

e Task Swiching Mechanism

e Full preemptive Scheduling
e Mixed preemptive scheduling
e Non preemptive Scheduling

e Termination of Tasks
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e InternalResourece

e Structur of the description !

4.1 ActivateTask Dfizz=X 1t

ActivateTask D FE OV DM OIVERR 217 - 7~
FORAAEEIITILL T OGN H 5

Syntax: StatusType ActivateTask ( TaskType <TaskID> )
Parameter (In):

TaskID Task reference

Parameter (Qut): none

X ActivateTask OESC « 513« IRV EIZOWTRIB SN TV 5,

WX ActivateTask(TaskTypeTaskID ) T 5, BIEITH A7 %58 25 TaskID 73
Ao Ty, Y EIX LIRS 20,

ZOERYEICHONTIIHEIL LI E RV EICAEH L TIT->72, 51303 TaskID TH %,
Z @ TaskID (TAARF T EAELN 227 — 2B TFR R STy, 20846, VDM++T
BB A FWTERT,

WIE D E%EZ 2%, I’V fElXnone 72D T, IV ENEENEFE2RI LT,

IHEY ZOEMSITHIET MLV DMELRIZLL T DO X 512725,

operations public
Activate_Task: TaskID ==>()
Activate_Task(TaskID) == return ;

RIZ ActivateTask @ Description (Z2OW T DR TH 5,

Description: The task <TaskID> is transferred from the suspended state

into the ready statel4.

DOFLIR X TaskID @ # A 7 75 Suspended KAED & Ready IREEICIERL T 5 Z & AFLib
o i’L“C W5,
ZHEZ A7 W3 TaskID O1E#H & Suspended fR1E & Ready IRAED IEH 2 FF->F A3 55 >
Do - THRERITUT DS DA LT,

VEEEOMER D2 1 58 LERAL L TunZan
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types public
Task ::ID : <TaskID>
T_State : State;

types public
State = <Ready>
| <Suspended>;

Task (£ ID & State DREFR ZFF>, ID 1E TaskID OFETH Y, Z L TaskID O 5| A
ZHAWTHE L1z, State X Ready tRHEE & Susupeded JREEAZ K> Z L35, Ready IKEE
I% Ready Suspended IRFEIX Suspended 123tz L CENENRER L IRE LT,

DE|ZH A7 ) Suspended KRB 5 Ready IRAEIZ 72 DEAEDEFRITLL T O X 9 IZFLak
L7z,

operations public

ActivateTask_Description: Task ==>Task
ActivateTask_Description( mk_Task ( <TaskID>,T_State) ) ==
return mk_Task (<TaskID>,<Ready>)

pre T_State = <Suspended>

post T_State = <Ready>

Z 2 27 @ Description (% Task DHEERD 5147 & Task OREERD T _State % Ready KHE
ZRT AR L7z, 70, Z OO FERISM & L THIE D T State 75 Suspended
L. FREMOEYED T _State 2% Ready ToHH E WO #EFTIR L=, &I

If E_OS_LIMIT is returned the activation is ignored.

Z3UiX ActivateTask 23 TSN TH X A7 BNEHE) L 72 - 7284 E_OS_LIMIT % ik
ZENFHIREI TV,

types public
TaskState = <ignore_activation>

operations public
ActivateTask_Particularites2: TaskState ==>Status
ActivateTask_Particularites2(TaskState) == return <E_0S_LIMIT>

ignore actiovation @ EARBYZ2AREENEHR AL DB TR TE RV, £ D%, ignore acti-
vation Z 5| A & LT~ 7,

Z AU Task DEEN CTX 22007256, ELOS_LIMIT %33 & 9 il & BIE R fE
DEFEELTWD, RIZUTORRDRH 5,
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When an extended task is transferred from suspended state

into ready state all its events are cleared

Z 1L ExtendedTask ™35#A Suspneded {RHE)> & Ready IREEIZER T 555614 X M &
ETHETIEWVIFEBRTH D,
ZOFRAIBIZOWTIZLAL T O X 9 125k Lz,

types public
ExtendedTask = StatexEvent_Set

types public
Event = <event>

types public
Event_Set = set of Event

operations public
ActivateTask_Particularites3:ExtendedTask ==>ExtendedTask
ActivateTask_Particularites3( mk_(State, Event_Set)) ==
return mk_( State, {})

pre Stete = <Suspended>
post State = <Ready>

ExtendedTask |Z State & Event Z£F2Z & MEEEE X VU iR T& 5, > T Extended-
Task OF7 —# BT State DA & EventSet % EF L7=, EventSet (% Event DB DOESL TH
5o Event 13 1 D72 DONEH Iz DN ING oD THESTE L, 2L v EHED
BAETHRELTE S,

Event @ BARF) 72 BIHFE SN TV WA A CHREL L 7=,

BED E £ IT ExtendedTask @ Event_Set Z#ZEHEAGIZ L TEAZIRT FICL > TERIL
oo ET-H0E LT, FATSMIL State 25 Suspneded & L., FHH S State 13 Ready
ZOFHZ IRV BERIL LTc, RICEL T OEREEOFLR 13 H 5,

Status:

Standard: 7 No error, E_OK

? Too many task activations of <TaskID>, E_OS_LIMIT
Extended: 7 Task <TaskID> is invalid, E_0S_ID

ZHEZ T —IZOWVWTORBENZ2INTWD, =7 —NEFL E.OK, EE§ 5%
AT DENZ D THIUXEOS.LIMIT, # A7 ®ID BNIELL UL E.OSID %
T EWIFLIRDR B D,

ZORBITLL T O L Y IR b EIT o 72,
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types public
Status = <E_0K>
|<E_OS_LIMIT>
|<E_0S_ID>

types public

Status_Case = <NoError>

| <ManyActivations0fTaskID>
| <TaskIDIsInvalid>

operations public

ActivateTask_Status: Status_Case ==>Status
ActivateTask_Status(Status_Case) == cases Status_Case:
<NoError>->return <E_0K>,
<ManyActivationsOfTaskID>->return <E_0S_LIMIT>,
<TaskIDIsInvalid>->return <E_0S_ID>

end

£9 Status DT —FANIT T —Z R L TWD, ZHIZEERRENIRERTHRNO
T, sl HEZH W%

WIZE T T —E Z HIRHEA Status_Case THEFK LT, =T —E Z B REED BARH
IR EZ TR T HIIRNHETH D, o TREZSI A ZH W TER LT,
NI, =7 —DEZDREBLEZT—DEPRESTZOT, =7 —) X HIREITKT
ST =T —HIRTEB AR EOER L L TIRE LT,

4.2 DeclearTask Oz 1t

DeclearTask DED AL Z1T > 72, DeclearTask ®H— B A 22— /L 2DV T DFLIR
T 5, DeclareTask (%, Constructional elements (3% 43 50 CTH D, ZiLidslk
DFH% L IR AEIFIRL STV, Zuid Constructional elements 23FFUN S 415
L VAT ANTEWRPIIND S, ZOMbos o FRITFEICIELWE OSHITHIBr S D 2,
T T —RIRVEITHE SN TV,

HEREIZIZLL T OB & 5,

Syntax: DeclareTask ( <TaskIdentifier> )
Parameter (In):
TaskIdentifier Task identifier (C-identifier)

Z Z DeclareTask O & Bl Elc W TR ST b
ZOFRITLL T XL oI b EIT o 7,
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types public
TaskIdentifier = <C_identifier>

operations public
DeclareTask: TaskIdentifier ==>()

DeclareTask(TaskIdentifier) == return undefined ;

TaskIdentifier |3 C SFEDERRER VDR IND Z NGl SN TW5D, LrL CERED
B2 EFR 2 MBI R T 2 L IXNEETd 5, Taskldentifier OREFITISIHE Z & H U
THRELT,

DeclareTask O & 5 EUZ DWW TERILE T o T2,

TaskIDentifier %z 5142 DeclareTask @B Rk L7z, (LERE TITR D fEIZ SV TIE
RS LTV, £ 2 TVDM Tk, EREOREFR TH 5#5712% L T undefined 73
HAEEINTWD, ZiEHWT DeclareTask D {ED EF & 1B L 7=,

Description: DeclareTask serves as an external declaration of a task.
The function and use of this service are similar to that

of the external declaration of variables.

DeclaerTask (% Task % OS Tl S EH2—ERXa— L THAHZ ERGERI N TV 5D,
TERALIZLL T O L 5 12T 72,

types public

TaskIDset : set of TaskIdentifier ;

operations public
DeclareTask_Discription: TaskIdentifier ==>TaskIDset

DeclareTask_Discription(TaskIdentifier)

return TaskIDset union {TaskIdentifier}

OS 7 Taskldentifier % 325k 9~ %12 TaskIDset & 9 Taskldentifier DS DT — # 7l
% €7 L7z, TaskIDset DEEIZ A - TV 5 Taskldentifier |3 OS TR SN TWD &)
BRAZF > T 5,

WICHERED E % O C TaskIDset (& Taskldentifier 1z 2 B% & €& L=, Tk
¥ DeclareTask 7% TaskIdentifier # OS IZFBFk S EH YV —E A a— L THDLZ L 2K LT,

4.3 TerminateTask D1t

TerminateTask DE DAL 21T ->7-, TerminateTask D 2T L — L2 DWW CEtaR
INTWA,
HEAREIZIZLL T O N H 5,
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Syntax: StatusType TerminateTask ( void )
Parameter (In): none
Parameter (Out): none

TerminateTask OEL & 515 < I W EIZ DWW TFEEIR STV 5, TerminateTask D524 «
K OAEIL & Iz,
LLF ORIz b 21772,

operations public
Terminate_Task: () ==>()

Terminate_Task() == return
Sl LD TS, L BT void TH L7z, WRIZUL T OGNS D,

escription: This service causes the termination of the calling task.
The calling task is transferred from the running state

into the suspended statelb.

TerminateTask OIEEEDFHIZ DWW TELIR STV 5, TerminateTask (4 A 7 % Running
fR7ED D Suspended IKABICIER S 5 FNFLb STV 5D,
DRI LTI T ORRICEAYb 21T o 72

types public

Task :: T_State : State;
types public

State = <Running>

| <Suspended>;

operations public

TerminateTask_Description: Task ==>Task
TerminateTask_Description( mk_Task (T_State)) ==
return mk_Task (<Suspended>)

pre T_State = <Running>
post T_State

<Suspended>

State 1% Task ™IRHEZF LTI Y, Running IRHE & Suspended REZFF>Z & 035570
%, Task Id State ZFf>Z &, it~ T Task & State DR EFRITZ DIRICER LT

TerminateTask OFEHIFHAEOER L W E LT,

TerminateTask DEEE L D # A 7 in6 2 A7 @ State % Suspended IRHEIZ L TR T BI%KL
HE LT,
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72, K& LT Task @ State IFFA15/4F 1% Running K&, F5FIE Suspneded 1k
RThDHEEEFRLE,
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E5E =HER:#HE VDMl

FERRIIRETVE TR LI FIA% OSEK/VDX &2 W CERET-72, AEOERIbIT#
A7 VBT DRENZET HITER L TEREDIRD BN E1ERT 5,

5.1 =& : #E& VDM G ERFIR

5.1.1 [HRIv DM THEAIELTWEULWRERKIE

(A VDM 28R | {ERR D ERPEIIR D [SZ VDM 2R | #5MB L7en L - e %
179, £, M2 VDM itk | OfFMAE TERIE T otz & 2 AR+ 2, =
DOFEAALIE THNZVDMEEa ] &R U HETIT O,

51.2 Bo#HE

ZEI S VDM i) KV RZHAET 5, DSV DMGiR ] TER LR LT —
2 HRLUTEBOEHREMAGDED, ZNEFETORIZBWWTITY, FUAEOERZE
OHRIFFEI LT —FZRLTWLENRLZY, [FLHIZER LTHRAZIT I & AL —XE
AL, AT —2 %2R L TODIROBREHAET HET. R UEEDOHZ—D|Z
FLb, ZOMOHEEICLY, TIERAE ] IZHE 7 instance variables & {E % 2 D7
DIEHREFEIT HFENAMREIC /2 D, X 5.1 IXFEFRC THNZV DMEER | @ ActiveTask &
TerminateTask DM EF ZHE LI-BIDOK TH 5, ActivateTask D State DREFR L <
Ready > & < Suspended > CT& 5, TerminateTask @ State DR EFEIL < Suspended >
& < Ready > CTh D, ZD State X & HIZHX AT ODREIZB T LT —XOREREFRL
TWa, L, 2 28ERIL < Suspended > E WO RICHNEET D, 2O X978
El3 120D < Suspended > &= — DI L THREIND,

5.1.3 #EaLI=ENMSEHDIER

A VDML ] TERKRT S HRAEV) X RS2V DMECR ] Titalk L7z THERERY
7ot MOIERRREND, HEAEV] 2RI DT T 0T T ASTEOEBIZ YT
TNV TH D, VDM++TIE 7 0 7 7 LAOEEICFYS 35 instance variables % i 7
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types public
State - <Running>
|<Ready>
| <Suspended>;
,,,,,,,,,, 7 HELEEER
types public types public
State = <Ready> State = <Running>
|<Suspended>; |<Suspended>;
ActivateTaskDEIEE TerminateTask D! FE &K

X 5.1: HAVDMER] B2 ERZOKE

%, instance variable 3O 2 % L2 UT 72 5720, ASNE THERERY 725t ) H»
b HRAEN ) Z2ED kL LT TBEREM LR ] OIRVEXS RS FR) 2 EBT 5
JFETER LTz, - Tinctance variavle (% 82V DML | TER =T — X B4R
T DDONLEE LV, THERERIZRELIR ) ZREFI % instance variables 13 M52 VDM Gk |

THRE LT —2HMOEASTHER LD EHi~ TR LT,
X 521, LT 4 F2—IZBITAREBRN O EBIEHT A5 TH 5,

HITEZ the_ready_queue_of its_priority ITME LI VT 4 —F 2 —DORITH D, AR
DEBERERLT 4 —F 2—DHEA% [RequestQueuedSet] & ZH A4 L=, 4HOD
5l [RequestQueuedSet] 13X EFE tthe_ready_queue_of _its_priority DEE N T, £4H5

ITZBEALTHEDZ 2R LTV 5,

types public
the_ready_queue_of_its_priority ::  priority :nat
ready_queue :seq of Task;

instance variables
public [RequestQueuedSet]: set of the_ready_queue_of_its_priority:={};

X 5.2: [HAVDMEIR] (2B 2HER B EEOH



A28 TYRTCEIMESZ TR

;EVDM
(RY{E)

EVDM
GRY{E)

A B TR TCEIRESZTELT

¥ 5.3: PMSZVDMELR] & TG VDML oA

5.1.4 J3ZI VDM ith &SV DMERD—EH

A VDML ZER T2 Z &1 [ZMSEV DMELIR D — BYEOfER AT 72, L
ﬁb\@4VDMﬁikﬁéVDMﬁ¢® BMEEZRIIOR L CWRWREESRH 5,
Z DO S ZfRDT 5 B3 REDE D FE O OFA V DMER 23 Z V D Mtk 4 i 72
L CWDDHER LR X7 572\, % ZTVDMtool DA > % 7V X2 X 5 FEATHERE
FIH L CHERRT %, K530 ERT, M2V DMEROBIED ERITE 5% 715
IRV EZ IR T, MNEV DMELIR D 51 DA V DMELIR OHEAED 515 0D i BFR 4 [ 1
DA LT 5, MEVDMELROIK Y ED, #HEV DMEELIRO instance variables O & xf
JGREtRE XD B &35, MLV DM & AV DMGEROxHSRERE KT O C &
%o b L. AWV OB A AE V DML & N2 V DMt o VDM Ef T8O A
B2 R TCEITTAH, ZOEBRERY SOV EDO THIVULC B NEOFE RS2 H—
OOFHETHDHENZD,

¥£37 VDM itk : ActivateTask E#A V DMEEik: Activate_Task Dl

FEERZ THEAEV DMtk | ActivateTask 23 [NV DMGCiR | @ ActivateTaskDisctrip-
tion O MERERYRLIE ) O—EMZFICE X D,

518D %I B R

X 5.41F, ENENOTLRD X X7 ODTH D, SIEOXIEERES 2 258518
W% B2 O LTV, [HEVDMEER ] 1% ActivateTask(ID) TID 235 8TH 5,
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BiIvom #EvOM

types public
types public Task @D nat
Task D <Taskldentifies> Tshj Task_Subject
T_State :State; X} s T_State : State

<i:::i;> T_priroity : nat
T_res :Resource

T_ContextState: ContextState;

X 5.4: [JESZVDMGEIR] Z A7 0L A& VDML, o 27 Rl

ActivateTask D5 ID ICFZ4S T 5 X A7 IZOWTHIEZIT O DT, ZDIDICEYST 5
2 A7) SV DMERIR | O A7 L[ CTHIUXSIEOXSERN &b,

IDIZEYTDHHXATIZONTHEZDH, TSV DMEEE] @ ActivateTask T ID (220>
TEMARMITHN G TWRWEOE IR TH D < Taskldentifer > ZEMH L7z, Lol
[#AVDMGR) Tk MRSV 2RITEDH LIS b nat BUICER LT, =
DFELXY, ID =< Taskldentifies > & ID = nat |[IXIGBEBRTHDL Z ENB 2 HND,

Z A7 OIREEE TR State (ZFA CER TRERSNTNDLDTEDEETEZ D,

U bofly MISEVDMRE®ER] & [HEVDMEER] X A7 L) DT ID =<
TaskIdentifies > & ID = nat Bxf)IGBEEH HHF L & T _State = T _State ThH 572 51X
e VDMt & MSEVDMEER ] o 27 LxtiniRnid 5 &35,

[FEAV DML | OBIMIZ S T pritoriy 72 E & 525 SN2V DML | OBITILE
EINTWRVWOTENENLLTH, ETORLERUH A7 TH DRI T % B
ERBHHHE AT LT 5,

ZoZEnb, MMSIVDMRER] & THAEVDMRLE | OBRERZ2515 %25 2 T <,

AEld TSIV DMGELR | D510 mk_Task(< TaskIdentifer >, < Suspended >) T
H D,

KIZ TEa VDMELIR ] DF 227 mk_impvdm‘Task(1, < BasicTask >, < Suspended >
,2,[], < Oteher >) ZHET %,

IDIZHT=D501E1 THY < Taskldentifer > EXFILEMRRH D & T 5, KiEZRT
fEIX < Suspended > ThH 5, M VDMitiR] THE LS ERIC X A7 OIRETH
D, - TZD A VDM ) OF A7 % SEV DML ) 051 EFR L TH D &
WD ZEDIND,

[FtA VDML | @ ActiveteTask O513E THAEVDMGLik | THELEZ A7 %
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class ActivateTask

types public
TaskID ::ID : <TaskIdentifies>
T_State : State;

types public
State = <Ready>
| <Suspended>;

types public
Event = <event>

types public
Event_Set = set of Event

operations public
Activate_Task: TaskID ==>()
Activate_Task(TaskID) == return ;

/*Syntax: StatusType ActivateTask ( TaskType <TaskID> )
Parameter (In):
TaskID Task reference

Parameter (Out): nonex/

operations public
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Syntax: StatusType ActivateTask ( TaskType <TaskID> )
Parameter (In):TaskID Task reference
Parameter (Out): none

operations public
Activate_Task: TaskID ==> ()
Activate_Task(TaskID) == return

Description: The task <TaskID> is transferred

from the suspended state into the ready statel4.
The operating system ensures that the task code is b
eing executed from the first statement.

»

»

operations public

ActivateTask_Description:

TaskID ==> TaskID

ActivateTask_Description

( mk_TaskID ( <TasklIdentifies>T_sbjT_State) ) ==
return mk.TaskID (<TaskIdentifies>,T_sbj,<Ready>)
pre T_State = <Suspended>

post T_State = <Ready>

If ELOS_LIMIT is returned the activation is ignored.

operations public
ActivateTask_Particularites2: Status =
ActivateTask_Particularites2(Status) ==
if(Status = <E_OS_LIMIT>)

then

return <ignore_activation>

>0

‘When an extended task is transferred from suspended
state into ready state all its events are cleared

operations public

ActivateTask_Particularites3:

TaskID*Event_Set ==> Event_Set
ActivateTask_Particularites3

( mk-TaskID ( <TaskIdentifies>T._sbjT_-State) Event_Set) ==
if(T-sbj=<ExtendedTask>)

then return ({}

else return undefined

Status:

Standard: 7 No error E_LOK

? Too many task activations of <TaskID> E_OS_LIMIT
Extended: ? Task <TaskID> is invalid E_.OS.ID

operations public

ActivateTask_Status:

Status_Case ==> Status
ActivateTask_Status(Status_Case) ==

cases Status_Case:

<NoError> -> return <E_OK>
<ManyActivationsOfTaskID> -> return <E_OS_LIMIT>
<TaskIDIsInvalid> -> return <E_OS_ID>

end

Syntax: StatusType ChainTask ( TaskType <TaskID> )
Parameter (In):

TaskID Reference to the sequential succeeding task to
be activated.

Parameter (Out): none

operations public
Chain_Task:TaskID ==> ()
Chain_Task(TaskID) == return

Description: This service causes the termination
of the calling task.

operations public

ChainTaskDescriptionl:Task ==> Task
ChainTaskDescriptionl(mk_Task(IDT_StateT_resourece)) ==
return <Tarmination>mk_Task(IDT_resourece)

After termination of the calling task
a succeeding task <TaskID> is activated.

operations public

ChainTaskDescription2:Task ==> Task
ChainTaskDescription2(mk_Task(IDT_StateT _resourece)) ==
return mk-Task(ID<Activate>T._resourece)

”Using this service, it ensures that the succeeding task
” starts to run at the earliest

”after the calling task has been terminated.
»

operations public

ChainTaskDescription3:Task ==> Task
ChainTaskDescription3(mk_Task(ID,T_State,T_resourece)) ==
return mk-Task(ID,<run>,T_resourece)

7 7The task is not transferred to the suspended state,

” but will immediately become ready again.
»

» »

operations public

ChainTaskParticularities: Task ==> Task
ChainTaskParticularities( mk_Task(ID,T_State,T_resourece) ) ==
return mk_Task(ID,<ready>,T_resourece)

7 An internal resource assigned to the calling task is
”automatically released, even if the succeeding task is i

” ”dentical with the current task.
» »

»

operations public

ChainTaskParticularities2: Task ==> Task
ChainTaskParticularities2(mk_Task(ID,T_State,T_resource)) ==
return mk_Task(ID,T_State,T_resource)

pre T_resource = <assigned>

post T_resource = <released>

Other resources occupied by the calling shall
have been released before ChainTask is called.

operations public

ChainTaskParticularities3: Task*SystemCall ==> Task
ChainTaskParticularities3
(mk_Task(ID,T_State,T_resource),ChainTask) ==
return mk_Task(ID,T_State,T_resource)

pre T_resource = <released>

If a resource is still occupied in standard
status the behaviour is undefined.

»

»

operations public

ChainTaskParticularities7: Task*SystemCall ==> Task
ChainTaskParticularities7
(mk_Task(ID,T_State,T_resource),ChainTask) == return undefined
pre T_resource = <released>

7If called successfully, ChainTask does not return to

” the call level and the status can not be evaluated.

In case of error the service returns to the calling task and
provides a status which can then be evaluated in

the application.

operations public
ChainTaskParticularities4:SystemCall
ChainTaskParticularities4(ChainTask)

7If the service ChainTask is called successfully,
” this enforces a rescheduling.

operations public
ChainTaskParticularities5:SystemCall
ChainTaskParticularities5(ChainTask)

> rescheduling
return <rescheduling>

Ending a task function without call to TerminateTask or
ChainTask is strictly forbidden and may leave

the system in an undefined state.
»

»

operations public
ChainTaskParticularities6:SystemCall*Task ==> Task
ChainTaskParticularities6

( systemCall , mk_Task(ID,T_State,T_resource) ) ==
return undefined

pre systemCall = ( <TerminateTask> or <ChainTask> )

7.1 CBEISRE
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Status:

Standard: ? No return to call level

”? Too many task activations of <TaskID>, E_OS_LIMIT

” ?Extended: ? Task <TaskID> is invalid, E_.OS_ID

” 77 Calling task still occupies resources, E_OS_RESOURCE
” 7?7 Call at interrupt level, E.OS_CALLEVEL

»

types public

Status = <E_OS_LIMIT>

—<E_OS_ID>

—<E_OS_RESOURCE>
—<E_OS_CALLLEVEL>

types public

StatusCase = <Too_many-task_activations>
—< Task-is_invalid >

—< Calling_task_still_occupies_resources>
—< Call_at_interrupt_level >

operations public

Status-Case:StatusCase ==> Status
Status_Case(StatusCase) == cases StatusCase:
<Too_many_task_activations> -> return <E_OS_LIMIT>,
< Task_is_invalid> -> return <E_OS_ID>,

< Calling-task_still_occupies_resources> ->

return <E_OS_RESOURCE>,

<Call_at_interrupt_level > -> return <E_OS_CALLLEVEL>
end

Syntax: DeclareResource ( <Resourceldentifier>")
Parameter (In):
Resourceldentifier Resource identifier (C-identifier)

types public
Resourceldentifier = <Resourceldentifier>;

operations public
Declare_Resource:Resourceldentifier ==> ()
Declare_Resource(ResourcelDentifier) == return ;

Description: DeclareResource serves as an external
declaration of a resource. The function and

use of this service are similar to that of

the external declaration of variables.

»

»

types public
Resource = <Resource>

types public
ResoureceSet = set of Resource

operations public

DeclareResoureceDescription:
Resource*ResoureceSet ==> ResoureceSet
DeclareResoureceDescription(Resource,ResoureceSet
return ResoureceSet union {Resource}

Parameter (In):
TasklIdentifier Task identifier (C-identifier)

types public
TaskIdentifier = <Empty>—<C_identifier>

Syntax: DeclareTask ( <TaskIdentifier>")
Parameter (In):
TaskIdentifier Task identifier (C-identifier)

operations public
DeclareTask: TaskIdentifier ==> ()
DeclareTask(TaskIdentifier) == return ;

the external declaration of variables

types public
TaskIDset : set of TaskIdentifier ;

Description: DeclareTask serves as an external
declaration of a task. The function and use of this service

operations public

DeclareTask_Discription: TaskIdentifier ==> TaskIDset
DeclareTask_Discription(TaskIdentifier) ==

return TaskIDset union {Taskldentifier}

13.4.3.1 GetResource

Syntax: StatusType GetResource ( ResourceType <ResID> )
Parameter (In):

ResID Reference to resource

Parameter (Out): none

types public
ResID = <ResID>;

operations public
Get_Resource: ResID =
Get_Resource(ResID) =

Particularities: The OSEK priority ceiling protocol for
resource management is described in chapter 8.5.

Fundef*

Nested resource occupation is only allowed if the inner
critical sections are completely executed within the
surrounding critical section

” (strictly stacked, see chapter 8.2,

” Restrictions when using resources).

Fundef*

Nested occupation of one and the same resource
is also forbidden!

types public

Resource = <Get>

—<Free>

operations public
GetResoureceDescription:Resource
GetResoureceDescription(Resource)
pre Resource = <Free>

> Resource
= return <Get>

*= 7.2:
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It is recommended that corresponding calls to GetResource
and ReleaseResource appear within the same function.

/

/*

71t is not allowed to use services which are points of

” ?rescheduling for non preemptable tasks

” ”(TerminateTask,ChainTask, Schedule and WaitEvent,
” see chapter 4.6.2) in critical

”sections. Additionally, critical sections are to be left before
” completion of an interrupt service routine.

”Generally speaking, critical sections should be short.

” The service may be called from an ISR and from task
level (see Figure 12-1).

/

types public
SystemCall = <GetResource>
—<ReleaseResource>

operations public
GetResoureceDescription2:(Resource*SystemCall) =
GetResoureceDescription2(mk-(Resource,SystemCall)) ==
return mk_(Resource,<ReleaseResource>)

pre SystemCall = <GetResource>

post SystemCall = <ReleaseResource>

Status:

”Standard: ? No error, E_OK

” ?Extended: ? Resource <ResID> is invalid, E_OS_ID

7?7 Attempt to get a resource which is already occupied
”by any task or ISR, or the statically assigned priority of
”the calling task or interrupt routine is higher than the

7 7 calculated ceiling priority, E_LOS_ACCESS

operations public

GetResourceStatus:Status_Case ==> Status
GetResourceStatus(Status_Case) == cases Status_Case:
<NoError> -> return <E_OK>,

<Invalid> -> return <E_OS_ID>,
<Resouce_occupied> -> return <E_OS_ACCESS>,
<Priority_Calling_Error> -> return <E_OS_ACCESS>,
<interrupt_routine_higher_ceiling_priority > ->

return <E_OS_ACCESS>,

others -> return undefined

end;
Parameter (In): none operations public
Parameter (Out): none Schedule:() ==> ()
Schedule() == return;

"if a higher-priority task is ready, the internal resource
” 7of the task is released, the current task is put into the
” ” ready state, its context is saved and the higher-priority task

7is executed. Otherwise the calling task is continued.
» »

operations public

Schedule_Descriptionl: Task*Task ==> (Task*Task)
Schedule_Descriptionl(mk_Task
(T-Priorityl,T_Statel,T_Resourcel,T_ContextStatel),

mk_Task(T_Priority2,T_State2,T_Resource2,T_ContextState2)) ==

return mk_( mk_Task
(T_Priorityl,<Running>,<NULL>,T_ContextStatel) ,
mk_Task(T_Priority2,<Ready>,T_Resource2,<Save>) )
pre T_Statel = <Ready> and

T_State2 = <Running> and T_Priorityl > T_Priority2

Status:

”Standard: 7 No error, E.OK

” ?Extended: ? Call at interrupt level, E.OS_.CALLEVEL
” 7?7 Calling task occupies resources, ELOS_LRESOURCE

»

types public

Status = <E_.OK>
—<E.OS.CALLEVEL>
—<E_.OS_.RESOURCE>

types public

Status-Case = <No_Error>

—< Call_At_Intterrupt_Level >

—< Calling_Task_Occupies_Resource>

operations public

Schedule_Status: Status_Case ==> Status
Schedule_Status(Status_Case) == cases Status_Case:
<No_Error> -> return <E_OK>,

< Call_At_Intterrupt_Level> -> return <E_OS_CALLEVEL>,
< Calling_Task_Occupies_Resource> ->

return <E_OS_RESOURCE>, others -> return undefined
end

The value 0 is defined as the lowest priority of a task.
Accordingly bigger numbers define higher priorities.

types public Task = <task>;
types public the_basis_of_the_task_priority = nat;

The scheduler decides on the basis of the task priority
(precedence) which is the next of the ready tasks to be
transferred into the running state.

operations

public scheduler: the_next_of_the_ready_tasks ==
the_basis_of_the_task_priority * Task
scheduler(the_basis_of_the_tasks_priority) ==
max_priority_task(the_basis_of_the_tasks_priority)

#* 7.3 G BISRER
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A task being released from the waiting state is treated like
the last (newest) task in the ready queue of its priority

types public the_ready_queue_of_its_priority ::
ready_queue :seq of Task;

priority :nat

operations

public task_being_released_from_the_waiting_state :
the_ready_queue_of_its_priority ==> Task
task_being._released_from_the_waiting_state
(the_ready_queue_of_its_priority) ==
newest_task(the_ready_queue_of_its_priority.ready_queue)
functions

public newest_task : seq of Task -> Task

newest_task(ready_queue) == if
(tl(ready-_queue) = [])

then

hd(ready_queue)

else

newest_task(tl(ready_queue));

Several tasks of different priorities are in the ready state;
”i.e. three tasks of priority 3, one of priority 2 and one of
” ” priority 1, plus two tasks of priority 0.

>

»

values public priority3 =

values public priority2 =
mk_the_ready_queue_of_its_priority(2,[<task>]);

values public priorityl =
mk_the_ready_queue_of_its_priority(1,[<task>]);

values public priority0 =
mk_the_ready_queue_of_its_priority(1,[<task>,<task>]);

The scheduler selects the next task to be processed
(priority 3, first queue). Priority 2 tasks can only be
processed after all tasks of higher priority shall have left
the running and ready state, i.e.

functions
public usecase_Scheduler:() -> seq of bool

usecase_Scheduler() == [t1];

static public t1: () -> bool

t1() == let

x = example_Task,

scheduler2(x) = mk_the_ready_queue_of_its_priority(a,b),
c=hdb

in

mk_the_ready_queue_of_its_priority(a, ¢) =
mk_the_ready_queue_of_its_priority(3,[<task>])

pre The_processor = <terminated_a_task>;

To avoid the problems of priority inversion and deadlocks the

OSEK operating system requires following behaviour
»

functions public
z:BachResource*CeilingPriority -> set of (<Resource>*nat)
z(A,B) == forall { (a,b)—a in set A , b in set B}

777 At the system generation, to each resource its own
” ceiling priority is statically assigned.

» »

types public
Resource :: CeilingPriority : nat
Resourecelnf : <ResInf>;

operations public

SystemGeneration: Resource*nat ==> Resourece
SystemGeneration(Resource,x) ==

return mk_Resourece(x,<ResInf>)

£

The ceiling priority shall be set at least to the highest priority
of all tasks that access a resource or any of the resources

linked to this resource.

The ceiling priority shall be lower than the lowest priority of
7all tasks that do not access the resource, and which have

” ”priorities higher than the highest priority

” of all tasks that access the resource.

types public

Task :: priority :nat

TaskInf : <TaskInf>

operations public

AccessResource:Task*Resource > ()
AccessResource(Task,Resource) return undefined
pre Task.priority < Resource.CeilingPriority

Syntax: StatusType ReleaseResource
( ResourceType <ResID> )
Parameter (In):

ResID Reference to resource
Parameter (Out): none

types public
ResID = <ResID>;

operations public
Release_Resource: ResID
Release_Resource(ResID)

Description: ReleaseResource is the counterpart of
GetResource and serves to leave critical sections in the
code that are assigned to the resource

referenced by <ResID>.

”Particularities: For information on nesting conditions, see
” particularities of GetResource.

The service may be called from an ISR and from task level
(see Figure 12-1).

Fundef*

R 7.4 RISBIRE
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Status:

”Standard: 7 No error, E_.OK

” ?Extended: ? Resource <ResID> is invalid, E_OS_ID

” 7 Attempt to release a resource which is not occupied by
any task or ISR, or another resource shall be released

” ?before, ELOS_NOFUNC

” 7 Attempt to release a resource which has a lower ceiling
priority than the statically assigned priority of the calling
”task or interrupt routine, E_LOS_ACCESS

” ”Conformance: BCC1, BCC2, ECC1, ECC2

»

»

» »

types public

Status_Case = <NoError>
—<ResID_invalid >
—<Not_Occupied-Resource>
—<Release_Resource_Lower_Ceiling_Priority>

operations public

ReleaseResourceStatus: Status_Case ==> Status
ReleaseResourceStatus(Status_Case) == cases Status_Case:
<NoError> -> return <E_OK>,

<ResID_invalid> -> return <E_OS_ID>,
<Not_Occupied_Resource> -> return <E_OS_NOFUNC>,
<Release_Resource_Lower_Ceiling_Priority > ->

return <E_OS_ACCESS>,

others -> return undefined

end;

Syntax: StatusType TerminateTask ( void )
Parameter (In): none
Parameter (Out): none

operations public
Terminate_Task:() ==> ()
Terminate_Task() == return

Description: This service causes the termination of the
calling task. The calling task is transferred from the
running state into the suspended statel5.

types public

TaskID ::ID : <TaskIdentifies>
T_sbj : Task_Subject

T_State : State;

types public

State = <Running>
—<Suspended>;

types public
Task_Subject = <BasicTask>
—<ExtendedTask>

types public
InternalResource = <Resource>
—<None>

operations public

TerminateTask_Description: TaskID ==> TaskID
TerminateTask_Description

( mk.TaskID (<TaskIdentifies>,T-Subject,T-State)) ==
return mk_TaskID (<TaskIdentifies>,T_Subject,<Suspended>)
pre T_State = <Running>

post T_State = <Suspended>

An internal resource assigned to the calling task is
automatically released. Other resources occupied by the
task shall have been released before the call to

” TerminateTask.
»

operations public
TerminateTask_Particularities1:((TaskID*InternalResource)) ==
InternalResource

TerminateTask_Particularities1( mk_(TaskID,InternalResource) )
== return <None>

If a resource is still occupied in standard
status the behaviour is undefined.

types public

Resource = InternalResource
—<OtherResource>

types public
Call_-TerminateTask_-Timing = <yet>
—<expiration>

operations public
TerminateTask-Particularities2:
Resource*Call_TerminateTask_Timing ==> ()
TerminateTask_Particularities2
(Resource,Call_TerminateTask_Timing) ==

if (Resource=<OtherResource>)

then return undefined

pre Call_TerminateTask_-Timing = <expiration>

7Tf the call was successful, TerminateTask does not return

” to the call level and the status can not be evaluated.

”If the version with extended status is used, the service

” ?returns in case of error, and provides a status which can be
evaluated in the application.

7If the service TerminateTask is called successfully,

” it enforces a rescheduling.

»

Fundef*

Ending a task function without call to TerminateTask or
ChainTask is strictly forbidden and may leave the system
in an undefined state.

operations public

TerminateTask-Particularities3:

TaskID*SystemServices ==> TaskID
TerminateTask-Particularities3

( mk_TaskID (<TaskIdentifies>,T_Subject,T_State)
,SystemServices) ==

cases SystemServices:

<TerminateTask> ->

return mk_TaskID (<TaskIdentifies>,T_Subject,<Suspended>),
<ChainTask> ->

return mk_TaskID (<TaskIdentifies>,T_Subject,<Suspended>),
others -> return undefined

end

post T_State = <Suspended>

7.5 XICBEIFRE
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Status: types public

Standard: No return to call level Status = <E_OS_RESOURCE>
”Extended: ? Task still occupies resources, E.OS_RESOURCE —<E_OS_CALLEVEL>

” 7?7 Call at interrupt level, E.OS_CALLEVEL

” ?Conformance: BCC1, BCC2, ECC1, ECC2 types public

” Status_Case = <Task._still_.occupies_resorces>

—< Call_at_interrupt_level >

operations public

TerminateTask_Status: Status_Case ==> Status
TerminateTask_Status(Status_Case) == cases Status_Case:
<Task_still_occupies_resorces> ->

” return <E_OS_RESOURCE>,

? <Call_at_interrupt_level> -> return <E_OS_CALLEVEL>
end

A new task is set into the ready state by a system service. types public

The OSEK operating system ensures that the execution NewTask = <Suspended>;

of the task will start with the first instruction

K 7.6: KISBIRE

ActivateTask_Description: TaskID ==>TaskID
ActivateTask_Description( mk_TaskID ( <TaskIdentifies>,T_State) )
== return mk_TaskID (<TaskIdentifies>,<Ready>)

pre T_State = <Suspended>

post T_State = <Ready>

/*Description: The task <TaskID> is transferred from the suspended state
into the ready statel4d.
The operating system ensures that the task code is being executed from
the first statement.*/

types public

TaskState = <ignore_activation>

operations public

ActivateTask_Particularites2: Status ==>TaskState
ActivateTask_Particularites2(Status) == return <ignore_activation>
pre Status = <E_OS_LIMIT>

/*If E_OS_LIMIT is returned the activation is ignored.*/

/*operations public

ActivateTask_Particularites3:TaskID*Event_Set ==>Event_Set
ActivateTask_Particularites3( mk_TaskID ( <TaskIdentifies>,T_State), Event_Set)

then return {3}
else return undefined;
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/X EE*/
operations
public Activate: State ==> State

Activate(T_State) == cases T_State:
<Suspended> -> return <Ready>
end

pre

T_-State = <Suspended>

/*post
T_State = <Ready>;
*
/
Vaul L=y
operations
public Start: State ==> State

Start(T_State) == cases T_State:
<Ready> -> return <Running>
end
pre

T_State = <Ready>

/*post

T_State = <Running>;

*/

/*EH*/

operations

public Preempt: State ==> State

Preempt(T_-State) == cases T_State:
<Running> -> return <Ready>
end
pre
T_State = <Running>
/*post
T_State = <Ready>;
*
/
Vaur. sy
operations
public Terminate: State ==> State
Terminate(T_State) == cases T_State:
<Running> -> return <Suspended>
end
pre
T_State = <Running>
/*post
T_State = <Suspended>;
*/
operations

public Basic_Task : Transition * State ==> State

Basic_Task(S_Call,T_State) == cases S_Call:
<Activate> -> Activate(T_State),

<Start> -> Start(T_State),

<Preempt> -> Preempt(T_State),
<Terminate> -> Terminate(T_State)

end;
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7System services are called from tasks, interrupt service

” ”routines, hook routines, and alarm-callbacks
EY

»

types public

CallSystemCallObject = <interrupt_service_routines>,
—<hook_routines>,

—<alarm__callbacks>

types public

SystemCall = <SystemCall>

operations public
Call_SystemCall:CallSystemCallObject ==> SystemCall
Call_SystemCall(CSC) == return <SystemCall>;

12 Behaviour of system services is only defined
for the services marked in the table.

Fundef*

13 It may happen that currently no task is running.
In this case the service returns the task ID
INVALID_TASK (see chapter 13.2.3.5 GetTaskID).

types public
NoRunningTask = <Task>

types public
ServiceReturn = <INVALID_TASK>

operations public

TerminateTask:NoRunningTask ==> ServiceReturn
TerminateTask(NoRunningTask) == return <INVALID_TASK>
Task activation is performed using the types

operating system services ActivateTask or ChainTask

public OS_Services = <Activate_Task>
—<Chain_Task>;

The OSEK operating system does not support C-like
parameter passing when starting a task.

Those parameters should be passed by message
”communication (see chapter 10, Messages)

” or by global variables.

public Parameters = <Message_Communication>
—<Global_Variables>; /*neg C-like Parameter_Passing*/

After activation the task is ready to execute from
the first statement.

public Task-Config = <First_Statement>
—< Others_Statement>;

public Activate_Task_Config_State = Task_Config;
public State = <Running>

—<Ready>

—<Suspended>

—< Waiting>;

operations

public Activation_Task : OS_Services ==> State
Activation_Task(OS_Services) == is not yet specified;

/*post
Activate.Task-Config-State = <First_Stattement>;*/

Multiple requesting of task activation means that the OSEK
operating system receives and records parallel
activations of a basic task already activated.

types Task = State;
types Activat_Task = Task;
types OS_Rec = set of Activat_Task;

#* 7.8 G BIFRER
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*/
/*When an extended task is transferred from suspended state into

ready state all its events are cleared.*/

types public
Status = <E_0OK>
|<E_OS_LIMIT>
|<E_0S_ID>

types public

Status_Case = <NoError>

| <ManyActivations0fTaskID>
| <TaskIDIsInvalid>

operations public

ActivateTask_Status: Status_Case ==>Status
ActivateTask_Status(Status_Case) == cases Status_Case:
<NoError>->return <E_0K>,
<ManyActivationsOfTaskID>->return <E_0S_LIMIT>,
<TaskIDIsInvalid>->return <E_0S_ID>

end

/%

Status:

Standard: ? No error, E_OK

? Too many task activations of <TaskID>, E_OS_LIMIT
Extended: 7 Task <TaskID> is invalid, E_0S_ID

*/
end ActivateTask

class Activating_ A_Task

/%4 .3%/

/*V6lo oo o oo o oo o ToToToTo oo

Activating a task

Too o oo ToToToToToToToTo oo To /

types

public 0S_Services = <Activate_Task>
| <Chain_Task>;
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/*Task activation is performed using the operating system services
ActivateTask or ChainTaskx*/

public Parameters = <Message_Communication>

|<Global_Variables>; /*neg C-like Parameter_Passing*/

/*The OSEK operating system does not support C-like parameter passing
when starting a task.

Those parameters should be passed by message communication

(see chapter 10, Messages) or by global variables.x*/

public Task_Config = <First_Statement>

| <Others_Statement>;

public Activate_Task_Config State = Task_Config;
public State = <Running>

| <Ready>

| <Suspended>

|<Waiting>;

operations

public Activation_Task : 0S_Services ==> State

Activation_Task(0S_Services) == is not yet specified;

/*post
Activate_Task_Config _State = <First_Stattement>;*/

/*After activation the task is ready to execute from the first statement.x*/

/%o To oo o o oo oo o oo o o o o o o o o o o oo o To o oo oo o o o o o o o o o o
Multiple requesting of task activation

Voo o oo oo o ToToToToToToToTo oo oo oo o fo o o o o o o o o o o o To o T To T /

types Task = State;
types Activat_Task = Task;
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types O0S_Rec = set of Activat_Task;

/*"Multiple requesting of task activation" means that the OSEK operating system
receives and records parallel activations of a basic task already activated.*/

types public Request = Task*State;

values public The_Maximum_Number_0f _Multiple_Requests
= undefined;/* KT Fix/

types public Request_Queued = seq of Request
inv
Request_Queued_len ==

len (Request_Queued_len)<=The_Maximum_Number_0f_Multiple_Requests;

types public Requests_of_Basic_Task_Activations :: priority:undefined
Request_Q:seq of Request

operations public

Request_queued : Requests_of_Basic_Task_Activations*Request* priority
=> Requests_of_Basic_Task_Activations
Request_queued(Queued,mk_(mk_(Task*State) ,priority)) ==

if (Request.priority = priority)

then

return Request.Request_Q Request

else

return undefined
pre State = <Ready>

/*The number of multiple requests in parallel is defined in

a basic task specific attribute during system generation.

If the maximum number of multiple requests has not been reached,
the request is queued. The requests of basic task activations are

queued per priority in activation order.x*/
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end Activating_A_Task

class BasicTask
/%4 B AT EH*/

types /x4.1x/

/*Terminate; [l CEFe
Chenge_Higher Prority_Task;
Interrupt_Service_Routine;
Release;

Prosesser;*/

/*4.2.2%/

public Transition = <Activate>
|<Start>

| <Preempt>

| <Terminate>;

public State = <Running>
| <Ready>
| <Suspended>;

public T_State = State;
public S_Call = Transition;

/*public Description = Ready_By_System_Service
|Ready_By_Scheduler
|Scheduler_Decides_Start_Another_Task;

*/

public Basic_Task_S = State;

types public
NewTask = <Suspended>;

/*A new task is set into the ready state by a system

The OSEK operating system ensures that the execution of

the task will start with the first instructionx/
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/1K HE*/

/*EEE)*/

operations

public Activate: State ==> State

Activate(T_State) == cases T_State:
<Suspended>->return <Ready>

end

pre

T_State = <Suspended>

/*post
T_State = <Ready>;
*/

/*Pilhtix/
operations
public Start: State ==> State

Start(T_State) == cases T_State:
<Ready>->return <Running>
end

pre
T_State

<Ready>

/*post
T_State = <Running>;
*/

/¥ FH*/
operations
public Preempt: State ==> State

Preempt (T_State) == cases T_State:

<Running>->return <Ready>

end
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pre
T_State
/*post
T_State
*/

<Running>

<Ready>;

/*fE Ik /
operations
public Terminate: State ==> State

Terminate (T_State) == cases T_State:
<Running>->return <Suspended>
end

pre
T_State = <Running>
/*post
T_State
*/

operations

<Suspended>;

public Basic_Task : Transition * State ==> State

Basic_Task(S_Call,T_State) == cases S_Call:
<Activate> -> Activate(T_State),
<Start>->Start(T_State),

<Preempt>->Preempt (T_State),
<Terminate>->Terminate(T_State)

end;

end BasicTask

class ChainTask

types public

TaskID = <TaskID>
operations public
Chain_Task:TaskID ==>()
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Chain_Task(TaskID) == return

/*

Syntax: StatusType ChainTask ( TaskType <TaskID> )

Parameter (In):

TaskID Reference to the sequential succeeding task to be activated.

Parameter (Out): none

*/

types public

State = <Activate>
| <Tarmination>

| <run>

| <ready>

types public

Task :: ID :<TaskID>
T_State :State
T_resourece :Resourece

operations public
ChainTaskDescriptionl:Task ==>Task
ChainTaskDescriptionl (mk_Task(ID,T_State,T_resourece)) ==

return mk_Task(ID,<Tarmination>,T_resourece)

/*Description: This service causes the termination of the calling task.*/
operations public

ChainTaskDescription2:Task ==>Task
ChainTaskDescription2(mk_Task(ID,T_State,T_resourece)) ==

return mk_Task(ID,<Activate>,T_resourece)

/* After termination of the calling task a succeeding task <TaskID> is activated. */

operations public
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ChainTaskDescription3:Task ==>Task
ChainTaskDescription3(mk_Task(ID,T_State,T_resourece)) ==
return mk_Task(ID,<run>,T_resourece)

/*Using this service, it ensures that the succeeding task starts to run at the earlie

types public

requests = <request>

/*undefx*/

/*Particularities: If the succeeding task is identical with the current task,
this does not result in multiple requests.*/

operations public

ChainTaskParticularities:Task ==>Task

ChainTaskParticularities( mk_Task(ID,T_State,T_resourece) ) ==

return mk_Task(ID,<ready>,T_resourece)

/* The task is not transferred to the suspended state,
but will immediately become ready again.*/

types public
Resourece = <assigned>
|<released>

operations public

ChainTaskParticularities2:Task ==>Task
ChainTaskParticularities2(mk_Task(ID,T_State,T_resource)) ==
return mk_Task(ID,T_State,T_resource)

pre T_resource = <assigned>

post T_resource = <released>

/*
An internal resource assigned to the calling task is automatically released,
even if the succeeding task is identical with the current task.*/

operations public
ChainTaskParticularities3:Task*SystemCall ==>Task
ChainTaskParticularities3(mk_Task(ID,T_State,T_resource),ChainTask) ==

return mk_Task(ID,T_State,T_resource)
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pre T_resource = <released>
/* Other resources occupied by the calling shall have been released
before ChainTask is called. */

operations public

ChainTaskParticularities7:Task*SystemCall ==>Task
ChainTaskParticularities7 (mk_Task(ID,T_State,T_resource),ChainTask) ==
return undefined

pre T_resource = <released>

/*1f a resource is still occupied in standard status the behaviour
is undefined.*/

operations public
ChainTaskParticularities4:SystemCall ==>()
ChainTaskParticularities4(ChainTask) == return ;

/*If called successfully, ChainTask does not return to

the call level and the status can not be evaluated.

In case of error the service returns to the calling task and
provides a status which can then be evaluated in the application.*/

types public
rescheduling = <rescheduling>

operations public
ChainTaskParticularitiesb:SystemCall ==>rescheduling

ChainTaskParticularities5(ChainTask) == return <rescheduling>

/*
If the service ChainTask is called successfully,

this enforces a rescheduling.

*/

types public
SystemCall = <TerminateTask>
| <ChainTask>
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| <0teherCall>

operations public

ChainTaskParticularities6:SystemCall*Task ==>Task
ChainTaskParticularities6( systemCall , mk_Task(ID,T_State,T_resource) )
== return undefined

/*pre systemCall = ( <TerminateTask> or <ChainTask> )x*/

/*
Ending a task function without call to TerminateTask or
ChainTask is strictly forbidden and may leave the system in an undefined state.*/

/*If E_OS_LIMIT is returned the activation is ignored.
When an extended task is transferred from suspended state into ready state all its ev

*/

types public

Status = <E_OS_LIMIT>

|<E_OS_ID>

| <E_OS_RESOURCE>

| <E_OS_CALLLEVEL>

types public

StatusCase = <Too_many_task_activations>
|<Task_is_invalid>
|<Calling_task_still_occupies_resources>

|<Call_at_interrupt_level>

operations public

Status_Case:StatusCase ==>Status
Status_Case(StatusCase) == cases StatusCase:
<Too_many_task_activations>->return <E_0S_LIMIT>,
<Task_is_invalid>->return <E_0S_ID>,
<Calling_task_still_occupies_resources>->

return <E_0S_RESOURCE>,
<Call_at_interrupt_level>->return <E_OS_CALLLEVEL>

end

/*Status:
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Standard: 7 No return to call level

? Too many task activations of <TaskID>, E_OS_LIMIT
Extended: ? Task <TaskID> is invalid, E_0S_ID

? Calling task still occupies resources, E_0S_RESOURCE
7 Call at interrupt level, E_0S_CALLEVEL*/

end ChainTask

class Conformance_classes
types public

ConformanceClass = <BCC1>
| <BCC2>
| <ECC1>
| <ECC2>

types public
Multiple_Requesting_of_Task_Activation = <BCC2>
| <ECC2>

values public
Number_of_Tasks_Which_are_not_in_the_SuspnedeState_BCC
values public
Number_of_Tasks_Which_are_not_in_the_SuspnedeState_ECC
/*any combinations of BT&ET*/

types public

More_Then_One_Task_Pre_Priority = <BB2>

| <ECC2>

/*ECC2 is both BT&ET*/

types public

Resoruce :: BCC1:<RES_SCHEDULER>

BCC2:nat

ECC1l:nat

ECC2:nat

values public
resoruce = mk_Resoruce(<RES_SCHEDULER>,8,8,8)

95
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values public
Internal_Resources = 2
values public

Alarm = 1

values public
ApplicationMode = 1

end Conformance_classes

class DeclareResource

types public
Resourceldentifier = <Resourceldentifier>;

operations public
Declare_Resource:Resourceldentifier ==> ()

Declare_Resource(ResourcelDentifier) == return ;

/*Syntax: DeclareResource ( <Resourceldentifier> )
Parameter (In):

Resourceldentifier Resource identifier (C-identifier)x*/

types public
Resource = <Resource>

types public
ResoureceSet = set of Resource

operations public

DeclareResoureceDescription: Resource*ResoureceSet ==>ResoureceSet
DeclareResoureceDescription(Resource,ResoureceSet) ==

return ResoureceSet union {Resource}

/*Description: DeclareResource serves as an external declaration of
a re-source.

The function and use of this service are similar to that

of the external declaration of variables.x*/
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end DeclareResource

class Declare_Task

types public
TaskIdentifier = <Empty>|<C_identifier>

/*Parameter (In):
TaskIdentifier Task identifier (C-identifier)*/

types public
TaskIDset : set of TaskIdentifier ;

/*the external declaration of variables*/

/*operations public
DeclareTask: TaskIdentifier ==>()
DeclareTask(TaskIdentifier) == return ;

*/

/*Syntax: DeclareTask ( <TaskIdentifier> )
Parameter (In):
TaskIdentifier Task identifier (C-identifier)*/

operations public

DeclareTask_Discription: TaskIdentifier ==>TaskIDset
DeclareTask_Discription(TaskIdentifier) ==

return TaskIDset union {TaskIdentifier}

/*Syntax: DeclareTask ( <TaskIdentifier> )x/
/*Description: DeclareTask serves as an external declaration of a task.
The function and use of this service are similar to that of

the external declaration of variables.*/
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end Declare_Task

class ExtendedTask
/*4.2. 1%/

types

public Transition = <Activate>
|<Start>

| <Preempt>

| <Terminate>

| <Wait>

| <Release>;

public State = <Running>
| <Ready>

| <Suspended>

|<Waiting>;

public E_State = State;

operations
public Activate: State ==>State

Activate(E_State) == cases E_State:

<Suspended>->return <Ready>

end

pre

E_State = <Suspended>

/*post

Activate(E_State) = <Ready>;*/

operations
public Start: State ==>State

Start(E_State) == cases E_State:
<Ready>->return <Running>
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end

pre

E_State = <Ready>

/*post

Start (E_State) = <Running>;*/

operations
public Wait: State ==>State

Wait(E_State) == cases E_State:
<Running>->return <Waiting>
end

pre

E_State = <Running>

/*post

Wait (E_State) = <Waiting>;*/

operations
public Release : State ==> State

Release(E_State) == cases E_State:
<Waiting>->return <Ready>

end

pre

E_State = <Waiting>

/*post

Release(E_State) = <Ready>;*/

operations
public Preempt : State ==>State

Preempt (E_State) == cases E_State:
<Running>->return <Ready>

end

pre

E_State = <Running>

/*post

29



Preempt (E_State) = <Ready>;
*/
operations

public Terminate : State ==>State

Terminate(E_State) == cases E_State:
<Running>->return <Suspended>

end

pre

E_State = <Running>

/*post

Terminate(E_State) = <Suspended>;

*/

operations

public Extended_Task : Transition * State ==>State

Extended_Task(S_Call , E_State) == cases S_Call:
<Activate>->Activate(E_State),

<Start>->Start (E_State),

<Wait>->Wait (E_State),
<Release>->Release(E_State),

<Preempt>->Preempt (E_State),
<Terminate>->Terminate (E_State)

end;

end ExtendedTask

class GetResource

types public
ResID = <ResID>;

operations public
Get_Resource: ResID ==> ()
Get_Resource(ResID) == return ;

/*13.4.3.1 GetResource
Syntax: StatusType GetResource ( ResourceType <ResID> )
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Parameter (In):
ResID Reference to resource
Parameter (Out): nonex/

/*undef*/

/*

Description: This call serves to enter critical sections in the code that
are assigned to the resource referenced by <ResID>.

A critical section shall always be left using ReleaseResource.
Particularities: The OSEK priority ceiling protocol for

resource management is described in chapter 8.5.

*/

/*

Nested resource occupation is only allowed if the inner critical sections
are completely executed within the surrounding critical

section (strictly stacked, see chapter 8.2, Restrictions when using resources).
*/

types public

Resource = <Get>

| <Free>

operations public

GetResoureceDescription:Resource ==> Resource
GetResoureceDescription(Resource) == return <Get>

pre Resource = <Free>

/*

Nested occupation of one and the same resource is also forbidden!
*/

types public

SystemCall = <GetResource>

| <ReleaseResource>

operations public

GetResoureceDescription2: (Resource*SystemCall) ==> (Resource*SystemCall)

GetResoureceDescription2(mk_(Resource,SystemCall)) ==
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return mk_(Resource,<ReleaseResource>)
pre SystemCall = <GetResource>
post SystemCall = <ReleaseResource>

/*
It is recommended that corresponding calls to GetResource and
ReleaseResource appear within the same function.

*/

/*

It is not allowed to use services which are points of rescheduling

for non preemptable tasks (TerminateTask,ChainTask, Schedule and WaitEvent,
see chapter 4.6.2) in critical sections. Additionally, critical sections
are to be left before completion of an interrupt service routine.
Generally speaking, critical sections should be short.

The service may be called from an ISR and from task level (see Figure 12-1).
*/

types public

Status = <E_0OK>
|<E_OS_ID>

| <E_OS_ACCESS>;

types public

Status_Case = <NoError>
|<Invalid>

| <Resouce_occupied>
|<Priority_Calling_Error>

|<interrupt_routine_higher_ceiling_priority>

operations public

GetResourceStatus:Status_Case ==>Status
GetResourceStatus(Status_Case) == cases Status_Case:
<NoError>->return <E_0K>,

<Invalid>->return <E_0S_ID>,
<Resouce_occupied>->return <E_0S_ACCESS>,
<Priority_Calling Error>->return <E_0S_ACCESS>,

<interrupt_routine_higher_ceiling_priority>->
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return <E_0OS_ACCESS>,

others ->return undefined

end;

/%

Status:

Standard: 7 No error, E_OK

Extended: 7 Resource <ResID> is invalid, E_0S_ID

? Attempt to get a resource which is already occupied by any task or ISR,
or the statically assigned priority of the calling task

or interrupt routine is higher than the calculated ceiling priority,
E_OS_ACCESS

Conformance: BCC1, BCC2, ECC1, ECC2x*/

end GetResource

class InternalResource

types public

system_functions = <GetResource>
| <ReleaseResource>

| <InternallyManaged>

operations public
InternalResoureceManaged:system_functions ==>()

InternalResoureceManaged(system_functions) == return undefined

pre system_functions = <InternallyManaged>

/*Internal resources are resources which are not visible to the user
and therefor can not be addressed by the system functions GetResource

and ReleaseResource. Instead, they are managed strictly internally
within a clearly defined set of system functions. */

/*Besides that, the behaviour of internal resources is exactly

the same as standard resources (priority ceiling protocol etc.).*x/
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/%D E DT IR/

/*operations public
system_generation:set of task ==>set of (task#*nat)

system_generation(t) == let
x = {},
k = x munion {mk_(forall a in set t , 1)}

in

return kx/

/*Internal resources are restricted to tasks. At most one internal
resource can be assigned to a task during system generation.x*/

types public
State = <Running>

types public
task :: T_State : State
T_res : Resource;

types public
Resource = <Resource>
| <none>

operations public

InaternalResource: task*Resource ==>task
InaternalResource (mk_task(T_State,T_res),Resource) ==
return mk_task(<Running>,<Resource>)

pre

T_res = <none>

post

T_State = <Running> and T_res = <Resource>

/*The resource is automatically taken when the task enters the running state9,
except when it has already taken the resource. As a result, the priority
of the task is automatically changed to the ceiling priority

of the resource.x*/
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end InternalResource

class Legitimacy_of_calls

types public

CallSystemCallObject = <interrupt_service_routines>,
| <hook_routines>,

|<alarm__callbacks>

types public

SystemCall = <SystemCall>

operations public
Call_SystemCall:CallSystemCallObject ==>SystemCall
Call_SystemCall(CSC) == return <SystemCall>;

/*System services are called from tasks, interrupt service routines,

hook routines, and alarm-callbacks.*/

/*undef*/
/*12 Behaviour of system services is only defined for the services marked
in the table.x*/

types public

NoRunningTask = <Task>

types public

ServiceReturn = <INVALID_TASK>

operations public

TerminateTask:NoRunningTask ==>ServiceReturn
TerminateTask(NoRunningTask) == return <INVALID_TASK>

/*13 It may happen that currently no task is running.

In this case the service returns the task ID INVALID_TASK
(see chapter 13.2.3.5 GetTaskID).*/
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end Legitimacy_of_calls

class OSEKPriorityCeilingProtocol

types public
EachResource = set of <Resource>

types public
CeilingPriority = nat

types public
Ceilling = undefined

types public
Resource_P = <Resource>*CeilingPriority

functions public
z:EachResource*CeilingPriority ->set of (<Resource>*nat)
z(A,B) == forall { (a,b)|a in set A , b in set B}

/*To avoid the problems of priority inversion and deadlocks
the OSEK operating system requires following behaviourx*/
types public

Resource :: CeilingPriority : nat

ResoureceInf : <ReslInf>;

operations public

SystemGeneration: Resource*nat ==>Resourece

SystemGeneration(Resource,x) == return mk_Resourece(x,<ResInf>)

/*7 At the system generation, to each resource its own ceiling priority is

statically assigned.x*/

types public

Task :: priority :mnat
TaskInf :<TaskInf>
operations public

AccessResource:Task*Resource ==>()
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AccessResource(Task,Resource) == return undefined
pre Task.priority < Resource.CeilingPriority

/* The ceiling priority shall be set at least to the highest priority of
all tasks that access a resource or

any of the resources linked to this resource.
The ceiling priority shall be lower than the lowest priority of all tasks
that do not access the resource,

and which have priorities higher than the highest priority of

all tasks that access the resource.

/*
? If a task requires a resource, and its current priority

is lower than the ceiling priority of the resource,

the priority of the task is raised to the ceiling priority of the resource.
? If the task releases the resource, the priority of this task is reset to the priori

end O0SEKPriorityCeilingProtocol

class ReleaseResource

types public
ResID = <ResID>;

operations public
Release_Resource: ResID ==>()
Release_Resource(ResID) == return ;

/*Syntax: StatusType ReleaseResource ( ResourceType <ResID> )
Parameter (In):
ResID Reference to resource

Parameter (Out): none

*/

/*xundef*/
/%
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Description: ReleaseResource is the counterpart of GetResource and serves
to leave critical sections in the code that are assigned

to the resource referenced by <ResID>.

Particularities: For information on nesting conditioms,

see particularities of GetResource.

The service may be called from an ISR and from task level (see Figure 12-1).

*/

types public
Status = <E_0OK>
|<E_0S_ID>

| <E_0S_NOFUNC>
| <E_OS_ACCESS>;

types public

Status_Case = <NoError>

|<ResID_invalid>

| <Not_Occupied_Resource>

| <Release_Resource_Lower_Ceiling_ Priority>

operations public

ReleaseResourceStatus: Status_Case ==>3tatus

ReleaseResourceStatus(Status_Case) == cases Status_Case:

<NoError>-> return <E_0OK>,

<ResID_invalid>-> return <E_0S_ID>,

<Not_0Occupied_Resource>-> return <E_0S_NOFUNC>,
<Release_Resource_Lower_Ceiling_ Priority>->

return <E_0S_ACCESS>,

others -> return undefined

end;

/%

Status:

Standard: ? No error, E_OK

Extended: 7 Resource <ResID> is invalid, E_0S_ID

7?7 Attempt to release a resource which is not occupied by any task or ISR,
or another resource shall be released before, E_0S_NOFUNC

? Attempt to release a resource which has a lower ceiling priority than

the statically assigned priority of the calling task or
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interrupt routine, E_0S_ACCESS
Conformance: BCC1, BCC2, ECC1, ECC2x*/

end ReleaseResource

class schedule

types public
State = <Ready>
| <Running>

types public
Resourece = <NULL>
| <GET>

types public

Task :: T_Priority :mat
T_State :State

T_Resource : Resourece
T_ContextState : ContextState

types public
ContextState = <Save>
| <Oteher>

types public
Taskset = set of Task

operations public
Schedule: () ==> ()
Schedule() == return;

/*Parameter (In): none

Parameter (Out): nonex/

operations public
Schedule_Descriptionl: Task*Task ==> (TaskxTask)

Schedule_Descriptionl
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(mk_Task(T_Priorityl,T_Statel,T_Resourcel,T_ContextStatel),
mk_Task(T_Priority2,T_State2,T_Resource2,T_ContextState2)) ==
return mk_( mk_Task(T_Priorityl,<Running>,<NULL>,T_ContextStatel) ,
mk_Task(T_Priority2,<Ready>,T_Resource2,<Save>) )

pre T_Statel = <Ready> and T_State2 = <Running> and
T_Priorityl > T_Priority2

/*if a higher-priority task is ready, the internal resource of the task is
released, the current task is put into the ready state, its context is
saved and the higher-priority task is executed. Otherwise the calling task is

continued.*/

/*Rescheduling only takes place if the task an internal resource is
assigned to the calling taskx*/

/*Schedule enables a processor assignment to other tasks with lower or
equal priority than the ceiling priority of the internal resource and
higher priority than the priority of the calling task in
application-specific locations. When returning from Schedule,

the internal resource has been taken again.

This service has no influence on tasks

with no internal resource assigned (preemptable tasks).x*/

types public

Status = <E_0K>

| <E_OS_CALLEVEL>

| <E_OS_RESOURCE>

types public

Status_Case = <No_Error>
|<Call_At_Intterrupt_Level>

|<Calling_Task_Occupies_Resource>

operations public

Schedule_Status: Status_Case ==>Status
Schedule_Status(Status_Case) == cases Status_Case:
<No_Error>->return <E_0K>,
<Call_At_Intterrupt_Level>->return <E_0S_CALLEVEL>,
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<Calling_Task_Occupies_Resource>->return <E_0S_RESOURCE>,others ->

end

/*Status:

Standard: ? No error, E_OK

Extended: 7 Call at interrupt level, E_OS_CALLEVEL
7 Calling task occupies resources, E_0S_RESOURCEx*/

end schedule

class Task_Priority

types public Task = <task>;
types public the_basis_of_the_task_priority = nat;

/*The value O is defined as the lowest priority of a task.

Accordingly bigger numbers define higher priorities.*/

types public the_next_of_the_ready_tasks =
set of (the_basis_of_the_task_priority * Task);

operations
public scheduler: the_next_of_the_ready_tasks ==>
the_basis_of_the_task_priority * Task

scheduler (the_basis_of_the_tasks_priority) ==
max_priority_task(the_basis_of_the_tasks_priority)

return undefined

/*The scheduler decides on the basis of the task priority (precedence)

which is the next of the ready tasks to be transferred into the running state.*/

/xready ¥ A7 DHEE N GBEE O E R v 7T DB Ex/
functions
public max_priority_task : set of (nat * <task>) ->nat * <task>

max_priority_task(z) ==
let

mk_(x,cl) in set z
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be st
forall mk_(y,c2) in set z \ {mk_(x,cl)} & x >y
in mk_(x,c1)
pre
z <>{};

functions
public f: set of nat -> set of (nat*nat)
f(t) =
let s
be st
forall mk(x,1) in set s & exists x in t

in s

/* print a.max_priority_task({mk_(1,<task>),mk_(2,<task>)})*/

/% E S BN E Y D2 */
types public the_next_of_the_ready_tasks_2 :: priority :nat
ready_list :seq of Task;

[¥ESBLR IV EEN? —EBl T = THEHE = %/

operations

public scheduler2: set of the_next_of_the_ready_tasks_2 ==>
the_next_of_the_ready_tasks_2
scheduler2(the_basis_of_the_tasks_priority) ==

return max_priority_task2(the_basis_of_the_tasks_priority);

functions
public max_priority_task2 : set of the_next_of_the_ready_tasks_2 ->
the_next_of_the_ready_tasks_2

max_priority_task2(z) ==
let

72



mk_the_next_of_the_ready_tasks_2(x,cl) in set z

be st
forall mk_the_next_of_the_ready_tasks_2(y,c2) in set z \
{mk_the_next_of_the_ready_tasks_2(x,c1)} & x > y

in mk_the_next_of_the_ready_tasks_2(x,cl)

pre

z <>{};

/*print a.max_priority_task2
({mk_the_next_of_the_ready_tasks_2(1, [<task>,<task>]),
mk_ the_next_of_the_ready_tasks_2(2, [<task>])} ) */

/*print a.max_priority_task2
({mk_Task_Priority‘the_next_of_the_ready_tasks_2(1, [<task>,<task>]),
mk_Task_Priority‘the_next_of_the_ready_tasks_2(2, [<task>])})*/

/*print a.max_priority_taskl

( { mk_the_basis_of_the_tasks_priority2(1, [<task>,<task>]),
mk_the_basis_of_the_tasks_priority2(2, [<task>,<task>]),
mk_the_basis_of_the_tasks_priority2(3, [<task>,<task>]) } )*/

types

public State = <Running>
| <Ready>

| <Suspended>

|<Waiting>;

instance variables
private [Task_Statel] : State := <Ready>;

/*

The scheduler decides on the basis of the task priority (precedence)

which is the next of the ready tasks to be transferred into the running state.
The value 0 is defined as the lowest priority of a task.

Accordingly bigger numbers define higher priorities.
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*/
/*undef*/
/*To enhance efficiency, a dynamic priority management is not supported.*/

operations

public started_depending: () ==>Task
started_depending() == return undefined

/*Tasks on the same priority level are started depending on their order of activation
whereby extended tasks in the waiting state do not block the start of
subsequent tasks of identical priority.*/

types public ready_list = seq of Task

types public ready_list_of_its_current_priority :: priority :nat
ready_list :seq of Task;

operations

public preempted_task: ready_list_of_its_current_priority ==>Task
preempted_task(ready_list_of_its_current_priority) ==
oldest_task_in_the_ready_list
(ready_list_of_its_current_priority.ready_list);

/x U A b O SEEA 2 RS B B Kk /

functions

public oldest_task_in_the_ready_list : seq of Task ->Task
oldest_task_in_the_ready_list(ready_list) == hd(ready_list);

/*A preempted task is considered to be the first (oldest) task
in the ready list of its current priority.x*/

types public the_ready_queue_of_its_priority :: priority :nat

ready_queue :seq of Task;

operations
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public task_being_released_from_the_waiting_state :
the_ready_queue_of_its_priority ==>Task

task_being released_from_the_waiting state(the_ready_queue_of_its_priority)

== newest_task(the_ready_queue_of_its_priority.ready_queue)

functions
public newest_task : seq of Task —->Task

newest_task(ready_queue) == if
(tl(ready_queue) = [])
then

hd (ready_queue)
else
newest_task(tl(ready_queue));

/*A task being released from the waiting state is treated like the last

(newest) task in the ready queue of its priority*/

operations public
remove_task:the_ready_queue_of_its_priority ==> the_ready_queue_of_its_priority

remove_task(readyqueue) == is not yet specified
pre len readyqueue > len redyqueque”
/*<usecase>*/

/*Figure 4-5 shows an example implementation of the scheduler using
for each priority level.x/

values public priority3 =
mk_the_ready_queue_of_its_priority(3, [<task>,<task>,<task>]);
values public priority2 =
mk_the_ready_queue_of_its_priority(2, [<task>]);

values public priorityl =
mk_the_ready_queue_of_its_priority(1, [<task>]);
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values public priority0 =
mk_the_ready_queue_of_its_priority(1, [<task>,<task>]);

/*Several tasks of different priorities are in the ready state;
i.e. three tasks of priority 3, one of priority 2 and one of priority 1,
plus two tasks of priority 0.*/

/*<undef>x*/

/*The task which has waited the longest time, depending on its
order of requesting, is shown at the bottom of each queue.

Figure 4-5 shows an example implementation of the scheduler using
for each priority level.The processor has just processed

and terminated a taskx/

values public example_Task = {priority3,priority2,priorityl,priority0};
values public The_processor = <terminated_a_task>;

/*
functions
public usecase_Scheduler:() -> seq of bool

usecase_Scheduler() == [t1];

static public t1l: () -> bool

t1() == let

x = example_Task,

scheduler2(x) = mk_the_ready_queue_of_its_priority(a,b),

c=hdb

in

mk_the_ready_queue_of_its_priority(a, c) = mk_the_ready_queue_of_its_priority(3, [<tas

pre The_processor = <terminated_a_task>;
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*/
/*The scheduler selects the next task to be processed (priority 3, first queue).
Priority 2 tasks can only be processed after all tasks of higher priority

shall have left the running and ready state, i.e.*/

/*¥ENET A hx/
/*functions
public minimum : set of (natx<task>) -> (nat*<task>)
minimum(z) ==
let
mk_(x,cl) in set z
be st
forall mk_(y,c2) in set z \ {mk_(x,c1)} & x <y
in mk_(x,cl)
pre

z <> {}

types public testO :: a:nat
b:seq of Task;

functions public test4: test0 ->testO
testd(x) == x;
functions public testb: set of test0 ->set of testO

testb(x) == x;

functions

public test: the_basis_of_the_tasks_priority2 ->
the_basis_of_the_tasks_priority2

test (x)== x;
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print a.test(mk_the_basis_of_the_tasks_priority2(1, [<task>]))

functions

public test2: set of the_basis_of_the_tasks_priority2 ->
set of the_basis_of_the_tasks_priority2

test2(x) == x;

*/

end Task_Priority

class TerminateTask

operations public
Terminate_Task: () ==>()
Terminate_Task() == return

/*Syntax: StatusType TerminateTask ( void )
Parameter (In): none
Parameter (Out): nonex/

types public

TaskID ::ID : <TaskIdentifies>
T_sbj : Task_Subject
T_State : State;

types public

State = <Running>

| <Suspended>;

types public
Task_Subject = <BasicTask>
| <ExtendedTask>

types public

InternalResource = <Resource>
| <None>
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operations public
TerminateTask_Description: TaskID ==>TaskID
TerminateTask_Description( mk_TaskID (<TaskIdentifies>,T_Subject,T_State))

return mk_TaskID (<TaskIdentifies>,T_Subject,<Suspended>)

pre T_State
post T_State

<Running>

<Suspended>

/*Description: This service causes the termination of the calling task.
The calling task is transferred from the running state
into the suspended statel5.x*/

operations public

TerminateTask_Particularitiesl: ((TaskID*InternalResource)) ==
InternalResource

TerminateTask_Particularities1( mk_(TaskID,InternalResource) ==

return <None>

/*An internal resource assigned to the calling task is automatically released.
Other resources occupied by the task shall have been released
before the call to TerminateTask.*/

types public
Resource = InternalResource

| <OtherResource>
types public
Call_TerminateTask_Timing = <yet>
| <expiration>

operations public
TerminateTask_Particularities2:Resource*Call_TerminateTask_Timing ==>()
TerminateTask_Particularities2(Resource,Call_TerminateTask_Timing) ==
if (Resource=<0therResource>)

then return undefined

pre Call_TerminateTask_Timing = <expiration>

/*If a resource is still occupied in standard status the behaviour
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is undefined.*/

types public
SystemServices = <TerminateTask>
| <ChainTask>;

/*undef*/

/*If the call was successful, TerminateTask does not return to
the call level and the status can not be evaluated.

If the version with extended status is used, the service returns
in case of error, and provides a status which can be evaluated
in the application.

If the service TerminateTask is called successfully, it enforces

a rescheduling.*/

operations public

TerminateTask_Particularities3:TaskID*SystemServices ==>TaskID
TerminateTask_Particularities3( mk_TaskID (<TaskIdentifies>,T_Subject,T_State),
SystemServices) ==

cases SystemServices:

<TerminateTask>->return mk_TaskID (<TaskIdentifies>,T_Subject,<Suspended>),
<ChainTask>->return mk_TaskID (<TaskIdentifies>,T_Subject,<Suspended>),

others ->return undefined

end

post T_State = <Suspended>

/*Ending a task function without call to TerminateTask or ChainTask is
strictly forbidden and may leave the system in an undefined state.*/
types public

Status = <E_0S_RESOURCE>

| <E_OS_CALLEVEL>

types public

Status_Case = <Task_still_occupies_resorces>

|<Call_at_interrupt_level>
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operations public

TerminateTask_Status: Status_Case ==>Status
TerminateTask_Status(Status_Case) == cases Status_Case:
<Task_still_occupies_resorces>->

return <E_0OS_RESOURCE>,
<Call_at_interrupt_level>->return <E_0S_CALLEVEL>

end

/*Status:

Standard: No return to call level

Extended: 7 Task still occupies resources, E_0S_RESOURCE
? Call at interrupt level, E_OS_CALLEVEL

Conformance: BCC1, BCC2, ECC1, ECC2x/

end TerminateTask

7.3 OSEK/VDX D& VDM ik

/*

EE

IO —ERAT—UF—HMEREX T XTH AT LUL (FETL TV D HX AT TORIEI
OH L) THOE S TWET, (ISRIEARELE)

Declaer~(I7 7 U r—a U THELNTWVWDH X A7 % 0S IZ S B 58T,
it > T Declear~II ¥ A7 L~YL THUIN D TIEH Y £H A,

WD Z 271 ZT 7V r—2a U HEIWINCRIFATT DX A7 2RO ET,

Flz, —~HEIHAS Va2 —F CREILZX A DNEHEIMNICEATTAX A7 THLH ERELE
7

*/

class impvdm
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types public
State = <Running>
| <Ready>

| <Suspended>
|<Waiting>;

types public
Task_Subject = <BasicTask>
| <ExtendedTask>

types public
Event = <event>

types public
Event_Set = set of Event

types public
Status = <E_0K>
|<E_OS_LIMIT>
|<E_0S_ID>

| <E_OS_ACCESS>

| <E_0S_CALLEVEL>
| <E_0S_RESOURCE>
| <E_OS_NOFUNC>

| <INVALID_TASK>

types public

Status_Case = <NoError>

| <ManyActivations0fTaskID>
| <TaskIDIsInvalid>

| <Invalid>

| <Resouce_occupied>

|<Priority_Calling_Error>
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|<interrupt_routine_higher_ceiling_priority>
|<Call_At_Intterrupt_Level>
|<Calling_Task_Occupies_Resource>
|<Task_still_occupies_resorces>
|<Call_at_interrupt_level>

types
public 0S_Services = <Activate_Task>

| <Chain_Task>;

types
public Parameters = <Message_Communication>
|<Global_Variables>; /*neg C-like Parameter_Passing*/

types
public Task_Config = <First_Statement>
|<Others_Statement>;

types
public Activate_Task_Config State = Task_Config;

types Taskl = State;

types Activat_Taskl = Taskil;

types O0S_Rec = set of Activat_Taskl;

/*"Multiple requesting of task activation" means that the OSEK
operating system receives and records parallel activations

of a basic task already activated.x*/

types public Request = <ActivateTask>;

values public The_Maximum_Number_0f_Multiple_Requests = 3/*undefined;*/
types public Request_Queued = seq of Request

inv

Request_Queued_len ==
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len (Request_Queued_len)<=The_Maximum_Number_0f_Multiple_Requests;

types public Requests_of_Basic_Task_Activations
Request_Q:seq of Request

types public
ResID = <ResID>;

types public
ResourceState = <Get>
| <Free>;

types public
SystemCall = <GetResource>
|<ReleaseResource>;

types public
TaskIdentifier = <Empty>|<C_identifier>

/*Parameter (In):
TaskIdentifier Task identifier (C-identifier)x*/

types public
TaskIDset = set of TaskIdentifier ;

types public

system_functions = <GetResource>
| <ReleaseResource>

| <InternallyManaged>

types public
ContextState = <Save>

| <Oteher>

types public
Taskset = set of Task
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types public
InternalResource = <Resource>
| <None>

types public
Call_TerminateTask_Timing = <yet>
| <expiration>

types public
SystemServices = <TerminateTask>
| <ChainTask>;

types public the_basis_of_the_task_priority = nat;
types public the_next_of_the_ready_tasks =
set of (the_basis_of_the_task_priority * Task);

types public the_next_of_the_ready_tasks_2 :: priority :nat

ready_list :seq of Task;

types public ready_list = seq of Task

types public ready_list_of_its_current_priority :: priority
ready_list :seq of Task;

types public the_ready_queue_of_its_priority :: priority :nat

ready_queue :seq of Task;
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types public
Task ::ID : nat
T_sbj : Task_Subject
T_State : State
T_priroity : nat
T_res : T_Resource
T_ContextState : ContextState ;

types public
T_Resource = seq of Resource

types public
TaskID = nat

types public
ResorceCnd = <Free>
| TaskID

types public
Resource :: ResorceID :nat
CeilingPriority :nat

ResorceCondetion:ResorceCnd

types public
ResoureceSet = set of Resource

types public
Resourceldentifier = <Resourceldentifier>;

instance variables
public [Taskset] : set of Task := {};

public [RequestQueuedSetl : set of the_ready_queue_of_its_priority := { };
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public [Processorl] : set of Task := {};
public [Status] : set of Status := {};

public [IDset] : set of nat := {};

public [ResourceSet] : set of Resource := {};

public [ResourceIDset] : set of nat := {};

/*mk_impvdm‘Task(1,<BasicTask>,<Suspended>,1, [],<0teher>)x*/
/*mk_impvdm‘Resource(1,2,<Free>)x*/
/*mk_impvdm‘Task(2,<BasicTask>,<Suspended>,5,
([mk_impvdm‘Resource(1,2,<Get>) ,mk_impvdm‘Resource(3,4,<Free>)]),<0teher>)*/
/*[ mk_impvdm‘Resource(1,2,<Free>) ,mk_impvdm‘Resource(3,4,<Free>)
,mk_impvdm‘Resource(5,6,<Free>) 1%/
/*mk_impvdm‘the_ready_queue_of_its_priority

(2, [mk_impvdm‘Task(2,<BasicTask>,<Suspended>,5, ([mk_impvdm‘Resource(1,2,<Get>),
mk_impvdm‘Resource(3,4,<Free>)]) ,<0teher>),
mk_impvdm‘Task(3,<BasicTask>,<Suspended>,7, ([mk_impvdm‘Resource(4,6,<Get>)
,mk_impvdm‘Resource(5,9,<Get>)]) ,<0teher>)])*/

/*print a.ShiftSearchRequestQElementResFree
(mk_impvdm‘Task(2,<BasicTask>,<Suspended>,5, ([mk_impvdm‘Resource(1,2,<Get>)
,mk_impvdm‘Resource(3,4,<Free>)]),<0teher> ) , mk_impvdm‘Resource(3,4,<Free>)
, [mk_impvdm‘Task(2,<BasicTask>,<Suspended>,5, ([mk_impvdm‘Resource(1,2,<Get>)
,mk_impvdm‘Resource(3,4,<Free>)]),<0teher>),
mk_impvdm‘Task(3,<BasicTask>,<Suspended>,7, ([mk_impvdm‘Resource(4,6,<Get>)
,mk_impvdm‘Resource(5,9,<Get>)]) ,<0teher>)])*/

/*F 2 — & AR/

operations public

Declare_RequestQ: nat ==>set of the_ready_queue_of_its_priority
Declare_RequestQ(priority) == if (not(exists a in set [RequestQueuedSet] & a.priorit
then

87



return {mk_the_ready_queue_of_its_priority(priority,[])}
else
return {}

/¥ 2 — & B */

operations public

AddRequestQueueSet:

the_ready_queue_of_its_priority*(set of the_ready_queue_of_its_priority) ==>
set of the_ready_queue_of_its_priority

AddRequestQueueSet (RequestQueued,RequestQueuedSet) ==

return RequestQueuedSet union {RequestQueued}

/*pre RequestQueued not in set RequestQueuedSet

*/

/¥ 5 A7 A ITBM*/

operations public

AddTaskset:Task*(set of Task) ==>set of Task

AddTaskset (mk_Task(ID,T_sbj,T_State,T_priority,T_res,T_ContextState),Taskset)
== return Taskset union
{mk_Task(ID,T_sbj,T_State,T_priority,T_res,T_ContextState)}

pre mk_Task(ID,T_sbj,T_State,T_priority,T_res,T_ContextState) not in set Taskset;

/*ID DIEEIZIBN*/

operations public

AddIDset:nat*set of nat ==>set of nat
AddIDset (ID,IDset) == return IDset union {ID}
pre ID not in set IDset;

/*Declare_Taskx*/

operations public

Declare_Task: Task ==>()
Declare_Task(mk_Task(ID,T_sbj,T_State,T_priority,T_res,T_ContextState)) == (
FRequestQueuedSetj 1=

[RequestQueuedSet] union

Declare_RequestQ(T_priority);

88



[Taskset] :=

AddTaskset
(mk_Task(ID,T_sbj,T_State,T_priority,T_res,
T_ContextState) , [Tasksetl );

[1Dset] := AddIDset(ID, [IDsetl) )
);

/*ActivateTask*/

/*Task 2575 ID K V) Task #fR5E*/
operations public
TasksetIDSelection: nat ==> Task
TasksetIDSelection(ID) == let
a in set [Tasksetl]

be st

a.ID =ID
in
return a

/¥F% 2 —EENOIEE LTEEIE DX 2 — 23R/
operations public
RequestQueuedSetSelection:nat ==>the_ready_queue_of_its_priority
RequestQueuedSetSelection(priority) == let
a in set [RequestQueuedSetl]
be st
a.priority = priority
in
return a

89



/¥F 2 —EANOIEELEF 2 — 2 Y R +/

operations public

SubRequestQueueSetElement:

set of the_ready_queue_of_its_priority * the_ready_queue_of_its_priority ==>
set of the_ready_queue_of_its_priority

SubRequestQueueSetElement (RequestQueuedSet ,RequestQueued) ==

return RequestQueuedSet \ {RequestQueued}

/¥V 7 AR 2—IZF AT S TIMAD */

operations public

AddShiftRequestQueueSetElement: the_ready_queue_of_its_priority*Task ==>
the_ready_queue_of_its_priority

AddShiftRequestQueueSetElement (RequestQueueSetElement,Task) == let

a

Request(QueueSetElement.priority,

b = RequestQueueSetElement.ready_queue,
c = b”~ [Task]

in

return

mk_the_ready_queue_of_its_priority(a,c)

/¥V 7 A F 2 —DEGDEFNGITRIHAD X A7 20 R/
operations public
RemoveHeadShiftRequestQueueSetElement:the_ready_queue_of_its_priority ==>

the_ready_queue_of_its_priority

RemoveHeadShiftRequestQueueSetElement (RequestQueueSetElement) == let
a = RequestQueueSetElement.priority,

b = RequestQueueSetElement.ready_queue,

c=1tlb

in

return mk_the_ready_queue_of_its_priority(a,c)

[* B AT BN DRI/

operations public

SubTasksetElement:set of Task * Task ==> set of Task
SubTasksetElement (Taskset,Task) == return Taskset \ {Task}
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operations public

Activate_Task: nat ==> ()

Activate_Task(ID) == if ((ID not in set [IDset] ) or
(not(TasksetIDSelection(ID).T_State = <Suspended>)))
then

[status)] := {<E_0S_ID>}

else

let

mk_Task(b,c,d,e,f,g) = TasksetIDSelection(ID),

Task = mk_Task(b,c,d,e,f,g),

TaskCP = CeilingPriorityTask(Task),

h = RequestQueuedSetSelection(TaskCP),

i = SubRequestQueueSetElement( [RequestQueuedSet] , h ),
j = AddShiftRequestQueueSetElement
(h,mk_Task(b,c,<Ready>,e,f,g)),

k = SubTasksetElement( [Taskset] , mk_Task(b,c,d,e,f,g)),
1 = mk_Task(b,c,<Ready>,e,f,g)

in

( RequestQueuedSet] := i union { j };
[Taskset) := AddTaskset(l,k);

[Status] := {<E_0K>};

)

/*schedulerx*/

/A B RENY 72 A % 2 — 2 3R */

types public
MaxPRQType = the_ready_queue_of_its_priority
| <NULL>

operations public

MaxPriorityRequestQueuedSelection: set of the_ready_queue_of_its_priority ==>
MaxPRQType

MaxPriorityRequestQueuedSelection(RequestQueuedSet) ==

if (RequestQueuedSet = {})

then
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return <NULL>

else

if (card(RequestQueuedSet) = 1)

then

let

{mk_the_ready_queue_of_its_priority

(z,zseq)} = RequestQueuedSet

in

return mk_the_ready_queue_of_its_priority
(z,zseq)

else

let

mk_the_ready_queue_of_its_priority(x,xseq)

in set RequestQueuedSet

be st

forall mk_the_ready_queue_of_its_priority(y,yseq)
in set RequestQueuedSet \
{mk_the_ready_queue_of_its_priority(x,xseq)} & x>y
in

return mk_the_ready_queue_of_its_priority(x,xseq)

[¥ZE LRIV B RE WY 7 X % 2 — &5 R/
operations public
NoEmptyMaxPriorityRequestQueuedSelection:

set of the_ready_queue_of_its_priority ==>MaxPRQType
NoEmptyMaxPriorityRequestQueuedSelection(RequestQueuedSet) == let
a = MaxPriorityRequestQueuedSelection
(RequestQueuedSet)

in

if (a = <NULL>)

then

return <NULL>

else

if ( a.ready_queue = [])

then

NoEmptyMaxPriorityRequest
QueuedSelection(RequestQueuedSet \
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{a})
else

return a

/¥ 7T A RFa—NnbH A7 Y HT*/

operations public
PopNoEmptyMaxPriorityRequestQueued:the_ready_queue_of_its_priority ==>
Task

PopNoEmptyMaxPriorityRequestQueued (NoEmptyMaxPriorityRequestQueued) ==
let

a =

NoEmptyMaxPriorityRequestQueued.

ready_queue,

b = hd a
in
return b

[¥V T ZA K 2—nEH A7 ZRO B LIEROY 7 22 FF 20—/

operations public
DwellPopNoEmptyMaxPriorityRequestQueued:the_ready_queue_of_its_priority ==>
seq of Task

DwellPopNoEmptyMaxPriorityRequestQueued (NoEmptyMaxPriorityRequestQueued) ==
let

a = NoEmptyMaxPriorityRequest(Queued

.ready_queue,

b=1tl a
in
return b

/¥V 7 A b F 2 —DEEDOEF LY FR< «/

operations public

RemoveElementRequestQueueSet:

(set of the_ready_queue_of_its_priority)*the_ready_queue_of_its_priority ==>
set of the_ready_queue_of_its_priority

RemoveElementRequestQueueSet (RequestQueueSet,RequestQueue) ==

return RequestQueueSet \ {RequestQueue}

/*Ready->Running*/
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operations public
ReadyRunning:Task ==>Task
ReadyRunning(Task) == let
mk_Task(a,b,c,d,e,f) = Task

in

return mk_Task(a,b,<Running>,d,e,f)
pre Task.T_State = <Ready>

/*Runnning — Ready IKAEIZ R T*/
operations public
RunningReady:Task ==>Task
RunningReady(Task) == let
mk_Task(a,b,c,d,e,f) = Task

in

return mk_Task(a,b,<Ready>,d,e,f)
pre Task.T_State = <Running>

/*Task % Taskset 2 G HHLY Fr< x/

operations public

RemoveTaskset: Task*set of Task ==> set of Task
RemoveTaskset (Task,Taskset) == return Taskset \ {Task}

operations public

Scheduler: () ==>()

Scheduler() == if( [Taskset] = {})
then

(

[Status] := {<E_OK>}; /#fi]d L7V x/
)

else

if( [Processor] = {})

then

let
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NEMPQ = NoEmptyMaxPriorityRequestQueuedSelection
( [RequestQueuedSet] )
in
if (NEMPQ = <NULL>)
then
(
[Status)] := {<E_OK>}; /*fif% L72V %/
)
else
let
TASK = PopNoEmptyMaxPriorityRequestQueued(NEMPQ),
STE = SubTasksetElement( [Taskset) ,TASK),
RQSS = RequestQueuedSetSelection(CeilingPriorityTask

(TASK))

in

(

[Processor] := { ReadyRunning(TASK) };
[Taskset] := STE union { ReadyRunning(TASK) };
[RequestQueuedSet)] :=

RemoveElementRequestQueueSet(FRequestQueuedSetj , RQSS ) union {RemoveHeadShiftReque
[Status] := {<E_0K>};

)

else

let

PC_TASK in set [Processorl

in

if (NoEmptyMaxPriorityRequestQueuedSelection
( RequestQueuedSet] ) = <NULL>)

then

(

[Status] := {<E_OK>}; /*fiJ% L7\ %/

)

else

if (not (PC_TASK.T_res = []))
then

[statusl] := {<E_0S_RESOURCE>}

else

if ((CeilingPriorityTask (PC_TASK) <
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NoEmptyMaxPriorityRequestQueuedSelection

( RequestQueuedSet] ).priority ))

then

let

NEMPRQS1 = NoEmptyMaxPriorityRequest

QueuedSelection( [RequestQueuedSet] ),

PNEMPRQ1 = PopNoEmptyMaxPriority

RequestQueued (NEMPRQS1),

RDYTASK = ReadyRunning(PNEMPRQ1),

RDYRT = RemoveTaskset (PNEMPRQ1 ,
[Taskset)] ),

RUNTASK = RunningReady(PC_TASK),

RUNRT = RemoveTaskset (PC_TASK, [Taskset] ),
PC_RQS = RequestQueuedSetSelection
(CeilingPriorityTask(PC_TASK)),

ASRQSE = AddShiftRequestQueueSetElement
(PC_RQS , RUNTASK),

PC_RERQS = RemoveElementRequestQueueSet

( [RequestQueuedSet] , PC_RQS),

RHSRQSE = RemoveHeadShiftRequestQueueSet
Element (NEMPRQS1),

RERQS = RemoveElementRequestQueueSet

( RequestQueuedSet)] , NEMPRQS1),
TasksetPro = RDYRT union {RDYTASK},

ProRun = RemoveTaskset(PC_TASK,TasksetPro),
Tasksetall = ProRun union {RUNTASK}

in

( [Processorl] := {RDYTASK};
[Taskset)] := Tasksetall;
FRequestQueuedSetj := PC_RERQS
union {ASRQSE};
FRequestQueuedSetj := RERQS
union {RHSRQSE};

[status] := {<E_0K>};

)

else
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(

[Processor)] := {PC_TASK};
[Status] := {<E_0K>};

)

/*TerminateTask*/

/*Running->Suspended*/

operations public
RunningSuspended:Task ==>Task
RunningSuspended(Task) == let
mk_Task(a,b,c,d,e,f) = Task

in

return mk_Task(a,b,<Suspended>,d,e,f)
pre Task.T_State = <Running>

operations public

Terminate_Task: () ==> ()
Terminate_Task() == if( [Processor]
then

[Status)] := { <INVALID_TASK> }
else

let

a in set [Processor]

in

if(a.T_res = [])

then

(

[Processor] := {};

[Taskset] :=

SubTasksetElement( [Taskset] , a )
union { RunningSuspended(a) };

)

else
[Status] := {<E_0S_RESOURCE>}
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/*DeclareResourcex*/

/x VY —=AEHITY VY —REN*/

operations public

AddResourceSet:set of Resource * Resource ==>set of Resource

AddResourceSet (ResourceSet ,Resource) == return ResourceSet union {Resource}

/¥V Y —A 1 DEEITT DB/

operations public

AddResourceIDset:set of nat * nat ==> set of nat
AddResourcelDset (ResourceIDset ,ResorecelD) ==

return ResourceIlDset union {ResorecelD}

/*DeclareResourcex*/

operations public

Declare_Resource: Resource ==>()
Declare_Resource( mk_Resource(ResorceID,CeilingPriority,ResorceCondetion) )
[ResourceSet)] :=

AddResourceSet( [ResourceSet.]

, mk_Resource(ResorcelD,CeilingPriority,
ResorceCondetion) );

[ResourceIDset] :=

AddResourceIDset( [ResourcelDset] |,
ResorcelD);

FRequestQueuedSetj

:= [RequestQueuedSet ]

union Declare_RequestQ(CeilingPriority);

)

/*ISR ARFEHED % processor (T8 D X AT DGR ELT ] HE*/

/*GetResourcex*/
types public
ResourcelDselectionTypeResource = Resource

|bool

/REPRDEL N BIEE L= ID D& A Hhiti*/
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operations public
ResourceSetIDSelection: nat ==> ResourcelDselectionTypeResource

ResourceSetIDSelection(ResID) == let
a in set [ResourceSet/
be st

a.ResorcelID = ResID
in

return a

[} B AT Y — A B l*/

operations public
GetResourceTask:Task*Resource ==>Task
GetResourceTask( mk_Task(ID,T_sbj,T_State,T_priority,T_res,T_ContextState) ,
AddResource ) == if (T_res = [])
then

return mk_Task

(ID,T_sbj,T_State,

T_priority,

[AddResource],

T_ContextState)

else

return mk_Task

(ID,T_sbj,T_State,

T_priority,

(T_res~ [AddResource]),
T_ContextState)

/xZ A7 3 H OBIRO TR S R E OB & FH 5/
operations public

MaxResorecePriority: seq of Resource ==>nat
MaxResorecePriority(Res) == let

FRes = hd Res

in

if (t1 Res = [1)

then

return FRes.CeilingPriority

else
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let

TlRes = tl Res,

SRes = hd (T1lRes),
TLTLRes = t1 (t1l Res)
in

if (FRes.CeilingPriority >
SRes.CeilingPriority)

then

return MaxResorecePriority([FRes] "TLTLRes)
else

return MaxResorecePriority(T1Res)

/¥ RIHE I E % G iR/

operations public

CeilingPriorityTask: Task ==>nat
CeilingPriorityTask(mk_Task(ID,T_sbj,T_State,T_priority,T_res,T_ContextState))
== if (T_res = [])

then

return T_priority

else

if (MaxResorecePriority(T_res)>

T_priority)

then

return

MaxResorecePriority(T_res)

else

return T_priority ;

/¥EPAD ID F = 7 %/

operations public

CheackResorceID: (set of nat) * nat ==>bool
CheackResorceID( ResourceIDset , ResID ==
return ResID in set ResourcelDset;

/*<Free>®D YV —A|ZH A7 1 D % fldk+/
operations public

FreeGet:Resource * TaskID ==>Resource
FreeGet (mk_Resource(ID,CP,FG),TaskID) ==
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return mk_Resource(ID,CP,TaskID)
pre FG = <Free>

/¥ Y —=ZADEENGHLY R */

operations public

SubResourceSetElement:set of Resource * Resource ==> set of Resource
SubResourceSetElement (ResourceSet,Resource) == return ResourceSet \ {Resource}

/*GetResourcex*/

operations public

Get_Resource:nat ==>()
Get_Resource(ResorceID) ==

if (not (CheackResorceID( [ResourceIDset] , ResorceID)))
then

[Status] := {<E_0S_ID>}

else

let

proc in set [Processorl

in

let

Res = ResourceSetIDSelection(ResorcelD)

in

if (not (Res.ResorceCondetion = <Free>))
then

[Status] := {<E_0S_ACCESS>}
else

if (CeilingPriorityTask(proc) <
Res.CeilingPriority)

then

let

ProcID = proc.ID,

GRes = FreeGet(Res,ProcID),
GetRT =

GetResourceTask(proc,GRes),

SubTs =
SubTasksetElement ( [Taskset] |,
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proc),

TS = SubTs union {GetRT},
SRSE =
SubResourceSetElement

( [ResourceSet)] , Res)

in

(

[Processor)] := {GetRT};
[Taskset] := TS;

[Status] = {<E_0K>};
[ResourceSet)] := SRSE

union {GRes}

)

else

[Status] := {<E_0S_ACCESS>}

pre not( [Processor] = {})

/*ReleaseResourcex/

[¥FZ AT ID WD F AT DEFRELFECY 7 =X & 2 — 2181/

operations public

RequestQIDSelection:nat*(set of the_ready_queue_of_its_priority) ==>
the_ready_queue_of_its_priority

RequestQIDSelection(ID,RequestQSet) == let

Task = TasksetIDSelection(ID),

TaskCP = CeilingPriorityTask(Task)

in

return RequestQueuedSetSelection(TaskCP)

[¥ B AT DAY 7DD EIRDR S+ /

operations public

ShiftTaskResourcelnf:T_Resource*Resource ==>T_Resource
ShiftTaskResourcelInf (T_res,mk_Resource(ID,CP,Cnd)) == if (hd T_res =
mk_Resource(ID,CP,Cnd))

then

return tl T_res
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else
return [hd T_res] ~
ShiftTaskResourcelInf

(tl (T_res) ,mk_Resource(ID,CP,Cnd))

/¥ B AT I B IVTNDIEE LI B IR D fix/

operations public

FreeResourceTask:Task*Resource ==>Task

FreeResourceTask(
mk_Task(ID,T_sbj,T_State,T_priority,T_res,T_ContextState) ,Resource) ==
return mk_Task(ID,T_sbj,T_State,T_priority,

(ShiftTaskResourceInf (T_res,Resource)),T_ContextState)

/xV 7 T A RF 2 —DFNLIEE LT X A7 BIEE LI &R % fif i/
operations public
ShiftSearchRequest(ElementResFree:Task*Resourcexseq of Task ==>
seq of Task

ShiftSearchRequest(ElementResFree
(mk_Task(ID,T_sbj,T_State,T_priority,T_res,T_ContextState),Resource,RequestQ)
if (hd RequestQ = mk_Task
(ID,T_sbj,T_State,T_priority,T_res,T_ContextState))

then

return

[mk_Task

(ID,T_sbj,

T_State,

T_priority,

(ShiftTask

Resourcelnf

(T_res,

Resource)),

T_ContextState)

7~

tl RequestQ

else

return

[hd RequestQ]
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~ ShiftSearch
Request(Q
ElementResFree
(mk_Task(ID,
T_sbj,T_State,
T_priority,
T_res,
T_ContextState)
,Resource,

tl (RequestQ))

[¥V 7 ZA X 2 —InBIRE Lo ¥ A7 OIRE LI BIRO M fitx/

operations public
RemoveTaskResouresInf:Task*the_ready_queue_of_its_priority*Resource ==>
the_ready_queue_of_its_priority

RemoveTaskResouresInf (Task,RequestQ,Resource) == let

RQ = RequestQ.ready_queue,

PRQ = RequestQ.priority,

NRQ ShiftSearchRequest(ElementResFree

(Task,Resource,RQ)

in

return
mk_the_ready_queue_of_its_priority(PRQ,NRQ);

/2 A7 DEIRDOIND etk DEFa*/

operations public

SeqlastElement:seq of Resource ==>Resource
SeqLastElement (Seq) == if(tl Seq = [])
then

return hd Seq

else

return SeqlLastElement( tl Seq);

[x 5 A7 DEPRDFND etk D EEF*/
types public
T_reslLastElement = Resource

operations public
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TResLastElement:T_Resource ==>T_resLastElement
TResLastElement (T_res) == if(T_res = [hd T_res])
then

return hd T_res

else

SeqLastElement (T_res);

/HEE LY Y — 2 DfEf*/
ShiftResourceFree : Resource ==>Resource

ShiftResourceFree (mk_Resource(ResorcelID,CeilingPriority,ResorceCondetion))

return mk_Resource(ResorceID,CeilingPriority,<Free>)

/*Release_Resourecex*/

operations public
Release_Resource:nat ==>()
Release_Resource(ResID) == if(not (CheackResorceID( [ResourceIDset] , ResID)))
then

[Status] := {<E_0S_ID>}

else

let

proc in set [Processorl

in

let

Res = ResourceSetIDSelection(ResID)
in

if (Res.ResorceCondetion = <Free>)

then

[status)] := {<E_0OS_NOFUNC>}

else

let

PCPT = CeilingPriorityTask(proc),
GRIDT = Res.ResorceCondetion,

GRT = TasksetIDSelection(GRIDT),
GRTP = CeilingPriorityTask(GRT)
in

if (PCPT < GRTP)

then

105



IStatus] := {<E_0S_ACCESS>}

else
let

NT = FreeResourceTask(GRT,Res),

STS = SubTasksetElement

( [Taskset] ,GRT),

FR = ShiftResourceFree(Res),
SRS = SubResourceSetElement
( [ResourceSet) , Res)

in

cases GRT.T_State:
<Ready>->let

RQ =

RequestQIDSelection
(GRT.ID,

[RequestQueuedSet] ),

SRQ =
SubRequestQueueSetElement

( RequestQueuedSet] ,RQ),
NRQ =

RemoveTaskResouresInf
(GRT,RQ,Res)

in

FRequestQueuedSetj

:= SRQ union {NRQ};
[Taskset] :=

STS union {NT};
[ResourceSet ]

:= SRS union {FR};
[status] := {<E_0K>};
),
<Running> ->(
[Processorl] := {NT};

[Taskset)] := STS union {NT};

[ResourceSet] :=
SRS union {FR};

106



[Status] := {<E_OK>};
),

others ->(

[Tasksetl] := STS union {NT};
[ResourceSet)] :=

SRS union {FR};

[Status] := {<E_OK>};

)

end

pre not (CheackResorceID( [ResourceIDset] , ResID )) or
ChckResoureceCondetion(ResID) and (not( [Processor] = {}))

[MERL LD ELTWLERPED 2oI1E A7 PER L TOLEIRORIZ DR
LESELTWOEREFLTHD*/

/* U = ADINDRRDOEIR & FEE*/

operations public

T1lResourceSeq:T_Resource ==>Resource

T1lResourceSeq(ResourceSeq) == if ([(hd ResourceSeq)] = ResourceSeq)
then

return (hd ResourceSeq)

else

return T1lResourceSeq((tl ResourceSeq))

/¥EPIDEE I DEEE L TWDHEX AT OEROBLENFR U THDLNEEETHZ
I x/

operations public

ChckResoureceCondetion:nat ==>bool

ChckResoureceCondetion(ResID) == if (ResourceSetIDSelectionl(ResID) = false)
then

return false

else

let

R_Cdt = ResourceSetIDSelection(ResID).
ResorceCondetion
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in

if (R_Cdt=<Free>)

then

return false

else

let

Task = TasksetIDSelection(R_Cdt),
TaskRS = Task.T_res,

Res = T1lResourceSeq(TaskRS)

in

return Res = ResourceSetIDSelection(ResID)

/FEPRO T DPLERESICZ I DICHKETL2EWH 2 HEER LR LRNVES false &
AT */

operations public

ResourceSetIDSelectionl: nat ==> ResourcelDselectionTypeResource
ResourceSetIDSelectionl(ResID) == let

b in set [ResourceSet]

in

if (b.ResorceID = ResID)

then

let

a in set [ResourceSet]
be st

a.ResorcelID = ResID
in

return a

else

return false

/*ChainTask*/

operations public
Chain_Task:nat ==>()
Chain_Task(ID) ==
Terminate_Task();
Activate_Task(ID)

)

pre not( [Processor] = {})
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/%

cr a:= new impvdm()

print a.Activate_Task(1)

print a.Activate_Task(2)

print a.Scheduler ()

print a.Declare_Resource(mk_impvdm‘Resource(1,3,<Free>))

print a.Declare_Resource(mk_impvdm‘Resource(1,4,<Free>))

print a.Declare_Task(mk_impvdm‘Task(1l,<BasicTask>,<Suspended>,2, [],<0teher>))
print a.Declare_Task(mk_impvdm‘Task(2,<BasicTask>,<Suspended>,3, [],<0teher>))
print a.Get_Resource(1)

print a.Get_Resource(2)

print a.Release_Resource(1)

print a.Release_Resource(2)

*/

instance variables
[x] : nat := 0;

operations public

run: () ==>()

run() == while [xl] < 10 do

C 11C

Activate_Task(1l),

Activate_Task(2),

Scheduler(),
Declare_Resource(mk_impvdm‘Resource(1,3,<Free>)),
Declare_Resource(mk_impvdm‘Resource(1,4,<Free>)),
Declare_Task(mk_impvdm‘Task(1,<BasicTask>,<Suspended>,2,[],
<0teher>)),
Declare_Task(mk_impvdm‘Task(2,<BasicTask>,<Suspended>,3,[],
<0teher>)),

Get_Resource(1),

Get_Resource(2),

Release_Resource(1),

Release_Resource(2),
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/1 % A 7 ID1 2N Eh*/

operations public

runl: () ==>()

runl() ==

Declare_Resource (mk_impvdm‘Resource(1,3,<Free>));
Declare_Resource(mk_impvdm‘Resource(1l,4,<Free>));
Declare_Task(mk_impvdm‘Task
(1,<BasicTask>,<Suspended>,?2, [],<0teher>));
Declare_Task(mk_impvdm‘Task
(2,<BasicTask>,<Suspended>, 3, [],<0teher>)) ;
Activate_Task(1);

Scheduler();

while [xJ] < 10 do(
|| (if (not (CheackResorceID( [ResourcelIDset] , 1))
or ChckResoureceCondetion(1) and (not( [Processor)] = {})))
then
Il C
Activate_Task(1l),
Activate_Task(2),
Scheduler(),
Get_Resource(1),
Get_Resource(2),
Release_Resource(1)
)
else skip,
if ((not (CheackResorceID( [ResourcelDsetl] , 2 ))
or ChckResoureceCondetion(2) and (not( [Processorl) = {}))))
then
I C
Activate_Task(1l),
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Activate_Task(2),
Scheduler(),
Get_Resource(1),
Get_Resource(2),
Release_Resource(2)
)

else skip,

I C
Activate_Task(1),
Activate_Task(2),
Scheduler (),
Get_Resource(1),
Get_Resource(2),

));

Ix] = [Tx] +1;

end impvdm
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